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STUDIES ON AMPHIBIAN ENDOCRINES.
THE PARATHYROID GLAND OF RA N A R ID I  BUNDA

By

W . R izka lla

R adioisotope Laboratory, Departm ent o f P hysio logy (Head: Professor A . K e m é n y ), U n i
versity o f V eterinary Science, Budapest 

(R eceived Decem ber 16, 1966)

Introduction

Ma u r e r  (1888) was the first to  dem onstrate that Am phibia possess parathyroid  
glands, hom ologous to those of higher vertebrates. Subsequently, other zoologists (Th o m p
son  (1911), R omeis (1926), W a g g en er  (1929), Sh a p ir o  (1933), H olm es  (1934) and R izk a lla  
(1964) studied these glandules in som e am phibians.

T he scope o f th is  paper is to  describe in  d e ta il the  m orp h o lo g y , h isto logy  
an d  h istochem ical p roperties o f th e  p a ra th y ro id  glands o f  R a n a  rid ibunda, 
one o f  th e  com m onest frogs in  H u n g a ry . T h is an u ran  an im al w as chosen fo r 
m a n y  reasons. So f a r  as I  am  aw are , th e  p a ra th y ro id s  in  th is  frog h av e  n o t 
h ith e r to  been lo c a te d  or described . M oreover, i t  is o f p a r t ic u la r  in te re s t to  
m en tio n  th a t  in  R . ridibunda  th e  a n a to m ic a l position , size a n d  n u m b e r of th e  
p a ra th y ro id  g lands are  m arkedly ' d iffering  from  those d esc rib ed  fo r o th e r  
an u ra n s .

Concerning the structure o f the am phibian parathyroids, on the other hand, conflicting  
findings have been recorded by Ma u r e r  (1888), K r a u s e  (1923), R o m eis  (1926) and W a g g e 
n e r  (1929). The present studies were designed to throw  light on the differences betw een the  
parathyroid glands o f R . ridibunda  (R anidae) and those o f other anuran parathyroids, w ith  
special reference to those o f Bufo reguláris (B ufonidae) (cf. R izk a lla , 1964).

M aterials and methods

P a ra th y ro id  g lands from  R . rid ibunda  (collected in  O ctober) w ere largely' 
used. V arious m e th o d s o f f ix a tio n  w ere em ployed . As f ix a tiv e s  Z enker’s 
ace tic , Z enker’s fo rm ol, Susa’s a n d  R e g a u d ’s flu id s were u sed . Follow ing th e  
la t te r  fix a tiv e  th e  m a te ria l was p o s tc h ro m a te d  w ith  4 %  p o ta ss iu m  b ich ro 
m ate  fo r a w eek a t  37 °C.

Seria l p a ra ffin  sections o f 4 —6 fj th ick n ess  were p rep a red . T h e  follow ing 
s ta in s  w ere em ployed : D elafie ld ’s haem ato x y lin -eo sin  fo r  ro u tin e  w ork ; 
D ela fie ld ’s h aem a to x y lin , v a n  G ieson a n d  orcein fo r co n n ec tiv e  tissu e ; 
m odified  M allory’s s ta in  (cf. S c h a f e r , 1956) fo r colloid an d  con n ec tiv e  tissu e ; 
H e id e n h a in ’s azan  fo r colloid; M ay er’s m ucicarm ine  and  to lu id in e  b lue fo r 
m ucus: H e id en h a in ’s iro n  h aem a to x y lin  fo r m itochondria  a n d  S udan  b lack  
В fo r d em o n stra tio n  o f fa t in  p a ra ff in  sec tions.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 19 (1 ), pp. 1 — 9 (1969)
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RIZKALLA

O bservations

Two p a ra th y ro id  g lands are fo u n d  in  R . rid ibunda , each  lying fa r a b o u t 
5 m m  from  th e  lo n g itu d in a l axis o f th e  b o d y . T he ^ la n d  is oval in  sh ap e , 
m easu rin g  abou t 4 m m  in  len g th  an d  2 m m  in  w id th . A ccordingly , th e  p a r a 
th y ro id s  are w ell-v isib le  w ith  th e  n a k e d  eye.

E ach  p a ra th y ro id  g land  is s i tu a te d  ju s t  close to  th e  o u te r b o rd er o f  th e  
p o s te rio r  cornu o f th e  h y o id  a p p a ra tu s  a n d  rou g h ly  a t  th e  level o f th e  la ry n x . 
Close to , an d  la te ra lly  to  each g land  th e re  a re  th e  e x te rn a l ju g u la r  vein , h y p o 
glossal nerve  an d  th e  lin g u a l a r te ry . T h e  vein , n e rv e  a n d  a r te ry  ru n  close to  
one a n o th e r an d  a re  a lw ays connected  w ith  th e  g lan d  b y  connective tissu e  
fib res . T he g land e x te n d s  a n te ro -p o ste rio rly  from  th e  connec tion  of th e  lin g u a l 
a n d  fac io m an d ib u la r ve in s  till h a lf-w ay  o f th e  e x te rn a l ju g u la r  vein. A cco rd 
in g ly , once th e  e x te rn a l ju g u la r  v e in  is clearly  d issec ted , one can n o t m iss 
th e  p a ra th y ro id  g lan d .

A  v e ry  sm all b ra n c h  from  th e  hypog lossa l n e rv e  in n erv a tes  th e  g land . 
T he g land  is n o u rish ed  b y  a sm all b ra n c h  o f th e  lin g u a l a r te ry , while its  b lood  
is d ra in ed  in  th e  e x te rn a l ju g u la r  ve in . T he colour o f th e  p a ra th y ro id  g land  
is v a riab le  in  d iffe re n t specim ens, ran g in g  from  lig h t re d  to  dark  b ro w n ish  
in  colour. This v a r ia t io n  in  colour is a t t r ib u te d  to  d iffe ren t v ascu la riza tion .

T he p a ra th y ro id  g lands of R . rid ibunda, like th o se  o f o ther am p h ib ian s, 
a re  sim ple in  s tru c tu re . T hey  can be  re fe rred  to  as th e  m ost p rim itiv e  
ty p e . Since p a ra th y ro id  g lands a p p ea r f irs t  in  th is  class o f v e rteb ra tes , th e y  
are  fa r  from  th e  co m p lex ity  of s tru c tu re  seen in  th e  h ig h e r classes o f v e r te 
b ra te s .

T he p a ra th y ro id  g land  is su rro u n d ed  b y  a r a th e r  th in  connective tissu e  
cap su le  (Fig. 2), w h ich  is u n b ro k en  ex cep t w here b lo o d  .vessels pass th ro u g h  
o r leave  it . The cap su le  is form ed on ly  o f  collagenous fib res , showing a lig h t 
b ro w n  colour w h en  s ta in ed  w ith  orcein . D ark  b ro w n -s ta in ed  elastic  fib res  
occu r only in  th e  w alls  o f blood vessels. Som etim es, p a r ts  of the  capside are 
covered  b y  a re la tiv e ly  th ic k  lay e r o f ad jo in ing  co n n ec tiv e  tissue con n ec tin g  
th e  neighbouring  b lo o d  vessels an d  n e rv es . A f a t ty  connective tissu e  is o f 
f re q u e n t occurrence  in  close c o n ta c t w ith  th e  g land , occasionally  in v ad in g  th e  
p a ra th y ro id  to  in te rm in g le  w ith  th e  su b cap su la r e p ith e lia l cell m asses (F ig . 1).

Collagenous co n n ec tiv e  tissue f ib re s , d ev ia tin g  fro m  th e  capsule, u su a lly  
fo rm  p ro jec tio n -lik e  trab ecu lae . T h ey  p e n e tra te  th e  ep ith e liu m  of th e  p a r a th y 
ro id  especially a t  th e  sites w here th e  b lood  vessels e n te r  th e  gland. In  ra re  
cases, trab ecu lae  re a c h  th e  cen tra l m ass of th e  p a ra th y ro id . Such co nnec tive  
tissu e  bands are  b e s t illu s tra te d  w ith  co nnective  tissu e  s ta in s , especially  w ith  
m od ified  M allory’s s ta in .

The a ffe ren t vesse l p en e tra te s  th e  p a ra th y ro id  g lan d  in  close p ro x im ity  
to  th e  efferent one. W h ere  these  a rte rie s  an d  veins e n te r  an d  leave th e  capsu le ,

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



STUDIES ON AMPHIBIAN ENDOCRINES 3

Fig. 1. Photom icrograph o f a section of the parathyroid  gland of R. ridibunda  showing the  
hilum , fa tty  tissue and its  peripheral and cen tra l zones. x55 .  b.cp ., blood capillary; b .vs ., 
blood vessel; c.ts.ca ., connective tissue capsule; c t . z central zone; d.s.ce., dark-stained cells; 

f . t s ., fa tty  tissue; h., hilum: l.s.ce., ligh t-sta in ed  cells; p .s .,  peripheral zone

Fig. 2. Photom icrograph of a section through the parathyroid gland of R. ridibunda  showing  
the difference in structure betw een the poorly and darkly-staining m asses o f cells. x 2 1 5 .  
b.cp ., blood capillary; cy.s/г., cytoplasm ic shreds; d .s.ce., dark-stained cells; l.s.ce ., light-stained  

cells; m i.f i. ,  m itotic figures; p y .n u ., pycnotic nuclei

1* Acta Velerinaria Acadcmiae Scientiarum Hungaricae 19, 1969



4 RIZKALLA

u su a lly  th e re  is a dep ression  resem bling  a h ilu m  in  th e  bo d y  o f th e  p a ra th y ro id  
g lan d  (F ig. 1). As soon as th e  a ffe ren t vessel p e n e tra te s  th e  capsu le i t  d iv ides 
in to  num erous t r ib u ta r ie s , w hich in  tu r n  c o n tin u e  to  b ra n c h  an d  anastom ose, 
fo rm in g  a closely m eshed  n e tw o rk  o f cap illa ries th ro u g h o u t th e  w hole p a r a 
th y ro id  tissue  (F igs 1, 2 an d  3). S om etim es th e  b lood capillaries anastom ose  
to  fo rm  re la tiv e ly  la rg e  b lood sinuses.

T he p a ra th y ro id  g land  consists f ir s t  o f all of ep ith e lia l cells a rran g ed  
m a in ly  in  large g roups and  som etim es in  co rds w hich are  sep a ra ted  b y  th in

Fig. 3. Photom icrograph o f a section through the parathyroid gland of R. ridibunda  show ing  
colloid. x 2 3 5 . b.cp.. blood capillary; cy.sh., cytoplasm ic shreds; dg.ar., degenerated area;

py .nu .,  p ycnotic  nuclei

co nnective  tissu e  se p ta  and blood  v a sc u la r  channels (Figs 2 an d  3). T he p e r ip h 
e ra l region o f th e  g lan d  alw ays ap p ears  d a rk e r  th a n  th e  c e n tra l region (F ig . 1). 
Such  ap p earan ce  is due to  th e  p erip h era l region o f th e  g land  being m a in ly  
com posed o f  cells w ith  th in  cy to p lasm s, an d  co m p ara tiv e ly  large, d a rk ly -  
s ta in in g  n ucle i w h ich  lie close to  one a n o th e r. A ccord ingly , th e  m icroscopic  
ap p earan ce  o f  th e  p a ra th y ro id  g lan d  o f  R . ridibunda  rem in d s of th e  s t ru c tu re  
o f  th e  th y m u s  g lan d  of v e r te b ra te s , ch a rac te rized  b y  i ts  d a rk  o u te r  c o r te x  
an d  lig h t in n e r  m edu lla .

The p a ra th y ro id  cells p re sen t all g rad a tio n s  in  shape , rang ing  from  th e  
spherica l to  an  e longate  ty p e  (F ig . 2). C ytoplasm ic p ro jec tions m ake so m e 
cells irreg u la r in  ou tline . The v a r ia b ili ty  o f  cells is b e s t seen in  th e  c e n tra l  
reg ion  o f  th e  g lan d  and  in  close p ro x im ity  to  th e  b lood  vessels w here th e  
cells are  la rg e  a n d  th e  cy top lasm  is n o ticeab ly  m ore a b u n d a n t. The sh a p e  o f 
th e  nucleus is d e te rm in ed  b y  th e  sh ap e  o f  th e  cell, som e nuclei being  a p p ro x i
m a te ly  sp herica l, o thers e longated . In  general, spherica l nuclei are  th e  m o s t 
freq u en t.
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T he n u c lea r  m a te ria l is v e ry  conspicuous in  s ta in ed  p rep a ra tio n s . T he 
nu c lea r m em b ran es ap p ea r d is tin c t, a n d  one or tw o  nucleoli are fo u n d  in  
each nuc leu s. N ucleoli are b e s t d e m o n s tra te d  w ith  ch ro m atin  s ta in s , such  
as H e id en h a in s’s iro n  h aem a to x y lin . T h e  ch ro m atin  occurs in  g ranu les or 
clum ps, d is tr ib u te d  evenly  th ro u g h o u t th e  nucleop lasm  (Figs 2 an d  3).

Som e p a ra th y ro id  cells co n ta in  ac idoph ilic  colloid in  th e  fo rm  o f la rge  
granu les o r globules (F ig. 4). Such  collo idal secretion  is u su a lly  found  in  c y to 
p lasm ic vacu o les , app earin g  ro sy -red  o r b r ig h t  o range in  colour an d  ru b y  red

Fig. 4. Photom icrograph o f a section through the parathyroid gland of R. ridibunda  showing  
colloid. X 445. b.cp.,  blood capillary; со., colloid; c.ts.ca., connective tissue capsule; dg.ar.,

degenerated area

w hen s ta in e d  w ith  m odified  M allory’s s ta in  an d  H e id en h a in ’s azan  s ta in , 
respective ly . T h e  colloidal m a te r ia l is hom ogeneous an d  h igh ly  re frac tiv e . 
T he a m o u n t o f  colloid differs "with th e  specim en , th e  v a r ia tio n  being  ex p la in 
able b y  th e  v a ry in g  physio logical a c tiv ity  o f  th e  gland. O ccasionally , collo idal 
globules are  seen w ith in  v ascu la r channels a n d  th is  is u n d e rs ta n d a b le  since 
th ese  secre tions m ay  ca rry  th e  p a ra th y ro id  horm one, w hich  m u st c ircu la te  
in  th e  b lo o d  s tream .

A ca re fu l ex am in a tio n  o f th e  s ta in ed  p re p a ra tio n s  has rev ea led  a d iffe r
ence in  th e  s ta in in g  reac tio n  o f d iffe ren t p a r ts  of th e  c e n tra l region o f th e  
p a ra th y ro id  g lan d . Some groups o f cells a p p e a r  m ore  deep ly -s ta in ed  th a n  o th ers  
(Figs 1 an d  2). T h e  d a rk e r nuclei a re  m ore a b u n d a n t in  c h ro m a tin  th a n  th o se  
poorly  s ta in in g  w ith  nu c lea r s ta in s . G rad a tio n s  be tw een  th e  p rev ious 
ex trem e tw o  ty p e s  o f nuclei are  also p re se n t (F ig . 2). This v a r ia tio n  in  s ta in in g  
does n o t a p p e a r  to  be confined  to  a n y  special m eth o d  o f f ix a tio n  or s ta in ing , 
since th is  fe a tu re  is qu ite  d is tin c t in  all p re p a ra tio n s .

The d ifferences in  nu c lea r s ta in in g  m o st p ro b ab ly  rep re sen t d iffe ren t 
stages in  th e  life cycle o f cells. T h e  d eep ly -s ta in in g  nuclei th u s  in d ica te  an
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e a r ly  stage  of d eg en era tio n  (Figs 2 a n d  3). As th e  deg en era tiv e  process co n 
tin u e s  th e  p y cn o tic  nucle i are  d is in te g ra te d , show ing frag m en ta tio n . O n th e  
o th e r  h an d , in  som e p a r ts  o f th e  p a ra th y ro id  th e  cy to p lasm  show s deg en era tiv e  
ch an g es, n am ely , v acuo liza tion . Such  cy top lasm ic  changes con tinue  u n til  
th e  p a ra th y ro id  tissu e  has reso lved  its e lf  in to  an  open n e tw o rk  o f fa in tly -  
s ta in in g  p ro to p lasm ic  s tran d s , since a g re a t p a r t  o f th e  cy to p lasm  has b een  
d isso lved  by  a process o f  cytolysis (F ig . 3). A ccordingly , an  early  stage  in  th e  
au to ly s is  of th e  p a ra th y ro id  g land  re su lts  in  th e  ap p earan ce  of n u m ero u s 
d eg en e ra tin g  areas d is tr ib u te d  th ro u g h o u t th e  p a ra th y ro id  tissue (F igs 
3 a n d  4).

Some p a r ts  o f th e  p a ra th y ro id  g lan d  s ta in  fa in tly , in  c o n tra s t to  th e  
su rro u n d in g  d eep ly -s ta in in g  p a r ts , rem in d in g  of th e  isle ts of L an g erh an s  
in  th e  p ancreas o f v e r te b ra te s . M ost p ro b a b ly , such  m asses of cells are re sp o n 
sib le  for reg en e ra tio n  in  th e  p a ra th y ro id  an d  can be re fe rred  to  as g ro w th  
cen tre s . M ito tic  figu res are occasionally  en co u n te red  in  such  g row th  cen tre s  
(F ig . 3).

I t  is w o rth y  o f  m en tion  th a t  no  collo idal secre to ry  granu les or globules 
a re  observed  to  be  p roduced  b y  th e  p o o rly -s ta in in g  m asses of cells, i.e ., th e  
g ro w th  cen tres. T h e  colloidal secre tion  is a lw ays confined  to  th e  deep ly -s ta in in g  
m asses of cells w hich  are u n d erg o in g  deg en era tiv e  processes. A ccord ingly , 
th e  d eg en era ted  m asses of cells fo u n d  in  th e  p a ra th y ro id  tissu e  m ay  be  a t t r i 
b u te d  to  th e ir  collo idal p ro d u c tio n  b y  a holocrine ty p e  o f secretion .

Since th e  p a ra th y ro id  an lage o rig in a tes  from  th e  p h ary n g ea l ep ith e liu m , 
i t  m ig h t be ex p ec ted  th a t  some o f th e  p a ra th y ro id  cells re ta in  th e ir  m ucous- 
sec re tin g  pow er. T herefo re, an  a t te m p t  w as m ade to  te s t  th e  g land  fo r m ucus 
w ith  M ayer’s m uc ica rm in e  and  to lu id in e  b lue . N egative  re su lts  w ere o b ta in e d .

M itochondria  a re  rep resen ted  m a in ly  b y  granu les b u t  som etim es b y  rods. 
B o th  are  found  fa r  from  th e  nuc leu s, b e ing  confined  to  th e  p e rip h era l reg ions 
o f  th e  cell. In  som e o f th e  p a ra th y ro id  cells th e  nuclei are  eccen tric  in  p o sitio n , 
th u s  th e  m ito ch o n d ria  are c o n c e n tra te d  in  th e  opposite  poles o f cells.

P ositiv e  re su lts  w ere o b ta in ed  w ith  S u d an  b lack  B. F a t  d rop le ts  a re  o f 
f re q u e n t occurrence  in  th e  cells o f th e  p e rip h e ra l reg ion  o f th e  p a ra th y ro id  
tissu e  (Fig. 5). In  th e  cen tra l reg ion  o f th e  p a ra th y ro id , on th e  o th e r h an d , 
few er cells co n ta in  fa t  d rop le ts , th e  o th e r  being  p rac tica lly  free fro m  fa t.

D iscussion

In  R . rid ibunda  th e  p a ra th y ro id s  are  rep re sen ted  b y  tw o g lands, one 
on  each side o f  th e  body . This f in d in g  is in co n sis ten t w ith  th a t  reco rd ed  for 
A n u ra . T he la t te r  generally  possess fou r p a ra th y ro id  g landules, th e  tw o 
o f  each side u su a lly  ly ing  a n te r io r  to  each  o th e r (cf. T h o m pso n , 1911; 
A l l e n , 1920; W a g g e n e r , 1929 an d  S h a p ir o , 1933). In  B ufo  ( R iz k a l l a ,
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1964) th e  tw o p a ra th y ro id  g landules o f  each  side lie do rsa l to  each  o th e r, 
th e  v e n tra l g lan d u le  being m uch la rg e r th a n  th e  dorsa l one.

The p a ra th y ro id  glands of R . r id ibunda  are  re la tiv e ly  large in  size as 
com pared  to  th o s e  o f  o th e r A nura , each  m easu ring  a b o u t 4 m m  in  len g th . 
Such large p a ra th y ro id s  have n o t b een  reco rd ed  before. Since in  R . rid ibunda  
th e  p a ra th y ro id  n u m b e r  is reduced  to  tw o , i t  seem s reasonab le  th a t  th e  g lands 
a t ta in  th is  la rg e  size as a fea tu re  o f  co m p en sa tio n . S h a p i r o  (1933) cla im ed 
th a t  in  R ana, g en e ra lly  th e  p a ra th y ro id  m easures a b o u t 1 m m  in  len g th ,

F ig . 5. Photom icrograph o f a section of the parathyroid gland of K. ridibunda  showing fat 
in  the peripheral zone o f  th e  gland. x 6 5 . b.cp., blood capillary; b.vs., blood vessel; ct.z., central

zone; p.z.,  peripheral zone

w hile in  X enopus  th e  g lands are v e ry  sm all, ran g in g  from  0.3 to  0.4 m m  along 
th e ir  long itu d in a l axes.

T he p a ra th y ro id  g land  of R . rid ibunda  is s i tu a te d  in  close c o n ta c t w ith , 
a n d  m edially  to , b o th  th e  ex ternal ju g u la r  v e in  a n d  th e  lingua l a r te ry . S h a p i r o  

(1933), on th e  o th e r  h a n d , s ta te d  th a t  in  R a n a  th e  p a ra th y ro id s  lie generally  
b e tw een  th e  e x te rn a l ju g u la r  vein an d  th e  lin g u a l a r te ry . M oreover, th e  g lands 
are  fo u n d  very  n e a r  to  th e  b ranch ing  o f  th e  c a ro tid  arch , i.e ., ju s t  in  f ro n t o f 
th e  c a ro tid  la b y r in th  X enopus  ( S h a p i r o , 1933) th e  p a ra th y ro id s  are bo u n d ed  
b y  th e  caro tid  a rc h  an te rio rly  an d  th e  sy s tem ic  a rch  poste rio rly . In  B ufo  
( R iz ic a l l a , 1964) th e  p a ra th y ro id s  a re  fo u n d  d o rsa l and  v e n tra l  to  b o th  th e  
system ic  and  p u lm o cu tan eo u s  arches, to  w h ich  th e y  are  closely connected . 
T h o m p s o n  (1911) a n d  A l l e n  (1920) s ta te d  t h a t  th e  p a ra th y ro id s  of an u ran s  
lie u su a lly  n ear th e  a o rtic  arches. F ro m  th e  p rev io u s find ings, one can com e 
to  th e  conclusion t h a t  th e  anu ran  p a ra th y ro id s  are in  close association  w ith  
e ith e r  th e  a rte ria l a rch es  and  th e ir  t r ib u ta r ie s  or th e  b ranches o f th e  a n te rio r  
v e n a e  cavae.
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I t  is w o rth y  o f m en tio n  th a t  th e  a n u ra n  p a ra th y ro id  cells a re  c h a ra c 
te riz e d  b y  th e ir  w horled  a rran g em en t (cf. T h o m pso n , 1911; R o m e is , 1926; 
W a g g e n e r , 1929 an d  Sh a p ir o , 1933). O n th e  c o n tra ry , th e  p a ra th y ro id  
cells in  R . rid ibunda  are  a rran g ed  in  g roups or cords w hich la t te r  do n o t w ind  
u p o n  one a n o th e r in  sp irals. A ccordingly , th e  p a ra th y ro id  o f  th is  frog resem bles 
m ore  closely th o se  o f  urodeles th a n  th o se  o f an u ran s. T h e  p a ra th y ro id  of 
B u fo  (R izkalla , 1964) p resen ts  an  in te rm e d ia te  cond ition  as in  som e p a r ts  
o f  th e  p rin c ip a l p a ra th y ro id  th e  w horled  a rran g em en t is clear, while in  o th e r  
p a r ts  i t  is n o t. B u t, such  w horled a rra n g e m en t is u su a lly  v e ry  conspicuous 
in  th e  sm all accessory  p a ra th y ro id s .

T he p a ra th y ro id  tissue  of R . rid ibunda  is n o t p u re ly  ep ith e lia l as th e  
cell m asses or cords a re  sep a ra ted  b y  co nnective  tissue  se p ta  as well as b lood  
v a sc u la r  channels. T he connective tissu e  se p ta  are m ore p re d o m in a n t in  th e  
su b cap su la r  region th a n  elsewhere. Ma u r e r  (1888) an d  K r a u s e  (1923) described  
fo r th e  p a ra th y ro id  o n ly  cell cords w hich  w ere sep a ra ted  b y  v ascu la r co n n ec
t iv e  tissu e . R omeis  (1926), on th e  c o n tra ry , claim ed th a t  th e  a n u ra n  p a r a th y 
ro id  consists o f p u re ly  ep ithe lia l tissu e  w hose in te rio r is com plete ly  free  from  
b o th  connective tissu e  an d  blood  vessels. A ne tw ork  o f  b lood cap illa ries  is 
co n fin ed  to  th e  su b cap su la r region.

T he p a ra th y ro id  o f R . rid ibunda  is h ig h ly  vascu larized , a fin d in g  n ev e r 
describ ed  before fo r a n y  an u ran  p a ra th y ro id . B y  using  m odified  M allo ry ’s 
s ta in , in  som e p a r ts  o f  th e  p a ra th y ro id  th e  blood capillaries in  th e  n e tw o rk  
a re  se p a ra te d  from  one a n o th e r b y  on ly  a th in  s tra n d  o f p a ra th y ro id  cells. 
S uch  com plex n e tw o rk  o f b lood  vessels an d  capillaries keeps b lood  in  close 
c o n ta c t w ith  th e  p a ra th y ro id  tissu e  fo r a  pro longed  tim e .

A ccessory p a ra th y ro id s  h av e  been  reco rded  fo r an u ran s  b y  Ma u r e r  
(1888), Ga u p p e  (1902), R omeis  (1926), W a g g e n e r  (1929) and  R iz k a l l a

(1964). In  R . rid ibunda  sm all p a ra th y ro id  lobes are occasionally  p re se n t in  
th e  neighb o u rh o o d  o f th e  b o d y  o f th e  g lan d , b u t  carefu l ex am in a tio n  o f  seria l 
sec tions h av e  rev ea led  th a t  such  g la n d u la r  lobes are n o t in d ep en d en t accesso ry  
p a ra th y ro id s  b u t  p a r ts  o f th e  p a ra th y ro id  g land.

D ifferen t re su lts  h av e  been  reco rd ed  concerning th e  fa t  c o n te n t o f  th e  
p a ra th y ro id  tissu e  o f  A nura . W a g g e n e r  (1929) and  R izkalla  (1964) o b ta in e d  
n eg a tiv e  resu lts  in  R ana  an d  B u fo , re spec tive ly . H ow ever, R . r id ibunda  
p resen ts  fa t  d ro p le ts  in  its  p a ra th y ro id  tissue , especially  in  th e  p e rip h e ra l 
reg ion  of th e  g land . Such find ing  m a y  be  a t tr ib u te d  to  a process of cy to p lasm ic  
f a t ty  d egenera tion  w hich  tak es  p lace  in  th e  cells o f  th is  region. M oreover, 
such  cells p re sen t p y cn o tic  nuclei in d ica tin g  a process o f d eg en era tio n . F a t  
w as also d e m o n s tra te d  in  th e  p a ra th y ro id s  o f som e species o f R ana  b y  R omeis  
(1926) and  W a g g e n e r  (1929).
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SUM M ARY

R ana ridibunda  possesses two parathyroid glands, one on each side of the longitudinal 
axis o f the body. T he gland is situated m edially and close to both  the external jugular vein  
and lingual artery.

The gland is ova l in  shape and well-visible w ith  the naked eye as it  measures about 4 m m  
in length  and 2 m m  in width. The gland possesses a depression resem bling a hilum , where  
the afferent blood v esse l penetrates and the efferent one leaves the gland.

The parathyroid is  formed of epithelial cells w hich are arranged in  m asses or cords. 
The gland is highly vascularized and the blood vessels and capillaries are distributed equally  
throughout the w hole parathyroid tissue.

The body o f the gland is usually differentiated into a darkly-staining peripheral region  
and a poorly-staining central one. Moreover, the la tter  region presents dark and light m asses  
o f cells. The darkly-stain ing cells indicate degeneration, while the fa intly-stain ing m asses 
o f cells represent m ost probably the centres o f grow th responsible for regeneration in  the  
parathyroid gland.

Some of the parathyroid cells secrete acidophilic colloidal globules and such secretory  
products m ay be the carrier o f the parathyroid horm one.

The test for m ucus gives negative results, whereas fat was dem onstrated in the para
thyroid tissue, especially  in  the cells o f the peripheral region of the gland.
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DEMONSTRATION OF ANTIBIOTIC RESIDUES 
IN THE MEAT OF SLOUGHTERED ANIMALS
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A ntib io tics are w idely  used  for th e ra p e u tic  purposes all over th e  w orld . 
C o nsequen tly , m ost people  h av e  been  sensitized  (Gh o s s k l a u s , 1967).

Several reports (K in d , 1966; K lim a , 1966; L o ben zen , 1967; G ro ssk la us , 1967) 
have been published on the reactions attributable to the consum ption o f foods containing  
antib iotic  residues. Allergic conditions, such as urticaria, eczema and other derm atitides m ay  
develop  and the resistance o f pathogenic microorganism s may increase. The normal intestinal 
m icroflora and, consequently, the v itam in  synthesis m ay become injured. W hilst small am ounts 
o f antib iotics have no adverse influence on the unsensitized h ea lth y  m an, highly allergic 
organism s m ay develop anaphylaxis after repeated intake of antibiotics. E ven  lethal anaphy
la ctic  shock has been reported. Use of antibiotics in food preservation m u st primarily be con
sidered from the medical point o f view . In some countries, because of the adverse effects m en
tion ed  above, use ol antibiotics for food preservation is prohibited (L o b e n z e n , 1967).

D etection  o f antibiotics in  foods have been dealt w ith by several authors (K o tte r  
et al., 1959; F r e e r k s e n , eit. Sp r o c k h o f f , I960; Spr o c k h o ff , 1960; Co r e t t i, 1961; Ga b d - 
s id e , cit. Co r e t t i, 1961; F o r sc h n er , 1962; Ob ig e r , 1963; K in d , 1966; K lim a , 1966; L o r e n 
z e n , 1967; Gro ssk la us , 1967). The m ethods used for the detection can  be divided into two  
groups: chem ical analysis and nonspecific biological inhibition tests. Chem ical analysis en 
counters technical d ifficulties and requires too m uch work, thus cannot be applied in the routine  
w ork. B y  the other m ethod, factors inhibiting m icrobial growth can be dem onstrated w ithout 
determ ining the am ount, id en tity , properties and origin of these factors. The nonspecific  
biological inhibition can be dem onstrated w ith  dyes indicating pH  changes or reduction  
(K o t t e r  et al., 1959; Sp r o c k h o f f , 1960; Co r e t t i, 1961). If the grow th o f the bacterium cul
ture used in the test, e.g., Streptococcus thermophilus in  case of testing m ilk  sam ple, is inhibited, 
the colour o f the indicator solution (litm us 2,3,5-triphenyl-tetrazolium chloride) rem ains 
unchanged. On the contrary, if  bacteria grow undisturbed, changes in  p H  value, or reduction  
takes place which is indicated by a changed colour. Presence of the inh ib itors can alternately  
be dem onstrated w ith  the inh ib ition  zone w hich develops in agar p lates inoculated w ith  a 
m icroorganism  susceptible to the inhibitor. E ither the samples them selves (Sp r o c k h o f f , 
1960; F o r sc h n er , 1962; K in d , 1966; L o r e n z e n , 1967) or filter paper d iscs previously soaked  
in  th e  tissue fluid are placed on the inoculated agar plate (K lim a , 1966).

In  H u n g a ry  a d ec la ra tio n  m u st be enclosed to  th e  sam ples su b m itted  fo r 
la b o ra to ry  ex am in a tio n . T he d ec la ra tio n  m u st reflect if  th e  an im al h ad  been  
t r e a te d  w ith  an tib io tic  in  th e  5 d ay s’ perio d  preceding i ts  s lau g h te rin g . T his 
d e c la ra tio n  is im p o rta n t, fo r th e  efficiency of bo th  th e  m acroscopic  m ea t 
in sp ec tio n  an d  bacterio log ical ex am in a tio n  is of lim ited  v a lu e .

S everal au th o rs  have  suggested  th a t  th e  m icrobiological m ea t con tro l 
sh o u ld  u rg en tly  be com p lem en ted  w ith  a te s t  for an tib io tic s . T h u s , i t  seem ed 
n ecessa ry  to  g a th e r in fo rm atio n  on th e  a n tib io tic  residues in  th e  m ea t in  H u n 
g a ry  a n d  to  e lab o ra te  a m e th o d  for th e ir  d e tec tion .
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Materials

In  1967, of th e  o rg an s su b m itte d  fo r bac te rio log ical ex am in a tio n  m o stly  
k id n ey s  w ere te s ted  fo r  an tib io tic s . T he o rg an s were o b ta in e d  from  em ergency- 
s lau g h te re d , m ostly  sick  an im als. As a to ta l ,  organs o f 244 an im als (173 c a tt le , 
37 horses, 28 calves a n d  6 sheep) w ere te s te d .

Methods

To estab lish  th e  su ita b le  m ethod , b ac te riu m  s tra in s  h igh ly  suscep tib le  
to  an tib io tic s  w ere u sed . T he s tra in s  w ere o b ta in ed  fro m  an in te rn a tio n a l 
co llection . F our s tra in s  w ere used  to  se lec t th e  m ost su ita b le  of th e  s tra in s  
su g g ested  b y  d iffe ren t a u th o rs . The s tra in s  were as fo llow s: B . subtilis ATCC 
6633, Staph, aureus ATCC 6538, Sarcina  lutea ATCC 9341 an d  E . coli ATCC 
9637. B . subtilis ATCC 6633 w as h igh ly  suscep tib le  to  C h lo rte tracycline, e r y th 
ro m y c in  an d  s tre p to m y c in , Staph, aureus  ATCC 6538 to  C hlortetracycline, 
e ry th ro m y c in , O x y te tracyc line , pen ic illin  and  s tre p to m y c in , Sarcina lutea  
ATCC 9341 to  ch lo ram p h en ico l, C h lorte tracycline a n d  pen icillin , and  E . coli 
to  neom ycin  and  s tre p to m y c in , as in d ic a te d  in  th e  C a ta logue  of th e  S tra in  
C ollection  of th e  N a tio n a l In s t i tu te  o f P u b lic  H e a lth , B u d ap est. C u ltu res 
g row n a t  37 °C o v e rn ig h t in  a b ro th  m ed ium  of s ta n d a rd  com position (m ea t 
c ream  -)- y east e x tra c t +  pep tone) w ere u sed  as ino cu lu m .

A ccording to  th e  G ardside  m e th o d  m odified b y  u s  (1961) four p ieces 
10 X  10 X 5 m m  in  size w ere  c u t from  th e  k idney . T hese w ere  frozen a t —20 °C 
on  th e  ob jec t-ho lder o f  th e  freezing m icro tom e or in  deep  freezer. A gar p la te s  
o f  s ta n d a rd  co m position  (m ea t c ream  - j -  y east e x tra c t  - j -  p ep tone  m edium ) 
w ere in o cu la ted , each  w ith  one o f th e  fo u r s ta n d a rd  s tra in s , b y  sp read ing  tw o  
o r th re e  drops o f th e  inocu lum . T h en  pieces of k id n e y  w ere p laced on  th e  
a g a r su rface an d  th e  p la te s  w ere p laced  in th e  re f r ig e ra to r  a t  -f-4 °C fo r 4 to  
4 %  hours, and  su b se q u e n tly  in c u b a te d  a t  37 °C fo r 18 to  20 hours.

Results

R esu lts are  su m m arized  in  T ab les  1—4. M acroscopic  lesions, m ic ro 
b io logical re su lts , p H  va lues, iso la ted  b ac te ria  a n d  th e  m icroorganism s 
in d u c in g  b ac te raem ia  o r sep ticaem ia  a re  show n se p a ra te ly  for each an im al 
species.

O f th e  244 em erg en cy -s lau g h te red  an im als 62 (2 4 .6 % ) h ad  been tr e a te d  
w ith  an tib io tics . O f th e  173 c a ttle , 37 horses, 28 calves a n d  6 sheep 40 (23 .1% ), 
8 (21 .6% ), 12 (42 .8% ) an d  2 (33 .3% ), re spec tive ly , w ere  tre a te d  w ith  a n ti
b io tic s  ju s t  before th e i r  s laugh te ring .
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Table 1

R esu lts obtained  w ith cattle

Post mortem 
lesions

(No. of cases)

Positive
cases
No.

S ta p h .
a u re u s

S a r c in a
lu te a

Bacteriol
ogical
result

Bacteria 
isolated 

from kidney

Microbes from
B.

s u b ti lis E .  co li pH septicaemic bacteraemic

cases

l + — — - V Ae. 6.2

Inflam m ation 2 + + + - в Cl. 6.4 Clostridia

of thoracic 3 + + + - У 6.4

organs 4 + . - — — V Ae. < 6 .0

(26) 5 + — + — V C., A e., Staph. 6.2

6 + + + + V Ca., Staph. 6.0

7 + + + — 0 6.0

1 + - — — V C„ Cl. 6.2

2 — + + - V C., Str. 6.4

Adhesive 3 + + + — V C., CL, Str. 6.2

peritonitis, 4 — + — - V C., Cl., A e. 6.2

reticulitis 5 + + + — V C. 6.4

(43) 6 + + +• + У Ae. 6.8

7 + + + - S C., Cl., Cor. 6.7 Corynebacteria
■4,■4. Clostridia

8 + + + + У C. 6.0

9 + + + - V C. 6.2

10 + — — — S C„ Cl. 6.8 Clostridia,

coliforms

1 + + + — V Cl., Cor. 6.0

Nephritis 2 + + — V Ae. 6.6

(6) 3 + + + — V 6.8

M astitis 1 + + + + V C., Str. 6.0

0 )
1 + + + — в C„ Cl. 6.2 Streptococci,

Clostrida
2 + - + - V 6.4

3 + - + + V C., Str., Staph. 6.4

4 + - + — V C. 6.6

Endom etritis 5 + + + — V C., A e. 6.6

and 6 + + + — V C., A e. 6.2

complications 7 + + + — V Ae. 6.0

of calving 8 + + + — V A e., S taph. 6.0

(40) 9 + + + — V A e., Str. 6.0

10 + + S C., Staph. 6.0 Coliforms,

clostridia,

streptococci

11 + + — — V Staph. 6.0

12 + + — + в C., Cl. 6.0 Clostridia,

coliforms
13 + + — — V Str. 6.8

Arthritis 1 + + + — V A e., Staph. 6.0

(13) 2 + + + _ V 6.3

Contusions,

purulent and

gangrenous

wounds

(V

1 — + + — V Ae. 6.0

1 — + + — V < 6 .0

Other diseases 2 + - — — V C., Staph. < 6 .0

(21) 3 + + + — S A e., Staph. < 6 .0 Salmonella

Total positive 40 35 30 31 6

(173)

E xplanation: 0 ,  sterile; V, viscera contam inated w ith  saprophytes; B , bacteriaem ia; S, septicaem ia; C, E . coli; Cl, Clostridia; Ae, aerobic 
spore-bearing germs; Str, streptococci; Staph, staphylococci; Cor, Corynebacteria
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Table 2

R esults obtained w ith  horses
—

Post mortem 
lesions

(No. of cases)

Positive
cases
No.

B .
su b ti lis

S ta p h .
a u re u s

S a r c in a
lu te a

E .  co li
Bacteriol

ogical
result

Bacteria
isolated

from
kidney

pH
Microbes

from
septicaemic

cases

Inflam m ation of ■ + + + — V c. 6.0

thoracic organs 2 + - — — V c. 6.0

(3) 3 + + + — V 6.0

Myoglobinaemia

(3) 1 + — — — V 6.0

Endom etritis (1) 1 + + + — V 6.2

Gastro-enteritis

(10) 1 + + — - V Staph. 6.6

Contusions, purul-

ent and gangre

nous wounds (2) 1 + + — V C., Str. 6.0

Other lesions (5) 1 + + + s Str. 6.0 H aem o-
lyzing
strep to
cocci

Arthritis (13)

Total 8 8 6 5

Explanation, see footnote to Table 1.

In  T ab le  5 p H  values o f th e  m ea t o f 62 positive an im a ls  are  p resen ted . 
I t  is show n th a t  in m ost o f th e  cases p H  v a lu e  was below  6.4 . A t such values 
th e  g row th  o f b ac te ria , especially  th a t  o f th e  p ro teo ly tic  ones, is in h ib ited .

On th e  basis o f th e  in te n s ity  of in h ib itio n  caused  b y  th e  an tib io tic  
d iffused  from  th e  tissu e  flu id  o f  th e  k id n ey  in to  th e  ag a r, th e  m eat sam ples 
w ere d iv ided  in to  3 categories. In h ib itio n  zones n o t w ider th a n  5 m m  w ere 
ra n k e d  in  th e  f irs t ca tego ry . T hose show ing 5 — 10 m m  a n d  10 — 15 m m  zones 
o f  in h ib itio n  w ere inc luded  in  th e  2nd a n d  3rd  ca tego ry , respective ly .

As a re su lt o f th e  in v es tig a tio n s , 5, 5 —10 and  10— 15 m m  zone in h i
b itio n  w as observed  in  54, 36 an d  10%  o f th e  cases, re sp ec tiv e ly , w hen te s te d  
a g a in s t th e  te s t  s tra in s  B . subtilis  ATCC 6633; th e  re sp ec tiv e  p e rcen tages w ere 
57 .5 % , 22 .5%  an d  20%  for S taph , aureus ATCC 6538 te s t  s tra in ; 51 .1% , 
4 4 .5 %  an d  4 .4 %  for Sarcina lutea  ATCC 9341 and  8 3 .3 % , 16 .7%  and  0 .0 %  
fo r E . coli ATCC 9637.

In h ib itio n  was m ost f re q u e n t w hen  B . subtilis ATCC 6633 was used  in  
th e  te s ts . W ith  th is  te s t  s tra in  an tib io tic  w as d e m o n s tra te d  in  50 k id n ey
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Table 3

R esults obtained w ith  calves

Post mortem 
lesions

(No. of cases)

Positive
eases
No.

B .
s u b ti l i s

S ta p h .
a u re u s

S a r c in a
lu te a

E .  co li
Bacteriol

ogical
result

Bacteria
isolated

from
kidney

pH
Microbes

from
septicaemic

cases

l + + — — V 6.4
2 + — + — Y 6.0

Inflam m ation 3 + + — — S C„ Ae. 6.3 Proteus
o f thoracic 4 + + + — V C. 6.2
organs 5 — — + — V 6.0
(26) 6 — — + — V 6.0

7 — — + — V C., Ae. 6.0
8 — - + — V 6.2
9 — - + — V Ae. 6.0

JO — — + — V Ae. 6.0
11 + — — — V C., Ae. 6.0

Gastro-enteritÍ5

( i ) 1 — - + — v c . 6.4

N avel-ill

(1)

T otal

(28) 12 5 3 9

Explanation, see footnote  to Table 1

Table 4

Results obtained w ith  sheep

Post mortem lesions 
(No. of cases)

Positive
cases
No.

B .
s u b ti lis

S ta p h .
a u r e u s

S a r c in a
lu te a

Bacteriol- 
E .  co li ogical 

results

Bacteria
isolated

from
kidney

pH

Gastro-enteritis

( i ) l + V 6.7

Contusions, purulent and 

gangrenous wounds

( i )

l + - V Staph. 6.7

Other

(4)

T otal

(6)

2 2 l

Explanation, see footnote  to Table 1

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



DEMONSTRATION OF ANTIBIOTIC RESIDUES 15

Table 5

Distribution of the p ositive  cases by pH

<6 6.0 6.2 6.3 6.4 6.5 6.6 6.7 6.8 Total

Cattle 3 15 7 1 6 3 l 4 40

Horse 1 5 1 — — — 1 — — 3

Calf 1 6 2 1 2 — — — - 12

Sheep — — — 1 — — l — 2

sam ples. W ith  Sarcina  lutea  ATCC 9341 45 sam ples, w ith  S taph , aureus ATCC 
6538 40 sam ples, w ith  E . coli ATCC 9637 as few as 6 sam p les  show ed a n t i 
b io tic  effect.

T he Tables show  th a t  E . coli ATCC 9637 s tra in  p ro v e d  to  be th e  leas t 
e ffic ien t in  d em o n stra tin g  an tib io tic s  in  th e  te s t  m ateria l. T h e  positive  re su lts  
o b ta in e d  w ith  th is  s tra in  w ere o v e rla p p e d  b y  tho se  o b ta in e d  w ith  th e  o th e r 
3 s tra in s  or a t le a s t w ith  2 of th e  o th e r  te s t  s tra in s , b u t  n o t  vice versa. O n th e  
o th e r  h an d , B . subtilis  ATCC 6633 w as in h ib ite d  in  8 cases w hen  no in h ib i
t io n  zone was o bserved  w ith  an y  o f th e  o th e r  3 s tra in s . In  12 cases, how ever, 
n o  an tib io tic  residue  w as d e m o n s tra te d  even  w ith  th is  s tra in . As com pared  
to  th e  o th e r 3 s tra in s , efficacy o f B . sub tilis  ATCC 6633 w as superio r in  th a t  
S taph , aureus ATCC 6538, Sarcina lutea  ATCC 9341 an d  E . coli ATCC 9637 
s tra in s  failed to  d e m o n s tra te  a n tib io tic s  in  22, 17 and  56 cases, respective ly . 
W h en  no zone o f in h ib itio n  was o b ta in e d  w ith  B . subtilis ATCC 6633, Sarcina  
lutea  ATCC 9341 gave p ositive  re su lts  in  a ll b u t  1 case. I n  one case, how ever, 
th e  p resence of a n tib io tic s  could on ly  b e  d e m o n s tra te d  b y  u s in g  Staph, aureus 
ATCC 6538 as te s t  s tra in .

In  spite  of th e  dem o n strab le  a m o u n t of an tib io tic s  in  th e  te s t  m a te ria ls , 
sep ticaem ia  and  b a c te ra em ia  w as fo u n d  in  6 an d  3 an im a ls , respective ly . 
F o u r  o f th e  6 sep ticaem ias  w ere fo u n d  in  c a ttle , while th e  rem ainders w ere 
sh a re d  b y  one horse a n d  one calf. A s th e  cau sa tiv e  ag en t o f  th e  sep ticaem ias, 
Corynebacterium pyogenes, C lostrid ia , Salm onellae, co liform  b ac te ria  an d  
s trep to co cc i w ere iso la te d  from  th e  o rg an s  o f c a ttle . F ro m  organs of horses 
a n d  calves haem olyzing  s trep tococc i a n d  b a c te ria  b e long ing  to  th e  P ro te u s  
g enus, respective ly , w ere d e m o n s tra te d . I n  th ese  cases th e  size of th e  in h ib i
t io n  zone ranged  b e tw een  3 to  15 m m , accord ing  to  th e  te s t  s tra in  used. B a c 
te ra e m ia  was fo u n d  in  3 ca ttle ; c lo s tr id ia , s trep tococci a n d  coliform  m icro 
o rgan ism s were iso la ted . Zone of in h ib itio n , 2 to  8 m m  in  d ia m e te r , was o b se rv 
ed  in  all th e  3 cases. As te s t  s tra in s  B . subtilis  ATCC 6633, Staph, aureus 
ATCC 6538, Sarcina lutea  ATCC 9341 w ere used  in  th e se  te s ts . P resu m ab ly , 
th e  m icroorganism s iso la ted  from  th e  o rg an s w ere n o t sen s itiv e  to  th e  a n t i 
b io tic s  applied an d  th a t  is th e  reaso n  w h y  th e  t re a tm e n t w as unsuccessful.
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Fig. 1

F ig. 2

T he in h ib itio n  te s ts  as ca rried  o u t w ith  th e  4 te s t  s tra in s  are  il lu s tra te d  
in  F igs 1—4.

Conclusions

1. The m e th o d  e la b o ra te d  b y  us can  easily  be p e rfo rm ed  in  an y  la b o ra 
to ry , needs no specia l eq u ip m en t, th e re fo re  its  use fo r th e  detec tio n  o f a n t i 
b io tic  residues m ig h t be  in s tru c te d  in  th e  “ M eat C on tro l R u les” .

2. U nlike som e a u th o rs ’ opinion (S pro ck h o ff , 1960; Co re tt i , 1961; 
K o tt e r  e t al. 1959) th e  use o f T T C -con ta in ing  m edia fo r  th e  d em o n stra tio n
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F ig . 3

F ig . 4

o f an tib io tic  residues is unnecessary  because  th e  in h ib itio n  zone is c learly  
d em o n strab le  on th e  m e a t cream  y e a s t  e x tra c t  -f- p ep to n e  ag a r w ith o u t an y  
in d ic a to r  dye.

3. T he G ardside  m eth o d  as m od ified  b y  us is su itab le  fo r th e  detec tio n  
o f  an tib io tic s  in  ev e ry  respect. F reez in g  o f k id n ey  pieces can  be  perfo rm ed  
on  th e  o b jec t-h o ld er o f  th e  freezing m icro to m e or in  a deep-freezer.

4. In  acco rdance  w ith  several a u th o rs  (Sp r o c k h o ff , 1960; F o r s c h n e r , 
1962; K i n d , 1966; K l im a , 1966; L o r e n z e n , 1967) th e  tis su e  flu id  d iffused 
fro m  th e  piece o f k id n e y  was found  su ita b le  fo r th e  d e m o n s tra tio n  o f an tib io tic  
residues.
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5. O f th e  te s t  s tra in s , B . subtilis  ATCC 6633, Sarcina  lutea  ATCC 9341 
a n d  Staph, aureus ATCC 6538 can  be used  fo r th e  d e te c tio n  of th e  an tib io tic  
residues. E . coli ATCC 9637, how ever, shou ld  be exc luded  as te s t  s tra in  fo r 
th e  detec tio n  o f a n tib io tic s  used  recen tly .

6. In  ag reem en t w ith  o th e r  au th o rs  (K i n d , 1966; K l im a , 1966; L o r e n 
z e n , 1967) we h av e  fo u n d  th a t  an tib io tic s  used  for th e ra p e u tic  purposes ju s t  
b efo re  slaug h te rin g  g re a tly  in fluence  th e  re su lt o f th e  m icrobio logical m ea t 
in sp ec tio n . Since p a th o g e n ic  an d  fa c u lta tiv e  p a th o g en ic  m icroorgan ism s, or 
sap ro p h y tic  germ s in  la rg e  n u m b er, can  re liab ly  be  d e m o n s tra te d  only  b y  th e  
m icrobiological te s ts , w h ich  rep re sen t one o f th e  screen ing  s ta tio n s  se t be tw een  
th e  m ea t and  th e  consum er, o b lig a to ry  use o f our m e th o d  to  d e te c t an tib io tic  
residues in  th e  o rg an s o f  em erg en cy -s lau g h te red  an im als  is suggested . T he 
u se  o f th is  te s t  is su p p o rte d  b y  th e  fa c t th a t  an tib io tic s  h av e  b a c te r io s ta tic  
b u t  p resu m ab ly  no b ac te ric id ic  ac tio n  on th e  p a th o g en ic  m icroorgan ism s 
(on B . anthracis, E rysipe lo thrix  rhusiopathiae, Salm onellae , am ong o th e rs), 
to o . Therefore sm all n u m b ers  o f b a c te r ia  m ay  re ta in  th e ir  v ia b ility  an d  m ay  
m u ltip ly  a fte r th e  an tib io tic  h a d  been  in a c tiv a te d . T hese m icroorgan ism s 
s ta r t  m u ltip ly ing  a f te r  a p ro longed  la te n t  period , as a ru le , follow ing 48 h ours 
o r even la te r. E v e n  th e  g ro w th  o f Salm onellae  in  th e  m e a t can n o t be p re v e n t
ed  b y  an tib io tic  t r e a tm e n t.

7. Like in o th e r  co u n trie s , in H u n g a ry , th e  case h is to ries  in  th e  d ec la ra tio n  
issu ed  b y  th e  v e te r in a ry  surgeon  leave m uch  to  be desired  in  resp ec t of th e  
a n tib io tic  t r e a tm e n t  ( L o r e n z e n , 1967).

8. The an tib io tic  residues d em o n strab le  by  th is  te s t  re su lt from  a n ti
b io tic s  applied  fo r th e ra p e u tic  pu rposes; th o se  app lied  as feed su p p lem en t do 
n o t  reach  as h igh  a lev e l as d em o n strab le  in  th is  te s t  ( K o tt e r  e t a l., 1959).

9. The m eth o d  e la b o ra te d  b y  us gives a useful a id  in  de tec tin g  fac to rs  
in h ib itin g  th e  g ro w th  o f th e  m icrobes w ith o u t being  ab le  to  d e te rm in e  th e ir  
a m o u n t, id e n tity , p ro p e rtie s  or origin. T h e  la t te r ,  how ever, h av e  no influence 
on th e  fina l re su lts  o f th e  m icrobiological m ea t con tro l.

10. Since, as a re su lt of consum ing  a n tib io tic -c o n ta in in g  food, m an y  
peop le  in  th e  w orld  h av e  been  sensitized  to  an tib io tic s , i t  w ould  be desirab le  
to  pass th e  a n tib io tic -c o n ta in in g  m ea t o f  em erg en cy -s lau g h te red  an im als 
o n ly  u n d er ce rta in  co n d itio n s. T h u s, m ea t co n ta in in g  a n tib io tic  residues an d  
ap p ro v ed  for co n su m p tio n  accord ing  to  th e  m icrobio logical ex am in a tio n  
m ig h t be m ark e ted  as h e a te d  m e a t p ro d u c ts  only, fo r th e  a m o u n t o f  th e  a n t i 
b io tic  is considerab ly  red u ced  b y  h e a tin g  (Co re tt i , 1961). B y follow ing th is  
p rocedure , allergic co n d itio n s, u r tic a r ia , eczem a, d e rm a titis , d ev e lopm en t o f 
re s is ta n t b ac te ria , a lte ra tio n  o f th e  in te s tin a l m icro flo ra  and  an ap h y lax is  
induced  by  th e  re p e a te d  an tib io tic  in ta k e  w ith  n o t fu lly  ro as ted  or bo iled  
m ea t m ight be av o id ed  (W H O , 1963).
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SUM M ARY

M eat of 244 em ergency-slaughtered anim als was investigated  to detect antibiotic  
residue brought into the tissues for therapeutic purposes. Tests were carried o u t by the Gardside 
m eth od as m odified b y  us. Four pieces 1 0 x 1 0 x 5  m m  in size were excised  from  the kidneys 
o f  each animal. The pieces were frozen and p u t on  agar plates made o f standard medium and 
inoculated  w ith 24 hours’ cultures o f standard te s t  strains (B . subtilis  ATCC 6633, Staph, 
aureus ATCC 6538, Sarcina lutea ATCC 9341 and E . coli ATCC 9637). A fter pu ttin g  the frozen  
pieces o f kidney on the p lates, the m edia were kep t in a refrigerator at + 4  °C for 4 to 4 % hours 
then  at 37 °C for 18 to 20 hours.

A ntib iotic residues were dem onstrated in  24.6%  of the 244 cases. Since antibiotic resi
dues in  the m eat have considerable influence on th e  result o f the m eat control and at the same 
tim e m ay be harmful for the consumer, their detection  in  the m eat o f em ergency-slaughtered  
anim als is suggested to carry out as obligatory laboratory test. Further, it  is suggested that 
the m eat containing antib iotics should not be m arketed except as heated  m eat products.
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DIAGNOSTICAL VALUE OF THE COMPLEMENT 
FIXATION TEST AND THE FLUORESCENT ANTIBODY 

METHOD IN THE LABORATORY DIAGNOSIS OF 
TOXOPLASMOSIS

By

E . Mo csári  and G y . Sz e m e r é d i  

Central Veterinary In stitu te  (Director: T. Kádár), B udapest 

(R eceived  April 19, 1968)

The la b o ra to ry  diagnosis o f  toxop lasm osis consum es m uch  tim e  and  
w ork . D irec t m icroscopical d e m o n s tra tio n  o f  th e  c a u sa tiv e  a g e n t in  G iem sa- 
s ta in ed  sm ears m ad e  from  d isch arg es o r in  im p r in t p re p a ra tio n s  m ade from  
organs, or h isto log ica l d e m o n s tra tio n  in  th e  v iscera l o rg an s succeeds ra re ly . 
I n  m ost o f th e  cases diagnosis can  be m ad e  only  b y  te d io u s  exp erim en ta l 
in fection . T he classic Sabin — F e ld m a n  te s t ,  to o , invo lves a good deal o f sources 
o f  erro r (B á l i n t , 1962). T herefo re  th e  possib le  ap p lica tio n  o f  th e  com plem ent 
f ix a tio n  (CF) te s t  an d  th e  f lu o re scen t a n tib o d y  m eth o d  h as  been th e  su b jec t 
o f  o u r in v es tig a tio n .

Recently, the fluorescent antibody technique introduced by Coons  and K a pl a n  (1950) 
has widely been used in  the im m unology, bacteriology, biology and parasitology. Goldm an  
w as the first to introduce this m ethod in  the diagnosis o f toxoplasm osis for the detection of  
both  the pathogen (G oldman  1957a) and antibodies (G oldm an  1957b).

R u c k e n b a u e r  et al. (1963), 1то e t  al. (1964, 1966) and Ar c h e r  et al. (1966) dem on
strated  Toxoplasma gondii  in peritoneal exudate and organs of both  experim entally  infected  
laboratory anim als and naturally in fected  anim als. They found the m ethod  suitable for diag
nostical purposes.

Methods

To p ro d u ce  CF an tigen , 50 m ice w eighing  20 g each  w ere in fec ted  in tra -  
p erito n ea lly  w ith  th e  ascitic  f lu id s  o f to x o p la sm a-in fec ted  m ice. T he m ice 
w ere killed on th e  4 th  to  5 th  d a y  follow ing in fec tion . T h e  p e rito n ea l c av ity  
w as irrig a ted  w ith  saline c o n ta in in g  sod ium  c itra te , a n d  th e  co llected  flu id  
w as cen trifuged  a t  3000 r.p .m . fo r 10 m in u tes . T he s u p e rn a ta n t  was d iscarded  
an d  to  th e  d ep o sit c itra te  sa line  w as ad d e d  u p  to  th e  o rig in a l vo lum e. To 
rev ea l th e  an tig e n , th e  suspension  was sh ak en  in  a b o tt le  w ith  glass b ead s, 
th e n  frozen a t  — 20 °C for 2 h o u rs  an d  f in a lly  th a w e d  in  a 37 °C w a te r  b a th . 
F reezing  an d  th a w in g  were re p e a te d  tw ice . Follow ing th e  3 rd  th aw in g  th e  
suspension w as cen trifuged  a t  10,000 r .p .m . fo r 30 m in u tes . T h e  su p e rn a ta n t
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w as t i t r a te d  w ith  p o s itiv e  serum  an d  used  in p ro p er d ilu tio n  as an tig en . T he 
a n tig e n  was s to red  a t  — 20 °C u n til  used.

The m ic ro m eth o d  w as p erfo rm ed  in  a to ta l  vo lum e o f 0.5 m l. R ead in g  
w as m ade as u su a l a n d  re p e a te d  n e x t m orn ing . U nless haem olysis  occurred  a t 
ro o m  te m p e ra tu re  w ith in  16 —20 hours, th e  reac tio n  w as reg a rd ed  as p o s itiv e .

Follow ing th e  e v a lu a tio n  of ou r p re lim in a ry  ex p e rim en ts , in  ag reem ent 
w ith  m ost of th e  a u th o rs  re fe rred  to  in  th e  in tro d u c tio n , we used  th e  d irec t 
im m unofluorescence. T his m e th o d  is sim pler an d  fa s te r  an d  involves few er 
sources of errors th a n  th e  in d ire c t m ethod .

To p roduce flu o re scen t con ju g a te , b lood  was ta k e n  from  ra b b its  n a tu 
ra lly  in fec ted  w ith  to x o p la sm a . Serum  sam ples w ith  a CF t i t r e  o f 1 : 800 
w ere pooled. T he g lobu lin  frac tio n  w as p re c ip ita te d  from  th e  pool w ith  am m o 
n iu m  su lp h a te  an d  c o n ju g a te d  w ith  flu o resce in -iso th io cy an a te  accord ing  to  
J e n t z s c h ’s m eth o d  (1963), an d  fina lly , th e  labelled  sera  w ere abso rbed  w ith  
a ce to n e -ex trac ted  ra b b i t  liv e r an d  b ra in  pow der (Coons  e t ah , 1955).

In  th e  p re se n t in v es tig a tio n s  spleen, liver, k id n ey , b ra in , p e rito n ea l ex u 
d a te  o f ex p erim en ta lly  or n a tu ra lly  in fec ted  an im als a n d  fe ta l m em branes of 
d ied  or ab o rted  an im als  w ere used. O rgans w ere g ro u n d  in  sa line  in  a m o rta r . 
F ro m  each organ  suspension  2 th in  sm ears w ere p re p a re d  on a slide, th e  sm ears 
w ere  dried  a t  room  te m p e ra tu re  an d  fix ed  above a flam e.

One drop  (a b o u t 0.06 ml) o f th e  co n ju g a te  d ilu te d  to  th e  t i t r e  va lu e  
w as p u t in  each fix ed  sm ear an d  th e  slides were p laced  in  a w et ch am b er 
in  a 37 °C in c u b a to r fo r 25 m in u tes . A fter th e  period  re q u ire d  for th e  in te ra c 
tio n  h ad  passed  th e  p re p a ra tio n s  w ere w ashed  sev era l tim es in  P B S  o f p H
7.4 fo r 19 m inu tes, th e n  rin sed  in  d istilled  w a te r  an d  d ried  a t room  te m p e ra 
tu r e  w ithou t b lo ttin g .

To ascerta in  th e  sp ec ific ity  o f th e  m eth o d  th e  fo llow ing con tro ls w ere used :
In h ib itio n  o f  specific  fluorescence w ith  u n lab e lled  hom ologous a n tib o 

d ies. A rem arkab le , f re q u e n tly  fu ll, in h ib itio n  of th e  specific  fluorescence w as 
observed , if  p rio r to  s ta in in g  of th e  slides th e  co n ju g a te  w as m ixed  w ith  an  
e q u a l am oun t of u n lab e lled  an tise ru m . T he te s t  w as p erfo rm ed  as follow s:
0.3 m l of th e  w ork ing  d ilu tio n  o f each  co n ju g a te  w as p laced  in  tw o tu b e s , 
th a n  0.3 ml u n lab e lled  to x o p la sm a  an tise ru m  was a d d ed  to  th e  one, an d  0.3 
m l un labelled  n o rm a l r a b b it  serum  to  th e  o th e r tu b e . On each slide th e  
le f t sm ear was s ta in e d  w ith  th e  m ix tu re  con ta in in g  th e  an tise ru m , th e  r ig h t 
sm ea r w ith  th a t  co n ta in in g  th e  n o rm al serum . The slide w as p u t in  a w et 
ch am b er of 37 °C fo r 30 m in u tes , th e n  rinsed  and  dried  as described  above. 
I n  th e  righ t sm ear th e  in te n s ity  o f th e  specific fluorescence w as n o t 
in flu en ced  b y  th e  n o rm a l serum  (4-f-), w hereas i t  w as in h ib ite d  in  th e  left 
sm ear. O ccasionally , to x o p la sm as fluoresced  even a t th e  s ite  in h ib ited , b u t  
th e  in te n s ity  o f th e  fluo rescence  was m ark ed ly  red u ced  as com pared  w ith  
t h a t  of th e  con tro l sm ear.
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T he specific ity  o f  th e  reac tio n  w as co n tro lled  ro u tin e ly  w ith  each  p re p a 
r a t io n  m ade from  an im als suspected  o f  be in g  infected  w ith  to x o p la sm a . F irs t, 
th e  u n in h ib ited  s ite  w as exam ined, a n d  if  no specific fluorescence  w as observ 
ed th e  p rep a ra tio n  w as considered n e g a tiv e . I f  in  th e  sm ear a t  th e  u n in h ib ite d  
s ite  specifically  f lu o rescen t fo rm atio n s w ere observed th e  o u tlin e  an d  size 
o f w h ich  were co m p arab le  w ith  to x o p la sm as  (see Fig. 1), w hile  a t  th e  in h ib ite d  
s ite  specific fluorescence was lack in g  o r  m ark ed ly  red u ced  in  in te n s ity , th e  
p re p a ra tio n  was considered  positive. N o d ifference in  in te n s ity  o f  th e  flu o res
cence in d ica ted  nonspecific  reac tio n  a n d  th e  ex am in a tio n  h a d  to  be  re p e a te d .

Fig. 1. Parasites fluoresce specifically in a sm ear prepared from the spleen hom ogenate o f  
a rabbit died of toxoplasm osis. M agnification approx. X 1200

A dsorption  o f  the labelled antibodies w ith  homologous antigen. T his m eth o d  
o f sp ec ific ity  co n tro l is convincing, b u t  fo r ro u tin e  w ork  less su itab le . O f th e  
w o rk in g  d ilu tion  o f co n ju g a te  0.3 m l w as p laced  in  each o f tw o  tu b es . To one 
o f th e  tub es 0.3 m l hom ogenate  o f a  to x o p lasm a-in fec ted  m ouse spleen, to  
th e  o th e r  0.3 m l h o m o g en ate  of a n o rm a l m ouse spleen w as ad d ed . The tu b e s  
w ere  th e n  p laced in  an  in cu b a to r o f  37 °C fo r 2 hours. D u rin g  th e  period  o f 
in te ra c tio n  full o r p a r t ia l  abso rp tio n  o f  th e  fluo rescen t an tib o d ie s  to o k  p lace 
in  th e  m ix tu re  co n ta in in g  th e  hom ologous an tig en . The se ru m  th u s  abso rbed  
fa iled  to  react w ith  th e  to xop lasm a a n tig e n  w hen  p u t on p o s itiv e  p re p a ra tio n . 
Specific  fluorescence o f  unchanged  in te n s i ty  w as observed  o n ly  in  th e  sm ear 
s ta in e d  w ith  th e  m ix tu re  th a t  c o n ta in e d  th e  hom ogenized  no rm al m ouse 
sp leen . This te s t fo r specific ity  w as c a rr ie d  ou t w ith  each  n ew ly  p rep ared  
co n ju g a te .

F u rth e rm o re , th e  specific ity  o f th e  m e th o d  was ev id en ced  b y  th e  fac t 
t h a t  a f te r  s ta in ing  to x o p lasm as w ith  hetero logous labelled  an tib o d ies  (lepto- 
sp ira , brucella , rab ies  conjugates) or n o rm a l sera labelled  w ith  fluorescein -iso 
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th io c y a n a te  (ra b b it, sw ine, c a ttle  o r sheep  serum ) specific  fluorescence w as 
n o t  observed  in  a n y  o f th e  cases.

Im m unofluo rescence  w as s tu d ie d  b y  using  th e  S o v ie t M L — I I  fluorescence  
m icroscope, v iew ing  th e  p ré p a râ te s  u n d e r  im m ersion  o b jec tiv e . C om binations 
o f  “ SZhS 7 - 2 ” , “ F S  1 - 2 ”  an d  “ BS 8 - 2 ”  b lue f ilte rs  w ere used  and  “ ZhS — 
18”  and  “ Z hS — 19”  f ilte rs  served  as b a rr ie r  filte r.

F o r d irec t d e m o n s tra tio n  o f th e  cau sa tiv e  ag en t, ra p id  an d  slow G iem sa 
s ta in in g  m eth o d s w ere u sed . T hese sm ears w ere p re p a re d  from  th e  o rg an s 
as described  above an d  fixed  w ith  m eth an o l.

Results

In  th e  course o f  a  to x o p lasm osis enzootic  o ccu rred  in  a ra b b it  b re e d  
recen tly , 24 b lood  sam ples ( tak en  from  7 affected  a n d  17 a p p a re n tly  h e a lth y  
an im als) w ere ex am in ed  w ith  th e  CF te s t .  R esu lts  a re  show n in  T ab le  1. 
T en  ra b b it  sera n e g a tiv e  w ith  th e  S a b in —F eld m an  te s t ,  o b ta in e d  from  th e  b reed  
o f o u r In s t i tu te  se rv ed  as con tro ls.

As T ab le  1 show s, po sitiv e  re su lts  a t  low t i t r e  va lu es  (1 : 10— 1 : 40) 
o ccu rred  in  som e n e g a tiv e  con tro l sam ples (3 sam ples a t  1 : 20, 2 sam ples a t  
1 : 40 t i t r e  v a lu e), p re su m ab ly  due  to  th e  an tic o m p le m e n ta ry  ac tion  o f  th e  
se ru m  sam ples in  sp ite  o f th e ir  in a c tiv a tio n  a t 62 °C fo r 30 m inu tes. T herefo re  
reac tio n s above 1 : 100 d ilu tio n  w ere on ly  considered  positive .

F luo rescen t a n tib o d y  tech n iq u e  w as com pared  to  G iem sa s ta in ing  m e th o d  
b y  exam in ing  severa l o rgans o f ra b b its  affec ted  w ith , o r d ied  of, toxop lasm osis 
d u rin g  th e  enzootic .

T able 2 show s th a t  it  dep en d ed  on th e  p a th o lo g ica l p ic tu re  w hich o f  
th e  organs co n ta in ed  d e tec tab le  a m o u n ts  o f th e  p a th o g e n . W e succeeded in  
d e m o n s tra tin g  th e  p a th o g en  w ith  b o th  m eth o d s in  a c u te  cases m ostly  in  th e  
spleen an d  liver, in  th e  ch ron ic  fo rm  o f th e  disease a sso c ia ted  w ith  em acia tio n  
a n d  nervous sy m p to m s m o stly  in  th e  b ra in , and  in  cases o f ab o rtion  m o stly  
in  th e  fe ta l m em branes. In  n a tu ra l  in fec tions an d  d e a th s  following n a tu ra l  
in fec tio n  to x o p lasm a  cou ld  be d e m o n s tra te d  w ith  G iem sa s ta in in g  in  a sig
n if ic a n tly  lower r a te  (22% ) th a n  w ith  th e  flu o rescen t a n tib o d y  tech n iq u e  
(85% ). These ra te s , how ever, w ere s ig n ifican tly  h ig h er in  th e  case of e x p e ri
m e n ta lly  in fec ted  la b o ra to ry  an im als: 5 1%  an d  9 3 %  o f th e  positive cases 
w ere d e tec ted  b y  G iem sa s ta in in g  a n d  flu o rescen t a n tib o d y  techn ique , re sp ec 
tiv e ly .

One of us ( S z E M E R É D i ,  1968) h as  a lread y  re p o rte d  t h a t  48 hours fo llow 
ing  d e a th  th e  cau sa tiv e  ag en t could  n o t be d e m o n s tra te d  w ith  Giem sa s ta in in g . 
W ith  th e  im m unofluorescence m eth o d  on th e  o th e r h a n d  to xop lasm as could  
be  d e m o n s tra te d  in  th e  organs or d ischarges 72 ho u rs , o r in  case th e  sam ple  
h a d  been  k e p t a t  -)-4 °C fo r even 2 m o n th s , a f te r  d e a th .
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Table 1

R esu lts o f the CF tests

Designation of Serum dilutions
blood samples 1 : 10 1 : 20 1 : 40 1 : 100 1 : 200 1 : 400 1 : 800 1 : 1000

l + + + _i_ _J_ ___ ___ — — — —

2 ill + + + + + + +  + + + + - — - —

3 — — — — — — — —

4 +  +  + + +  + +  +  + +  +  + - ___ - —

5
+  +

+ — — - — — —

6 ___ — — — — — - —

7 — — — — — — — —

8 +  +  + +  +  + +  +  + + + + +  +  + +  +  + + + + +

9 + + + +  +  + -F +  + 4- - — - —

10 + +  + + +  + + — - — - —

11 ill +  +  + +  +  + +  +  + +  +  + + +  + +  + - -

12 ill +  + — — — - - - —

13 + + + + +  + — — - — - -

14 +  +  + +  +  + +  +  + +  + - — - —

15 ill + + + + + + +  +  + +  +  + + + + + - —

16 ill +  + + + - - — - —

17 ill + + + +  +  + +  +  + +  +  + - — — —

18 — — — — — — — —

19 ill +  +  + + +  + +  +  + +  +  + - - — —

20 — — — - - — — -

21 +  +  + +  +  + +  +  + “Ы - ~\~ - — — -

22 + + + +  +  + +  +  + + + + +  +  + +  + _ —

23 +  +  + + — - - — - —

24 +  +  + + + + +  +  + + + - — - —

A  Control — — —- — — — - —

В Control + +  + +  +  + +  + — - — — —

C Control +  + + — — - — - —

D Control ___ — — — - — — —

E Control — — — — — — - -
F Control +  + + — — — — - —

G Control +  +  + + + — — — — - -

H Control — — — — — — — —

I Control +  +  + + + + — — — - -

J Control -
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Table 2

Results o f  the com parative studies betw een Giemsa staining and the im m unofluorescent m ethod

Species No. of Pathological
changes No.

Spleen Liver Kidney Ascites Brain stem Cortex Placenta
animals G IF G IF G IF G IF G IF G IF G IF

Acute form 14 2 12 l 10 0 5 l 7 0 2 0 0 X X
Rabbit 18 Chronic form 2 0 1 0 0 0 0 0 1 l 1 0 1 X X

Abortion 2 0 0 1 1 0 0 0 1 0 0 0 0 1 2

Golden hamster* 4 E xperim entally  
infected , showing 
pathological 
changes indicating  
septicaem ia

1 4 l 4 0 2 2 4 1 2 0 1 X X
Souslik** 0 1 0 1 0 0 1 1 1 1 0 0 X X
W hite mouse 85 32 79 30 75 7 14 43 74 2 15 1 10 X X

G, Giemsa staining; IF , Im m unofluorescent m ethod; x  Not tested; * Mesocricetus auratus; ** Citellus citrllus

M
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Conclusions

CF te s t is s im p ler an d  easier to  pe rfo rm  th a n  th e  classic S ab in  — F e ld m an  
te s t .  As for the  CF te s t ,  fu r th e r  conclusion can n o t be d raw n  from  our lim ited  
in v es tig a tio n s , e x c e p t th a t  th e  p re se n t re su lts  reassure to  s ta te  th a t  th e  CF 
te s t  can  be used to  g a th e r  in fo rm atio n  a b o u t th e  occurrence o f  toxoplasm osis 
in a b reed .

Flowever, in  o u r op in ion , w ith o u t d em o n stra tin g  th e  cau sa tiv e  ag en t, 
th e  re su lt o f th e  CF te s t  alone does n o t en ab le  us to  m ake an  in d iv id u a l d iag n o 
sis. T h e  diagnosis m u st alw ays be based  on th e  d em o n stra tio n  o f  th e  cau sa tiv e  
a g en t.

T he p a tho log ica l changes alone a rouse  suspicion o f  toxop lasm osis — 
p a rtic u la r ly  in th e  acu te  form  of th e  d isease. H isto p a th o lo g ica l exam ina tions 
d ire c te d  tow ards th e  d e m o n s tra tio n  o f th e  p a rasites or p seudocysts  in  th e  
o rg an s show ing lesions gave n eg a tiv e  re su lts  in  all of o u r cases (S zem erÉd i , 
1968).

W ith  G iem sa s ta in in g  th e  p a ra s ite s  could  be d e m o n s tra te d  in  an in sig 
n if ic a n t percen tage  o f th e  cases.

In  our d iag n o stica l w ork  th e  im m unofluo rescen t m e th o d  proved  th e  
m o st reliable. T he m e th o d  is ra p id , specific an d  m ore sen s itiv e  th a n  any  o th e r  
m e th o d . B y using  th is  m eth o d  th e  expensive  and  ted ious ex p e rim en ta l in fec
tio n  can  be avoided . I ts  d iagnostica l v a lue  is confirm ed b y  th e  fac t th a t  Toxo
p la sm a  gondii can  o ften  be d e m o n s tra te d  w hen  all o th e r m e th o d s  used p ro v e  
unsuccessfu l.

SUMM ARY

Authors studied the adaptability  o f the com plem ent fixation  (CF) test and the direct 
fluorescent antibody technique in diagnosing toxoplasm osis in a rabbit breed. Rabbits affected  
w ith , or died of, the toxoplasm osis after showing various forms o f the disease, and e x 
perim entally  infected laboratory anim als were tested . CF test was found suitable as a supp le
m entary  m ethod for investigation , however, as to the opinion of the authors, its use for m aking  
diagnosis is not justified  w ithout dem onstrating the causative agent. T hus, on making diagno
sis em phasis should be laid upon the dem onstration of the toxoplasm as. For this purpose 
the rapid and specific im m unofluorescent m ethod was found the m ost su itab le, being more 
sensitive  than any other m ethod.
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QUALIFICATION OF FROZEN FOODS 
WITH MICROBIOLOGICAL EXAMINATIONS

By

J .  T a k á c s , Z. Sim o n ffy  and E mőke I m r eh

Central Laboratory o f V eterinary M eat Control Service (H ead: J . T a ká cs), Budapest

(R eceived May 10, 1968)

D ue to  th e  d ev e lo p m en t o f th e  re fr ig e ra tio n  tech n iq u e  in  th e  la s t y ea rs , 
la rg e  am o u n ts  o f  foods are  p reserved  b y  re fr ig e ra tio n  a n d  freezing. O rig inal 
p ro p e rtie s  o f  foods can  be  re ta in e d  b y  th e se  m ethods m ost fav o u rab ly . 
T hese m eth o d s o f  p re se rv a tio n  lie on th e  p rin c ip le  th a t  a t  low  te m p e ra tu re s  
th e  g ro w th  o f m o st o f th e  b a c te r ia  are s to p p e d  or slow ed dow n.

Since frozen foods and their raw m aterials are extrem ely heterogeneous, no overall 
paper on scoring o f foods from  m icrobiological aspects has been published until recently . 
The reader is referred only to some, papers concerning quick-frozen foods (E ll io t  and 
M ic h e n e k , 1961; 1965; F hazler , 1958).

Frozen foods include half-finished and ready-m ade products, greens, vegetables, fruits 
(w ith or w ithout sugar), products prepared w ith  cereals (m eal), m eat (viscera) and ready- 
cooked food containing m eat and m iscellaneous product. As for the m icrobiological features 
o f these heterogeneous m aterials, the microorganisms present in  each food product are in  
close correlation w ith  the applied technology or the original properties o f the raw m aterial. 
Foods frozen w ithou t pre-heating (fruits), those frozen after sclading, or those half-finished, 
untreated b y  heat b u t com bined w ith  various add itives then  frozen, and finally  foods frozen  
follow ing heat treatm ent have greatly different m icrofloras. Our investigations aim ed at 
throwing light upon th e  m icrobiological state o f the frozen foods m ade in H ungary. Further, 
inform ation was obtained  w hether these foods are exportable. F inally , we wished to con tr i
bute to the estab lishm ent of m icrobiological requirem ents o f foods.

In  addition, it  m ust be em phasized that the present m icrobiological exam inations 
have been connected w ith  painstaking hygienic p lan t supervision, im provem ent of the m anu
facturing hygiene control o f the technology (pasteurization) and explanatory work concerning  
hygiene am ong workers and consum ers (T r e ssl e r  and E v e r s , 1957; E l l io t  and M ic h e n e r , 
1961; P a r k e r  and L it c h f ie l d  1962; E lliot  and M ic h e n e r , 1965; L o tt , 1967).

M aterials

Q uick-frozen  foods w ere d iv ided  in to  5 g roups from  th e  m icrobiological 
p o in t o f v iew , n am ely

(1) qu ick-frozen  (h e a t- tre a te d ) read y -co o k ed  m e a t; (2) qu ick-frozen  
half-fin ished  (n o t tr e a te d  w ith  heat) m ea t p ro d u c ts ; (3) qu ick-frozen  v eg e 
tab le s  (scalded); (4) qu ick-frozen  fru its ; (5) o th e r  qu ick-frozen  p ro d u c ts .

On a to ta l  2842 qu ick-frozen  sam ples w ere ex am ined .
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M ethods

B efore being te s te d  th e  sam ples w ere allow ed to  th a w  o v ern ig h t a t  + 4  °C. 
In  o rd e r to  e s tab lish  m icrobio logical ran g es , m ethods o f  in v es tig a tio n  co n cern 
ing  frozen  foods h a d  to  be s tan d a rd ized .*

T o ta l liv ing cell co u n t as w ell as cell coun ts of th e  follow ing m icro 
o rg an ism s w ere d e te rm in ed :

p ro teo ly tic  m icroorgan ism s; co liform s; a lkali-p roducing  m icroorganism s; 
y e a s ts ;  m oulds; L ac tobac illi; C lostrid ia ; haem olyzing  m icroorgan ism s; M icro
coccus pyogenes var. aureus  an d  p sy c h ro to le ra n t m icroorganism s. Special 
ca re  w as ta k e n  on th e  iso la tio n  o f S alm onella .

Cell coun ts are re la te d  to  1 g o f sam ple.
B ased  on th e  large  n u m b er o f th e  sam ples, geom etric  m ean  v a lu es  and  

th e  sim ple positive  d ispersion  values ( + 1  X s), b y  ap p ly in g  th e  G auss cu rve, 
w ere e s tim a ted .

R esu lts

R esu lts  re la tin g  to  th e  five  g roups o f th e  qu ick-frozen  p ro d u c ts  are 
p re se n te d  in  Figs 1 to  5.

Micrococcus pyogenes var. aureus, Salm onellae a n d  p sy c h ro to le ra n t 
germ s, h av in g  been iso la ted  b u t  ra re ly , a re  n o t included  in  th e  figures. M icro
coccus pyogenes var. aureus w as iso la te d  from  1 quick-frozen  h a lf-fin ished  
sliced  sw ine liver for fry in g  in  fa t, 9 qu ick-frozen  h alf-fin ished  sliced sw ine 
liv e rs , 3 qu ick-frozen half-fin ished  p o rk s fo r fry ing  in  fa t  and  from  1 quick- 
fro zen  m ash ed  an d  sw eetened  c h e s tn u t w ith  cream , as a to ta l  o f 14 cases. 
G erm  co u n ts  concern ing  Micrococcus pyogenes var. aureus w ere b e tw een  100 
a n d  1000 in  th e  sam ples, ex cep t in  3 cases w hen  these  n u m b ers  w ere exceeded  
(1400, 2000 and  40,000 p e r g). Som e o f th e  iso la ted  s tra in s  w ere p h ag e -ty p ed  
in  th e  N a tio n a l In s t i tu te  o f P ub lic  H e a lth , B u d ap est. D r. H . Milch  is ack n o w l
edged  fo r th e  ty p in g . T he s tra in s  be lo n g ed  to  3 ph ag e  ty p es, v iz ., R T D  
6/54 + ,  R TD  (6) 42 E /54 +  an d  R T D  42 E  (47/54) 81 I I I .

In  13 o f th e  sam ples Salm onella  w as found . F ro m  qu ick-frozen  sliced 
sw ine livers 5 s tra in s  o f S . abony, an d  3 s tra in s  o f S . ana tum , from  quick-frozen  
ra s p b e r ry  cream s 2 s tra in s  o f S. cholerae-suis var. K unzendorf, a n d  from  
qu ick -fro zen  m ixed f ru it  cream s 1 s tra in  o f  S . typ h i-su is  var. Voldagsen  w ere 
iso la ted . T he fru it cream s h ad  been c o n ta m in a te d  du ring  processing. A S alm o
n e lla  s tra in  was iso la ted  from  a h a lf-fin ish ed  swine liv e r sam ple  for fry in g  in  
fa t  a n d  a n o th e r  from  a qu ick-frozen  h a lf-fin ished  sliced ox  liver. T hese s tra in s  
w ere n o t id en tified .

In d ices  concern ing  th e  p sy c h ro to le ra n t germ  co u n ts  are to u ch ed  in 
th e  conclusion.

* For lack of space culture media and details of the methods used in our investigations 
are not described.
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T a b ic  1

Q ualification of frozen foods by m icrobiological tests

Total living 
cell count 
per gram

Coliform cell 
count 

per gram

Yeast cell 
count 

per gram

Mold cell 
count 

per gram

Lactobacillus 
cell count 
per gram

Clostridium 
cell count 
per gram

1. Heated quick-frozen meat products ready 
for cooking

Excellent
100,000 

PM: 10,000
< i <  1000 < 1 0 0 0 <  100,000 < 1 0 0

Tolerated cell count after incubation at 
21 °C (acceptable)

300,000 
PM: <  100,000

< 1 0 0 < 1 0 ,0 0 0

2. Unheated (raw) quick-frozen m eat products 
E xcellent

5.000,000 
PM: <  250,000

100 10,000 < 1 0 0 0 NT < 1 0 0

Tolerated germ count 
(acceptable)

10,000,000 
PM: 500,000

1000 30,000

3. Scalded quick-frozen vegetables 
Excellent

100,000 
PM: 10,000

< 1 < 1 0 0 0 < 1 0 0 0 NT < 1 0 0

Tolerated germ count after incubation at 
21 °C (acceptable)

500,000 
PM: <  100,000

< 1 0 0 < 10 ,000

4. Quick frozen (raw) fruits 
Excellent

100,000 
PM: 10,000

100 Raw: <  1000 
Sugared:

< 10 ,000  
Cream :

<  100,000

Raw: <  1000 
Sugared:

<  100,000 
Cream :

< 100 ,000

NT < 1 0 0

Tolerated germ count 
(acceptable)

500,000 
PM: 100,000

1000 Raw: < 1 0 ,0 0 0  
Sugared: < 100 ,000  
Cream : <  1,000,000

NT, not tested; PM, proteolytic germ.
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Stewed pork with paprika 
(40)

6

a b c d e f g h  i

Stewed beef with paprika

a b c d e f g h

Stewed chitterlings Lights(66)
( 2 0 )

a b c e
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GO Kidney and brains
( 10)

C7>
О

cDОи
ыо

6

5

í,

3

2

1

0

о

a b с ,  e t h i

Székely goulash  
(43)

in

a b c d e f g h  i

Kolozsvár sauerkraut

Stuffed cabbage Stuffed paprika 
(63)

Fig. 1. Q u ic k -fr o z e n  (p r e -h e a te d )  m e a t  p r o d u c ts
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CO

Half-finished pork

7 о  Half-finished 1 i ver -

a b c d e f h i

S2 Half-finished swine 
<4 liver for frying (187)

a Ь c d e f h i
&

a b c d e f h i
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Fig. 2 . Q u ic k -fr o z e n  h a lf - f in is h e d  m e a t  p r o d u c ts ,  n o t  h e a te d  b e fo re  fr e e z in g
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Green peas (130)
ъ
ib

a b c  г f g h i

Pumpkln(91) Garden sorrel cream(37)

0
a b c d e f g h a b c  e f g h i a b c d e f g h I
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Cucumber sa lad  (A3)
in
О

Cauliflower(23)
in

Half - finished letcho(17)
in

Brussels sprouts(8)
in
О

a b c  f h i

Fig. 3. Q u ic k -fr o z e n  v e g e t a b le s
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Raspberries(70)

6
о

a b c

Го I is?

е f g h i

Sugared strawberries (54)

Sugared raspberries(A5) 

6r

Strawberry cream (34)
iO

a b c d e f g h  i 

Bulk raspberries(20)
U3
О

a b c d e f g h  i
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Raspberry cream ( ЮЗ)

a b c d e  f g h i

Peaches(25)

6 r

a b c d e f g h  i

Apricots(IO)

Sugar meton(33)C'-
О

a b c e f h i

Plums(31) Sugared plums(36)

7r

6 -

a b c  e f g h i ÍCZD
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Cherries (10 ) 
7 -

6

a c f i

Currants (16)
7 -

6

a b c  f h i

Pears (19) 
7 -

6

5
o>о

a b e t  h i

Fig. 4. Q u ic k -fr o z e n  fr u it s
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C onclusions

1) Foods frozen  as raw  (m ain ly  fru its )  possess th e  n o rm a l m icroflora. 
F reezing  is em ployed  to  preserve fre sh  fru its  an d  v eg e tab le s  in  o rder to  
in h ib it grow th o f  p u tre fa c ien t p la n t-p a th o g e n ic  a n d  sa p ro p h y tic  m icro- 
organism s. The m ic ro flo ra  o f th is  g ro u p  consists m ain ly  o f  y e a s ts  an d  m oulds, 
th e  low  p H  v alue  b e in g  u n fav o u rab le  for th e  rep ro d u c tio n  o f b a c te ria  (Ca m e 
r o n , 1936; D e s r o s ie r , 1959; E llio t  an d  M ic h e n e r , 1965). To th is  n a tu ra l

Plum - bal I ( 52) Mashed and sweetened
chestnut with cream

Fig. 5. Other quick frozen products, a, liv in g  cell count; b, proteolytic  cell count; c, coliform  
cell count; d, alkali-producing cell count; e, y ea st cell count; / ,  m ould cell count; g, L acto

bacillus cou n t, h, Clostridium count; i, haem olyzing cell count 
■  =  geom etric mean 
□ =  dispersion ( +  1 X s)

m icroflo ra  a m icro flo ra  ad a p te d  to  th e  processing  p la n t  (“ p lan t-sp ec ific  m icro
flo ra ” ) and  c o n ta m in a tio n  caused b y  th e  processing w ork ers  (knife, w orking 
dress, utensils) a re  a d d e d . These foods a re  consum ed raw .

2) R esidual m icro flo ra  of th e  foods frozen a f te r  sca ld ing  (vegetables) 
is qualified  h arm fu l. To th is  m icro flo ra  th e  p lan t-spec ific  m icro flo ra  and  th e  
co n tam in a tio n  cau sed  b y  th e  p rocessing  w orkers are ad d ed . Scald ing  reduces 
m icrob ia l p o p u la tio n  to  a g rea t e x te n t, red u c in g , a t  th e  sam e tim e , th e  no rm al 
res is tan ce  to  spoilage, th u s  allowing ra p id  g ro w th  o f b a c te r ia  i f  reco n tam in a tio n  
occurs p rio r to  freezing .

3) H alf-fin ished , u n h ea ted  fro zen  foods su p p lem en ted  w ith  add itives 
(p rin c ip a lly  m eat p ro d u c ts )  possess th e  n o rm al m icro flo ra  com pleted  w ith  
th e  m icroflora of th e  a d d itiv e s  as w ell as w ith  th a t  o f th e  p la n t  a n d  th a t  deriv 
ing  from  th e  processing  w orkers. O n th e  fresh  m uscles o f  w arm -b looded  an i
m als m ain ly  m esophilic  m icroflora can  be  found , w hich  changes to w ard  th e
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psycliroph ilic  an d  p sy c h ro to le ra n t m icroorgan ism s d u rin g  re frig e ra tio n . Cold
b lo o d ed  anim als, f i r s t  o f all fish , h a v e  m ain ly  psychroph ilic  an d  p sy ch ro to le ran t 
o rg an ism s in th e ir  o rig inal m icro flo ras , w hich do n o t change d u rin g  p re se rv a 
t io n  a t  low te m p e ra tu re s . Foods ra n k e d  in  th is group are  consum ed  follow ing 
b e a tin g .

4) R esidual m icroflora  o f m ea t-co n ta in in g  an d  m iscellaneous h e a t 
ed  (boiled) an d  su b seq u en tly  fro zen  foods is considered  h arm fu l. This 
m icro flo ra  is a sso c ia ted  w ith  th e  p lan t-sp ec ific  flo ra  a n d  w ith  th e  c o n ta m in a 
t io n  deriv ing  from  th e  processing w orkers. These foods a re  h ea ted  or boiled  
b e fo re  being consum ed .

5) Among th e  m icrobio logical find ings to ta l  cell c o u n t, coliform  cell 
c o u n t, yeast and m ou ld  cell c o u n ts , L ac tobac illu s an d  C lostrid iu m  cell coun ts 
c a n  b e  generally  u sed  for scoring.

6) M icrobiological re q u ire m e n ts  m igh t b riefly  be su m m arized  as follow s:
a)  F rozen foods m u st be free  o f  know n pa th o g en ic  an d  to x in -p ro d u c in g  

m icroorgan ism s.
b)  E nzym e a c tiv i ty  of th e  n o rm a l and  resid u a l m icro flo ra  m u st no t 

a l te r  th e  o rgano lep tic  p roperties o f  th e  food.
c) Coliform cell count fo r h e a te d  p ro d u c ts  (ready-fo r-cook ing  foods, 

sca ld ed  vegetables) shou ld  be low er th a n  1 y eas t an d  m o u ld  cell co u n t low er 
th a n  1000. Coliform  an d  y eas t cell coun ts m ay  be to le ra te d  up  to  100 an d  
10,000 respectively .

d)  Coliform cell coun t fo r u n h e a te d  p ro d u c ts  (raw  fru its , h a lf-fin ished  
m e a t p roducts) sh o u ld  no t exceed 100. Cell coun ts be tw een  100 an d  1000 
m a y  be  accepted .

e)  Cell co u n t o f th e  haem olyz ing  Micrococcus pyogenes var. aureus m u st 
n o t  exceed 1000.

Cell count o f  sap ro p h y tic  c lo s trid ia  m ust n o t exceed 100.
g )  Mould cell c o u n t m ust n o t  exceed  1000 in  frozen  raw  p ro d u c ts  (fru its) . 

In  f ru its  and c ream s sw eetened w ith  sugar cell co u n ts  u p  to  100,000 m ay  
b e  accepted .

h )  Y east c o u n t m ust n o t exceed  10,000 and  1000 in  1 g o f frozen raw  
m e a t p roducts a n d  ra w  fru its , re sp ec tiv e ly , b u t qu ick-frozen  raw  m eat p ro 
d u c ts  and  quick-frozen  raw  fru its  w ith  30,000 and  10,000 y e a s t cells per g ram , 
re sp ec tiv e ly , are accep tab le . Y e a s t cell count as h igh as 10,000 and  100,000 
p e r  gram  fru it sw eetened  w ith  su g a r and  cream s resp ec tiv e ly , m u st be 
accep ted .

i )  E n terococcus cell co u n t in  th e  hea ted  qu ick-frozen  foods m u st n o t 
exceed  1000.

j )  T otal co u n t of living germ s in  th e  h ea ted  qu ick-frozen  foods (read y  
fo r  cooking) and veg e tab les  (scalded) m u st n o t exceed 100,000 o f w hich th e  
p ro te o ly tic  b ac te ria  m u s t n o t exceed  10,000 per gram  if  th e  p la te s  are  in 
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cu b a te d  a t  32 °C. I f  p la te s  are in c u b a te d  a t  21 °C, to ta l  cell co u n t o f th e  psy- 
ch ro to le ran t germ s m u s t n o t exceed 300,000—500,000; am ong  th ese  th e  
cell co u n t of th e  p ro te o ly tic  germs m u s t n o t exceed  100,000.

k )  Cell coun ts o f  th e  living m esoph ilic  an d  p sy c h ro to le ra n t germ s in  
u n h e a te d  quick-frozen  foods (qu ick-frozen  m ea t p ro d u c ts )  m ust n o t exceed
5.000. 000 a t 32 °C a n d  21 °C. Am ong th e se  p ro te o ly tic  germ s m ust n o t exceed 
250,000 per gram . N everthe less, a t  p re se n t a to ta l  cell co u n t of 10,000,000 
an d  a p ro teo ly tic  cell c o u n t up to  500,000 m ay  be to le ra te d .

l)  T o ta l an d  p ro te o ly tic  cell c o u n t raw  fru its  sh o u ld  n o t  exceed 100,000 
an d  10,000, re sp ec tiv e ly , b u t to ta l  cell co u n ts  up to  500,000 and  p ro teo ly tic  
cell coun ts up to  100,000 m ay be to le ra te d  (excep t in  m u sca t m elon, w here
5.000. 000 cells p er g ram  m ay be to le ra te d ) .

m )  L actobacillus cell count in h e a te d  q u ick -frozen  m e a t p ro d u c ts  re a d y  
for cooking m u st n o t  exceed 100,000.

T he lim its o f uno b jec tio n ab le  a n d  to le rab le  cell co u n ts  are sum m arized  
in  T ab le  1.

7) W e have in te n d e d  to  p re se n t a basis  fo r o ffic ia ls superv ising  th e  
service in  th e  re fr ig e ra tin g  p lan ts  a n d  th e  tr a d e  in  o rd e r to  con tro l each  lo t 
m ore effectively. B ased  on th e  cell c o u n t va lues e la b o ra te d  b y  us stocks an d  
p ro d u c tio n  lo ts m a y  b e  qualified  fro m  aspects  o f p u b lic  consum ption  an d  
ex p o rt q u a lity , p ro v id e d  sam pling is co rrec t a n d  s ta t is t ic a l ly  perfec t.

8) F o r m a rk e tin g  o f qu ick-frozen  foods co n tin u o u s  re frig e ra tio n  is o f 
u tm o s t im p o rtan ce , b ecau se  im proper th a w in g  m ay  in v o lv e  spoilage. E v e n  
con tin u o u s re fr ig e ra tio n , w hich is th e  on ly  m e th o d  in  p re v e n tin g  g row th  of 
th e  pathogen ic  m icroorgan ism s, does n o t  afford  fu ll p ro te c tio n , a t m ost re ta rd s  
spoilage. A ppearance  o f  spoilage is re la te d  to  th e  in it ia l  germ  coun t an d  th e  
s to rag e  te m p e ra tu re .

9) To p re v e n t spo ilage, an u n in te r ru p te d  hyg ien ic  hand lin g  is needed . 
(L ott , 1967). Q uick-frozen  foods shou ld  be k e p t in  a s ta te  poor in  germ s from  
th e  raw  m ateria l u n t i l  th e  fin a l p ro d u c t. To m eet th is  re q u ire m e n t, p e rm a n e n t 
c lean ing  and  d is in fec tio n  are  needed  in  o rd er to  p re v e n t  th e  co ld -ad ap ted  
so-called p lan t-spec ific , psychroph ilic  an d  p sy c h ro to le ra n t m icroflora from  
developing, and , la s t b u t  n o t least, p a th o g e n ic  m icroorgan ism s from  sp read in g  
in  th e  p lan t.

10) D é ra tisa tio n  a n d  desinsection  as a p a r t  of th e  p la n t  hygiene, clean 
b a th s , lav a to rie s , to ile ts  for th e  w o rk ers , w a te r  o f  d rin k in g -w a te r q u a lity , 
o b ta in in g  raw  m a te ria l in  a hygienic w ay , p e rm a n e n t a n d  con tinuous clean ing  
and  disinfection  o f th e  fittin g s , p ro p e r sew age d isposal, and , la s t b u t n o t 
least, th e  hygienic s ta te  o f th e  w orkers su b s ta n tia lly  in flu en ce  th e  m icroflora  
of th e  food p ro d u c ts . I t  is th e  ta sk  o f  th e  s a n ita ry  serv ice  to  con tro l th e se  
fac to rs  p e rm an en tly . K eep ing  of th e  p lan t-h y g ien ic  re q u ire m e n ts  gives a id  
to  th e  m icrobiological qualifica tion  b a se d  u p o n  th e  cell c o u n t ranges. M icro
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b io log ica l ex am in a tio n s th ro w  lig h t on th e  p lan t-h y g ien ic  c ircu m stan ces . I f  
th e s e  conditions c a n n o t be e s tab lish ed , m icrobiological fe a tu re  o f  th e  p ro d u c ts  
m a y  show large f lu c tu a tio n s , a n d  a p e rm a n e n t hygien ic  level c a n n o t be  
e s tab lish ed .

11) G row th o f  m icroorgan ism s in  frozen  p ro d u c ts  can  occu r w hen , due  
to  im p ro p er h an d lin g , th e y  are  k e p t  above  — 12 °C for a long  perio d  o f  tim e  
( E l l io t  and Mic h e n e r , 1965).

12) As a consequence  o f th e  en zy m a tic  action  o f b a c te r ia , frozen  foods 
c a n  show  changes ap p reh en sib le  to  senses p rio r to  freezing  o r w hen  th a w e d  
a t  0 °C even if  th e  cell co u n t rem ain s low . T hese enzym es can  be  fo rm ed  below  
th e  te m p e ra tu re  o p tim a l for th e  re p ro d u c tio n  of th e  en zy m e-p ro d u cin g  m icro 
o rg an ism s and  a re  ac tiv e  below  th e  m in im al te m p e ra tu re  re q u ire d  fo r th e ir  
re p ro d u c tio n . To p re v e n t h igh  cell co u n ts  in  foods p rio r to  freezing , freezing  
m u s t  be perform ed qu ick ly . As a ru le , p u tr if ic a tio n  is in d ic a te d  b y  a cell co u n t 
o f  107 —108/ g or 1 cm 3. As fo r th e  q u a lifica tio n , o rg an o lep tic  in v es tig a tio n  
m u s t  alw ays be c a rr ie d  ou t.

13) Spoilage cau sed  b y  p sy ch ro p h ilic  an d  p sy c h ro to le ra n t m ic ro o rg an 
ism s  can be p re v e n te d  b y  keep ing  th e  su rface  of th e  foods d ry , red u c in g  
w a te r  ac tiv ity  an d  securing  a low  p H .

SUM M ARY

2842 quick-frozen foods ready for m arketing were investigated  from  m icrobiological 
a sp ects. Prior to the m icrobiological exam ination  frozen foods were devided into 5 groups 
according to the germ -reducing technology. The groups were: qu ick -frozen  (heated) m eat  
produ cts, half-finished (unheated) m eat products, scalded vegetab les, fru its and other foods 
unclassifiab le in any o f  these groups. A long w ith  organoleptic inspection  to ta l liv ing cell 
co u n t, proteolytic germ  count, coliform cell count, alkali-form ing germ count, y ea st and m ould  
cell count, Lactobacillus cell count, Clostridium  cell count, haem olyzing germ  count, M icro
coccus pyogenes var. aureus cell count and psychrotolerant germ count were determ ined, and  
ea ch  sample was exam ined  for Salm onella. In  respect o f each o f the features investigated , 
logarithm ic mean va lues and the sim ple positive  dispersion values were estim ated . R esu lts  
are illustrated in F igs 1 to 5 and in Table 1. I t  was dem onstrated th a t to ta l liv ing cell 
co u n t, coliform germ count, yeast cell count, m ould cell count, L actobacillus cell count and  
Clostridium  cell count can be used m ost favourably  in the m icrobiological qualification of 
th ese  foods.

Depending on w hether a food had been heated prior to freezing or not, m icrobiological 
requirem ents are different. Coliform cell count, enterococcus cell count and tota l liv ing cell 
co u n t including proteolytic, psychrotolerant, and Lactobacillus cell counts are lower in the  
fo o d s heated prior to freezing than in  those th a t had not been heated. In  respect o f the com 
m on  pathogenic and toxin-producing m icroorganism s, haem olyzing Micrococcus pyogenes 
var. aureus, saprophytic or facultative pathogen ic clostridia no d ifferentiation  m ust Ье m ade 
b etw een  pre-heated and unheated foods. The continuous refrigeration and hygienic chain as 
w ell as securing circum stances o f the hygien ic production are inseparable from  preventing  
quick-frozen foods from  spoilage. Due to  the extracellular enzym atic a c tiv ity , frozen foods  
can  be spoiled even at low  cell count i f  enzym es could exert their adverse effect prior to freez
in g  or at thawing. Spoilage caused by the psychrophilic germs can be prevented by securing  
dry surface and low  p H  values o f tbe foods. I f  cell count has increased to 107— 108/ g or 
1 cm 3, the frozen food m ust be qualified as spoiled.
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Increased  p ro d u c tio n  an d  low ering  price  of th e  a n tib io tic s  m ade possible 
th e ir  u se  in  fields o th e r  th a n  th e ra p y . R ecen tly  an tib io tic s  h av e  also been 
used  as p la n t-p ro te c tin g  agen ts a n d , in  preserv ing  food o f an im al and  p la n t 
o rig in , food in d u s try  also u tilizes th e ir  b a c te rio s ta tic  ac tio n . F o r ab o u t one 
an d  a h a lf  decade a n tib io tic s  h av e  been  used  in  th e  feed ing  o f  livestock , too , 
in  o rd e r  to  increase y ie ld  o f an im al p ro d u c ts . R ecen tly , an tib io tic s  have 
b een  in co rp o ra ted  in  th e  so-called p rev en tiv e  prem ixes an d  “ m ed ica ted  feed
s tu f f ”  all over th e  w orld .

On using antibiotics for therapeutic purposes resistant bacterium  strains have emerged, 
and follow ing their in effic ien t use the norm al intestinal flora has been im balanced. A variety  
o f  their  use has involved new disadvantages as compared to the econom ic profit. Now anti
b iotics are brought in to  the hum an organism  not only as therapeutics but also in nonm edical 
w ays. I t  m ight be d isadvantageous for the public health if  antibiotics brought in the animal 
body for various purposes (therapy, preservation, feed supplem entation) reached bacterio
sta tic  leve ls in the m eat or organs, thus leading to false negative bacteriological results (Cl a r e n - 
b u r g , K a m pelm a ch er , 1957; K is s l in g , 1960). The same m ay be valid  for the milk obtained  
for several days follow ing antibiotic treatm ent of cows w ith m astitis. The antibiotic present 
in the m ilk m ay interfere even w ith  cheese production, thus causing h eavy  econom ic losses 
( F r a n k , 1964).

Consuming antibiotic-containing foods m ight result in adverse effect in  man. Allergic 
sym ptom s may arise (W e l c h , 1959; Me a r a , 1958; K u sc h in sk y , 1960; F e h é r  and Gó zo n y , 
1961), im portant sy m b io tic  bacterium  strains in  the m outh and intestines m ay be suppressed 
and overgrow n by harm ful bacteria, and strains resistant to antibiotics m ay develop (Z in - 
z iu s , 1954).

O wing to the im portant public health  consequences, num erous investigators have  
dealt w ith  the problem . The conclusion has been drawn that unlike large therapeutic doses 
or preservative concentrations, antibiotics fed at a low  level in  the ration  for a longer period 
o f tim e does not reach in  the m eat and organs a level harmful for the consum er or interfering  
w ith  the result o f the bacteriological exam ination. W hile antib iotic  content o f the animal 
tissu es has been exam ined by several authors (K ä f e r s t e in , 1964), th a t o f  the eggs has poorly 
been studied (Sc h ö n h e r r , 1957).

W e had  p le n ty  o f reasons to  s tu d y  an tib io tic  c o n te n t o f eggs la id  b y  
an tib io tic -fed  hens.

1, W hile m e a t a n d  organs are  u su a lly  consum ed a f te r  h e a tin g  (ro astin g  
o r cooking) w hich d estro y s possib le  re s id u a l an tib io tic s , egg (w hole egg, egg 
w h ite  an d  yolk) is fre q u e n tly  consum ed  unbo iled  even b y  bab ies.
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2. I t  is know n t h a t  lay in g  hen  accu m u la tes  in  th e  y o lk  n o t only  essen tia l 
n u tr i t iv e s  b u t also c o n c e n tra te d  an tib o d ies  p ro d u ced  b y  h e r own organism . 
T h u s  chicks are n o t o n ly  nou rished  b u t  also p ro v id ed  w ith  passive  im m u n ity  
fo r th e  f irs t  days a f te r  h a tc h in g . T hus, y o lk  ac ts  like th e  co lo stru m  in m am m als. 
F ro m  th e  7 th  d ay  on  co louring  su b stan ces ea ten  b y  th e  hen  also ap p ea r in  
th e  yo lk . I t  seem ed rea so n ab le  to  consider th a t  a s ig n ifican t am o u n t of th e  
a n tib io tic  c ircu la ting  in  th e  blood and  p re sen t in th e  b o d y  flu id s w ill be depo
s ite d  in  th e  yolk.

3. Since e x p e rim e n ts  rep o rted  in  th e  l i te ra tu re  h a d  been  carried  ou t 
w ith  an tib io tic  o th e r  th a n  th e  O xytetracycline (OTC), th e  an tib io tic  in co rpo 
ra te d  in  th e  H u n g a ria n  p re p a ra tio n s  E rra , i t  seem ed ju s tif ie d  to  in itia te  inv es
tig a tio n s  in  order to  g e t m ore in fo rm atio n  on th e  hom e-m ade  p ro d u c t.

T he aims of o u r s tu d ie s  w ere:
1. to  select th e  m e th o d s  m ost su itab le  for th e  d e te c tio n  of th e  an tib io tic  

in  th e  egg w hite  an d  y o lk ;
2. to  show w h e th e r  in  th e  eggs (w hite  an d  yolk) la id  b y  hens k e p t on 

an tib io tic -su p p lem en ted  feed th e  an tib io tic  m ay  reach  a level th a t  sensitizes 
th e  consum ers of u n b o ile d  eggs, causes allergic sy m p to m s o r an y  o th e r adverse  
effect (influence on th e  in te s tin a l flo ra , dev e lo p m en t o f re s is ta n t s tra in s) 
o r m ak es b ac te rio log ica l te s ts  unre liab le .

Materials and methods

Two hu n d red  a n d  n in e ty - th re e  eggs w ere ex am ined . T he eggs w ere la id  
b y  15 hens w eighing 2 k g  each  in  a 90 -day  period , a n d  d is tr ib u te d  in  3 groups. 
S ix hen s w ere fed a r a t io n  su p p lem en ted  w ith  E r ra —2 a t  a level of 150 g p e r 
100 kg  feed (30 m g OTC p e r  kg  feed), a n o th e r  6 w ere g iven  10 tim es th e  p re 
sc rib ed  am o u n t of E r r a - 2 ,  i.e., 1.5 kg E rra —2 in 100 k g  feed (300 mg OTC p er 
kg  feed). The hens w ere  allow ed to  ea t ad lib itum  th ro u g h o u t th e  experim en t. 
T h ree  hens were fed th e  p la in  ra tio n  an d  served  as co n tro l.

Several m ethods suggested  in  th e  l ite ra tu re  to  e x tra c t  an tib io tic  con
te n t  from  tissues w ere u sed .

T he m ethod  o f th e  A u strian  K is s l in g  (1959) seem ed  v e ry  prom ising. 
H e suggests to  p e rfo rm  e x tra c tio n  w ith  hydroch lo ric  a c id —-acetone. O rgans 
g ro u n d  w ith  th is  so lv e n t are  s to red  o v ern ig h t in  re fr ig e ra to r  (in his op in ion  
long e x trac tio n  is m ore  perfec t). Follow ing c e n tr ifu g a tio n  o f th e  suspended  
tissu e  w ater-c lear e x tra c ts  are o b ta in ed . Since h y d ro ch lo ric  a c id — acetone 
o f ap p ro x im a te ly  p H  1.0 itse lf  has s tro n g  in h ib ito ry  ac tio n  on th e  te s t  o rg an 
ism , th e  p H  of th e  e x tr a c t  m u st be a d ju s te d  to  a v a lu e  m ore th a n  2.5. A ccord
ing  to  K is s l in g  th e  in h ib itin g  action  o f th e  hydroch lo ric  acid  acetone m ix tu re  
d isap p ears  a t  p H  2.5.

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



A N TIBIO TIC CONTENT O F EGGS 4 9

O t t e  (1960) an d  B a u e r  an d  St e ig l e r  (1961) e x tra c t  th e  a n tib io tic  
w ith  p h o sp h a te  b u ffe r so lu tio n  o f p H  4.5. C itra te  b u ffe r o f  p H  4.5 is also 
u sed  fo r th e  sam e purpose .

On check ing  O T C -con ta in ing  feed su p p lem en ts  in  o u r in s ti tu te , a m ix tu re  
o f  oxalic  acid  a n d  glycine b u ffe r of p H  2.0 is used  to  e x tra c t  th e  a n tib io tic  
(M iz s e y  an d  S z a b ó , 1955).

To o b ta in  p e rfec t e x tra c tio n  an d  w a te r-c lea r  o rgan  e x tra c ts , K is s l in g ’s 
m eth o d  w as a t te m p te d  p rim arily . T he in h ib ito ry  ac tio n  o f  th e  hyd roch lo ric  
ac id  — acetone  m ix tu re  w as s tu d ie d  a t d iffe ren t p H  values. B . subtilis  was u sed  
as te s t  o rgan ism  th ro u g h o u t th e  ex p erim en t. A t th e  o rig inal p H  v alue  (0.8), 
a t  p H  2.5 a n d  b e tw een  p H  4.5 an d  5.0 a huge, a m o d e ra te  an d  no zone o f 
in h ib itio n , re sp ec tiv e ly , w as observed  due to  th e  so lven t. B ased  on th is  ex p e 
rience  p H  v a lu es  o f th e  organ  e x tra c ts  w ere a d ju s te d  to  4 .5 . In  ad d itio n  to  
th e  h y d ro ch lo ric  a c id —acetone so lu tion , saline o f p H  4.5 w as p ara lle lly  used  fo r 
e x tra c tio n . H y d ro ch lo ric  acid acetone e x tra c ts  y ie lded  considerab ly  w ider 
zones o f in h ib itio n  th a n  th o se  o b ta in ed  b y  e x tra c tio n  w ith  th e  saline o f th e  
sam e p H . To reso lve ou r d o u b ts  b o th  ace tone  an d  saline e x tra c ts  were a u to 
c laved  a t 1 4 -pound  p ressu re  fo r 2 hours in  o rd e r to  a sce rta in  i f  th e  in h ib itin g  
ag en t w ould re a lly  be an tib io tic . A fter au to c lav in g , saline e x tra c ts  y ie lded  no 
in h ib itio n  w hile in h ib ito ry  ac tio n  of ace tone  e x tra c ts  w as re ta in ed , an d  in  
case o f  som e o rg an  e x tra c ts  even  w ider zones w ere observed  th a n  before.

F u r th e r  co n tro l in v es tig a tio n  w as ca rried  o u t b y  e x tra c tin g  horse m ea t 
used  fo r p re p a rin g  cu ltu re  m ed ium  w ith  h y d ro ch lo ric  acid  acetone  and  saline 
a t  p H  0.8 an d  a t  p H  a d ju s te d  to  5.0. N one o f  th e  saline e x tra c ts  in h ib ited  th e  
g ro w th  o f B . sub tilis , w hile ace tone  e x tra c ts  o f  p H  0.8 an d  5.0 re su lted  in  a 
zone o f a b o u t 30 m m  and  15 m m , respective ly , in  d iam eter. T he la t te r  in h ib itio n  
zone tu rn e d  m ore  p ro n o u n ced  (19 to  20 m m  w id th ) if  th e  e x tra c ts  w ere 
au to c lav ed  befo re  te s tin g . A u toc laved  saline e x tra c ts  y ielded  n eg a tiv e  
re su lts .

C o n s e q u e n tly , K is s l in g ’s m e th o d  h a d  to  b e  o m it te d .
C o m p ara tiv e  s tud ies w ere p erfo rm ed  to  e x tra c t OTC w ith  th e  o th e r th re e  

m e th o d s m e n tio n e d  above.
As te s t  o rgan ism  B . subtilis  ATCC 6633 app lied  accord ing  to  th e  so- 

called  sensitized  p ro ced u re  w as used  th ro u g h o u t ( I l l é s , 1962).
F irs t o f  all i t  w as asce rta in ed  th a t  p h o sp h a te  an d  c itra te  bu ffer o f 

p H  4.5 as íveli as oxalic  acid  glycine b u ffe r alone w ould n o t in h ib it th e  g ro w th  
o f B . subtilis  ev en  in  sensitized  s ta n d a rd  p la te s . To com pare  th e  re liab ility , 
se n s itiv ity  an d  re su lts  o f th e  m eth o d s, OTC so lu tions w ere th o ro u g h ly  m ixed  
w ith  egg w h ite  or y o lk  in  a m o r ta r  for a b o u t 10 m in u tes  to  m ake m ix tu res  o f 
an tib io tic  c o n cen tra tio n s  1 fig , 10 (Ag an d  100 yig p e r g. T h en  each m ix tu re  
w as shaken  w ith  an  equal a m o u n t of th e  so lv en t fo r 1 h o u r  to  e x tra c t th e  
ac tiv e  su b stan ce . U n d o u b te d ly  OTC-free egg w h ite  an d  y o lk  w as shaken  w ith
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th e  so lv en ts  as con tro l. T he yo lk  was ad d e d  d irec tly  to  th e  s ta n d a rd  p la te , while 
egg w h ite  was f ilte re d  th ro u g h  gauze befo re  add ing . Sam ples w ith  m in im al 
c o n cen tra tio n s  o f OTC w ere te s te d  as u n d ilu te d , tho se  w ith  th e  m ed ium  and  
m a x im a l co n cen tra tio n s  o f  OTC w ere te s te d  as u n d ilu te d  an d  in  1 : 10 and  
1 : 100 d ilu tion , re sp ec tiv e ly .

R esults

R esu lts  are su m m arized  in  T ab le  1.

Table 1

R ecoverability  o f the OTC from  egg yo lk  and w hite b y  various so lvents

Added amount of 
OTC ,xg/g

Solvents used for extraction

Oxalic acid +pH 2 
glycine buffer

pH 5 phosphate 
buffer

pH 5 citrate 
buffer

yolk 1.3 1.0 —

white 1.4 1.2 0.4

10
yolk 8.0 8.0 8.4

white 8.8 9.9 9.8

volk 90.7 89.0 98.0
100

white 93.7 116.0 83.0

0 yolk — - —
Control white

cco’ 0.9 0.8

I t  is show n t h a t  OTC w as reco v ered  from  th e  m ix tu re s  co n ta in in g  10 or 
100 fig  OTC p er g w ith  all th e  th re e  m e th o d s , w ith  an  accu racy  rem ain in g  
w ith in  th e  usual lim its  of error. C itra te  b u ffe r p ro v ed  u n sa tis fa c to ry  fo r th e  
d e te c tio n  o f th e  m in im a l co n cen tra tio n . U n id en tified  g ro w th -in h ib itin g  fac to r  
in a co n cen tra tio n  o f ap p ro x im a te ly  1 fi g p er g was e x tra c te d  w ith  all th e  3 
m e th o d s  from  th e  egg w h ite  u n d o u b te d ly  free of OTC. In  th e  follow ing ex p e ri
m e n ts  ex trac tio n  w ith  oxalic acid  g lycine buffer an d  p h o sp h a te  buffer 
o f p H  4.5 was used  pa ra lle lly .

As to  th e  e v a lu a tio n , in h ib itio n  in  g ro w th  of B . subtilis  could  be m easu red  
w ith  o u r m ethod  a t  as low  a c o n c e n tra tio n  as 0.2 fig  OTC p er g. A t low er 
OTC co n cen tra tio n s, how ever, red u c tio n  in  g row th  could be perceived  only.

Discussion

All th e  eggs te s te d , inc lud ing  th e  con tro l ones, co n ta in ed  a fac to r  in a 
c o n c e n tra tio n  of 1 — 1.5 fig  p e r g egg w h ite  th a t  h ad  in h ib ite d  th e  g ro w th  of 
B . subtilis . O ur o b se rv a tio n  agrees well w ith  th a t  o f P e l c z y n s k a  an d  Sl u -
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ZEW SKI (1966), who also d e m o n s tra te d  in  th e  egg w h ite  a su b s ta n c e  of 
an tib io tic  ac tio n  an d  suggested  i t  to  be  a n o rm a l an tib io tic . W e a t t r ib u te  th e  
b a c te r io s ta tic  ac tio n  o f th e  egg w h ite  to  its  lysozym e c o n te n t. B esides th is  
no rm al b a c te r io s ta tic  fac to r, in  th e  egg w hite  or yo lk  la id  e ith e r  b y  
con tro ls  o r b y  hens fed  no rm al a m o u n t o r  10 tim es th e  a m o u n t o f E r ra —2, 
d e m o n s tra tio n  o f OTC failed . T hus, a n tib io tic  dem o n strab le  w ith  th e  m e th o d s  
u sed  b y  us w as n o t dep o sited  in  th e  eggs o f  hens co n tin u o u sly  fed  a r a tio n  
su p p lem en ted  w ith  an tib io tic . C onsum ing  o f eggs of hens fed  w ith  E r ra  2, 
fo r n u tr i t iv e , or E r ra —6 fo r p re v e n tiv e  p u rp o ses  is harm less even i f  th e  eggs 
are e a te n  unbo iled .

SUM M ARY

W hile on feeding ration supplem ented w ith  antibiotic the antibiotic residues in  the  
m eat or other tissues are inactivated  at the tem perature of roasting or cooking, those present 
in the unboiled egg m ay cause sensitization, allergic sym ptom s, adverse change of the in testina l 
flora and developm ent of antibiotic-resistant strains in  the consumer.

O xytetracycline (OTC) content o f eggs, m arketed in Hungary, having laid by hens 
kept on a ration supplem ented w ith OTC-containing Erra was investigated . Follow ing  
critical evaluation  of several m ethods, oxalic acid -f- glycine buffer m ixture and phosphate  
buffer o f pH 4.5 were used parallelly for extraction . A s test organism B . subtilis was applied  
in the “ sensitized” procedure.

E xperim ents were carried out on 293 eggs laid by 1 5 hens. Six hens were fed the usual 
am ount o f Erra, i.e., 150 g E rra-2 in 100 kg ration (30 m g OTC per kg ration), another 6 received  
10 tim es this am ount. Three hens kept on the p lain ration served as control.

All eggs tested , including those laid by the controls, contained a bacteriostatic factor, 
presum ably lysozym e, in a rate o f 1 to 1.5 [.ig per g egg white. Besides this norm al inh ib itor, 
no OTC could be dem onstrated in the eggs even in  those laid by hens fed 10 tim es the usual 
am ount of E rra-2 (egg w hite and yolk were tested  separately).

i t  is concluded that w idely practiced supplem entation of feed stu ff w ith  antib iotic  
involves no danger to the health of man consum ing unboiled egg or yolk.

The present experim ents have confirm ed th a t supplem entation of the ration w ith  
the prescribed am ount of antib iotic  increases the egg yield. An increase of this am ount failed  
to further increase in egg yield.
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EGG ALBUMEN PROTEINS IN FOUR BREEDS OF
POULTRY

By

M. P a p p  and L. FÉSŰ S

Bloodgrouping Laboratory (Director: Prof. J . Má r k u s), U niversity  o f Veterinary Science,
B udapest

(R eceived June 12, 1968)

B y  means of starch-gel electrophoresis the album en proteins o f the hen egg can he 
separated into four d istin ct groups. These groups form four regions: ovalbum ins, region II, 
region III  and conalbum ins (L u s h , 1961; L u s h , 1964; W il l ia m s , 1962a,b; Og d e n  et al., 
1962; St r a t il , 1966). It has been proved that all o f these groups represent a two allele—three 
genotype system .

W illia m s  (1962a,b) presum ed that th e  egg white conalbum ins and the serum trans
ferrins are controlled b y  the sam e locus. This was proved by Og d e n  et al. (1962) and by  
Str a til  (1966).

In  th e  p re sen t s tu d y  th e  egg w h ite  p ro te in s  o f h ens w ere dete rm in ed  
in  fou r d iffe ren t b reeds (H u n g a rian  Y ellow , Sussex, W h ite  L eghorn , R hode 
Is lan d  R ed). As th e  g en o types o f cocks can n o t be d e te rm in ed  d irec tly , th e  
m ain  p u rp o se  o f our in v e s tig a tio n  w as to  decide how  th e  egg w h ite  p o ly m o r
phism  o f m o th e r an d  p rogenies can be  used  fo r th e  d e te rm in a tio n  o f th e  
s ire ’s geno type.

Material and methods

F resh  eggs w ere co llec ted  from  60 H u n g a rian  Y ellow , 85 Sussex, 61 
W hite  L eghorn  an d  28 R h o d e  Is lan d  R ed  hens. M ost o f th ese  hens belonged 
to  fam ilies w ith  know n p a re n ta g e  (H u n g a rian  Y ellow , 6 m o thers an d  54 
d au g h te rs ; Sussex, 13 m o th e rs  an d  26 d au g h te rs ; R hode  Is la n d  R ed , 4 m o thers 
an d  24 d au g h te rs ; W h ite  L eghorn , 9 m o th ers  an d  24 d au g h te rs). Egg w hite  
sam ples w ere s to red  a t  — 16 °C.

T he buffer system  I  described  b y  S t r a t il  (1966) w as used  to  de te rm ine  
th e  frac tio n s con tro lled  b y  th e  conalbum in  locus an d  loci I I I  an d  I I .  A n o th e r 
m ethod  from  S t r a t il  (1967) was used  for o va lbum in  ty p in g .

Results

T ab le  1 show s th e  re su lts  sum m arized  accord ing  to  th e  breeds an d  th e  
egg w h ite  regions.
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Table 1

Systems
Sussex Hungarian

Yellow
White

Leghorn
Rhode Island 

Red

No. % No. % No. % No. %

Conalbumins

A

AB 6 7.05 — — — — — —

В 79 92.94 60 100.00 61 100.00 28 100.00

R egion III

A 1 1.18 — — - — - —

AB 8 9.41 4 6.66 — — 3 10.74

В 76 89.41 56 93.33 6i 100.00 25 89.28

Region II

A 60 70.58 55 91.66 60 98.36 11 39.28

A B 22 25.88 5 8.33 l 1.63 13 46.42

В 3 3.52 - — - - 4 14.28

O valbum ins

A 47 55.29 52 86.66 45 73.77 10 35.71

AB 32 37.64 8 13.33 12 19.67 15 53.56

В 6 7.05 — 4 6.55 3 10.71

P olym orph ism  a t th e  co n a lb u m in  locus was observed  in  th e  Sussex 
b re e d  only. F ro m  th e  85 sam ples 6 (7 .05% ) w ere h e te ro zy g o te  ty p e  A B. No 
h om ozygo te  ty p e  A A  w as fo u n d . T his fin d in g  is in  ag reem en t w ith  th a t  o f 
S t r a t il  (1966).

No po ly m o rp h ism  w as in  W h ite  L eghorns a t region I I I  (B B  =  100% ). 
T h e  h e te ro g en e ity  o f  th is  reg ion  w as th e  m ost expressed  in  th e  Sussex breed , 
w h e re  ty p e  AA w as also found .

In  respect o f reg ion  I I  all th e  te s te d  b reeds show ed po lym orph ism  b u t 
th e  hom ozygote  B B  ty p e  o ccu rred  in  th e  Sussex and  R hode  Is lan d  R ed  breeds 
o n ly  (3.52 and  14 .28% , resp ec tiv e ly ).

O valbum in  p o ly m o rp h ism  w as observed  in  all th e  fo u r breeds s tu d ied , 
b u t  no hom ozygote  ty p e  BB w as found  in th e  H u n g a ria n  Y ellow  breed.

In  th e  fam ilies ava ilab le , th e  geno types o f th e  cocks w ere dete rm in ed  
a t  each  locus. I t  w as found  on th e  basis o f seg regation  am ong  th e  offsprings 
t h a t  th e  expec ted  a n d  observed  occurrence of each g en o ty p e  w as in  ag reem en t 
w ith  th e  M endelian  ru les.

Tables 2, 3 an d  4 co n ta in  exam ples fo r d e te rm in a tio n  o f th e  g en o ty p es  
in  cocks.
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Table 2

Determ ination o f the genotype o f  the Hungarian Y ellow  cock N o. 2436 
for all the four loci

Progenies Conalbumin Region I I I Region I I Ovalbumin

532 в в А AB

542 в в А А

545 в в А AB

550 в в А А

615 в в AB AB

699 в в А А

737 в в А А

766 в в AB AB

781 в в AB AB

Dam No. 73 в в А А

Sire No. 2436 в в AB AB

Table 3

D eterm ination o f the genotype o f  the H ungarian Y ellow  cock N o. 4456 
for all th e  four loci

Progenies Conalbumin Region I I I Region II Ovalbumin

147 в в A AB

179 в в A A

188 в AB A A

678 в AB AB AB

687 в AB A A

704 в AB A A

805 в В AB AB

Dam No. 224 в В A A

Sire No. 4456 в AB AB AB

D iscussion

T he p resen t s tu d ie s , in a g reem en t w ith  d a ta  pu b lish ed  b y  o th ers , p ro v e  
th a t  egg w hite po ly m o rp h ism  — b esid es  th e  blood group  system s d e te rm in ed  
b y  re d  cell an tigens — can well b e  u sed  in  th e  research  a n d  p rac tica l w ork  
co ncern ing  chickens. In  th is  species besides th e  13 b lood  group  system s fu r th e r  
4 w e ll-d istingu ishab le  system s are  av a ilab le  fo r ty p in g  o f in d iv id u a ls . F o r 
th is  p u rpose , on th e  basis  of our in v e s tig a tio n s , th e  po ly m o rp h ism  o f regions 
I I  a n d  I I I  and ch ie fly  th e  o v a lb u m in  system  seem  to  p rov ide  usefu l d a ta .

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



56 PA PP and FÉSŰS

Table 4

D eterm ination  of the genotype o f the Sussex cock No. 7222 
for all the four loci

Progenies Conalbumin Region I I I Region I I Ovalbumin

1803 в В AB AB
29851 в В А В

59446 в в AB AB
59488 в в В А

Dam No. 11462 в в AB AB

Sire No. 7222 в в AB AB

SUM M ARY

Fresh eggs were co llected  from 60 H ungarian Yellow , 85 Sussex, 61 W hite Leghorn, 
and 28 Rhode Island R ed hens and the genotypes o f 6 H ungarian Yellow , 13 Sussex, 9 W hite 
Leghorn, and 4 Rhode Islan d  Red fam ilies were determ ined by starch-gel electrophoresis. 
On the basis o f the m others’ and daughters’ genotypes authors determ ined the sire’s geno
ty p es for all the four egg w hite  loci.
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HISTOLOGICAL DEMONSTRATION OF GLYCOGEN 
DURING THE AGEING OF MEAT

By
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B udapest

(R eceived Ju ly  10, 1968)

T he p o st-m o rtem  co n d itio n  o f m e a t is genera lly  c h a ra c te riz e d  b y  its  
p H -v a lu e , w hich is essen tia lly  d e te rm in e d  b y  th e  lac tic  acid  d e riv in g  from  th e  
decom position  o f glycogen. F u r th e r  to  th is , o th e r  ca rb o h y d ra te -d eco m p o sin g  
a n d  p ro teo ly tic  enzym e sy stem s p la y  a ro le  in  d e te rm in in g  th e  p o st-m o rtem  
b iochem ical s ta tu s  of m eat.

The basic relations in the changes o f m eat pH  are known chiefly from  the studies of 
L a w r ie  (1955), W is m e r -P e d e r s e n  and B r is k e y  (1961), and B e n d a l l  (1963). Changes 
of pH  in cooled, stored and cooked m eats have also been investigated  (K a u f f m a n  and Ca r 
p e n t e r , 1964) and som e connected enzym atic  processes have been clarified b y  histochem ical 
m ethods (B o d w ell  et al., 1965).

Considering the literary data relevant to the present topic, three publications seem  
to be o f special interest.

W a r t e n b e r g  and P ytasz (1963) determ ined the glycogen and reducing sugar contents 
in various types of m uscle from  several species. A s to  the glycogen content, besides the species 
differences, there was a notable variation  w ith  the m uscle type in one and the sam e animal. The 
longissim us dorsi, minor psoas, fem oral biceps and supraspinal m uscles were very  rich, whereas 
the abdom inal rectus muscle was very poor in  glycogen.

E xam ining swine m uscle, M illo  and S c h il l in g  (1964) have found th a t w hite and red 
m uscles differed m arkedly in their g lyco lytic  and ATPase activ ities. W hile the w hite m uscles 
(longissim us dorsi) assum ed rigor m ortis in the first hour after slaughter, for the red m uscles 
it  took 24 hours. Investigation  of the m orphological state  o f the m uscle fibres revealed that also 
the proteolytic  processes taking place during the ripening o f m eat differed w ith  the two types 
of m uscle.

B e e c h e r  et al. (1968) differentiated w hite and red com ponents in the porcine semi- 
tendinosus m uscle and, exam ining them  separately, found their glycogen contents identical. 
B u t, on further comparison, the w hite m uscle contained more lactic acid, w hile the red m uscle 
more m yoglobin, sodium , zinc, and iron, but less phosphorus, fa t and m yoplasm ic nitrogen.

In  th e  p re se n t s tu d y  g lycogen w as d em o n stra ted  h is to ch em ica lly  in 
o rd e r to  assess its  d is tr ib u tio n  in  th e  m uscle tissue.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 19 (1), pp. 57— 59  (1969)

Material and method

Specim ens from  th e  b iceps b rach ii m uscles o f ra b b its  a n d  pigs w ere 
exam in ed . M uscle sam ples from  ra b b its  w ere rem oved  an d  f ix e d  im m ed ia te ly  
a f te r  ex san g u in a tio n , w hereas th o se  from  pigs w ere secured  o n ly  a few  hours 
a f te r  d e a th . T he specim ens w ere fix ed  in  Sanom iya so lu tion , em bedded  in
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p a ra ffin , cu t in to  3 — 4 ц  sections an d  s ta in ed  w ith  PA S (K isz e l y  an d  B a r k a , 
1958). To ev idence th e  specific ity  o f th e  glycogen reac tio n , PA S sta in in g  was 
re p e a te d  a fte r d ig es tio n  w ith  sa liva . N egative  Sch iff reac tio n , perfo rm ed  
w ith o u t periodic a c id , also a t te s te d  th e  p resence o f  glycogen. F u r th e r  ra b b it  
m uscle  specim ens w ere  secured a f te r  th e  carcase  w as s to red  a t -|-6 °C fo r 
72 hours. P rocessing  w as m ade as described  above. A t b o th  sam pling  tim es , 
besides s ta in ing  w ith  PA S, glycogen was d e te rm in ed , using th e  Good an d  
S om ogyi m ethod  as described  b y  H e g e d ű s  an d  B á l in t  (1955). Cross sec tions 
w ere p repared  an d  th e  photos w ere ta k e n  a t  160-fold m agn ifica tion .

Results

On sta in ing  w ith  PA S, th e  cross sections o f th e  fresh  ra b b it  m uscle fib res  
show ed a hom ogeneous d a rk  red  co louring  (Fig. 1). I t  is know n th a t  th e  h u lk  
o f  th e  m uscle tis su e ’s glycogen c o n te n t is lo ca ted  in  segm ent “ A ” o f th e  fib re . 
W ith  un iform  d is tr ib u tio n  of glycogen th ro u g h o u t th e  fib re , th e  colouring  
o f  th e  cross sec tion  ap p ea red  to  be hom ogeneous. O m ittin g  th e  period ic  acid 
tre a tm e n t ,  no o x id a tio n  of th e  specific groups to o k  place, th u s  no positive  
Sch iff reac tion  d eve loped . In  such cases th e  sec tion  show ed an  u n d efin ab le  
grey ish -b row n or grey ish-yellow  colour (F ig. 2). S ta in ing  sa liva-d igested  
m a te r ia l w ith  P A S , th e  m uscle fib res  assum ed a pale p in k ish  shade an d  th e  
in te r s t i t ia l  tissue show ed  a positive reac tio n  (F igs 3 an d  6). The p in k ish  hue 
o f  th e  fibres m ay  be  in d ica tiv e  e ith e r  of u naccom plished  sa liva-d igestion  or, 
m o re  likely, o f th e  presence of P A S -positive  n e u tra l  m ucopo lysaccharides 
a n d /o r m ucopro te ins as suggested  b y  th e  p ositive  reac tio n  o f th e  in te rs ti t ia l  
tissu e .

T he rab b it m uscle  specim ens s to red  72 hours a fte r  ex san g u in a tio n  show ed 
a v e ry  ty p ica l PA S reac tio n . Some fib res  show ed a d a rk  red  colouring, o th e rs  
a p a le  g ranu la r s ta in in g  and again  o thers assum ed  a v e ry  pale yellow isli- 
p in k  shade (Fig. 4).

T he v a ria tio n  o f  th e  fib res’ co lour shades, in d ic a tin g  a v a r ia tio n  o f th e ir  
glycogen co n ten ts , p e rm itte d  th e  a ssu m p tio n  th a t  th e  process o f ripen ing  
does n o t tak e  p lace sim u ltan eo u sly  in  all m uscle fib res  invo lved . O b serv a tio n  
o f f ib re  m orphology d u rin g  ripen ing  also show ed th a t  in  th e  d iffe ren t m uscle 
ty p e s  th e  rigor m o rtis  tak es  d iffe ren t periods o f tim e  to  develop , a n d  even 
fib res in  rigor e x h ib it a w ide range o f  co n trac tio n  ty p e s . T he in itia l difference 
in  th e  b iochem ical c ircu m stan ces ap p ears  to  p e rs is t in  th e  s ta te  of re lax a tio n . 
In  th a t  s ta te , th e  f ib re  m orphology is un ifo rm , in  sp ite  o f th e  b iochem ical 
d ifferences. I t  is, n ev erth e less , obvious th a t  th e  p h ase  sh ifts  are  re ta in e d  
th ro u g h o u t th e  p ro te o ly tic  processes, m an ifestin g  again  b y  m orphological 
differences when th e  m uscle assum es a s trin g y  consistency .
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Fig. 1. PAS reaction of rabbit muscle Fig. 2. R abbit muscle, Schiff reaction  
without periodic acid

Fig. 3. R abbit m uscle, PAS reaction after 
digestion w ith saliva

Fig. 4. PAS reaction of rabbit muscle

Fig. 5. PAS reaction of pig muscle Fig. 6. Pig m uscle, PAS reaction after 
digestion w ith saliva
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T he chem ically  d e te rm in ed  glycogen c o n te n t o f th e  ra b b it  m uscle w as 29.8 
mg p e r 100 g in  sam ples secured  im m ed ia te ly  p o st m o rtem  an d  14.8 m g p e r 
100 g in  th o se  s to red  o v er 72 hours. T hese co n cen tra tio n s  rep resen t averages 
for th e  en tire  m uscle, w hile th e  h istochem ica l e x a m in a tio n  enab led  th e  assess
m en t o f th e  g lycogen c o n te n t and  th e  co rrespond ing  b iochem ical s ta te  for 
each  in d iv id u a l f ib re  in  a bundle .

Fig. 5 p re sen ts  a section  of a pig m uscle specim en secured severa l 
hours p o st m o rtem . T he deep colouring o b ta in e d  in  th e  PA S reac tion  is c h a r
ac te ris tic  o f th e  b e h a v io u r of th e  in d iv id u a l fib res.

T he q u estio n  m a y  arise  w heth er th e  d ifferences seen betw een  th e  m uscle 
fib res p re sen ted  in  th e  F igu res are n o t sim p ly  due to  th e  in h e re n t d issim ilarities 
of w h ite  an d  red  m uscles.

I t  is know n  th a t  w h ite  and  red  m uscle ty p e s  have d issim ilar glycogen 
co n ten ts . A ccord ing ly , th e  fib res of m ixed  m uscles assum e d iffe ren t co lou r 
shades in  th e  PA S re a c tio n . The sam e app lies to  fresh  m uscle. The im m ed ia te  
sam ples of r a b b it  m uscles exh ib ited  a hom ogeneous colour, ind ica tin g  a u n i
form  glycogen c o n te n t in  th e  fib res. V ary in g  shades of PA S sta in in g  w ere 
seen on ly  in  th e  72 -hour ripened  sam ple. T his has been a t tr ib u te d  to  th e  b io 
chem ical d ifferences re la te d  to  th e  u n eq u a l c o n tra c tility  o f th e  in d iv id u a l 
fib res w hich  th e y  seem  to  re ta in  d u rin g  th e  fu r th e r  process o f ripen ing . A 
m orphological d iffe re n tia tio n  of th e  red  a n d  w hite  m uscle ty p es can be based  
exclusively  on K r u g e r ’s classification  (1952).

A c k n o w le d g e m e n t . The author wishes to express his thanks to Dr. B. Tóth for his 
help in the glycogen determinations.

SUMM ARY

The glycogen contents o f rabbit and pig m uscles were determ ined histochem ically  
by the PAS reaction. Fibres w ith  uniform glycogen content assum ed a hom ogeneous deep red 
colour on staining w ith  PA S. During the ripening process the quantitative differences betw een  
the glycogen contents o f the individual fibres m anifested them selves by assum ing varying  
colour shades in the PA S reaction. The histochem ical approach enables the assessm ent of  
the glycogen content and o f the corresponding biochem ical state  o f each individual fibre in  
a bundle o f muscle.
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EXPERIMENTELLE UNTERSUCHUNGEN ÜBER DEN 
REGULIERUNGSMECHANISMUS DES SÄURE BASEN

GLEICHGEWICHTS BEI SCHAFEN
Von

B . J u h ász  und B. S zeg ed i

Veterinärm edizinisches Z entralinstitu t (Dir.: T. K á d á r ), A bteilung für Toxikologie, B udapest

(E ingegangen am 17. Juli 1968)

Es ist bekannt, daß sich der pH -W ert des Vorm ageninhaltes bei Futteraufnahm e verän
dert. Besonders bedeutend ist diese Änderung nach Aufnahm e großer M engen von an leich t
verdaulichen K ohlenhydraten reichem  Futter. Wir konnten nachw eisen, daß sich in solchen  
Fällen im Organismus eine kom pensierte und in schweren Fällen sogar eine tödliche inkom 
pensierte, m etabolische A zidose entw ickeln kann ( J uhász und Sz e g e d i, 1965, 1968a, b; 
Sz e g e d i und J u h á sz , 1968). L e w is  (1960) beobachtete bei Schafen die Entw icklung von  
Alkalose nach der A ufnahm e einer großen Menge von  H arnstoff. An n is o n  und Mitarb. (1959) 
stellten  bei Schafen zu B eginn der W eideperiode oft Azidose fest. Auch diese Beispiele deuten  
dahin, daß die Prüfung des R egulationm echanism us des Säure—Basen-G leichgewichts — nach  
Futteraufnahm e m it R ücksicht auf die m ikrobiologischen Verdauungsprozesse in den Vorm ä
gen — von besonderer B edeutung ist.

Das Säure—В äsen-G leichgew icht des Organismus wird durch Puffersystem e und eine 
vita le  Regulation gesichert. Zu letzterer wird die A tm ung und die N ierenfunktion gerechnet. 
B ei eigenen U ntersuchungen zur K lärung der Ätiologie der Pansenazidose konnte festgeste llt  
werden, daß sich die M enge und Zusam m ensetzung des während des Syndrom s gebildeten  
Speichels bedeutend verändern ( J u há sz  und Sz e g e d i, 1965, 1968b). A uf Grund der erzielten  
Ergebnisse verm uteten wir, daß die qualitativen und quantitativen Verhältnisse des Speichels 
nicht nur durch bereits bekannte, sondern auch durch zusätzliche Faktoren reguliert werden. 
E s wurde verm utet, daß m öglicherweise auch der Speichel in  der R egulation des Säure — 
Basen-G leichgewichts eine R olle spielen kann (K u ta s , 1966).

Bei W ied e rk äu ern  is t  d er in  großen  M engen seze rn ie rte , s ta rk  alkalische 
Speichel von  leb en sw ich tig er B ed eu tu n g , da er den n o rm alen  A b lau f der 
V o rm ag en v erd au u n g  s ich e rt. E s is t ab e r n ich t v o lls tän d ig  b e k a n n t, w as fü r  
einen  E in flu ß  die M enge u n d  Z usam m ense tzung  des Speichels a u f  den  W asser- 
u n d  M in e ra ls to ffh au sh a lt sow ie a u f  das Säure — B asen-G leichgew icht des 
O rganism us a u sü b en . U nsere  K en n tn isse  sind  auch  in sow eit m an g e lh a ft, w as 
fü r q u a lita tiv e  u n d  q u a n ti ta t iv e  Z usam m enhänge zw ischen dem  A b lau f 
d e r V o rm ag en v erd au u n g , M enge der P an sen flü ssig k e it u n d  der Speichel- 
bzw . H a rn a b so n d e ru n g  b es teh en . Z ur K lä ru n g  d ieser F rag en  fü h rte n  w ir 
V ersuche bei S chafen  d u rc h , u m  festzu ste llen  w as fü r  Ä n d eru n g en  in  b e s tim m 
te n  B lu tp a ra m e te rn  sowrie in  der M enge u n d  Z usam m en se tzu n g  des Speichels 
u n d  des H arn s n a c h  V erab fo lgung  von  M ilchsäure u n d  K a rb a m id  im  P an sen  
zu  v erm erk en  sind .

Methode

U nsere V ersuche w u rd en  bei 24—45 kg schw eren , w eiblichen Schafen 
d er ungarischen  K am m w oll-M erinorasse vo rgenom m en , die m it einer J a r re t-
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sehen  P ansen fiste l v e rseh en  w aren . In  die L eitu n g  der linken  P aro tisd rü se  
sow ie in  die H a rn b la se  w u rd en  K u n s ts to f fk a th e te r  e in g efü h rt. D er Speichel 
(u n te r  P araffinö l) u n d  d e r H a rn  w u rd en  jed e  S tu n d e  gesam m elt. D as M engen
v e rh ä ltn is  ih re r A ussch e id u n g  w urde  m itte ls  eines e lek trisch en  T ro p fen 
sch re ib e r-A p p ara ts , gem einsam  m it d er A tem frequenz  u n d  den P an sen b ew eg u n 
gen  a u f  einen R u ssk y m o g rap h io n  re g is tr ie r t.

Jed e  S tunde  w u rd en  P ro b en  v o n  P an sen flü ssig k e it u n d  B lu t en tnom m en . 
Z u r chem ischen A n aly se  w urde  B lu t von  der Y. ju g u la ris , zu r F es ts te llu n g  
d e r P a ra m e te r  des S äu re  B asen-G leichgew ichts ab er K a p illa rb lu t von der 
O h rm u sch e lh au t v e rw en d e t. Bei der P an sen flü ssig k e it, dem  B lu t, Speichel 
u n d  H arn  w urden  p H -W e rt, M ilchsäure- (D isch e  u n d  L ászló , 1962), bzw. 
A m m oniak- (J u h ász  u n d  Sz e g e d i, 1958) u n d  K a rb a m id - ( J u h á sz , 1962), 
sow ie N a- und  K -Io n k o n z e n tra tio n  (F lam m en fo to m e te r; Zeiss, J e n a )  b estim m t. 
D ie B estim m ung  d e rP a ra m e te r  des S ä u re —B asen -G le ichgew ich tsbe im K ap illa r- 
b lu t  erfo lg te m itte ls  eines n ach  dem  P rin z ip  des R ad io m eters  fu n k tio n ie ren d en  
A stru p  M ikro-T onom eters u n d  M ik ro -E lek tro d e-U n it G erä ts . M it H ilfe des 
v e rw en d e ten  V erfah rens w urden  fo lgende B lu tw erte  fe s tg e s te llt: ak tu e lle r 
p H -W e rt, A lkalireserve  (A lk. R es.), p C 0 2-W ert (m m  H g), B asen ü b erflu ß  
(B .U .) u n d  B asenpuffe r (B .P .). D er B asen ü b erflu ß  des B lu tes  b e d e u te t den 
Ü b e rflu ß  der g eb u n d en en  S äu ren  bzw . A lkalien  in  m .Ä q u /L ite r-W erten  au s
g ed rü ck t. E in  p o sitiv e r W e rt d e u te t a u f  B asen-, ein n e g a tiv e r  ab er a u f S äu ren 
ü b e rflu ß . D er B asen p u ffe rw ert b e d e u te t das V erhä ltn is  d er A nioné m it P u ffe r
w irk u n g  zu den g esam ten  K a tio n en  des B lu tes in  m . Ä q u ./L ite r-W e rte n  
au sg ed rü ck t (S ig g a a r d -A n d e r s e n  und  E n g e l , 1960, 1962).

D en T ieren w u rd e  in  D au erin fusion  eine v e rh ä ltn ism äß ig  k o n zen trie rte  
M ilchsäurelösung  in tra ru m in a l v e rab fo lg t, um  den W asse rh au sh a lt d u rch  
g rößere  W asserzu fuh r n ic h t zu s tö ren ; H a rn s to ff  w urde  — n ach  K ra f t fu t te r 
au fn ah m e  — ü b er die F is te l d irek t in  den  P an sen  v e rb ra c h t.

E rgebnisse

W ir m öch ten  zwei von  un seren  V ersuchen  (insgesam t 12) dem onstrie ren . 
In  dem  einen V ersuch (K ö rp erg ew ich t; K G W  24 kg) in fu n d ie r te n  w ir w äh ren d  11 
S tu n d e n  (S t.) in sg esam t 144 g M ilchsäure in  einer 20% igen  L ösung  in tra ru m in a l 
( i.r .) ; im  zw eiten  (K G W  32 kg) v e rb ra c h te n  w ir in  den  P an sen  0.6 g je  kg 
K G W  H arnsto ff. Aus v o ran g eh en d en  eigenen U n te rsu ch u n g en  (J uh ász  und 
S z e g e d i , 1965, 1968a) s te llte  sich herau s, d aß  einerseits die ve rab fo lg te  M ilch
säuredosis  hei Schafen eine schw ere ab er n ich t töd liche  in k o m p en sie rte  m e ta 
bolische Azidose v e ru rsa c h t, an d ere rse its , falls der p H -W e rt d er P ansen flü ssig 
k e it  sauerer is t (z.B . p H  5,5), v e rtra g e n  die T iere sonst to x isch e  K arb am id - 
m engen  ohne Schäd igung .
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pH. Werte 
Pansen Blut

Milchsäure

pH.Werte 
Pansen Blut.

Harnstoff

Blutammonia 132 515 480 318 238 129 109 дд /100 ml
Blutharnstoff 12,8 20,4 26,7 31,6 31,3 28,3 34,3 mg/100 ml

Abb. I. Änderungen im  pH -W ert der Pansenflüssigkeit und des B lutes sowie in der K onzen
tration der M ilchsäure bzw. des Am m oniaks und K arbam ids des B lutes nach intrarum inaler 
(i.r.) Dauerinfusion von  M ilchsäure (während 11 St. 144 g in einer 20% igen Lösung) (obere 

Kurve) und nach der Verabfolgung von 0,6 g/kg KGW  K arbam id (untere Kurve)

A uf der A b b ild u n g  1 sind  Ä nderungen  in  dem  p H -W e rt des P an sen in h a lts  
u n d  B lu tes, sowie in  d er K o n z e n tra tio n  des B lu tes  an  M ilchsäure bzw. A m m o
n ia k  u n d  K a rb a m id  an g e fü h rt. Bei d er In fu sio n  von  M ilchsäure fä llt d er 
p H -W e rt des P a n se n in h a lts  p lö tz lich  ab  (von  p H  6,95 in  der 4. S tu n d e  b is 
p H  4,0) und  d a ra u f  fo lg t eine graduelle  V erm in d eru n g  d e r B lu t-p H -W erte . 
N ach  E inste llen  d e r In fu sio n  (11. S tunde) n o rm a lis ie rten  sich die W erte  b is 
zu r 25. S tunde. D ie M ilch säu rek o n zen tra tio n  des B lu tes  b eg in n t n u r  in  d er 
7. S tu n d e  b e d e u te n d  an zuste igen . W ie w ir dies in  v o ran g eh en d en  U n te rsu c h u n 
gen bew eisen k o n n te n  (J u h ász  u n d  Sz e g e d i , 1965; S z e g e d i und  J u h á s z ,
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Alk. res. B.Ü. B.P
m.Äqi/l m.Äqu/l m.Äqu/l

Alk,res- B.Ü. B.P
m.Äqu/l m.Äqu/l m.Äqu./l

o—o о—о Harnstoff д— л

P C°2  ЗД UL АО 39 АО 37 35 mmHg

Abb. 2. Änderungen der Alkalireserve (A lk. R es.), im  Basenüberfluß (B .Ü .), Basenpuffer 
(B .P .)  sowie im  p C 0 2-G ehalt des B lutes nach M ilchsäureinfusion (obere K urve) und nach  

der Verabfolgung von  K arbam id (untere K urve)

1968), geschieht dies infolge der s te ig en d en  T ran sfo rm atio n  in  der L eber u n d  
ra sc h e n  O xydatio n  in  den G ew ebezellen d e r im  P an sen  re so rb ie rten  M ilchsäure.

N ach der V erab fo lgung  von  H a rn s to f f  versch ieb t sich  d e r p H -W e rt der 
P an sen flü ssig k e it in  a lkalischer R ic h tu n g  (von p H  5,50, in  d er 2. S tu n d e  
b is  p H  6,90). D er p H -W e rt des B lu tes  ze ig t eine n u r u n b e d e u te n d e  Ä n d eru n g ; 
se ine  A m m o n iak k o n zen tra tio n  ab er s te ig t b e re its  in den e rs te n  S tu n d en  b ed eu 
te n d , u n d  sein K a rb a m id g e h a lt s tu fenw eise  an.

A uf A bb ild u n g  2 sind A ngaben  ü b e r  das Säure — B asen-G leichgew ich t 
des B lu tes a n g e fü h rt. Bei M ilchsäurein fusion  zeig ten  die g ep rü ften  P a ra m e te r
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e in en  langsam en  A bfall u n d  es en tw icke lte  sich in d e r  7 .—9. S tu n d e  eine 
kom p en sie rte  u n d  dem nach  eine in k o m p en sie rte  m e tab o lisch e  Azidose, die 
s ich  nach  A bbrechen  d er In fu sio n  (in d e r 11. S tu n d e) b is zu r 25. S tu n d e  
ausg lich .

Bei K a rb am id v e rab re ich u n g  ste igen  alle g ep rü ften  P a ra m e te r  an . Ih re  
A n aly se  zeigt, d aß  be re its  in  d er 1. — 2. S t. eine k o m p e n s ie rte  resp ira to risch e  
A lkalose au fg e tre ten  is t. Es soll b e m e rk t w erden , daß  so g ar n a c h  V erabfo lgung  
g rö ß e re r  K arb am id m en g en  keine  in k o m p en sie rte  A lkalose b e o b a c h te t w urde . 
D ies u n te r s tü tz t  unsere  frü h e re  V erm u tu n g , daß  bei K a rb am id v e rg if tu n g  
n ic h t  die V ersch iebung des S äu re  B asen-G leichgew ichts, sondern  die to x ische  
W irk u n g  des geb ilde ten  A m m oniaks zum  Tode d er T ie re  fü h r t  (J u h á s z , 
1962). Die re sp ira to risch e  A lkalose erfo lg t wegen d er R e izw irkung  des B lu t- 
A m m oniaks a u f die A tm u n g szen tra le  (L e w is , 1960). B ei d e r V erabfo lgung 
g ro ß e r M ilchsäurem engen ab e r gehen die T iere wegen d e r  s ta rk e n  V ersch ie
b u n g  in  S äu re rich tu n g  des S äure — B asen-G leichgew ichts ein  (J u h ász  u n d  
S z e g e d i , 1965, 1968a).

In  der A bb ildung  3 w u rd en  Ä nderungen  der p H -W e rte  des Speichels 
u n d  des H arn s, d er sek re to risch en  A k tiv itä t  der S peicheld rüsen  (linker P a ro - 
tisd rü se ) . bzw. d e r N ieren , sow ie d er m it dem  Speichel u n d  H arn  je  S tu n d e  
ausgeschiedenen  M engen v o n  N a- u n d  K -Io n en  bei dem  V ersuch  m it M ilch
s ä u re  bzw. K a rb a m id  angegeben . A u ß erd em  is t auch d ie  G esta ltu n g  d er N a- 
u n d  K -Io n k o n z e n tra tio n  des B lu tes  ersich tlich .

Bei M ilchsäureinfusion  w ird  der Speichel von d er 2. S t. an  a lkalischer 
(v o n  p H  8,30 in  d er 4. S t. bis 8,60) u n d  es ste ig e rte  sich  se ine  je  M inute ausge
sch iedene M enge; dem gegenüber san k  d er p H -W ert u n d  d ie  M enge des au s
geschiedenen  H arn s  b e re its  zu B eginn  der In fusion . Sein p H -W e rt blieb n a c h 
h e r  bis zur 8 .—9. S tu n d e  a u f  s tä n d ig e r  H öhe, die M enge des H arn s ab er v e r
m in d e rte  sich au ch  w e ite rh in . Die e rw äh n ten  Ä nderungen  d er Speichel- u n d  
H a rn w e rte  se tz ten  ein, sobald  d er p H -W e rt der P an sen flü ss ig k e it au f einen  
W e r t  von e tw a 6,0 gesunken  is t. In  der 7. S t. des V ersuchs bei k o m p en sie rte r 
A zidose v e rm in d e rte  sich e tw as d er p H -W e rt und  die M enge des Speichels, 
d e r  H arn  w urde  noch  sa u re r , seine M enge ab er s tieg  an . Es is t in te re s 
s a n t ,  daß im  F a lle  von  in k o m p en sie rte r Azidose, hei einem  B lu t-p H -W ert 
v o n  7,17 der p H  des Speichels noch  im m er s ta rk  a lk a lisch  (pH  8,35) Avar 
(A bb . 4).

Bei H arn sto ffv e rab fo lg u n g  zeig te d e r p H -W ert des Speichels (8,53) 
k e in e  Ä nderung , seine M enge a b e r v e rm in d e rte  sich b e re its  in  der ers ten  S t. 
D e r  H a m  w ird  a lka lisch er u n d  seine pro  S t. abgesonderte  M enge stieg  s tu fe n 
w eise, in der 3. S tu n d e  ab er b e d e u te n d  an . N ach der S p a ltu n g  des H arnsto ffs  
im  P an sen  (ab 4. S t.) s tieg  die M enge des abgesonderten  Speichels p lö tz lich  
b is  a u f  den A usgangsw ert an . A u f den  A nstieg  der S p e ich e lp ro d u k tio n  fo lg te  
d ie  A bnahm e d er H arn au ssch e id u n g .
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66 JU H Á SZ und SZEG ED I

pH Werte 
Speichel Harn

Speichel Harn 
ml/Min.

□  Ш

К Ausscheidung 
Harn
Na+Aus Scheidung 
K* Ausscheidung 
Blut

K+

387 253 124118 
130 55 27 28

64 56 16 2 8 61 63 91 223 
13 14 4 8 15 24 55 102

142 150 149 141 138 157 155 149 155 149 144 149 
4.5 4,5 42 42 4,4 42 4,8 42 4,3 4,9 4,3 5,1 
pH Werte

39
27

146
3,1

Speichel °t 1 2 3 4 5 7 St
Na+Ausscheidung 301 43 75 133 145 •vT

0-C
N

I 281 m g/St
K+ Ausscheidung 30,2 5,3 3,2 10,7 8,0 11,4 11.7 mg/St
Harn
NaAusscheidung 17 21 20 84 60 45 28 m g/St
K+ Ausscheidung 18 38 35 43 30 16 17 m g/St
Blut
Na+ 147 143 146 142 141 147 146 m Aqu/l
K4 4,2 3,8 3,8 3.8 3,3 3,6 36 m.Äqu/ I

7,6 6,1 5,8 68 9,0 11,4 12,5 69 3,6 1,6 1,3 1.4 12,1 11,1 mg/St

Abb. 3. Änderungen im  pH -W ert, im  Ausm aß der Ausscheidung (m l/M in.), in  der Menge und 
K onzentration des N a + und K + im  Speichel und B lut nach i.r. Dauerinfusion von M ilch

säure (obere K urve) und nach Verabfolgung von K arbam id (untere Kurve)
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B ei M ilchsäureinfusion  stieg  die M enge der m it dem  Speichel abgeson
d e rte n  N a- u n d  K -Io n en  n ach  ü b erg än g lich e r V erm inderung  s ta rk  an , sp ä te r  
ab er k o n n te  bei der k o m p en sie rten  o d er in k o m p en sie rten  A zidose eine s ta rk e  
V erm in d eru n g  der S peichelausscheidung  b e o b a c h te t w erden . D er Q u o tien t 
der K o n z e n tra tio n  d er N a- und  K -Io n en  (N a +/K  + ) im  Speichel zeig te bis 
zu r 11. S tu n d e  des V ersuchs keine b e d e u te n d e  Ä n derung , er lag  zw ischen 36 
u n d  45, d u rc h sc h n ittlic h  bei 41. In  d e r 23. u n d  25. S tunde  ab er fie l d ieser 
W ert a u f  15. Die im  H a rn  ausgesch iedene M enge d ieser E lem en te  zeig te eine 
en tg eg en g ese tz te  T endenz. Im  H a rn  lag  der K +/N a + Q u o tien t b is zu r 9. 
S tu n d e  be i 0,1 — 0,2, von  diesem  Z e itp u n k t stieg  er an  u n d  e rre ich te  in  der 
25. S tu n d e  einen W e rt v o n  0,8. W äh ren d  des V ersuchs k o n n te  keine Ä nderung  
in  d e r K o n z e n tra tio n  an  N a + u n d  K + des B lu tes v e rm e rk t w erden .

N ach  V erabfo lgung  des K a rb am id s  zeig te die M enge des m it dem  Spei
chel ab g eso n d erten  N a- u n d  K -Io n s einen  p lö tz lichen  A bfall, sp ä te r  ab e r stieg  
sie stu fenw eise an . Im  Speichel g e s ta lte te  sich der W ert des N a +/ K + Q u o tien ten  
w ie fo lg t: 0. S t. 17; 1. S t. 14; 2. S t. 24; 4. S t. 31; 5. S t. 41 und  6. S t. 38. Die m it 
dem  H a rn  ausgeschiedene M enge d ieser Io n en  stieg  bis zu r 3. S tu n d e  an , sp ä te r  
ab e r v e rm in d e rte  sie sich . Im  H arn  e rg ab  d er K +/N a + Q u o tien t fo lgende R esu l
ta te :  0. S t. 1,5; 1. S t. 1,0; 2. S t. 1,0; 4. S t. 0 ,3 ; 5. S t. 0,2 u n d  6. S t. 0,3. D ie N a- und  
K -Io n e n k o n z e n tra tio n  des B lu tes zeig te au ch  in  diesem  F a ll keine Ä nderungen .

V ier S tu n d en  v o r der V erabfo lgung  von K arb am id  e rh ie lt das T ier ein 
le ich t verd au lich es , an  K o h le n h y d ra te n  reiches F u tte r .  D esw egen w ar der 
p H -W e r t der P an sen flü ssig k e it bei V ersuchsbeg inn  5,50 (A bb. 1). Bei d e r B ew er
tu n g  d e r b isherigen  E rgebn isse  u n se re r  V ersuche k an n  festg este llt w erden , 
daß  sich  zu  B eginn d e r zwei V ersuche in  den q u a n tita tiv e n  u n d  q u a li ta t i
v en  V erh ä ltn issen  d er Speichel- u n d  H arn ab so n d e ru n g  b ed eu ten d e  U n te r
schiede ergaben . Diese U n tersch iede  k ö n n en  w ahrschein lich  m it A bw eichungen 
bei den p H -W e rte n  d er P an sen flü ss ig k e iten  e rk lä r t w erden. In  dem  M ilch
sä u re v e rsu c h  w urde das T ie r 12 S tu n d e n  frü h e r g e fü tte r t . D er p H -W e rt seiner 
P an sen flü ss ig k e it w ar 6,95, der des Speichels 8,30, je n e r  des H a rn s  ab e r 8,35. 
V or d e r V erabfo lgung  des K a rb am id s  w ar die P an sen flü ssig k e it des T ieres 
s ta rk  sa u e r, der p H -W e rt des Speichels b e tru g  8,52, je n e r  des H a rn s  ab e r 5,55. 
V or dem  M ilchsäu reversuch  w ar die M enge des abgesonderten  P aro tissp e ich e ls  
0,81 m l/M in., die des H a rn s  aber 0,92 m l/M in. V or der V erabfo lgung  des 
K a rb a m id s  w urden  W erte  von  1,38 bzw . 0,31 m l/M in. e rh a lten . Es ze ig ten  sich 
au ch  in  d e r je  S tu n d e  ausgeschiedenen  M enge von  N a + u n d  K 4 b ed eu ten d e  
U n te rsch ied e  (Abb. 3). A bsch ließend  k a n n  festg este llt w erden, daß  die P a ra m e 
te r ,  die zu B eginn des K a rb am id v e rsu ch s  b e o b a c h te t w urden , in  großen  Zügen 
jen en  en tsp rech en , die in  d er 3. — 5. S tu n d e  n ach  der M ilchsäureinfusion b eob
a c h te t  w erden  k o n n te n . A u f G rund  d ieser F o lgerungen  k an n  v e rm u te t w erden , 
d aß  E rgebn isse , die n a c h  der M ilchsäureinfusion  b e o b a c h te t w urden  auch  fü r  
V erh ä ltn isse  n ach  F u tte ra u fn a h m e  g ü ltig  sein können .
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On JUHÁSZ und SZEGEDI

Milchsäure
Tropfenzahl

Speichel

Harn

Speichel

Harn

Speichel

Pansen pH 635 

Blut pH 7,508 

Speichel pH 8Д) 
Harn pH 8,35

Pansen pH 6Ű5 
Blut pH 7,475 

Speichel pH 8,45 

Harn pH 6,20

Pansen pH 3,55 

Blut pH 7,174 

Speichel pH 8,35 

Harn pH 5,40

Harn

10. Stunde
Kymograph-Geschwindigkeit 0,3 mm/sec.

Abb. 4. Änderungen in der Speichel- und H arn-Ausscheidung nach i.r. Infusion von M ilch
säure, m it einem Tropfenschreiber registriert. Oben: vor dem  Versuch: M itte: in  der 3. Stunde  
des Versuchs; unten: in  der 10. Stunde des E xperim ents. Zu Beginn des Versuchs lag der 

pH -W ert der Pansenflüssigkeit bei 6,95, der des Speichels bei 8,30
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H a r n s to f f
Tropfenzahl

Speichel

Harn

Pansen
pH 550
Ammonia Amg/lOOml

Blut
Ammonia 102pg/100ml 
Harnstoff 125 mg/100 ml

Harn
pH 5,55

Vor dem Versuch

Speichel

Harn

1 Stunde

Pansen
pH 6,30
Ammonia 64mg/100ml

Blut
Ammonia 515)ig/100ml 
Harnstoff 20,4 mg/100 ml

Harn
pH 6,56

Speichel

Harn

Pansen
pH 6,90
Ammonia 14 mg/100 ml

Ammonia 129pg/100ml 
Harnstoff 28,3 mg/100 ml

6,45

5 Stunde
Kymograph-Geschwindigkeit 03 mm/sec.

Abb. 5. Änderungen in der Speichel- und Harnabsonderung nach Verabfolgung von Karbam id, 
m ittels eines Tropfenschreibers registriert. Oben: vor der Verabfolgung des M aterials; M itte: 

in  der 1. Stunde; unten: in der 5. Stunde des Versuchs 
Der pH -W ert der P ansenflüssigkeit lag zu Beginn des Versuchs bei 5,50, der des Speichels

bei 8,53
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70 JUHÁSZ und SZEGEDI

V orangehend  e rw äh n ten  w ir die Ä nderungen  der H a rn -p H -W e rte  (A bb. 3) 
w ä h re n d  des V ersuchs. Zu B eg inn  des E x p erim en ts  k a n n  d e r p lö tz liche  
A b fa ll des p H -W ertes  m it e iner ab n eh m en d en  M enge d er A lk a lib ik a rb o n a te  
e rk lä r t  w erden , w o rau f die v e rm in d e rte  A usscheidung d er A lkalien  d e u te t. 
G le ichzeitig  ste ig t die A m m o n iak k o n zen tra tio n  des H arn s in  b ed eu ten d em

Harn
Milchsäure Milchsäure Milchsäure

Harn
A m m onia Ammonia

Milchsäure 4 
Blut
Milchsäure 1,6

АО 61 86 135 148 137 134 154 153 168 152 72 35 m.Mol/l

1,7 1,6 1,5 1,4 2,1 2,3 4,1 5,2 6,4 Ю.5 15,4 11,8 10,0 m.Mol/l
Abb. 6. Änderungen in der M ilchsäure- und Am m oniakkonzentration und in der ausgeschie
denen Menge dieser Stoffe, sowie G estaltung des M ilchsäuregehaltes der Pansenflüssigkeit und 

des B lutes nach i.r. Dauerinfusion von Milchsäure

M aße an . A uf dieselbe P eriode  fä ll t  d er A nstieg  des p H -W ertes  u n d  d er A lkali
k o n z e n tra tio n  des Speichels. E in e  w e ite re  V erm inderung  des H a rn -p H -W erte s  
n a c h  d er 9. S tunde  erfo lg t w egen d er in  geste igertem  M aße ausgeschiedenen  
fre ien  M ilchsäure (A bb. 6).

D ie A bbildung  4 zeig t Ä n d eru n g en  in  der Speichel- u n d  H a rn a u ssc h e i
d u n g  bei dem  M ilchsäureversuch , re g is tr ie r t m itte ls  eines e lek trisch en  T ro p fen 
sch re ib e rs . D as obere K y m o g ram m  zeig t die V erhältn isse  bei V ersuchsbeg inn , 
d as  m ittle re , jen e  d er 3. S tu n d e ; die S peichelabsonderung  is t e rh ö h t, 
d ie H arn au ssch e id u n g  dagegen v e rm in d e rt. D as u n te re  K y m o g ram m  gib t
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die W erte  der 10. S tu n d e  (bei in k o m p en sie rte r Azidose) a n ; die S peichelp roduk
tio n  is t v e rm in d e rt, d ie  H arn ab so n d eru n g  ab er stieg  b ed eu ten d  an.

Bei dem  H arn sto ffv e rsu ch  (A bb . 5) zeig t das obere K ym ogram m  das 
A n fan gsstad ium . D as  m ittle re , eine S tu n d e  n ach  V erabfo lgung  des K a rb a -  
m ids; die T ro p fen zah l des Speichels s in k t, jen e  des H a rn s  s te ig t an . D as u n te re  
K ym ogram m  re g is tr ie r t  dieselben W e rte  in  der 5. V ersu ch sstu n d e ; die S peichel
p ro d u k tio n  s te ig t a n , je n e  des H a rn s  v e rm in d e rt sich , sie b le ib t aber w egen 
der H a rn sto ff-A u ssch e id u n g  noch im m e r ü b e r den A usgangsw erten .

Es sollen n u n  be i beiden V ersuchen  die K o n z e n tra tio n  der M ilchsäure 
bzw . des A m m oniaks u n d  K arbam ids in  d er P an sen flü ss ig k e it und  im  B lu t 
sowie ih re  im  Speichel u n d  H arn  au sgesch iedene M enge v erfo lg t w erden.

In  A bbildung  6 k a n n  b eo b ach te t w erden , d aß  in fo lge  der i.r. D a u e rin 
fusion, der M ilchsäu regeha lt der P an sen flü ss ig k e it se lb s tv e rs tän d lich  s tu fe n 
weise angestiegen is t .  Die M ilch säu rek o n zen tra tio n  des B lu tes aber s tieg  
n u r  in  der 7. S tu n d e  in  bedeu tendem  M aße an . Zu d ieser Z eit en tw ickelte  sich  
eine kom pensierte  m etabolische A zidose (A bb. 2). U nsere  vo ran g eh en d en  
U n te rsu ch u n g en  z e ig te n , daß die M ilchsäure  be re its  in  den  V orm ägen re so r
b ie r t w ird ; die L eb e r is t  aber fähig, g roße  M engen von  M ilchsäure (zu G lykogen  
u n d  G lukose) a u fz u a rb e ite n , desw egen s te ig t die K o n z e n tra tio n  an M ilchsäure 
des B lu tes n u r in  je n e m  Fall an, fa lls  die re so rb ie rte  M enge die T ran sfo rm ie 
ru n g sfäh ig k e it d er L eb e r ü b e rsch re ite t (S z e g e d i u n d  J u h á sz , 1968). D ie 
Speicheldrüsen  sch ied en  sogar bei ä u ß e rs t  hohen  B lu tk o n zen tra tio n en  keine 
b ed eu ten d en  M ilchsäurem engen  aus, desw egen w u rd en  diese n ich t angegeben . 
Im  H a rn  zeig ten  d ie  K o n zen tra tio n  u n d  die M enge d er M ilchsäure b is z u r 
7. S tu n d e  eine eh e r abnehm ende T en d en z , n ach h e r stiegen  sie p lö tz lich  an . 
D ie M ilch säu rek o n zen tra tio n  u n d  A usscheidung  im  H a rn  verfo lg t a b e r d en  
A nstieg  der M ilch säu rek o n zen tra tio n  im  B lu t u n d  s tim m t m it der E n tw ick lu n g  
der kom pensie rten  A zidose überein. B ei d er in k o m p en s ie rten  A zidose (A bb . 2) 
stieg  sie w eiter an . D ie  gesteigerte M ilch säu reau ssch e id u n g  fo rd e rt die E x k re tio n  
g roßer A lkalim engen  im  H arn, w ie dies aus A b b ildung  3 en tnom m en  w erd en  
k an n . Zur V e rh in d e ru n g  des ü b e rm ä ß ig e n  A lka liverlu stes s te ig t die H a rn -  
A m m o n iak k o n zen tra tio n  an. A uf d e r  A bb. 6 is t e rs ich tlich , daß w äh ren d  des 
V ersuchs die p ro  S tu n d e  ausgeschiedene A m m oniakm enge n u r  in  jen em  F a ll 
b ed e u te n d  an g estieg en  ist, in dem  die M enge des ausgeschiedenen H a rn s  
ebenfalls b e d e u te n d  anstieg, d .h . be i k o m p en sie rte r oder in k o m p en sie rte r 
A zidose.

A bbildung  7 v eran sch au lich t die V ersuchsergebn isse  m it H a rn s to ff . 
W äh ren d  des V ersu ch s  wurde das K a rb a m id  im  P a n se n  in n erh a lb  v o n  3 — 4 
S tu n d en  zerse tz t. D ie  A m m o n iak k o n zen tra tio n  d er P an sen flü ssigke it e rre ic h te  
in  der 3. S tu n d e  d e n  M axim alw ert (86 m g/100 m l). E s is t aber in te re ssa n t, 
d aß  die A m m o n iak k o n zen tra tio n  des B lu tes  b e re its  in  der ers ten  S tu n d e  
den  G ip fe lpunk t e rre ich te  (etw a 500 jMg/lOO ml). N ach h er v e rm in d e rte  sie
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7 2 JUHÁSZ und SZEGEDI

Speichel
Harnstoff Harnstoff Ausscheidung 

mg/!00ml mg/St. Harnstoff

Blut
Ammonia 132 515 480 318 238 129 109 дд 100ml
Harnstoff 12,8 20,4 26,7 31,6 313 28,3 343 mg 100ml

Abb. 7. Änderungen in der K onzentration un d  in  der m it dem Speichel ausgeschiedenen  
M enge v o n  Karbamid (obere K urve) sowie in der K onzentration und in  der m it dem  Harn  
ausgeschiedenen Menge von  Am m oniak und K arbam id; G estaltung des Am m oniak- und  
K arbam idgehaltes der Pansenflüssigkeit und des B lutes nach Verabfolgung von K arbam id

(untere K urve)

sich  u n d  e rre ich te  in  d e r 5. S tunde d en  A usgangs w ert. D er K a rb a m id g e h a lt 
des B lu te s  stieg  bis zu r 7. S tunde  s tu fenw eise  an. In  frü h e re n  V ersuchen  
bew iesen  w ir, daß  die L eber große M engen v o n  A m m oniak  deto x iz ie ren  k a n n  
(ü b e r K arb am id -B ild u n g ); sobald  ab er d ie R eso rp tion  des g eb ilde ten  A m m o-

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



n iak s d en  Schw ellenw ert d e r Leber ü b e rsc h re ite t, s te ig t die A m m oniakkon
z e n tra tio n  im  B lu t p lö tz lich  an  ( J u h á s z , 1962).

A m m oniak  w ird  au c h  im  Speichel ausgesch ieden , in fo lge der äu ß ers t 
geringen  M ikrogram m -M engen (z. B. d er h ö ch ste  W ert in  3. S t.: 30 ^wg/St.), 
d ieser A usscheidungsw eg k a n n  aber v e rn a c h lä ss ig t w erden . D ie obere K urve  
der A bb ild u n g  7 zeig t d ie  K a rb a m id k o n z e n tra tio n  im  Speichel sow ie seine pro  
S tu n d e  ausgeschiedene M enge. Es k an n  fe s tg e s te llt w erden , d aß  zw ar ih re  
K o n z e n tra tio n  zur Z eit des B eginns des V ersuchs e tw as a n s te ig t, is t  die G esam t
m enge des ausgesch iedenen  K arbam ids in fo lge der A bnahm e der Speichel
p ro d u k tio n  b ed eu ten d  v e rm in d e r t  (von 20 m g /S t. bis 5 m g /S t.). D ieser Z u stan d  
d a u e rt so lange, bis im  P an sen  H a rn s to ff  v o rh a n d e n  is t (4. S t.); n ach h er 
s te ig e rt sich  auch die K a rb am id au ssch e id u n g  p a ra lle l m it dem  A nstieg  
der S peichelp roduk tion . Im  u n te re n  Teil d e r A bbildung is t e rs ich tlich , daß  bere its  
zu B eginn  des V ersuchs d ie  A m m oniak- u n d  K a rb a m id k o n z e n tra tio n  des 
H arn s p a ra lle l — n u r  in  e inem  versch iedenen  G rö ß en v erh ä ltn is  — p lö tzlich  
a n s te ig t, in  der 3. S t. a b e r  w ieder ab fä llt. N ach h er zeig t die A m m oniakkon
z e n tra tio n  keine w eite re  Ä nderung , die des K a rb am id s  ab e r s te ig t w ieder 
an. D ie m it dem  H a rn  p ro  S tunde  ausgesch iedene A m m oniak - u n d  K arba- 
m idm enge s te ig t in  d er 2. S tu n d e  p lö tzlich  an , von  d er 4. S tu n d e  ab v e rm in 
d e rt sich  die A m m oniakm enge, die des K a rb a m id s  ab e r s te ig t w eite r an und  
verfo lg t a u f  diese W eise d ie  B lu tk o n z e n tra tio n  b e id e r S u b stan zen .
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D iskussion

B ei d er B ew ertung  u n se re r  V ersuchsergebnisse k a n n  fe s tg es te llt w erden , 
d aß  die in  den  beiden  V ersuchen  b eo b a c h te ten  Ä n d eru n g en  in  großen  Zügen 
en tg eg en g ese tz ten  C h a ra k te rs  sind. Die M ilchsäure in fusion  v e ru rsa c h t le tz 
te n  E n d es  eine A zidose, obw ohl das aus d em  K a rb a m id  fre ig ese tz te  tox ische  
A m m oniak  im  O rgan ism us alkalisch  w irk t. B ei M ilchsäu reverab fo lgung  k an n  
n u r  eine ein fache S tö ru n g  des Säure B asen-G leichgew ichts b e o b a c h te t w erden 
(m etabo lische  Azidose), b e i H arn s to ffau fn ah m e  ab er m uß  sich d er O rganism us 
bei k o m p en sie rte r re sp ira to risc h e r A lkalose in  e rs te r  R eihe gegen die tox ische  
W irk u n g  des A m m oniaks w äh ren . D er ze itlich e  A b lau f d er b e id en  V orgänge 
sowie das G rö ß en v erh ä ltn is  d er hei diesen te iln eh m en d en  V erb indungen  sind 
aber b e d e u te n d  versch ied en  (M ilchsäure m g , A m m oniak  fig).

D er A u sg an g sp u n k t d e r durch  die b e id e n  V erb in d u n g en  hervo rgeru fenen  
b e d e u te n d e n  Ä nderungen  k a n n  au f G ru n d  un se re r V ersuche zu e rs t in  den 
V orm ägen  angegeben w erd en , da  die R e a k tio n e n  e inerse its zu  einem  Z e itp u n k t 
erscheinen  als im  B lu t n o c k  keine w esen tlichen  Ä nd eru n g en  fe s tg es te llt w er
den  k ö n n en  (z.B. be i M ilchsäure) u n d  an d erse its  v e rh ä ltn ism ä ß ig  rasch  
ab laufen  (bei H arn sto ff). W ie a u f  G rund u n se re r  V ersuche aus den  Ä nderungen
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in  dem  M engenverhältn is u n d  d er Q u a litä t des Speichels u n d  des H a rn s  h e r 
v o rg e h t, veru rsachen  diese Ä n d eru n g en  im  W asser- u n d  M in era lsa lzh au sh a lt 
des O rganism us b e s tim m te  P ro b lem e. D er W asse rh au sh a lt des W ie d e rk ä u e r
o rg an ism u s im R u h e s ta d iu m  u n d  darau ffo lgend  n ach  V erabfo lgung  d e r e r
w ä h n te n  V erb indungen  w ird  a u f  fo lgender W eise sch em atisch  v e ra n sc h a u lich t. 
I n  d e r A bbildung 8 is t e rs ich tlich , d aß  die zur T ä tig k e it d er S peicheld rüsen

Futter
Abb. 8. Schema der W asserzirkulation sowie der angenom m enen neuralen und hum oralen  

Regulation im W iederkäuerorganism us unter normalen U m ständen. Dr. =  Drüse

u n d  N ieren b en ö tig te  M enge von  F lüssigke it und  M ineralsalzen  le tz te n  E n d es  
v o m  W asserraum  des O rgan ism us s ta m m t; der W asse rrau m , die S pe iche l
se k re tio n  und  die P an sen flü ss ig k e it b ilden  in  H in sich t des W asse rh au sh a ltes  
e in en  Zyklus. Aus dem  O rgan ism us w ird  F lüssigkeit besonders ü b er die N ieren  
m it  dem  H arn  ausgesch ieden . D iese Menge w ird  norm alerw eise  d u rc h  die 
im  F u tte r  und  T rin k w asse r aufgenom m ene F lüssigkeitsm enge e rse tz t. Bei 
V erabfo lgung  in den  P an sen  e iner größeren  Menge von  M ilchsäure oder K ar- 
b a m id , w ird das G leichgew icht des angegebenen U m laufes g es tö rt. B ei der 
A uslösung der Ä n d eru n g en  k a n n  dem  hum oralen  W eg eine sehr u n te rg e o rd n e te  
B ed eu tu n g  beigem essen w erden .

E s ist b e k a n n t, d aß  sich in d e r W an d  der V orm ägen  fü r  m echan ische  und  
ta k t i le  Reize em pfind liche  R ezep to ren  (M echanorezeptoren) befin d en  ( A s h  

u n d  K a y , 1957). N ach  einigen A nsich ten  is t die B ed eu tu n g  d er che
m isch en  Reize fü r die S p eichelabsonderung  g eg en ü b er den  m echan ischen
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S tim u la to ren  b e im  W iederkäuer w e itgehend  u n te rg e o rd n e t (K o l b , 1967). 
N ach A ngaben  n e u e re r  A rbeiten  soll jed o ch  beim  S chaf beim  A nblick  u n d  
G eruch von  F u t t e r  eine b e träch tlich e  p sych ische  S ek re tion  ausgelöst w erd en , 
die zu einer S te ig e ru n g  der R u h esek re tio n  fü h re n  k a n n  (D e n t o n , 1961). A u f 
G rund u n se re r  V ersuche k an n  v e rm u te t w erd en , d aß  au ß er M echanorezep 
to ren  auch  fü r  chem ische Reize em pfind liche  C hem orezep to ren  im  P a n s e n 
ep ithe l v o rh a n d e n  sin d , die fü r Ä nderungen  des p H -W erte s  u n d  d er chem ischen  
Z u sam m ense tzung  d e r P ansen flü ssigkeit em p fin d lich  sind , u n d  a u f re f le k to r i
schem  W ege d ie  M enge u n d  Z u sam m en se tzu n g  des Speichels u n d  H a rn s  
beeinflussen. F a lls  näm lich  z.R . die M ilch säu rek o n zen tra tio n  der P an sen flü ssig 
k e it an s te ig t u n d  ih r  p H  b ed eu ten d  s in k t, s te ig t die M enge (H y p ersek re tio n ) 
u n d  der p H -W e rt des sezern ierten  Speichels an , die des H arn s ab er v e rm in d e rt 
sich (O ligurie) (A bb . 9, I.). Falls d ieser Z u s ta n d  län g ere  Zeit h in d u rch  a n d a u e r t ,  
e n ts te h t im  O rgan ism us eine b es tim m te  S tö ru n g  im  W asser- u n d  M in era l
sa lzh au sh a lt. E s  w u rd e  bere its  e rw äh n t, d aß  infolge der geste igerten  M ilch 
sä u rep ro d u k tio n  oder -Infusion , die M ilch säu rek o n zen tra tio n  (ü b er 150 
mMol/1; 1400 m g/100 ml; Abb. 6) u n d  die o sm otische  K o n z e n tra tio n  der P a n s e n 
flüssigkeit a n s te ig t. Dies h in d e rt die F lü ss ig k e its reso rp tio n  vom  P a n se n , 
gleichzeitig a b e r g e lang t durch  geste ig erte  S p e ich e lp ro d u k tio n  m ehr F lü ss ig 
k e it in  die V o rm äg en , der P an sen in h a lt w ird  a llm äh lich  v e rd ü n n t, im W asse r
rau m  des O rg an ism u s v e rm in d ert sich d e r F lü ss ig k e itsv o rra t (H äm o k o n - 
zen tra tio n ). D ies w ird  durch  den A nstieg  des H ä m a to k ritw e rtes  a n g e d e u te t 
(J uhász  u n d  S z e g e d i , 1965; 1968a).

F ü r  u n se re  E rgebn isse  zeugen jen e  R e su lta te , in  w elchen un te rsch ied lich e  
K o n zen tra tio n en  v o n  F e ttsäu re lö su n g en , die a u f  einen p H -W ert von  e tw a  
4,0 gepuffert w a re n , in  M engen von  2 —4 L ite r  in  den  P an sen  e ingefüh rt w u rd en  
u n d  die S peichelm enge stieg a u f  das 2 —4fache des A usgangsw ertes an . A ber 
bei der P u ffe ru n g  a u f  einen den V erh ä ltn issen  im  P an sen  äh n lichen  p H -W e rt 
(6,0) e n tfa lte n  d ie  F e ttsä u re n  keine W irk u n g , so d aß  sie w ährend  d er V er
d au u n g  an  d e r A uslösung  u n d  E rh a ltu n g  d e r S peichelsekretion  v e rm u tlic h  
n ich t b e te ilig t s in d  (R oda  u n d  M ita rb ., 1965; Y a r n s  u n d  M ita rb ., 1965). 
Diese le tz te  F e s ts te llu n g  is t n ach  un serem  E x p e rim e n t — m an  k an n  sagen , 
u n te r  p hysio log ischen  V erhältn issen  — w id erleg b ar. E m e r y  u n d  M ita rb e ite r  
(1960) d e m o n s tr ie r te n  in  V ersuchen an  K ü h en , d a ß  bei S teigerung  der H e u 
ra tio n  der T iere  d e r  p H -W ert des Speichels s ig n if ik an t anstieg . D ie A ufnahm e 
von K ra f tfu t te r  a b e r  s te igerte  den Na~ - u n d  K ^ -G e h a lt  des Speichels. B o ceva  
(1967) s te llte  fe s t, d aß  hei S ilag e fü tte ru n g  v o n  F ä rse n  der p H -W ert der P a n 
senflüssigkeit a u f  e tw a  6,0 fie l u n d  p a ra lle l die Speichelabsonderung  an s tieg  
und  der Speichel a lkalischer w urde. F alls die T iere  ein  F u tte rk o n z e n tra t  e r
h ielten , w urde  m e h r Speichel erzeug t als bei d e r V erabfo lgung  von  M aissilage 
oder H eu. B l a ir -W est  und M itarb . (1965) s te llte n  fe st, daß  bei W ied erk äu ern  
der Speichel in  d e r R egulierung  des A lk a lih au sh a lte s  eine b ed eu ten d e  R olle
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Abb. 9. G estaltung der W asserzirkulation des Organismus bei i.r. Dauerinfusion von  M ilchsäure. I.: 4 .—6. Stunde des Ver 
suchs; II.: bei inkom pensierter Azidose inder 10.— 11. Stunde (->- keine Änderung, |  Verminderung, f Anstieg)
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sp ie lt. Bei einer N a + -a rm en  F ü tte ru n g  v e rm in d e rt sich  d e r N a +-G eh alt des 
Speichels, des H a rn s  u n d  des K otes. D ie A lkaliausscheidung  u n d  d er A lkali
g eh a lt des Speichels w erd en  durch  A ld o s te ro n  reg u lie rt. Sie s te llten  fe st, daß  
W iederkäuer den A lka ligeha lt des S peichels a u f  ho rm onalem  W ege v e rän d ern  
kön n en  und  d ad u rch  die A u fre c h te rh a ltu n g  eines n o rm alen  E le k tro ly t-H a u s 
h a lte s  des O rgan ism us sichern.

F alls in  die V orm ägen  w eitere  M ilchsäurem engen  v e ra b re ich t w erden , 
b eg in n t der A nstieg  d e r  M ilch säu rek o n zen tra tio n  im  W asse rrau m  infolge der 
M ilchsäureresorp tion  u n d  es e n ts te h t eine ko m p en sie rte  A zidose (A bb. 9, I I .) . 
G leichzeitig  gelang t im  O rganism us d ie  M ilchsäureausscheidung  in  den V order
g ru n d , und  die M enge des ausgesch iedenen  H arn s  s te ig t an  (P o lyu rie ). Dies 
ab e r k an n  n u r d u rc h  eine V erm in d eru n g  d er S p e iche lp roduk tion  (H y p o se
k re tio n ) erfolgen. In  diesen Fällen s te ig t die osm otische K o n zen tra tio n  der 
P ansenflüssigkeit in fo lge der S te ig eru n g  d er M ilch säu rek o n zen tra tio n  w eite r 
an. D em zufolge w ird  die R esorp tion  au s  den V orm ägen v e rsch lech te rt, es k an n  
sogar eine R ed iffusion  aus dem  W asse rrau m  in den P an sen  erfolgen. Im  
P an sen  h äu ft sich im m er m ehr W asse r an , dem zufolge w ird  sein In h a lt  v e r
d ü n n t. Infolge des A nstiegs der M ilch säu rek o n zen tra tio n  des B lu tes (L ak taz i- 
däm ie) v e rsu ch t d e r O rganism us von  d e r M ilchsäure frei zu w erden , desw egen 
w ird  m ehr H a rn  ausgesch ieden  (P o ly u rie ). Diese U m stä n d e  fü h ren  zu einer 
g rad u e llen  V erm in d eru n g  des W asser- u n d  E le k tro ly tg e h a lte s  des O rganism us. 
Die in  b ed eu ten d em  M aße v e rm in d e rte  S peich e lp ro d u k tio n  (H yposek re tion ) 
v e rlan g sam t bis zu  e inem  gewissen G rad  die E n tw ick lu n g  dieses Z u stan d es. 
D er V organg w ird  in  d e r in k o m p en sie rten  Azidose n u r  w eite r g este igert und  
e n d e t in  gänzlichem  E rschöpfen  der K o m p en sie ru n g sfäh ig k e it des O rganism us 
(J u h á sz  und Sz e g e ó i , 1965; 1968a).

D ie erste H ä lf te  des angeze ig ten  Prozesses k a n n  als physio logische 
R e flex tä tig k e it a u fg e fa ß t w erden, d ie  n a c h  jed e r F u tte ra u fn a h m e , infolge 
d er S teigerung  d er M ik ro b e n a k tiv itä t des P ansens Z ustandekom m en k an n . 
D u rch  E rzeugung  e in e r  g este igerten  M enge s tä rk e r  a lkalischen  Speichels 
b e m ü h t sich der O rgan ism us die ü b e rm ä ß ig e  S äuerung  des P an sen in h a lte s  
zu  v e rh in d ern . D ie zw eite  H älfte  a b e r  k a n n  als d eu tlich  pa thophysio log ischen  
C h arak te rs  b e tra c h te t  w erden u n d  e rfo lg t le tz ten  E ndes w egen der gänzlichen  
E rsch ö p fu n g  der P u ffe rsy stem e, der v ita le n  R eak tio n en  u n d  d er T ran sfo rm ie
rungsfäh ig k e it d er L eber.

Falls der p H -W e rt und  der A m m o n iak g eh a lt d er P an sen flü ssig k e it bei 
d er H arn sto ffv e rab fo lg u n g  ansteigen  (A bb. 10, I .)  w ird  eine en tgegengesetzte  
W irk u n g  au f re flek to risch em  und h u m o ra le m  W ege herv o rg eru fen . D ie K o n 
z e n tra tio n  des g eb ild e ten  A m m oniaks in  d e r P an sen flü ssig k e it is t aber b ed eu 
te n d  geringer (M ax im alw ert 86 m g/100 m l) als die der M ilchsäure in  dem  v o ra n 
gehenden  V ersuch (A bb . 6 und  7). A u f diese W eise b le ib t d er osm otische D ruck  
d er P an sen flü ssig k e it a u f  k o n s ta n te r  H öhe . A m m oniak  w ird  aus dem  P an sen
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Harnstoff
Abb. 10. G estaltung der W asserzirkulation des Organismus nach der Verabfolgung von Karbainid. I.: in der 3. 4. Stunde

nach der Verabfolgung; II.: nach der 7. Stunde
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ra sch  reso rb ie rt u n d  die Ä m m o n iak k o n zen tra tio n  des B lu te s  s te ig t bere its  
am  A nfang des V ersuchs a u f  e in en  v e rh ä ltn ism äß ig  h o h en  W ert (A bb. 1). 
A m m oniak k an n  aus dem  O rg an ism u s schnell n u r m it d em  H arn  ausgeschie
den  w erden. D ie gesteigerte  H a rn au ssch e id u n g  (P o lyu rie ) fü h r t  zu einer v e r 
m in d erten  S pe iche lp roduk tion  (H y p o sek re tio n ). N ach  u n se re r  A uffassung 
erfo lg t die R e a k tio n  nach  d er V erab fo lgung  von K a rb a m id  infolge der hohen 
A m m o n iak k o n zen tra tio n  a u f  n e u ra le m  R eflex- u n d  h u m o ra lem  W ege (A bh. 
1 und  7). Infolge der an ste ig en d en  F lü ssig k e itsreso rp tio n  vom  P ansen  u n d  
d er v e rm in d erten  S peichelsek re tion  v e rrin g e rt sich a llm äh lich  die Menge des 
W assers im  P an sen , aber in fo lge  der H arn au ssch e id u n g  v e rän d ern  sich 
das V olum en u n d  die Z u sam m en se tzu n g  des W asse rrau m s n ic h t. Falls sich die 
A m m oniak reso rp tion  aus dem  P a n se n  v e rm in d e rt (A bb . 10, I I .) , k an n  als 
E rgebn is der L eber- und  N ie re n tä tig k e it auch eine V erm in d eru n g  der A m m o
n ia k k o n zen tra tio n  im  B lu t fe s tg e s te llt  w erden. N ach fo lg en d  gelangt die 
E n tfe rn u n g  des aus dem  A m m o n iak  in der L eber g eb ild e ten  H arnsto ffs  in 
den V orderg rund  (A bb. 7). D ieser P rozeß  geht lan g sam er v o r  sich als e rs te re r, 
desw egen v e rm in d e rt sich die M enge des H arn s stu fenw eise  u n d  die Speicheler
zeugung w ird lan g sam  norm al. E s  soll w iederholt b e to n t w erden , daß  solange 
in  der P an sen flü ssigke it K a rb a m id  v o rh an d en  is t, w ird  m it dem  Speichel b e d e u 
te n d  weniger H a rn s to ff  ausgesch ieden  als norm alerw eise  (A bb. 7). Falls in die 
V orm ägen größere K arb am id m en g en  gelangen, k a n n  d e r O rganism us den 
aus diesem fre ig ese tz ten  A m m o n iak  n ich t d e to x iz ie ren  u n d  ausscheiden. 
D esw egen en tw ick e lt sich im  B lu t eine tox ische A m m o n iak k o n zen tra tio n  
(m ehr als 1200 /tg/100 ml), die zum  Tode des T ieres f ü h r t  (J uh ász , 1962).
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ZUSAM M EN FA SSU NG

A uf Grund der durchgeführten U ntersuchungen kann festgeste llt werden, daß die Menge 
und K onzentration des Speichels bei Schafen nicht nur durch die früher bekannten Faktoren  
(K onsistenz, Trockensubstanz des F u tters, K auen, Schlucken, W iederkauen, Fülle des P an
sens, Teilchengröße des Panseninhaltes usw .) reguliert werden, sondern auch durch die Ä nde
rungen im pH -W ert und der chem ischen Zusam m ensetzung der Pansenflüssigkeit. 
Es kann angenom m en werden, daß sich  in der W and der Vorm ägen für chemische Reize  
em pfindliche Rezeptoren (Chem orezeptoren) befinden, deren R eizung auf reflektorischem  
W ege die Menge, Zusam m ensetzung und den pH -W ert des Speichels un d  Harns beeinflußt. So
lange bei dem Panseninhalt und dem  W asserraum  von der Norm  abweichende Verhältnisse 
vorwiegen, stehen die M engenverhältnisse der Speichel- und H arnausscheidung m iteinander 
in einem verkehrten Verhältnis. Aus den  Ergebnissen unserer V ersuche geht nämlich hervor, 
daß bei der Verm inderung des pH -W ertes der Pansenflüssigkeit die Menge des erzeugten  
Speichels ansteigt und der Speichel alkalischer wird. G leichzeitig verm indert sich die Menge 
des abgesonderten H arns und er wird saurer. D ie Menge des m it dem  Speichel ausgeschie
denen N a + und K +  steigt an, jen e  des Harns aber sinkt in  bedeutendem  Maße. Sogar 
bei dem Anstieg der M ilchsäurekonzentration des Rlutes kann dieser Stoff im  Speichel 
nicht nachgewiesen werden, m it dem  H arn aber wird gleichzeitig v ie l M ilchsäure und A m m o
niak ausgeschieden. B ei inkom pensierter Azidose bleibt der Speichel auch weiterhin alkalisch.

Es kann weiters festgestellt w erden , daß bei einer stärker sauren R eaktion der P ansen
flüssigkeit die Tiere eine größere, son st toxische Karbam idm enge ohne jegliche Schädigung  
vertragen. Bei der Verabfolgung einer größeren Karbamiddosis verändern sich Menge und
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Zusam m ensetzung des erzeugten Speichels. D ie K arbam idkonzentration des Speichels steigt 
zw ar an, die pro Stunde ausgeschiedene Menge von  Karbamid sowie v o n  N a+  und K + aber 
verm indert sich bedeutend . G leichzeitig aber ste igt die Menge des ausgeschiedenen Harns 
sow ie  die des m it diesem  ausgeschiedenen Am m oniaks, Karbamids sow ie N a + und K + an. 
D ie  Zusam m ensetzung und M engenverhältnisse des ausgeschiedenen Speichels und Harns 
zeigen  also bedeutende Veränderungen, die m it den qualitativen und q u antitativen  Verhält
n issen  der im Pansen vor sich gehenden chem ischen Prozesse eng verbunden sind. A uf diese 
W eise spielt der Speichel neben dem  H arn bei Schafen eine ausschlaggebende Rolle im Wasser- 
u n d  Alkalistoffwechsel sow ie in  der Regulierung des Säure—B asen-G leichgew ichts des Or
ganism us.
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In earlier studies on bleeding and blood substitu tion , the com pounds applied in  trans
fusion therapy have been  characterized b y  num erical survival data, re-norm alization o f  the  
general condition, flu c tu a tio n  of blood pressure, bleeding volum e index (B V I) and lethal 
rebleeding volum e (LRV ) (L a m i, 1962; L a m i and T am ás. 1963a, b; T am ás, L a m i and P e t h e s , 
1964, 1965, 1966a, b; T a m á s , 1966).

One of the m ost im portant requirem ents put w ith  blood and blood plasm a prepara
tions, particularly w ith  p lasm a substitutes, is  the securing o f a constant blood volum e (B o h - 
MANNSSON et al., 1946, 1948; Gr o pper  et a l., 1952b; St e r b a  et al., 1957; etc.).

In the present paper studies on the influence o f certain com pounds to  be specified  
below on blood volum e are reported.

B loom  (1951) has found that after th e  infusion o f 500— 1000 m l o f dextran to hum ans 
from  whom  500— 800 m l blood was taken previously , the smaller dose increased the plasm a  
volum e by 10— 15% , w hile the larger one b y  15— 20% . According to  B ollm an  et al. (1951), 
rabbits from  which 20 m l/kg blood was drawn and im m ediately substitu ted  either w ith  0.87%  
saline or a dextran preparation of 24,000 average m olecular weight, showed no notable differ
ence in  plasm a volum e after 24 hours as com pared to untreated anim als. If, however, su bsti
tu tion  was made w ith a dextran  preparation o f  120,000 average molecular w eight, postinfusion  
plasm a volum e exceeded the jo in t amount o f  preinfusion volum e and su bstitu te. In the sam e 
experim ents, polyvinylpyrrholidone com pounds, gelatin  and acacia were considerably less 
active than  the above preparations, as confirm ed also by experim ents on dogs. Gr o p p e r  
et al. (1952a) have reported th a t out of the su b stitu tes infused to dogs after bleeding, during  
the first three hours d extran  produced the largest expansion of plasm a volum e as com pared  
to hom ologous plasma, and saline; the effect o f  oxypolygelatin  (OPG) was the only com par
able to  th a t o f dextran. H amm arsten  and H e l l e r  (1952) and H a m m a rsten  et al. (1953) 
have taken 1000 ml blood from  healthy hum ans and substitu ted  it  w ith  an equal volum e  
o f dextran  solution; as a resu lt, plasma volum e rose b y  1020 m l in the 1st and th e  excess volum e  
was still 860 ml in the 24 th  post-infusion hour. In unbled convalescents 1000 m l of a dextran  
preparation expanded the blood volume b y  776 m l in  the 1st hour and the excess volum e  
fell to  534 ml by the 6th  post-infusion hour. In  contrast, on infusion o f 500 m l dextran prep
aration to humans H y d e  e t al. (1952) found m axim um  expansion o f plasm a volum e (+ 1 3 5 0  
m l) in  the 5th post-in fusion hour; w ith 500 m l infusion doses each of 6%  gelatin solution , 
hom ologous plasma and hypertonic serum album in, m axim um  expansion ( +  1118, + 1 1 7 3  
and + 1 3 4 2  ml) was reached w ithin 75 m inutes, 45 m inutes and 8 hours, respectively. Me y e r  
et al. (1952) have reported th a t in  humans, the average increase of plasm a volum e produced  
by the infusion of 500 m l dextran solution w as 1880 m l, reached in  the period betw een 15 
m inutes and 6 hours after infusion. The sam e authors found no increase in the plasm a volum e  
follow ing the infusion o f 500 m l saline. In dogs, follow ing bleeding N ahat e t al. (1952) hat e 
found a greater expansion o f plasm a volum e w ith  polyvinylpyrrholidone th an  w ith dextran  
preparations. Substituting the blood loss w ith  dextran or OPG, R aisz and St in so n  (1952) 
observed in dogs that th ese  preparations increased plasm a volum e as for the lost volum e. 
In  B o llm a n ’s experim ents (1953) the blood volum e o f rabbits which had been reduced to  
56.9 m l/kg, rose by 40— 45%  in 2 minutes after the infusion of dextran solution , but 1 hour 
later th e  increase was on ly  12% ; the blood volum e reduced to 54.9 m l/kg increased by only  
10— 20%  in 5 m inutes after the infusion of sa line. In unbled dogs Go d w e y  et al. (1964) have  
reported good results w ith  acacia, Go d w ey  and Y oung  (1954) w ith dextran. In hum ans,
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500 ml saline produced a p lasm a expansion in 30 m inutes which corresponded quantitatively  
to the am ount of infusion, b u t by the 3rd hour the preinfusion leve l was reassum ed; w ith  
500 ml Periston (polyvinylpyrrholidone preparation) a more m arked expansion of plasm a  
volum e took place, reaching a m axim um  in 1 hour and reassum ing the in itial level in  3 and a 
half hours, after some flu ctu ation . In these experim ents, the best results were obtained w ith  
M acrodex (a preparation contain ing 6% dextran), o f which 500 m l produced a plasm a volum e  
expansion by round 2000 m l, while the same dose o f a 10% dextran preparation expanded  
plasm a volum e by 3000 m l. U nder the effect o f dextran, the plasm a volum e fell but slightly  
below  the peak value by th e  4th  postinfusion hour (G r ü n in g  and R o th , 1954). Following  
the infusion of dextran and polyvinylpyrrholidone preparations, H e im  and O st e n  (1954) 
found a persistence of th e  e levated  plasm a volum e over about 6 hours. H u n z in g e r  et al. 
(1954) suggest that in  respect o f  the expansion and stabilization o f plasm a volum e hom ologous 
plasm a is m ost efficient, dextran  and polyvinylpyrrholidone are nearly equivalent and saline 
is the least effective. On infusion  of various dextran preparations into  healthy dogs in doses 
corresponding to nearly one quarter (23.2% ) o f the calculated plasm a volum e, Se m p l e  
(1954a, b) observed an expansion  of plasm a volum e up to 119.1%  within 15 m inutes; one 
day later the plasm a volum e was 100.6% Sim ilar doses o f saline were less effective. O f par
ticu lar interest are W a ss e r m a n  and Ma y e r so n ’s data (1954), who performed their experi
m ents w ith  renally excretab le (subrenal threshold) dextran o f 10,600 average m olecular 
w eight and renally unexcretab le  (suprenal threshold) dextran preparations of 125,000, 158,000  
and 208,000 average m olecular weights, respectively . In previously bled dogs the three sup- 
renal preparations produced a considerable expansion of plasm a volum e which exceeded the  
injected  quantity rem arkably. Nevertheless, the alteration of plasm a volum e differed m arkedly  
in dogs bled and not b led, as in  the latter infusion of 40 m l/kg dextran never produced as 
great an expansion as in  the former. Above authors have further m ade the therapeutically  
im portant observation th a t in  dogs given an equal volum e of dextran to substitu te the w ith
drawn blood, a second in fusion  failed to produce a notable expansion of plasm a volum e. 
T hey believe that the in itia l (pre-infusion) plasm a volum e is prim arily the decisive factor  
for the difference betw een the expansion of plasm a volum e in bled and unbled dogs and for 
the lack of producing a notab le rise follow ing a second infusion. Adm inistering to hum ans 
1000 m l of saline or a 6%  dextran preparation by drop-infusion for 3 hours, Y o un g  et al. 
(1954) observed an increase, by  1024 ml, exclusively  w ith  dextran. N o r la n d er  et al. (1955) 
report that in patients g iven  dextran postoperatively , the rise o f  plasm a volum e correlated 
w ith  the am ount of the infusion, whereas J e n k in s  et al. (1956) sta te  that under sim ilar con
ditions, 1000 m l o f polyvinylpyrrholidone increased the plasm a volum e in 2 hours by only  
320 to 886 ml, and 500 m l polyvinylpyrrholidone on ly  by 398 to  696 ml. Slightly better  results 
were obtained when the p atien ts were not restricted in drinking.

E xperim en ta l

B ased on th e  ab o v e  d a ta , in flu en ce  o f saline, P lasm odex* , hep arin ized  
dog blood an d  p la sm a  in fusion  on th e  p lasm a  volum e o f dogs has been s tu d ied  
a f te r  a m assive loss o f  blood.

M aterials an d  m ethods

The ex p e rim en ts  w ere p erfo rm ed  on 23 dogs o f b o th  sexes an d  v a rio u s 
races, 2 —4 y ears  o f  age, 7 — 23 kg  in  w eigh t, w ell-developed  an d  clin ica lly  
h ea lth y . F o r m e thodo log ica l reasons, to  be  exp la ined  below , on ly  18 an im als

* A ctive substance content, 6% dextran, dissolved in 0.9%  saline; average m olecular  
weight 75.000. Made availab le ready for use by H UM AN In stitu te  for Serobacteriological 
Production and R esearch, Budapest.
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w ere  inc luded  in  th e  ev a lu a tio n . P r io r  to  th e  experim en t th e  an im als fa s ted  
fo r 12 hours b u t  received d r in k in g  w a te r  ad libitum .

P rio r to  w ith d raw al o f b lo o d  an d  in fusion , a m ix tu re  o f  H iberna l an d  
D ep rid o l was g iven  in tra m u sc u la r ly . D u rin g  th e  ex p erim en ts  th e  n arco tized  
an im als  w ere f ix e d  on a w arm ed  ta b le  to  p re v e n t an y  change o f  blood volum e 
re su ltin g  from  h y p o th e rm ia . F o r  in fusion  a n d  rep ea ted  b lo o d  sam pling  th e  
fem o ra l an d  ju g u la r  veins w ere exposed  su rg ica lly  (Ta m á s , 1963) and  0.5 — 
1.0  m l of h ep a rin  w as in jec ted  to  p re v e n t coagu la tion . To e n su re  rap id  an d  
u n d is tu rb e d  b lood  sam pling an d  to  e lim in a te  th e  dead space lia b le  to  in te rfe re  
w ith  th e  m easu rem en t of blood v o lu m e , a T -sh ap ed  cannu la  w as in serted  in to  
th e  ju g u la r  vein .

T he dogs w ere n arco tized  a n d  fix ed  in  ly ing  position  on  th e ir  backs. 
F ro m  one of th e  com m on c a ro tid  a rte rie s  30 m l/kg blood w as d raw n  qu ick ly  
at an  average ra te  o f 70 m l/m in u te  (L am i an d  T am ás , 1963a, b ;  T am ás , 1963, 
1966). A ccording to  D uk es  (1955) th is  a m o u n t of blood covers a p p ro x im a te ly  
one h a lf  of th e  c ircu la tin g  vo lum e, w hile acco rd ing  to  W in t r o b e  (1956) som e
w h a t less. A nyw ay , w ith d raw al o f  30 m l/kg  b lood  im plies a n o ta b le  loss of blood, 
as in o u r earlier s tud ies (Tam ás e t  a l., 1964, 1965; T am ás , 1966) draw ing o f
32.4 m l/kg b lood  w as followed b y  a fa ll o f  b lood  pressure to  one fifth  of th e  
in it ia l  value.

B lood was su b s titu te d  by  in fu s io n  o f fresh ly  p repared  sa lin e , P lasm odex 
or heparin ized  dog blood or p la sm a . T he infusions were w a rm e d  to  body  
te m p e ra tu re  (37 °C) and  in fused  in to  th e  ju g u la r  vein  in  1 0 — 15 m inu tes; 
10 m in u te s  follow ing blood w ith d raw a l.

D onors w ere selected  a n d  b led , hep arin ized  blood a n d  p lasm a were 
p re p a re d  accord ing  to  th e  m e th o d s  ap p lied  in  th e  S urg ical C linic (Tam ás, 
1963; 1966). B lood an d  p lasm a p re p a ra tio n s  were m ade in d iv id u a lly , i.e., 
each  rec ip ien t received  blood or p la sm a  from  a given donor.

P lasm a vo lum e was d e te rm in e d  p rio r  to  bleeding a n d  a f te r  infusion 
b y  rad io iso to p e  m eth o d , using 131I-la b e lle d  dog a lbum in . In  th e  second assay, 
th e  b lood  sam ple w ith d raw n  p r io r  to  th e  ad m in is tra tio n  o f labe lled  serum  
a lb u m in  served as background . A n a m o u n t o f 10 —15 /tCi o f 131I-labelled  dog 
a lb u m in  was g iven in  1 — 2 m l v o lu m e . S u b seq u en tly , blood sam p les  w ere tak en  
10, 20, 30, 45 and  60 m inu tes a f te rw a rd s  (H u g g in s  et al., 1960) an d  used to  
a ssay  th e  131I -a c tiv i ty  of th e  p la sm a  an d  to  d e te rm in e  th e  h a e m a to c r it  va lue  
a f te r  cen trifu g a tio n  a t  5000 r .p .m . fo r  30 m in u tes . A fter th e  u su a l corrections 
(L a j t h a , 1961), th e  p lasm a v o lu m e  w as ca lcu la ted . The v o lu m e  th eo re tica lly  
m easu rab le  a t th e  ad m in is tra tio n  o f  th e  iso to p e  w as assessed b y  e x tra p o la tin g  
th e  in d iv id u a l read in g s to  zero o n  sem i-logarithm ic  paper. T o  e lim ina te  th e  
e rro r  re su ltin g  from  th e  adsorb ing  c a p a c ity  o f  th e  glass ja rs , th e  s to ck  solu tion  
w as d ilu ted  in a 1%  album in  so lu tio n  (Ch a se  an d  R a b in o w it z , 1967). The 
ra d io a c tiv ity  of th e  p lasm a an d  re fe ren ce  s ta n d a rd  sam ples w as de term ined
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b y  m eans of a w ell-ty p e  N a l  (Tl) c ry s ta l  an d  a gam m a N K -108  sem i-au to m atic  
scaler. All 131I-lab e lled  a lbum in  m a te ria ls  were ch eck ed  fo r p u rity  p rio r  to  
th e  experim en t. M easu rem en t e rro r d id  n o t exceed 5 % .

I t  shoidd be m e n tio n e d  here  t h a t  in  p re lim in a ry  ex p erim en ts  perfo rm ed  
on 5 dogs, reg u la rly  h ig h e r  values w ere o b ta in ed  for th e  n o rm a l p lasm a vo lum e 
w ith  th e  iso tope th a n  w ith  th e  dye  m eth o d  (J u h á s z  an d  P e t h e s , 1952). 
A fte r  th e  e lim in a tio n  o f  th e  possib le  sources of e rro r , th e  20 — 30%  h ig h er 
v a lues were te n ta t iv e ly  a t tr ib u te d  to  p a r tia l  p h ag o cy to s is  o f th e  131I-labe lled  
h u m a n  serum  a lb u m in  b y  th e  R E S . T h is su p p osition  w as confirm ed b y  th e  
fin d in g  th a t  su b s ti tu t io n  of dog a lb u m in  for h u m an  a lb u m in  had  co m ple te ly  
e lim in a ted  th is  e rro r.

All fu r th e r  e x p e rim e n ts  on th e  rem ain in g  18 dogs w ere therefo re  p e rfo rm 
ed  w ith  131I-lab e lled  dog album in . T h e  p re p a ra tio n  w as n o t o lder th a n  1 
w eek, and  it  h ad  b een  checked  for p u r i ty  and  w as free  o f  inorganic 131I .

R esu lts

D uring an d  a f te r  th e  w ith d raw a l of 30 m l/kg b lo o d , and  su b seq u en tly  
d u rin g  infusion, th e  b eh av io u r an d  genera l co n d itio n  o f each ex p erim en ta l 
an im al was th e  sam e  as observed  in  o u r previous ex p erim en ts  (L a m i, 1962; 
L am i and  T am ás, 1963a, b ; T am ás e t  a l., 1964, 1965, 1966a, b ; T a m á s , 1966).

Though th e  p re se n t stud ies w ere n o t aim ed a t  co llecting  d a ta  on th e  
physio logical b lood  v o lu m e  of th e  can ine  species, i t  m a y  be no ted  th a t  i t  w as 
assessed as 8 6 .9 ^ 1 7 .9  m l/kg , th a t  is 8 .7%  of th e  b o d y  w eight. This v a lu e  is 
w ith in  th e  physio log ica l lim its (1/10 an d  1/15 o f th e  b o d y  w eight) g iven  in  
one of th e  re le v a n t te x tb o o k s  (M a r e k  and  Mó c sy , 1960).

The n u m erica l v a lu es  p e rta in in g  to  th e  in flu en ce  o f th e  app lied  p lasm a 
ex panders on b lood  vo lum e are  show n in Table 1.

In  th ree  o f th e  f iv e  ex p e rim en ta l anim als (N os 12, 19 and  20) tre a te d  
w ith  P lasm odex, th e  p o sth aem o rrh ag ic  blood vo lu m e considerab ly  su rp assed  
th e  p reh aem o rrh ag ic  level, i.e. th e  expansion  exceeded  th e  volum e o f in fusion . 
T h e  effect of P la sm o d e x  on th e  o th e r  tw o an im als (N os 7 and  14) w as also 
n o tab le , as in b o th  cases th e  e ffe c tiv ity  index  w as o f  rou g h ly  th e  sam e o rd er 
as th e  group av erag e  o b ta in e d  for th e  anim als t re a te d  w ith  heparin ized  p lasm a.

The resu lts  o b ta in e d  w ith  heparin ized  p lasm a m a y  also be considered  
fa irly  good, as one (N o. 10) of th e  fo u r dogs show ed th e  sam e response  as 
N os 12, 19 and  20 o f  th e  P la sm o d e x -tre a te d  group . W ith  th e  rem ain ing  th re e  
an im als, th e  av e rag e  p ostin fusion  b lood  volum e w as b y  only 12.2%  low er 
th a n  th e  in itia l v a lu e .

The in d iv id u a l read in g s m ade in  th e  group t r e a te d  w ith  heparin ized  b lood  
w ere hard ly  low er th a n  th e  group av erag e  of th e  dogs tr e a te d  w ith  P lasm odex .

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



EVALUATION OF PR E PA R A T IO N S U SED  IN  TRA N SFU SIO N  TH E R A PY 8 5

Table 1

Changes produced by expanders in  th e  b lood volum e of dogs drawn 30 m l/kg blood

Experim ental
animals

Plasma
expander

V, V*

Serial No.
Body
wt
(ks)

Yj
(ml)

^2
(ml) (ml/kg) (ml/kg)

E .I.
(in per 

body
cen t of 

weight)

l . 13 1362 961 104.7 73.9 70.5 10.5 7.0

2. 9 885 844 98.3 93.8 95.4 9.8 9.4

3. 14 Saline 1402 1277 100.1 91.2 91.1 10.0 9.1

6. 20 1124 951 56.2 47.5 84.6 5.6 4.7

22. 11 831 592 75.5 53.8 71.2 7.5 5.4

23. 17 1356 624 79.8 36.7 46.0 8.0 3.7

Average : 14 1160 874.8 85.8 66.2 76.5 8.6 6.5

21. 12 974 782 81.2 65.2 80.3 8.1 6.5

4. 17 Heparinized 1275 1156 75.0 68.0 90.7 7.5 6.8

5. 19 blood 1444 1330 76.0 70.0 92.1 7.6 7.0

Average: 16 1231 1089.3 77.4 67.7 87.7 7.7 6.8

10. 14 1706 1866 121.8 133.3 109.4 12.2 13.3

15. 13 Heparinized 1181 1075 91.1 82.7 90.8 9.1 8.3

16. 10 plasm a 892 723 89.2 72.3 81.1 8.9 7.2

18. 7 576 527 82.3 75.3 91.5 8.2 7.5

Average: 11 1088.7 1047.7 96.1 90.9 93.2 9.6 9.1

7. 20 1122 1029 56.1 51.4 91.7 5.6 5.1

12. 10 858 890 85.8 89.0 103.7 8.6 8.9

14. 17 Plasm odex 2063 1940 121.3 114.1 94.0 12.1 11.4

19. 23 1867 2081 81.2 90.5 111.5 8.1 9.0

20. 17 1514 2220 89.0 130.6 146.6 8.9 13.0

Average: 17.4 1484.8 1632 86.7 95.1 109.5 8.7 9.5

index)

Explanation: V j, in itial blood vo lu m e; V2, postinfusion  
V 2 • 100

~  Vi

blood volum e; E .I ., (e ffectiv ity

T he least fav o u rab le  resu lts  w ere  o b ta in e d  in  th e  sa lin e - tre a ted  group , 
w here  th e  average effec tiv ity  in d e x  w as 76 .5% .

V2 • 100
F ig . 1 c learly  ind ica tes  t h a t  as ca lcu la ted  from  th e  fo rm u la  —

w here V2is th e  postin fu sio n , while th e  p reh aem o rrh ag ic  b lood  vo lum e expressed  
in  m l, th e  e ffec tiv ity  indices w ere 109 .5%  fo r P lasm o d ex , 93 .2%  for h e p a r
in ized  p lasm a, 87 .7%  fo r hep arin ized  b lood  an d  as low  as 7 6 .5%  fo r saline.
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D iscussion

In  all g roups w h ere  blood w ith d ra w a l w as follow ed b y  s u b s titu tio n  th e r 
a p y , an  increase o f  th e  b lood  vo lum e w as o b served ; in  th e  P la sm o d ex -trea ted  
g ro u p  th e  p ostin fusion  volum e even exceeded  th e  in itia l va lue . T hese o b se rv a 
tio n s  are  su p p o rtiv e  o f  th e  find ings m ad e  on h u m a n  clin ical m a te ria l an d  in  
a n im a l experim en ts b y  B ollm an e t al (1951); H a m m a r sten  an d  H e l l e r  
(1952); H a m m a r st en  e t  al. (1953); H y d e  e t al. (1952); Me y e r  e t al. (1952); 
G r ü n in g  and R o th  (1954); Se m ple  (1954a, b ); W a sse r m a n  an d  Ma y e r s o n

Fig. 1. Changes of the b lood volumes o f dogs drawn each 30 m l/kg blood, on subsequent in fu 
sion of plasm a expanders

□  Saline; =  H eparinized blood; / / /  Heparinized plasm a; Щ  Plasm odex

(1954) and  Y o u n g  e t al. (1954). T hese resu lts  are q u ite  feasib le in  th e  case 
o f  d e x tra n -c o n ta in in g  P lasm odex, as acco rd ing  to  H a m m a r st en  e t al. (1953) 
a n d  K0STER e t al. (1957 ), 1.0 g d e x tra n  can  b in d  21.2  m l an d  18.8  m l o f w a te r, 
re sp ec tiv e ly . C onsidering  th a t  in  its  6%  so lu tio n  only  16.7 m l w a te r  is b o u n d  
b y  1.0 g of d e x tra n , th e  full b in d in g  cap ac ity , p re su m ab ly , develops w ith in  
th e  organism . T h e  f lu id  flow ing in  from  th e  in te rs ti t ia l  space becom es ad d ed  
to  th e  volum e o f P lasm odex , w h ereb y  a p ra c tic a lly  b iphasic  increase o f th e  
c ircu la tin g  blood vo lum e is ta k in g  p lace. T his p ro p e r ty  o f d e x tra n  can  be 
u tiliz e d  also fo r th e  re -no rm aliza tion  o f blood p ressu re  ( L a m i , 1963, 1967).

Less fa v o u ra b le  resu lts  th a n  w ith  P lasm odex  w ere o b ta in ed  w ith  h e p a r
in ized  p lasm a a n d  b lood ; th e  la t te r  tw o  p re p a ra tio n s  d iffered  also in  re sp ec t 
o f  th e  e ffec tiv ity  in d e x . The 93 .2%  effic iency  o f hep arin ized  p lasm a as com pared  
to  87 .7%  found  w ith  heparin ized  b lood  is explicab le  b y  th e  fac t th a t  th e  
fo rm er can c a rry  m ore  album in , responsib le  fo r in tra v a sa l colloidal p ressu re , 
in to  th e  c ircu la tio n .
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D a ta  reco rd ed  during  a 9 0 -m in u te  postinfusion  o b se rv a tio n  period  
in d ic a te  th a t  th e  sa line’s effect m u st n o t  be d isregarded  e ith e r, as i ts  effec- 
t iv i ty  in d e x  reach ed  76.5% . T hough on th e  in fu sio n  o f saline th e  w a te r  is ra p id ly  
lo st b y  d iffusion  in to  th e  ex trace llu la r sp ace , th is  process is too  slow to  p re v e n t 
life-sav ing  ac tion  o f saline im m ed ia te ly  a f te r  infusion.

C om parison of th e  resu lts  of all o u r s tu d ies  on b leed ing  an d  b lood  su b 
s t i tu t io n  has rev ea led  a fa irly  good c o rre la tio n  of th e  resu lts  o b ta in e d  w ith  
d iverse ex p e rim en ta l aim s.

Follow ing th e  w ith d raw al of 40 m l/kg  b lood , o f th e  an im als g iven  h e p a r
inized or c itra te d  blood or p lasm a or p la sm a  expanders (In tra d e x , P e ris to n -N ) 
none, o f tho se  given saline 33% , w hile o f  th e  u n tre a te d  con tro ls  6 0 %  died  
du ring  a 2-w eek perio d  of o b se rv a tio n  (L a m i, 1962; Lami an d  T a m á s , 1963a, 
b; T a m á s , 1966). F u r th e r  to  th e  m ore or less favourab le  su rv iv a l r a te ,  r e 
n o rm a liza tio n  o f th e  clinical s ta te  to o k  2 w eeks in th e  con tro l g roup , 8 days 
in  th e  sa lin e - tre a ted  group , 4 days in  th e  In tra d e x - tre a te d  g ro u p , 2 days 
a fte r  th e  ap p lica tio n  o f blood and  p lasm a p rep a ra tio n s  and  on ly  1 d a y  a fte r  
t re a tm e n t w ith  P eris to n -N .

In  our p rev ious stud ies (Tamás e t a l., 1964, 1965; T am ás, 1966), n o rm a l
iza tio n  o f b lood  p ressu re  reduced  to  one f i f th  b y  bleeding was m ost e ffic ien tly  
p roduced  b y  P lasm odex , th e  postin fusion  p ressu re  am oun ting  to  9 0 .8%  o f th e  
in itia l va lue . B ased  on th e  exp erim en ta l re su lts , th e  following sequence o f  e ffi
ciency can  be estab lish ed : heparin ized  b lo o d  (83.2% ), hep arin ized  p lasm a 
(81 .0% ), c itra te d  b lood (73.2% ), saline (72 .0% ), c itra ted  p la sm a  (63 .8% ) 
an d  P e ris to n -N  (43 .1% ).

T he B Y I-values o f th e  in fusion  p re p a ra tio n s  (Tamás e t al., 1964, 1965; 
T a m á s , 1966) w ere th e  follow ing: P la sm o d ex  (98.6), heparin ized  b lood  (87.9), 
c itra te d  b lood  (84.9) P e ris to n -N  (81.4), hep arin ized  p lasm a (65.6), c itra te d  
p lasm a (49.9) an d  saline (49.1).

T he sequence in  respect o f L R Y -value  (T amás e t al., 1966a, b ; T a m á s , 
1966): co n tro l (44.7), P lasm odex  (58.9), h ep a rin ized  p lasm a (51.4), h ep a rin ized  
blood (48.6), P e ris to n -N  (46.0), c itra te d  p lasm a  (41.9), saline (40.2) a n d  c i t r a t 
ed b lood  (39.7).

T he succession based  on th e  e ffec tiv ity  indices estab lished  in  th e  p re sen t 
s tu d y  (F ig . 1): P lasm o d ex  (109.5% ), h ep a rin ized  p lasm a (93 .2% ), h ep arin ized  
b lood (87 .7% ) and  sa line  (76.5% ).

C orre la ting  all d a ta  derived  from  o u r re le v a n t exam in a tio n s (su rv iv a l 
ra te , re -n o rm aliza tio n  o f  th e  general co n d itio n , re s titu tio n  of b lood  p ressu re , 
B V I a n d  L R V  values, an d  changes of b lo o d  vo lum e), we m ay  s ta te  th a t  th e  
d ex tra n -c o n ta in in g  p lasm a expanders f in d  an  excellen t th e ra p e u tic  use  also 
in  v e te r in a ry  m edicine, i f  th e  conditions o f  o x ygen  tra n sp o r t  can  be p ro v id ed . 
Good resu lts  h av e  been  o b ta in ed  also w ith  b lood  an d  p lasm a p re p a ra tio n s , 
th o u g h  th e  h ep arin ized  lo ts  p roved  to  be  so m ew h at superio r to  th e  c itra te d
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lo ts . T his is due to  th e  to x ic  effect o f  sod iu m  c itr a te  (N ovak  e t a l., 1963), 
w hich  has been d esc rib ed  in  d e ta il in  o u r p rev io u s papers (Tam ás e t a l., 
1964, 1965; Ta m á s , 1966). T he resu lts  o b ta in e d  w ith  P e ris to n -N  are equ ivocal. 
I t  shou ld  be m e n tio n e d  th a t  in  h u m a n  m ed ic in e  th e  p o ly v in y lp y rrh o lid o n e  
p re p a ra tio n  of 12,600 av erag e  m olecu lar w e ig h t h as  been  used  as a d e to x ic a n t 
r a th e r  th a n  a p la sm a  e x p an d e r (S c h u n e r t , 1950, 1951; Gr o ppe r  e t ah , 1952; 
Mö l l e r , 1956).

Acknowledgement. T he authors are indebted to Dr. L. K ocsár (The Frédéric Jo lio t-  
Curie Institute o f R ad iob io logy , Budapest) for preparing the I31I-labelled dog album in.

SUMM ARY

A 30 m l/kg am ount of blood was drawn rapidly and continually from one com m on  
carotid artery of 18 dogs each, and afterwards su bstitu ted  b y  an equal volum e of saline, hepar
in ized  (hom ologous) blood or plasm a, or P lasm odex, a H ungarian dextran preparation.

Plasm a volum e w as determ ined prior to b leeding and after infusion, by m eans of  
131I-labelled dog serum  album in. Blood volum e w as calculated  from the plasm a volum e and 
the hem atocrit value.

The effectiv ity  in d ex  (postinfusion blood volum e related to the initial volum e as 100) 
assessed after a 90-m inute period o f observation was 109.5%  for P lasm odex, 93.2%  for hepar
in ized  plasma, 87.7%  for heparinized blood and 76.5%  for saline.

The blood vo lum e o f  healthy dogs as disclosed b y  radioisotope assays was 86.9 +  17.9 
m l/kg-

A com prehensive evaluation  is presented including the results o f the authors’ previous  
studies on bleeding and blood substitu tion  (survival rate, norm alization of the general con
d itio n , restitution o f  blood pressure, bleeding volum e in d ex , lethal rebleeding volum e and 
changes of blood vo lum e).
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Introduction

In  th e  p a s t  years investiga tions h av e  been  ca rried  ou t on th e  p re se rv a 
tio n  o f th e  re d  b lood  cells (RBC) o f d iffe ren t fa rm  anim als. P re se rv a tio n  has 
special im p o rta n c e  in  th e  blood ty p in g  b ecau se  th e  p e rm a n e n t use o f  c o m p a r
a tive  R B C s as w ell as th e ir  sh ipm ent in  good co n d itio n  is a fa irly  g rea t p ro b lem .

P a pp  and B r il l e s  (1967) reviewed the theoretical bases o f  this question; accordingly., 
one of the ACD solutions, i.e., Alsever’s solution  com pleted by cyanides was found to be  
the best for the preservation of chicken RBCs in the practice.

T he p re se n t s tu d y  was in itia te d  to  fin d  a p ra c tic a l m eth o d  for th e  s to rag e  
o f p ig  R BC. T h e  m ain  d ifferences in  th e  w ork  w ith  p ig  RBC, com paring  to  
p o u ltry  e ry th ro c y te s , are  th e  less fav o u rab le  cond itions a t blood co llec tion , 
an d  th e  d iffe ren t s tru c tu re  of pig RBC.

Materials and Methods

In  th e  f ir s t  ex p erim en t blood w as ta k e n  from  5 L arge W h ite  pigs to  
fin d  th e  o p tim u m  of th e  K CN  or N aC N  c o n c e n tra tio n  in  c itra te  and  A lsever’s 
so lu tion . In  th e  second ex p erim en t 50 L arge  W h ite  pigs w ere used. B lood 
w as ta k e n  from  th e  v. cava  cran ialis, w ith o u t prev ious cleaning of th e  sk in  
an d  using  a sy rin g e  co n ta in in g  a sm all a m o u n t o f sodium  c itra te  so lu tio n  
(sodium  ch lo ride , 5 g an d  sodium  c itra te , 20 g to  1 litre  o f d istilled  w a te r). 
T he b lood w as im m ed ia te ly  p u t  in to  a glass tu b e  o f 16 X 105 m m , w hich  
co n ta in ed  4 m l c itra te  so lu tion . In  th e  la b o ra to ry , RBCs w ere w ashed  th re e  
tim es — th e  second  w ash ing  to o k  place in  g ra d u a te d  tu b es  — an d  an  R BC 
suspension  o f e x a c tly  2 %  was p rep ared . In  each  case th e  fin a l vo lum e w as 
5 m l, w hich w as k e p t in  a glass tu b e  o f 1 0 x 1 0 0  m m .

In  th e  f i r s t  ex p erim en t, c itra te  a n d  A lsever’s so lu tion  were used  as 
suspend ing  m ed iu m . E ach  so lu tion  w as co m p le ted  w ith  KCN  or N aC N , in
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d ilu tio n s  v a ry in g  fro m  1 : 1000 to  1 : 20,000. I n  each  group fiv e  tu b e s  rem a in ed  
as cyan ide-free  co n tro ls . L a te r , on th e  basis  o f  re su lts , a n o th e r ex p e rim en t 
w as ca rried  o u t, u s in g  only  c itra te  so lu tio n  w ith  K CN  or N aC N  in  d ilu tio n s  
fro m  1 : 10,000 to  1 : 25,000.

In  th e  second  exp erim en t 50 in d iv id u a l R BC sam ples w ere s to re d  in  
A lsev er’s so lu tion  com ple ted  w ith  K C N  o f  1 : 2500 d ilu tion . All th e  sam ples 
w ere  te s te d  w ith  10 d iffe ren t com plete  a g g lu tin a tin g  reag en ts  — Ac, D a , E a , 
E b , E d , Е е, E f, G b, J a ,  L a — on th e  f i r s t  d a y  an d  on days 21, 35 a n d  47. 
B esides, th e  tu b e s  w ere exam ined  ev e ry  d a y  in  b o th  ex p erim en ts  m acro- 
sco p ica lly  fo r th e  degree o f haem olysis o r d e te rio ra tio n .

Results

In  c itra te  so lu tions RBCs haem o ly zed  in  th e  p resence o f 1 : 1000 to  
1 : 10,000 cy an id e  d ilu tions w ith in  a few  d ay s . T he degree o f  haem olysis a n d  
th e  n u m b e r o f haem o ly zed  sam ples in c rea sed  g rad u a lly , b u t  in  th e  p resen ce  
o f  cy an id e  d ilu tio n s  from  13,000 to  20,000 th e re  was h a rd ly  a n y  haem olysis  
b y  th e  3 0 th  d a y  o f  s to rage . T here  w as no  d ifference in  effect b e tw een  K C N  
a n d  NaCN.

R ep ea tin g  th e  f irs t ex p erim en t in  c i tr a te  so lu tion  com pleted  w ith  K C N  
o r N aC N  in d ilu tio n s  from  1 : 10,000 to  1 : 25,000, K CN  gave b e t te r  re su lts  
th a n  N aC N  a n d  show ed a m ore m ark ed  p ic tu re  (T able 1). On th e  3 0 th  d a y  
o f  s to rag e  th e  ra n g e  betw een  1 : 17,000 a n d  1 : 21,000 p ro v ed  to  be  th e  b e s t. 
I n  A lsever’s so lu tio n  in  th e  presence o f  th e  1 : 1000 cyan ide  d ilu tio n s haem olysis  
s ta r te d  as ea rly  as on th e  3rd d a y  o f  s to rag e  an d  reach ed  th e  h ig h es t degree 
(H 4) on th e  5 th  d a y . In  A lsever’s so lu tio n  co n ta in in g  cyan ide  in  1 : 14,000 to  
1 : 20,000 d ilu tio n s  haem olysis w as f ir s t  o bserved  on th e  12 th  d a y  a n d  from  
th e  1 : 4000 o n ly  on  th e  35 th  day . T h e  b e s t p re se rv a tiv e  effect o f  A lsev er’s 
so lu tio n  was a t  cy an id e  d ilu tions o f 1 : 2000 a n d  1 : 3000 w here  no haem olysis  
to o k  place even  on th e  60 th  d ay  o f  s to rag e . C onsidering th e  re su lts  o f  th e  
w hole period  o f s to rag e , KCN  seem ed to  b e  s lig h tly  superio r to  N aC N  (T ab le  2).

All th e  co n tro ls , b o th  in  c itra te  a n d  A lsever’s so lu tions began  to  d e te r io 
r a te  on days 5 — 8 o f  storage.

In  th e  second  exp erim en t w hen  th e  s to re d  RBCs w ere te s te d  on th e  d ay s 
1 ,2 1 , 35 an d  47 o f  s to rag e , th e re  w as a s lig h t or m ed ium  decrease in  th e  degree o f 
d ire c t h aem ag g lu tin a tio n . A fte r 47 d ay s  v e ry  few  reac tions m issed. O n th e  
basis  o f  th e  re su lts , th e  decrease o f th e  degree o f  reactions ap p ea red  to  d ep en d  
on  th e  sam ples r a th e r  th a n  on th e  re a g e n ts . F u rth e rm o re , — c o n tra ry  to  
th e  chicken R B C  — th e  4 7 -d ay -s to red  p ig  RBCs d isp layed  m uch  b e t te r  
reac tio n s a f te r  6 h o u rs ’ in cu b a tio n  th a n  a f te r  3 hours.

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969
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The degree of haem olysis and bacterial deterioration of pig red cells preserved in  citrate solution of different potassium  cyanide concentrations*

Blood sample | ________________________________________________________ Dilutions of postassium cyanide__________________________________________

T a b le  1

N o .
1 :  10,000 1 : 12,000 1 :  14,000 1 : 16,000 1 :  17,000 1 :  18,000 1 :  19,000 1 :  20,000 1 : 21,000 1 : 22,000 1 :  24,000

l H 2 H 2 H 1 H2 — H 1 H H H H H

2 H4 H4 H H — H h 4 H 1 H D 1 H 1

3 H4 H H2 H H 1 — — — — D 1 D 1

4 H ' H 1 — H 1 H 1 — — H — - D 2

5 H4 H2 H 3 H 3 H1 H H H II H H

* Setting up on 8th M ay, 1968. Reading on 7th June, 1968
Sym bols: H , H 1, H2, H 3, H4, degree o f haem olysis; D 1, D 2, degree of deterioration
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Table 2

Preservative effect o f cyanides in A lsever’s solutions on pig red cells*

Dilutions of cyanides

Cell
No.

C
ya

ni
de

1 
:1

00
0

1 
: 2

00
0

1 
: 3

00
0

1 
: 4

00
0

1 
: 5

00
0

1 
: 6

00
0

1 
: 7

00
0 О

Оо
00

1 
: 9

00
0

OOO
O

1 
: 1

1,
00

0

1 
: 1

2,
00

0

1 
: 1

3,
00

0 OOO
4*

1 
: 1

5,
00

0

1 
: 1

6,
00

0

1 
: 

17
,0

00

KCN H4 — —  - H l — — D3 D3 D 2 D 1 D 2 D3 D 3 D4 D 4 D 3 D4
NaCN H4 — - H 3 H 3 H 3 D 3 D 3 D 3 D4 D4 D 4 D4 D 3 D4 D4 D4

KCN H4 - - H 2 H2 D 3 D 2 D2 D 2 D 3 D 3 D4 D4 D4 D4 D 3 D 3

NaCN H4 — - - — H 1 H2 D 2 D 1 D 2 D 2 D 3 D4 D4 D4 D 3

KCN H4 — - H H2 H 2 H2 D 2 D 3 D 3 D 3 D 2 D 3 D4 D 3 D4 D4

NaCN H4 — — H H 2 H 2 H 2 D4 D 3 D 3 D4 D 3 D4 D4 D4 D4 D4

KCN H4 — — - - H 2 H 1 H 3 H 2 D 2 D 3 D 3 D 3 D 3 D4 D 3 D4

NaCN H4 - - H3 H 2 H 2 D 2 D 2 D 2 D 2 D 3 D 3 D 3 D 4 D4 D4 D*

KCN H4 — - - H 1 H2 D 2 D 2 D4 D 3 D 3 D4 D 4 D 3 D4 D'

NaCN H 4 - - H2 H 1 H 3 D 2 D 2 D 3 D4 D4 D 3 D4 D4 D4 D4 D 4
*Setting up on 19th February, 1968. Reading on 20th April, 1968.
Sym bols: H, H 1, H 2, H 3, H 4, degree of haem olysis; D 1, D 2, D 3, D 1, degree of deterioration
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T a b le  3

Scores o f direct saline agglutination te s ts  w ith  pig red cells stored in A lsever’s solution com pleted w ith  KCN of 1 : 2500

Reagents

Ac Da Ea Eb Ed Ее Ef Gb Ja La

Day of 
reading

jet 21st 35th 47th jet 21st 35th 47th jet 21st 35th 47 t ь jet 21et 35th 47th jet 21st 35th 47th jet 218t 35th 47th jet 2jet 35th 47th jet 21st 35*b 47th jet 21st 35th 47th jet 21at 35th 47th

Incubation time 3h 3h 3h 3h 6h 3h 3h 3h 3h 6h 3h 3b 3h 3h 6h 3h 3h 3h 3b 6h 3h 3h ' 3h 6h 3h 3h 3h 3h 6h 3h 3h 3h 3h 6h 3h 3h 3h 3h 6h 3h 3h 3h 3h 6h 3h 3h 3h 3h 6h
Cells No. 

1
1
1 4 3 3 0 + 1 + 4 2 2 + — + 4 + 1 — — 4 1 + 1 0 + 1 3 + + 0 + - 0  +

2 4 4 3 1 + 2 1' 4 3 2 + 1 1 + 4 4 3 + 1 + 2 + 4 3 + 3 + 1 2 4 2 + 2 -* 1 2 4 3 + 3 + 2 2 3 2 + 2 + - 2

3 !
1 4 3 + 2 0 + 2 + 4 3 + 3 — - 4 + 1 — 1 4 1 + 1 - — 4 1 0 + - 1 +

4 1 4 2 1 - 1 4 2 + 2 — 1 + 4 3 + 3 + 1 2 3 + 1 + 1 - 1 + 4 1 1 - 2

5 ■ 4 3 + 3 0 + 2 4 3 + 3 + — 1 + 3 + + 1 — 1 + 3 0 + 1 - 1 + 3 1 0 + - 2

6 4 3 + 4 2 + 3 4 3 + 3 + 2 3 4 3 3 — - 2 + 0 + 1 — 1

7 4 3 1 + - 1 + 4 3 + 3 1 2 + 4 2 1 — 1 4 3 + 3 0 + 1 + 4 1 1 + — 1 3 2 1 — 2

8 4 3 + 3 + 1 + 2 4 3 4 1 1 4 2 + 1 — 1 + 4 2 2 + 1 2 3  + 2 + 2 - 2 +

9 4 3 + 3 + 2 2 4 3 + 4 1 + 2 + 4 2 2 + 0 + 2 4 3 + 3 + 1 2 +

10 1 3 + 3 + 4 2 + 2 + 4 3 + 4 2 + 2 + 3 + 1 1 0 + 1 + 3 + 2 + 2 0 + 2

11 4 4 1 — - 4 4 1 + — 4 4 4 1 2 + 4 2 1 — —

12 4 4 0  + — 1 + 4 4 1 + 0 + 2 4 4 4 1 2 + 4 2 + 1 - 1

13 4 4 4 2 3 4 4 3 + 1 + 2 + 4 4 2 + — - 4 2 1 — 2

14 4 4 1 + - 2 + 4 4 4 2 3 4 3 + 1 + 0 + 2 4 4 3 0  + 2 + 4 1 + 1 - 1 +

15 4 4 3 + 2 2 + 4 4 4 1 2 + 4 1 + 1 0 + 2 4 3 + 2 1 3 3 2 0 + — 2 +

16 4 4 2 0 + 2 + 4 4 3 + — 2 + 4 1 + 1 — 2 4 3 1 — 3

17 4 4 3 2 3 4 4 4 1 + 2 + 4 2 + 1 + - 2 4 3 + 1 0 + 3 2 1 + 1 2

18 4 4 4 2 + 3 4 4 4 2 3 4 4 2 + 2 3 4 4 2 + — 2 4 1 + 1 — 2 4 2 + 0 + - 3

19 3 + 4 1 - 1 + 4 4 4 2 3 4 3 + O4 + 1 + 3 + 4 1 0  + 2 4 1 + 1 — 1 +

20 4 4 1 1 1 + 4 4 0 + + - 4 1 + + - — 4 4 1 + - 2 3 1 + 0 + - +

21 4 4 1 + — 1 4 4 4 1 2 + 4 3 + 1 — 0 + 4 4 3 + + 2 4 2 1* + 1

22 4 4 3 + - 1 + 4 4 4 — 1 + 3 2 1 — 1 + 3 2 + 1 + — 1 +

23 4 4 1 + - 2 4 3 + 1 + — 1 4 4 4 1 2 + 4 0 + 1 — 1 + 4 2 1 + — 1 + 4 3 1 + — 2 +

24 . 4 3 + 3 — 2 4 4 3 + — 2 4 + 1 — 1 4 2 1 — 1

25 4 3 + 3 - 2 + 4 3 1 + — 0 + 4 4 4 1 3 3 0 + 1 — 1 + 4 2 1 + — 1 3 1 + 1 — 2 +

26 4 4 4 2 + 3 4 4 2 + - 1 + . 4 4 2 + 0 + 1 4 4 2 + — 1 + 3 + 0 + 1 — 1

27 4 4 4 1 + 3 + 4 4 3 1 + 2 + 4 4 3 + — 2 + 3 1 + 1 3 3 +

28 4 4 4 2 + 3 4 4 4 — 3 4 4 4 2 3 4 2 1 3 3 + 4 3 1 — 3

29 4 4 1 + - - 4 4 4 — 1 + 4 3 + 1 + — 0 + 4 4 2 + — 2 4 2 1 1 + 2 4 3 1 — 1 +

30 4 4 3 — — 4 4 1 + + 4 4 3 1 2 3 + 1 + 1 — — 4 2 1 1 + 2 4 3 1 — 1 + 2  + 1 — — —

Degrees o f agglutination: 0 + , + ,  1+, 2, 2+, 3, 3 + , 4
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PRESERV ATION  OF P IG  R E D  CELLS 9 5

D iscussion

A lsever’s so lu tio n  — as i t  was ex p ec ted  — p ro v ed  to  be a su itab le  m ed iu m  
for p re se rv a tio n  o f p ig  RBCs. H ow ever, i t  does n o t p ro v id e  a long s to ra g e  
w ith o u t a good a n tib a c te r ia l m ateria l. In  earlie r s tu d ies  carried  o u t w ith  
ch icken  R BC, cyan ides p roved  to  be th e  b es t for th is  pu rpose . I t  is also used 
w ith  good re su lts  in  th e  b loodgrouping  o f c a t t le  (B o u w , 1964). In  th is  w ork  
we w ished to  d e te rm in e  th e  op tim um  cy an id e  co n cen tra tio n  for pig R B C s. 
T he resu lts  suggest th a t  th e  glucose in  A lsev er’s so lu tion  w hich gives a good 
p ro te c tiv e  effect fo r RBCs in  respect o f long  p re se rv a tio n , perm its  th e  g ro w th  
of b a c te ria  in  h ig h er cyan ide  d ilu tions. On th e  o th e r  h an d , th e  glucose obv iously  
p ro te c ts  th e  RBCs also aga in st cyanides o f  h ig h er co n cen tra tio n s. T herefo re  
th e  cy an id e  c o n cen tra tio n  o f 1 : 2000 and  1 : 3000 p ro v ed  to  be th e  b e s t fo r 
th e  p ig  RBCs. T h is suggestion  was ev idenced  b y  th e  fa c t th a t  th e  cy an id es  
in  c itra te  so lu tions gave accep tab le  re su lts  o n ly  from  1 : 17,000 to  1 : 21,000 
d ilu tions. H ow ever, i t  is su rp rising  th a t  th e  cyan ides in  th e se  high d ilu tio n s  
also p ro v id ed  a re la tiv e ly  good p re se rv a tiv e  effect for a b o u t 4 weeks. T h is is 
v e ry  im p o r ta n t because in  our p rac tice  th e  c itra te  so lu tio n  w hich is a lw ays 
used a t  blood collection , gives m uch b e tte r  a n tic o a g u la n t effect th a n  A lsev er’s 
so lu tion , an d  its  p re p a ra tio n  is less tim e-consum ing . N evertheless, a f te r  tw o  
w ashings w ith  sa line  or c itra te , th e  tu b e s  co n ta in in g  fresh  packed  R B C s 
m ay  be filled  u p  w ith  A lsever’s so lu tion  co m p le ted  b y  cyanides. In  ou r p ra c 
tice , th is  la t te r  m e th o d  is used.

SUMMARY

Preservability  o f pig RBCs was exam ined in citrate and A lsever’s solutions com pleted  
w ith various quantities o f KCN or NaCN. Pig RBCs could be well preserved in citrate so lu 
tions containing cyanides from 1 : 17,000 to 1 : 21,000 for 4 weeks. The same cells in A lsever’s 
solutions of 1 : 2000 and l  : 3000 cyanide content could be preserved for 60 days in excellent 
condition. None o f the 50 blood samples kept in  A lsever’s solution com pleted w ith  K CN  
1 : 2500, were deteriorated or haem olyzed and their reactiv ity  w ith  isoim m une sera in  the  
direct haem agglutination test did not decrease considerably even by the 47th day of storage.
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TRYPSIN- AND HEAT-RESISTANCE OF SOME STRAINS 
OF THE HERPESVIRUS GROUP

B y

A. B a h t h a , S. B é l á k  and J . B e n y e d a

D epartm ent of E p izootio logy , University o f V eterinary Science (H ead: J. Mészá r o s), Budapest

(Received O ctober 20, 1968)

A t the present tim e viruses are classified  according to  their nucleic acid, structure of 
the nucleocapsid, presence or lack of the envelop e, and their size. Based on these properties 
m ost o f the isolates can be grouped in one o f  8 groups. In addition to the m ain features listed, 
the virions have other properties characteristic o f  the viruses belonging to the same group or 
subgroup. Such features are, e.g., their behaviour towards the action o f heat or trypsin. It is 
known th at the viruses o f  th e  Herpesvirus group are sensitive to heat and trypsin.

In  our in v e s tig a tio n s  s tudy ing  try p s in  an d  h e a t re s is tan ce  o f som e of 
th e  d iffe ren t s tra in s  be lo n g in g  to  th e  H e rp esv iru s  g roup  w as in te n d e d  in  o rder 
to  confirm  or d isc la im  th e  s ta te m e n t th a t  th e  m em bers o f th e  H erpesv irus 
group w ould he  h e a t-  an d  try p sin -lab ile .

T h e  in v es tig a tio n s  have been d eem ed  p ro p e r to  ca rry  o u t, fo r B o dox  
et al. (1968) found  ex cep tio n  to  th e  ru le . T h ey  observed  th a t ,  un like th e  
v iru le n t v irus, th e  A u je szk y ’s disease v iru s  s tra in  o f low v iru len ce  K4/61 
iso la ted  b y  B a r th a  p ro v e d  heat- a n d  try p s in -re s is ta n t. T he au th o rs  consid
ered th a t  heat- a n d  try p s in -re s is tan ce  is c o rre la ted  w ith  th e  v iru lence  o f th e  
A u jeszk y ’s disease v iru s  strains.

M aterials a n d  m ethods

T he s tra in s w ere  p ro p ag a ted  in  m ono layers o f ca lf  tes tic le , ra b b it k id 
ney an d  ca t k idney  ce lls. The follow ing s tra in s  w ere s tu d ied :

A u je szky ’s d isease virus
1. Ig/67 v iru le n t s tra in  (3rd passage)
2. K4/61 v acc in e  s tra in  (141st passage)
Infectious bovine rhinotracheitis ( I B R )
3. Nu/67 v iru le n t s tra in  (4th passage)
4. Sz2/61 la b o ra to ry  stra in  (5 1 st passage)
5. IB R  vaccine s t r a in  (D iam ond L ab o ra to rie s)
Bovine herpes v iru s
6. M ovár 33/63 s t r a in  (23rd passage)

7 Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969
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Feline rhinotracheitis virus
7. K B/63 s tr a in  (16 th  passage)
Equine rh inopneum onitis v irus
8. D P/65 s tr a in  (28 th  passage).

E x cep ting  th e  IB R  vaccine s tr a in  all s tra in s  w ere iso la ted  in  th e  V iro- 
log ica l L ab o ra to ry  o f  o u r In s t i tu te .

T h e  resis tan ce  te s ts  w ere ca rr ied  ou t w ith  fresh ly  p assaged  s tra in s . 
R e sis tan ce  to  h e a t w as te s te d  b y  ad d in g  1 m l d istilled  w a te r  to  1 m l v irus flu id  
a n d  in cu b a tin g  th e  m ix tu re  in  a 50 °C w a te r  b a th  fo r 60 m in u tes . Follow ing 
in c u b a tio n , serial te n fo ld  d ilu tio n  w as in o cu la ted  in to  2 cu ltu res  each . I n 
o c u la te d  cu ltu res w ere  in cu b a ted  a t  37 °C an d  read  on th e  3rd  to  4 th  day .

Com bined a c tio n  o f h ea t a n d  b iv a le n t c a tio n s w as te s te d , to o . To te s t  
th is  ac tion , 1 m l in fe c tiv e  cu ltu re  f lu id  an d  1 m l 2 M  MgCl2 so lu tion  sterilized  
b y  h ea tin g  was m ix ed  an d  in c u b a te d  in  w a te r b a th  a t  50 °C for 30 m in u tes . 
T h e n  th e  m ix tu re  w as d ilu ted  and  in o cu la ted  as described  above.

To te s t try p s in -re s is ta n c e , e q u a l am o u n ts  o f in fec tive  cu ltu re  f lu id  an d  
0 .2 5 %  sterile try p s in  so lu tion  (D ifco 1 : 250) w ere m ixed an d  in c u b a te d  in  
w a te r  b a th  a t 37 °C fo r 30 m in u te s , th e n  serial ten fo ld  d ilu tions w ere m ade 
a n d  in o cu la ted  as described  above.

To determ ine  th e  orig inal t i t r e ,  v iru s  flu ids d ilu ted  to  tw ice of th e ir  o rig inal 
v o lu m es w ith  d is tilled  w a te r w ere t i t r a te d  in  tissu e  cu ltu res  an d  se rved  as 
co n tro ls .

C ytopath ic  e ffec t o f v iru s  w as observed  u n d e r th e  m icroscope. B y  th e  
3 rd  to  4 th  day  o f  in c u b a tio n  c h a ra c te ris tic  cy to p a th o lo g ica l changes ap p e a re d  
in  th e  tissue c u ltu re s  in o cu la ted  w ith  th e  in fec tive  v iru s. No changes could  
be  observed  in  th o se  in o cu la ted  w ith  in a c tiv a te d  v iru s.

R esults

R esults of th e  resis tan ce  te s ts  a re  sum m arized  in  T ab le  1. T h e  o rig in a l 
v iru s  titre s  ran g e d  betw een  10s a n d  108/0.2 m l an d  th e se  w ere red u ced  b y  
try p s in  or h e a t t r e a tm e n t  to  v a rio u s  e x te n ts , even  in  th e  absence of b iv a le n t 
c a tio n s . I t  was s tr ik in g  th a t  on th e  jo in t  effect o f  h e a t an d  b iv a le n t ca tio n s  
a ll te s te d  s tra in s  com plete ly  lo s t th e ir  in fec tiv ity .

H ea t t r e a tm e n t  a t  50 °C fo r  60 m inu tes red u ced  th e  orig inal t i t re s  to  
v a rio u s  ex ten ts  d ep en d in g  on th e  s tra in . I t  w as revealed  th a t  th e  fre sh ly  iso 
la te d  v iru len t s tra in s  were m ore  sensitive  to  h e a t th a n  th e  vacc ine  s tra in s  
w ith  reduced v iru len ce  and  a v iru le n t s tra in  iso la ted  long tim e  ago. T h e  
re d u c tio n  in  t i t r e  w as 4 to  5 an d  1 to  2 log u n its , re spec tive ly . S im ilar re su lts  
w ere o b ta ined  w ith  try p s in . H ow ever, th e  re su lts  o f th e  tw o te s ts  d id  n o t 
a lw ays conform  to  each  o ther.
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Table 1
Changes in titre o f 8 different H erpes virus strains due to  the action of heat, 

cation and h ea t and trypsin

T itres

Virus strain
Before treatm en t

Following treatm ent vith

H eat (a t 50 °C)
Cation and heat 

(a t 50 C) Trypsin

Aujeszky’s virus (virulent Ig/67) 
Aujeszky’s virus (vaccine K 4/61) 
Bovine rhinotracheitis virus

106 101-5 0 101-5

10« 10« 0 105

(virulent Nu/67) 105-5 101-5 0 0
Bovine rhinotracheitis virus (Sz2/61) 10« 104 0 102
IBR vaccine (Diamond) 105-5 104 0 102
Bovine herpes virus (Movár 33/63) 105 10- 0 10*
Feline rhinotracheitis virus (K B/63) 10-> 0 0 102
Equine rhinopneumonit is virus (DP/65) 105 101 0 10*

D iscussion

M em bers of th e  H erpesv irus g ro u p  are , in  g enera l, kno ten  to  be h ea t- 
an d  trypsin -lab ile . M ore recen tly  B o do n  e t al. (1968) h av e  observed  th a t  
vaccine  s tra in  K4/61 o f  A ujeszky’s d isease v iru s  is m ore  re s is ta n t to  h e a t and  
try p s in  th a n  th e  v iru le n t  s tra in s o f th e  sam e v iru s . In  th e  p re se n t stud ies we 
have found  th a t  som e s tra in s  of o th e r  h e rpesv iruses possess th e  sam e p roperties. 
All o f  these  s tra in s a re  o f reduced v iru lence . B ased  on o u r s tu d ies , sm all in  
n u m b e r, i t  m ight b e  suggested  th a t  an  increased  re s is ta n c e  to  try p s in  an d  
h ea t involves a re d u c e d  viru lence. I f  th is  h y p o th es is  is r ig h t, selection  of 
innocuous stra ins fo r vacc ine  p ro d u c tio n  ag a in st diseases (e.g. equine rh ino- 
pn eu m o n itis , feline rh in o tra c h e itis ) , cau sed  b y  h e rp esv iru ses  can  be m ade m ore 
easily . To select in n o cu o u s  stra ins, e x p e rim en ta l an im als  h a d  to  be in ocu la ted  
th u s  fa r. Based on th e  h ea t- and  try p s in -s ta b il i ty  te s t  i t  w ill be possible to  
re s tr ic t  th e  use o f a n im a l ex perim en ts to  re la tiv e ly  re s is ta n t  s tra in s .

SUM M ARY

Sensitivity to the action  of heat and trypsin o f 8 different strains belonging to the  
Herpes group was studied. T he tested strains did not behave uniform ly. U nlike the experiences 
gained so far, some of the strains resisted h ea t and trypsin  treatm ent. The strains were those  
used for vaccine production or old laboratory strains. It is supposed th at heat- and trypsin- 
resistance of viruses belonging to the H erpes group m ay ind icate com plete loss or decrease 
of their virulence. Along w ith  the theoretical significance th is fa c t p lays a practical role, 
too, because selection o f  th e  strains in tended  to use for vaccine production could be 
sim plified.

All the tested strains were inactivated due to the sim ultaneous action o f heat and b iva
lent cations.

R E F E R E N C E

B odon , L., Mészá r o s , J., P a pp -V i d , G. and R om v á ry , J.: A cta vet. hung. 18 
(1968), 107.
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W a t e r s o n , A. P.: In troduction  to animal virology. Second edition. Cambridge, U niversity  
Press. 1968 (Price 35 s). 176 pages.

The book has been w ritten  chiefly for investigators working in  the boundary fields of 
biology. The author uses th e  anim al viruses as m odels to dem onstrate the structure and effect 
on the host cell of the v iru ses as subcellular u n its , w ith  special regard to their transforming 
action connected w ith th e  transfer of genetic inform ation. As com pared to the first edition , 
the present second ed ition  contains numerous m odifications in order to m ake it  cope w ith the 
recent extensive progress in  basic virology. T he book is keeping in w ith  the author’s original 
intention  to discuss the cellu lar and m olecular aspects of the viruses rather than applied  
virology.

The first of the e ig h t chapters deals w ith  the history of virology from the last decade 
of the p ast century up to  d ate . This short h istorica l survey has been com piled so as to con
centrate the reader’s a tten tio n  on the basic concep ts underlying the recent discoveries which  
are opposed to the earlier macromolecular in terpretation  of the virus. In this light the formerly 
much disputed problem w hether or not the v irus is a liv ing organism  seems to be o f less 
bearing. Emphasis is la id  rather on the description  of the decisive properties o f the viruses, 
which are highly organized nucleoproteids, structurally  more com plicated than the macro- 
inolecules and are further characterized b y  b iological specificity , heredity and genetic  
variability.

Chapters 2, 3 and 4  dea l w ith the virion’s structure, w ith virus titration  and liaemagglu- 
tination  m ethods, resp ectively . Chapters 5, 6, 7 and 8 discuss the viral replication cycle, the 
cancerogenic role of viruses and the genetics and pathogenicity o f  anim al viruses. Like in  
the whole small volum e, th e  author carefully avoided details also in  the individual chapters, 
restricting the text to the description of phenom ena and events to an ex ten t which is helpful 
to the non-virologist reader.

Inform ation on th e  sev en  newest E nglish  textb ooks on — chiefly  anim al — virology, 
is given in the Appendix. T he bibliography com prises 355 references.

The first edition o f th e  book, published in  1961, was based on a series o f lectures read 
to an undergraduate aud ience. The substantially m odified second edition  discusses clearly 
and concisely the discoveries m ade in the field  o f  virology during the past tw o decades, in an 
easily comprehensible and readable form appealing even to readers engaged in  rem ote fields 
of biology.

T. Sz e n t- I van  yi

Current Veterinary Therapy. — Small A n im al Practice.

Third edition . Edited by R o b e r t  W. K ir k . — 762 pages, w ith  num erous figures and pictures- 
In cloth. Publisher: W. B . Saunders Co. P hiladelph ia , London, Toronto. 1968.

This is a considerably revised and enlarged edition o f the book. It is com pleted by a 
new part titled  Dietary T herapy. Some of the chapters were written by new ly-invited  authors. 
The work aims at offering th e  latest knowledge o f the m ost up-to-date therapeutical treat
m ents and of the diseases occurring in the veter in ary  practice m ost frequently w ith small 
animals.
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The editor, Professor of Sm all Anim al M edicine at New York State Veterinary College, 
Cornell University, w as supported by e leven  consulting-editors. The num ber of contributors 
is as many as 167. These are experts who can be counted among the best ones in their special 
fields. All, except several Europeans, are A m ericans, m ost o f them  veterinarians.

The work falls in to  15 parts, each part com prising several chapters. I t  is com plem ented  
w ith  an Appendix follow ed by a detailed, precise, practicable Index.

1. Special T herapy. E xcellent chapters claim ing very high professional merits in  th is  
part are the Use o f  A ntim icrobial D rugs , Blood Transfusion , Shock-, F lu id -, R adiation -, and 
Ultrasound Therapies, and m any minor chapters. A very good review  of the problem  of jaundice  
is g iven  in the chapter Icterus in the Dog , though it is disputable whether this problem  fits  in 
the subject matter. It cannot be deem ed very fortunate to have the characteristics o f chronic 
and acute liver diseases included in th is chapter.

2. Dietary Therapy. The first chapter is the Index of N utritional Therapy giving shortly, 
y e t  very substantially  and clearly, the basic principles of dietary prescriptions necessary in  
th e  course of diseases and conditions. The chapters H and Rearing o f  Newborn P uppies. A r ti
f ic ia l  A lim entation , F ood-Induced A llergy , Prevention o f Coprophagy, Weight Loss and Obesity 
are worthy of a tten tion . H owever, it  is not quite clear why hypoglycaem ia , puerperal tetany  
and pansteatitis are dealt w ith  at this place, as they are essentially  m etabolic diseases.

3. Physical and Chemical In juries. The follow ing pages present the general principles 
o f the diagnosis and treatm ent of poison ings, follow ed by the sym ptom atology and character
istics  of the m ost frequent poisonings o f m ineral and plant origin. These chapters to be rated  
am ong the best parts o f the book, are practicable and give a good and clear sum m ary o f the  
m ost im portant inform ation on poisoning. — B urns , frostbite  and heat stroke are treated also 
in  th is part.

4. Diseases o f  the R espiratory System . This section deals w ith  the diseases o f the respi
ratory system  caused b y  bacteria, viruses, parasites, fungi, etc. The chapter N asal and Sinus  
Surgery  is worth to note. The chapters Bronchial A sthm a , Abnorm al Chest F luids Including  
Chylothorax and E xudative P leurisy o f  Cats are novel and interesting. This part deals w ith  
tonsillitis, so frequent and im portant in dogs, though the tonsils do not belong to the resp i
ratory system .

5. Diseases c f  the Cardiovascular System . Frequent and very rare diseases can equally  
be found in this part. Thus the pathography of very rare developm ental abnorm alities, and 
ev en  a very detailed description of their surgical solution can be found here as well as the  
digitalis and diuretic therapy in H eart F a ilu re , Heart Insufficiency  and other Heart D iseases. 
A gain, it  is unusual to find  the chapter A scites  among the diseases o f the cardiovascular 
system .

6. Diseases o f  the Blood and L ym ph . This part deals w ith the pathography of anaem ia , 
bleeding and haemorrhagic diseases and m alignant lym phom a  (lym phom atosis).

7. Dermatologic D iseases. A w ell-constructed, valuable and interesting part o f the book. 
T he complex problem  is dealt w ith ex ten sively  and rather fully, corresponding to the sign if
icance of derm atological diseases. Am ong the parasitic diseases, various types o f mange, demo- 
dicosis and other, less frequent derm ato-parasitoses are discussed as well as dam ages caused  
by skin parasites. D etailed  and high-level chapters are D erm atophytosis, Cutaneous a llergy , 
F lea Allergy D erm atitis  and Otitis externa including its surgical treatm ent. Less frequent b u t  
rather important sk in diseases are also dealt w ith  in this section.

8. Diseases o f  the E ye. A uniform , short, bu t full and w ell-built picture of the subject 
is given. After g iving a review  on the structure and exam ination o f the eye, and of the v ision  
test, a good concise discussion of the diseases o f every part o f the eye, as well as their tr ea t
m ents are presented.

9. Diseases o f  Cage B irds and Exotic Pets. The first chapters o f this section discuss cage  
birds, their physical and laboratory exam ination , hospitalization and nutrition. Then th e  
infectious, non-infectious, parasitic diseases and those dem anding surgical treatm ent are 
considered. Further chapters deal w ith  the care and feeding of m onkeys, their m etabolic , 
infectious, respiratory, surgical and obstetrical diseases. Besides these chapters, the section  
gives ample reading on exotic  cats, m ice, rats, guinea pigs, rabbits, gerbils, golden ham sters, 
crocodiles, turtles, snakes and lizards, kinkajous, raccoons and skunks, their keeping, nutrition  
and diseases.

10. M uscoskeletal Disorders. In  th is section the chapters H ip  D ysp lasia  and Canine 
D isc Disease are excellent. However, besides these only Osteochondritis and the Diseases o f  
the Muscles o f  M astication  can be found. U nfortunately, a num ber of im portant diseases o f  
the organs of m ovem ent cannot be found in this section.

11. Neurologic Disorders. The chapter Seizures gives an appreciation of the differential 
diagnosis of seizures, sum m ing up their origination. The part Norm al and Abnormal Behaviour
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o f Dogs is very interesting, presenting a few ideas concerning the psychology of dogs. A rather 
lengthy chapter treats the fe lin e  vestibular disease  and the treatm ent of otitis media. Besides 
these subjects, only the chapters Intercranial and Spinal In ju ries , E xam ination  o f  the Cerebro
spinal F lu id  and Polyradiculoneuritis are included in  the section. Thus, though each chapter can 
be deem ed valuable, on the w hole a feeling o f  w an t arises on reading th is rather unproportional 
part o f the book. It is hard to  understand w h y  other frequent and im portant diseases o f the  
central and peripheral nervous system  have n o t been introduced in  this section.

12. Diseases o f the D igestive System. T his com paratively short section deals w ith the 
most im portant diseases o f  th e  digestive sy stem  and the parasites o f  the intestinal tract. 
The chapter on the diseases o f  the teeth (D en ta l Care) is particularly elaborated. The chapter 
Diarrhea gives ample inform ation about enteritis. The diseases o f the pancreas are thoroughly  
discussed, but the liver is n o t mentioned.

13. Endocrine and M etabolic Diseases. T his section deals rather am ply w ith the diseases 
arising from  the anom alies o f  endocrine glands; much less space is given to various bone 
diseases.

14. Infectious D iseases. After a short description of the m ost im portant infectious 
diseases and high-level chapters on the rules o f  disease prevention for dogs and cats, m any  
chapters deal with the transportation and export-im port prescriptions for pets.

15. Diseases o f  the U rogenital Systetn. T he first chapters o f  the section  comprise the m ost 
im portant diseases of the urinary system . Consecutive chapters enum erate the problems of  
obstetrical help, fertility (artificia l insem ination) and sterility  as w ell as various diseases of 
the fem ale genital organs.

A ppendix . This part contains detailed com prehensive tables o f  corpuscular elem ents, 
chem ical constituents and physical properties o f the blood, urine, cerebrospinal fluid, sperm, 
synovia and digestive secretion . Tables referring to physiological data of the dog, determination  
of the age of dogs, nutrient requirem ents, grow th  and developm ent o f various types o f dogs 
are included. Finally un its o f  measures, im portant drugs and instrum ents are listed.

A fter a short review  o f the book it is n o t easy to form an adequate opinion. U ndoubt
edly, it  gives considerably m ore than prom ised by its title , since it  deals not only w ith the 
therapy of diseases, but also w ith  their aetio logy and sym ptom atology, and often w ith their 
differential diagnosis, including even the laboratory-diagnostics. M ost o f  the chapters give  
the practitioner full inform ation on the su bject in question, even  a knowledge outgrowing 
the dem ands of the general sm all animal practice.

Taking any chapter at random , it is easy  to see that it  w as w ritten by one of the 
best experts of the subject. The chapters are, in  overwhelm ing m ajority, pointing to the essen
tial problem , grasping and interpreting it  in  an excellent style easy to follow  for the practi
tioner sometimes giving alm ost delightful reading. Some chapters excel in pointing out 
the interrelations; others excellen tly  sum up all the inform ation on the problem.

H owever, if  the w hole book, or certain parts, are considered, the im pression is not 
so unequivocally  favourable. Besides the undisputable advantages, there are certain disad
vantages involved in the fa c t th a t the book w as w ritten by m any authors. Some sections, 
som etim es not even the m ost im portant ones, are unnecessarily long; overlapping is not rare. 
Though this is mainly a m atter  of editing, th e  absolute lack o f som e extrem ely im portant 
subjects is definitely a weak po in t in the editorial work E .g ., A ujeszky-disease is not m entioned  
at all. I t  seems incredible th a t neither hepatitis, nor hepatic cirrhosis is dealt w ith in a sepa
rate chapter; the chapter Icterus does not supplem ent the m issing chapters. I t  is hard to 
understand why m eningitis, m yelitis and the diseases o f the peripheral nerves are not dis
cussed. The metabolic diseases are also rather scantily  dealt w ith. A t the same tim e, diabetes 
insipidus, one of the rarest diseases in practice, is treated on fiv e  full pages; this unjustified  
lack o f uniform ity is, regretfu lly , characteristic o f the greater part o f the book. The exten t 
and leve l o f the treatm ent o f  certain surgical questions, e.g. som e problem s of the chest and 
vein-surgery, operation o f o tit is  externa and m edia, the surgery o f the sinuses, attain the 
level expected  from good handbooks of surgery. A t the same tim e, the treatm ent of a broken 
bone has no separate chapter.

The layout of the sections except those devoted to the eye and skin diseases does not 
show a logical line. I t  is rather hard to guess w h y the exam ination o f the cerebrospinal fluid  
is treated together w ith the intracranial and spinal injuries; or w hat train of thoughts gave  
the layou t o f the whole sec tio n  on the nervous system .

Sim ilarly, the whole arrangem ent of the subject m atter gives rise to wondering. Cor
rectly , i t  begins with general problem s follow ed b y  diseases o f the organ-system s in  consecutive  
chapters. B ut why the d iseases o f cage birds and exotic pets cam e in betw een the diseases 
o f the eye and muscles, or w h y  infectious diseases fell between the m etabolic  and renal diseases, 
is rather hard to explain.
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The value o f a book is given by its  conten t and practicability . For the practising v e te 
rinarian using the book as a handbook or lexicon, the above objections are uninteresting. 
H ow ever, the reader will n o t fin d  the answer to  som e questions he is interested  in. And, the  
ex p ert who wants to go in  deeply  in to  certain sections, or the whole o f  th e  book, will be d efi
n ite ly  disturbed by these deficiencies.

There is no doubt th a t a book dealing w ith  such an enormous subject m atter can hardly, 
or n ot at all, be constructed to  m eet every  requirem ent. Y et, we w ish  to  hope that the n ex t  
ed itio n  of this precious and popular m anual for practising veterinarians, which comprises 
extrem ely  valuable know ledge treated on a very high level, will e lim inate m ost o f  the deficien
cies and will give full jo y  to the reader.

F. K a r sa i
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ACTA V E T E R IN A R IA
TOM  19 —  В Ы П . 1 

Р Е З Ю М Е

ИЗУЧЕНИЕ ЭНДОКРИННОЙ СИСТЕМЫ АМФИБИЙ.
ПАРАЩИТОВИДНЫЕ ЖЕЛЕЗЫ RANA RIDIBUNDA

В. Р И ЗК А Л Л А

Rana ridibunda обладает двумя паращитовидными железами, лежащими с двух 
Сторон продольной оси тела. Железы примыкают к внутренней стороне яремных вен и 
язычных артерий.

Железы овальной формы, невооруженным глазом хорошо заметны, поскольку они 
в длину 4 мм и в ширь 2 мм. Железы обладают углублением, напоминающим ворота, через 
которые афферентные сосуды внедряются в орган и эфферентные уходят от него.

Паращитовидную железу формируют эпителиальные клетки, сосредоточенные в 
группы или образующие хорды. Железа богато и равномерно переплетена кровеносными 
сосудами.

Корпус железы обычно дифференцируется на темно окрашенную периферическую 
зону и бледнее окрашенную центральную зону. Последняя характерна тем, что в ней 
чередуются темно и бледно окрашенные группы клеток. Темно окрашенные клетки -  
Это признаки дегенерации, тогда как бледно окрашенные являются, видимо, центром 
регенерации паращитовидной железы.

Некоторые паращитовидные клетки выделяют ацидофильные коллоидные капельки. 
Этот секреторный продукт может быть носителем паращитовидного гормона.

Не удалось доказать наличия слизи в железах. Зато липоиды обнаружены в тканях 
желез, главным образом в клетках периферической зоны.

ВЫЯВЛЕНИЕ ОСТАТКОВ АНТИБИОТИКОВ В МЯСЕ УБОЙНЫХ ЖИВОТНЫХ
Я . Т А К  A 4  и Ш. КО ВА Ч

Изучалось наличие антибиотиков в мясе 244 животных, лечившихся этими препа
ратами до убоя. Изучение проводилось модифицированным методом Гардсайд (Gardside). 
Из почки вырезывались 4 блока формы кубика с размерами в 1 0 x 1 0 x 5  мм. Блоки после 
заморожения ставились на агарные пластинки стандартного состава, на которые потом 
высевались суточные культуры стандартных штаммов бактерий (В. subtilis АТСС 6633, 
St. aureus АТСС 6538, Sarcina lutea АТСС 9341 и Е. coli АТСС 9637). После размещения 
замороженных блоков из почек агарные пластинки ставились на срок 4—4,5 часов в холо
дильник температуры + 4  °С, после этого же в термостат температуры 37 °С на срок 18— 
20 часов.

Среди 244 животных в 24,6%-ах случаев удалось доказать наличие антибиотиков. 
Поскольку наличие .антибиотиков сильно влияет не только на результат дополнительного 
бактериологического исследования мяса, но повреждает и здоровье человека, потребив
шего такое мясо, авторы рекомендуют включить изучение наличия антибиотиков в мясе 
больных и потом прирезанных животных в качестве обязательного дополнительного иссле
дования мяса при ветсанэкспертизе. Рекомендуется дальше употреблять мясо, содержа
щее антибиотики, только для приготовления мясных продуктов, получаемых обработкой 
температурой.
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ЗНАЧЕНИЕ РСК И МЕТОД ИММУНОФЛУОРЕСЦЕНЦИИ 
В ЛАБОРАТОРНОЙ ДИАГНОСТИКЕ ТОКСОПЛАЗМОЗА

Э. М О Ч А Р И  и Д Ь . С Е М Е Р Е Д И

На кроликах поголовья, неблагополучного по токсоплазмозу, на животных в раз
ной степени больных и павших, дальше, искусственно зараженных лабораторных живот
ных изучалась надежность РСК и метода прямой иммунофлуоресценции в диагносциро- 
вании токсоплазмоза. РСК авторы нашли удобной для дополнительного исследования, 
но ее положительный результат — согласно авторам — без прямого выявления зараз
ного начала не имеет диагностического значения. Поэтому авторы в своей работе подчер
кивают значение прямого выявления токсоплазмы. Для этой цели наиболее зарекомен
довал себя очень чувствительный, быстрый и специфический метод иммунофлуоресценции.

ОЦЕНКА ЗАМОРОЖЕННЫХ СЪЕСТНЫХ ПРОДУКТОВ 
НА ОСНОВАНИИ МИКРОБИОЛОГИЧЕСКОГО ИССЛЕДОВАНИЯ

Я . Т А К А Я , 3 . Ш И М О Н Ф И  и Э. И М Р Е Х

2842 образца из быстро замороженных, готовых к продаже съестных продуктов 
изучено с микробиологической точки зрения. На основании технологического процесса, 
понижающего количество микробов, до микробиологического исследования замороженные 
продукты разделили на пять групп. И то: мясные, готовые блюда, быстро замороженные 
(обработанные температурой); полуготовые мясные блюда (необработанные температу
рой); бланшированные овощи; фрукты и блюда, невходящие в эти группы. При органо
лептическом изучении определяли число всех живых микробов, протеолитических, коли- 
формных, щелочьпродуцирующих микробов, число почкующихся и плесневых грибков, 
число клостридиев, гемолизирующих, психрофильных и микробов Micrococcus pyogenes 
var. aureus. Ряд исследований заканчивался изучением сальмонелл. В отношении всех 
изучаемых признаков исчисляли логарифмическое среднее и при помощи кривой Гауса 
определяли значение разового положительного рассева. Данные исследований показаны 
на кривых снимков 1—5 и таблице. Обнаружено, что среди микробиологических свойств 
для оценки микробиологического состояния продуктов наиболее удобно число всех живых 
микробов, колиформных и лактобациллов, почкующихся и плесневых грибков и клост
ридиев.

Отдельные микробиологические требования разнятся друг от друга в зависимости 
от того, подвергалось ли сырье (продукт) до заморожения обработке температурой, или 
речь идет только о замороженном продукте. Указанные микроорганизмы в первых име
ются в значительно меньшем количестве, чем в последних. На этом основании однако не 
следует делать отличия в отношении патогенных и токсинпродуцирующих, гемолизирую
щих микробов Micrococcus pyogenes var. aureus, сапрофитных или условно патогенных 
клостридиев. Бесперебойная холодильная и гигиеническая цепь, безостаточное обеспече
ние гигиены производства является неотъемлемой частью недопущения порчи быстро 
мороженных продуктов. Благодаря действию внеклеточных энзимов и при низком микроб
ном числе замороженный продукт может явиться испорченным, если энзимы проявили 
свое действие еще до заморожения или после отморожения. Порчу от психрофильных 
микробов можно профилактировать обеспечением сухости поверхностей продукта и низ
кого pH. Если число микробов достигло значения 107—108 в грамме или см3, заморожен
ный продукт нужно декларировать гнилым.

СОДЕРЖАНИЕ АНТИБИОТИКОВ В ЯЙЦАХ 
КОРМИВШИХСЯ ПРЕПАРАТОМ ЭРРА КУР

Э Д И Т  И Л Л Е Ш  и М. С Е Н Т -И В А Н Ь И

Изучено содержание окситетрациклина в яйцах несушек, кормившихся долгое 
время подкормкой Эрра—2. После критической проверки нескольких методов экстрагиро
вания, рекомендуемых литературой, применялись параллельно два метода экстрагипо-
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РЕЗИСТЕНТНОСТЬ К ТРИПСИНУ И ТЕМПЕРАТУРЕ 
НЕКОТОРЫХ ШТАММОВ ИЗ ГРУППЫ ХЕРПЕТОВИРУСОВ

А. Б А РТ А , Ш, Б Е Л А К  и Й. Б Е Н Е Д А

Изучена устойчивость 8 вирусных штаммов из группы херпес к температуре и 
трипсину. В исследованиях вирусные штаммы вели себя по-разному. В разрез нашим 
знаниям часть вирусных штаммов противостояла обработке температурой и трипсином. 
Это были вакцинные или старые лабораторные штаммы. Можно предполагать, что рези
стентность вирусов к температуре и трипсину означает потерю или понижение виру
лентности. Кроме теоретического этот факт имеет и практическое значение, ибо на этом 
основании отбор вакцинных штаммов можно бы в значительной мере упростить.

Все изученные вирусные штаммы инактивизировались после обработки темпера
турой и катионами.
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вания: смесью буфера щавелевая кислота +  гликокол и фосфатным буфером pH 4,5. 
В качестве тэст-организма использован В. subtilis при применении так называемого чув
ствительного метода.

Изучено 293 яиц от 15 несушек. Среди несушек 6 получали принятую дозу Эрра, 
то есть 150 г Эрра—2 к 100 кг-ам корма (30 мг окситетрациклина на 1 кг корма), 6 — 
десятикратную дозу Эрра—2 (300 мг ОТЦ/кг корма), 3 — оставлены контрольными и 
получали корм без антибиотика.

Доказано, что каждый г белка всех яиц — в том числе и от несушек, не получавших 
антибиотика — содержит по 1 — 1,5 у вещества, тормозящего рост колоний В. subtilis. 
Авторы считают, что этот бактериостатический эффект вызывает имеющийся в яичном 
белке лизозим. Наличие ОТЦ не обнаружено даже в яйцах от несушек, получавших 
10-кратную дозу Эрра—2. Этим доказано, что потребление человеком сырых яиц от 
несушек, подкармливавшихся долгое время антибиотик содержащим препаратом, не 
может быть источником повреждения здоровья.

Экспериментами одновременно лишний раз доказано, что несушки, подкармли
ваемые антибиотиком откладывают больше яиц, чем контрольные. Дозу антибиотика 
однако нецелесообразно поднять выше рекомендуемой, ибо это не сопровождается даль
нейшим подъемом яйцепродукции.

КОСВЕННОЕ ОПРЕДЕЛЕНИЕ ГЕНОТИПОВ ПЛЕМЕННЫХ ПЕТУХОВ НА 
ОСНОВАНИИ ФЕНОТИПОВ ЯИЧНОГО БЕЛКА НЕСУШЕК И ПОТОМСТВА У

КУРЫ
М. П А П П  и Л . Ф ЕШ Ю Ш

Полученные от 60 несушек венгерской белой породы, от 85 несушек породы сас- 
секс, от 61 несушки породы белый легхорн и от 28 несушек породы род айлэнд яйца изу
чались методом крахмаль-жель-электрофореза. Определены генотипы 6 семейств породы 
белый легхорн и 4 семейств породы род айлэнд. На основании материнных и дочерних 
генотипов авторы определили предполагаемые генотипы петухов р отношении всех четы
рех .мест яичного белка.

ГИСТОХИМИЧЕСКОЕ ВЫЯВЛЕНИЕ 
ГЛИКОГЕНА ПРИ СОЗРЕВАНИИ МЯСА 

Г. Б И Р О

Гистохимическое выявление гликогена осуществлялось в кроличьей и свиной 
мышце при помощи реакции PAS. При равномерном содержании гликогена на попереч
ном срезе получается равномерное темно-красное окрашивание. Изменения содержания 
гликогена между мышечными волокнами реакцией выявляются. При помощи гистохими
ческого метода внутри мышечной связки можно следить за содержанием гликогена в мы
шечных волокнах и на основании этого можно судить о биохимическом состоянии пос
ледних.

ЭКСПЕРИМЕНТАЛЬНОЕ ИЗУЧЕНИЕ РЕГУЛИРУЮЩЕГО 
МЕХАНИЗМА РАВНОВЕСИЯ КИСЛОТА-ЩЕЛОЧЬ У ОВЕЦ

Б . Ю Х А С  и Б . С Е Г Е Д И

Количество и концентрация слюны у овец, согласно исследованиям, кроме извест
ных уже факторов (консистенция корма, количество сухих веществ в корме, жевание, 
проглатывание, отрыжка, давление на стенку рубца, размеры частиц содержимого рубца) 
оегулируются и изменениями pH и химического состава рубцевой жидкости. Можно 
предполагать, что в стенке преджелудков имеются чувствительные к химическим раздра-
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жителям рецепторы, раздражения которых влияют рефлекторным путем на количество, 
pH и состав слюны и мочи. Пока между содержимым рубца и водяным пространством 
имеются отклоняющиеся от нормы условия, наблюдается обратное соотношение в коли
честве выделяемой слюны и мочи. Данные экспериментов именно показали, что при по
нижении значения pH рубцевой жидкости количество выделяемой слюны повышается 
и она становится более щелочной, причем имеется одновременное понижение количества 
выделяемой мочи, которая становится более кислой. Повышается количество Na+ и К+, 
выделяемых слюной, но зато их концентрация в моче понижается. Повышение концент
рации молочной кислоты в крови не ведет к появлению этого вещества в слюне, зато мочей 
выделяется одновременно большое количество молочной кислоты и аммиака. Даже при 
некомпенсированном ацидозе слюна остается щелочной.

Обнаружено дальше, что при сильной кислотности рубцевой жидкости животные 
переносят без вреда даже токсическую дозу карбамида. От пониженной дозы карбамида 
изменяются количество и состав выделяемой слизи. Концентрация карбамида в слюне 
повышается, но зато он, Na+ и К + за час выделяются в значительно меньшем количестве. 
Однако одновременно повышается количество выделяемой мочи и с нею аммиака, карба
мида, как и Na+ и К+. Таким образом состав и количественные соотношения выделяемой 
слюны и мочи показывают существенные изменения, которые тесно взаимосвязаны с 
качественными и количественными условиями химических процессов, разигрывающихся 
в рубце. На этом основании у овец наряду с мочей слюна тоже играет важную роль в 
водяном и алкалическом обмене, дальше, регулировке равновесия кислота-щелочь в 
организме.

ОЦЕНКА НЕКОТОРЫХ ВЕЩЕСТВ, ПРИМЕНЯЕМЫХ В ТРАНСФУЗИОННОЙ 
ТЕРАПИИ, НА ОСНОВАНИИ ОБЪЕМА КРОВИ

Д Ь . П Е Т Е Ш , Д Ь . Л А М И  и Л . ТАМАШ

Из общей сонной артерии от 18 собак авторы брали быстро по 30 мл/кг крови, 
которую потом замещали таким же количеством физиологического раствора поваренной 
соли, гепаризированной (гомологической) крови, плазмой и венгерским декстрановым 
препаратом — Плазмодекс.

До получения крови и после окончания инфузий при помощи меченого I’31 плаз
менного собачьего альбумина определялся объем плазмы и, зная гематокрит, объем крови.

За время наблюдения в 1,5 часа констатировано, что показатель эффективности 
(показатель объема крови после инфузии в %-ном выражении к этому же показателю до 
получения крови) у Плазмодекс равнялся 109,5%-ам, после применения гепаризирован
ной плазмы — 93,2%-ам, в группе, получившей гепаризированную кровь — 87,7%-ам 
и в группе же, где кровь заместили физиологическим раствором поваренной соли — 
76,5%-ам.

Измерениями при помощи меченых атомов обнаружено, что объем крови у здоро
вых собак равнялся 86,9 +  17,9 мл/кг (то есть 8,7%-ам живого веса).

Авторами дается новый анализ данных, полученных раньше в экспериментах по 
частичному обескровлению и замещению крови (выживание, нормализация общего со
стояния, восстановление давления крови «bleeding volume index» и показатель «lethal 
rebleeding volume», формирование объема крови).

ХРАНИМОСТЬ И РЕАГИРУЕМОСТЬ ЭРИТРОЦИТОВ СВИНЬИ
Л .  Ф ЕШ Ю Ш  и М. ПАП П

Изучалась хранимость эритроцитов свиньи в нитратном растворе и растворе 
Алсевера с добавлением к ним разного количества цианида калия или цианида натрия. 
В цитратных растворах, содержащих цианиды в соотношении 1 : 17 000 — 1 : 21 000, 
можно хранить эритроциты четыре недели. Эти же клетки можно отлично хранить в 
растворе Алсевера при содержании цианидов в соотношении 1 : 2000 — 1 : 3000 -  
в течение 60 дней. Ни один среди 50 образцов крови, хранившийся в растворе Алсевера 
с содержанием цианида калия в соотношении 1 : 2500, не испортился, ни в одном не имелся 
гемолиз и реагируемость эритроцитов с изоиммунными сыворотками в реакции прямой 
гемагглютинации существенно не понизилась даже к 47-му дню хранения.
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Introduction

W ithin the scope o f  an investigation o f  changes in the early ontogenesis we studied the 
iron content in chicken liv ers from hatching un til the age of one m onth.

In the body iron form s a part of the haem oglobin, cytochrom e C and of a number of  
further enzym es (K e l l e r  and Sch eu n ert , 1952). D eterm ination of iron in  the body of chicks 
im m ediately after h atch ing  w as performed b y  E w in g  (1951), and in young and mature chickens 
by Sp r a y  and W id o w so n  (1951). We is e r  e t al. (1966) studied the iron content in the serum  
and plasm a, E l v eh jem  and P eterson  (1927) com pared the iron concentration in the different 
organs and in red and w h ite  m uscles. The fate  o f labeled iron in the organism  after absorption  
of subcutaneously applied preparations was exam ined  by R amsay  (1966), and similar problems 
were dealt with by P l a m a s  (1967). The iron content in  the yolk and in the albumen were 
determ ined by E l v e h je m  e t  al. (1929) and b y  E w in g  (1951), the relations betw een iron in the  
feed ration and hatchab ility  and laying were studied b y  K r ie g  (1965), Opic h a l  (1965), and the  
iron content in the feed ra tio n  and its influence on the health  of chickens were investigated by  
N o r r is  (1966), K u r n ic k  e t  al. (1958), and b y  D a v is  (1962).

M aterial an d  m ethods

Iro n  was d e te rm in e d  in the livers o f 147 chickens aged from  1 to  31 days, 
se p a ra te d  in to  d iffe re n t age groups as show n in T ab le  1. T h e  chickens were 
k e p t u n d e r norm al zo o tech n ica l con d itio n s an d  w ere fed th e  К  m ix tu re  for 
b reed in g  o f chickens. T h is  and  w ater w ere  su p p lied  ad lib itum . T h e  К  m ix tu re  
co n ta in s 1%  of m in era l supp lem ents in c lu d in g  8 %  F e S 0 4‘ 7 H 20 .  The chickens 
w ere k illed  by  d e c a p ita tio n , and  the b lo o d  w as used  for th e  d e te rm in a tio n  of th e  
basic  va lues. The liv e rs  w ere weighed as a w hole, th e n  co m p ara tiv e  sam ples 
were ta k e n . Iron  w as d e te rm in ed  in in d iv id u a l sam ples (a sm alle r p a rt)  and 
also in  pooled livers f ro m  six  chickens. D ry  m a tte r ,  su lp h a te  ashes and , in th e  
la t te r  w ith  o r th o p h e n a n th ro lin e , th e  iro n  c o n te n t were de te rm in ed .

T he values o b ta in e d  in  the d iffe ren t age g roups w ere su b jec ted  to  s ta tis 
tica l analysis.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969
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T he iron c o n te n t o f  th e  liver co n sis ts  o f tw o com p o n en ts : th e  iron  of th e  
liv e r  tissu e  and  th a t  o f  th e  b lood re m n a n ts  a fte r b leed ing .

T he p resen t v a lu es  can be co m p ared  w ith  o thers o b ta in e d  from  e x p e ri
m e n ts  carried  o u t w ith  th e  sam e m e th o d s .

Results and discussion

T he s ta tis tic a l ev a lu a tio n  o f th e  re su lts  is show n in T ab le  1 an d  F ig . 1.

Table 1

Changes in the iron content o f the liver of chickens in the first month
after hatching

Age in 
days

Weight 
of liver,

g

D ry  w eight 
o f liver, 

pe r cent n
m g per 

100 g 
liver

Iron  in the liver, 
mg per 100 g dry 

weight

Total 
iron per 

liver, 
^6

X S г S V

l 1.078 36.4 0.57 42 4.11 11.28 1.88 9 .2 -1 4 .1 44

3 0.9977 31.9 0.91 18 5.55 17.4 1.2 1 6 .1 -1 8 .4 55

4 1.2863 32.5 1.5 25 5.65 17.9 5.0 1 3 .1 -2 5 .0 73

7 2.0037 27.4 1.4 12 3.77 13.75 1.6 1 2 .6 -1 4 .9 76

11 1.9305 26.0 0.52 24 4.72 18.15 3.7 1 6 .4 -2 4 .3 91

18 3.7613 25.5 0.23 14 5.64 22.13 4.4 1 8 .4 -3 4 .5 212

23 5.0958 26.8 0.7 5 6.55 24.46 8.8 1 3 .8 -3 6 .9 334

25 5.7971 24.8 1.2 2 5.95 24.0 5.8 1 9 .9 -2 8 .1 345

31 7.4555 27.55 0.95 5 5.92 21.5 4.7 1 7 .4 -2 9 .3 441

A ccord ingly , th e  w eight o f liv e rs  increased  w ith  age, b u t  th e ir  d ry  m a tte r  
exp ressed  in p e r c e n t w as h ighest a t  th e  tim e  of b ir th , obv iously  because  o f  th e  
l i t t le  q u a n tity  o f  w a te r  a t  d isposal. In  th e  firs t 4 —7 day s th e  values o f th e  d ry  
m a t te r  in per c e n t g rad u a lly  d ec reased  due to  th e  w a te r  ab so rb ed  from  th e  
in te s tin e s . B etw een  days 7 and  31 th e  percen tage  o f th e  d ry  m a tte r  w as a p 
p ro x im a te ly  s tab iliz ed . The q u a n t i ty  o f  iron  d e te rm in ed  in  th e  livers, be  i t  in  
v a lu es  expressed  in  m g p er 100 g o f  d ry  m a tte r  or m g p e r liver, o r in  ab so lu te  
F e  values p er liv e r  confirm s E w i n g ’s (1951) d a ta  on th e  m in im um  supplies 
o f  iron  in h a tc h e d  chicks. T he a b so lu te ly  low est va lues w ere found  on th e  1st 
d a y  (11.28 m g iro n  p e r 100 g d ry  m a t te r  and  0.044 m g o f iron  p e r liver). T he 
v a lu e  of 11.28 m g iron  p er 100 g d ry  m a tte r  of liv er fo r one-day -o ld  chicks is 
v e ry  close to  th e  d a ta  o f E l v e h j e m  e t al. (1929), w ho d e m o n s tra te d  13 .4— 
15.1 mg iron p e r  100 g d ry  m a t te r  o f  yo lk . U p to  d a y  4 th e re  occurs a rise in  
th e  q u a n tity  o f  iro n  in  th e  liv er as show n by  b o th  th e  ra tio n  m g iron  p e r  100 g
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of liver or d ry  m a tte r ,  and  in ab so lu te  va lues (F ig . 1). In  th e  period  from  d ay  
4 to  d a y  7 alm ost a doub ling  o f th e  liver w eight to o k  p lace , w hich  w as p a r t ly  
caused  b y  the  re so rp tio n  of th e  y o lk  sac. In  consequence o f th is  th e  u p ta k e  of 
n u tr ie n ts  from  th e  y o lk  sac b y  th e  in te s tin e  an d  liv e r s to p s , an d  th e  on ly  
source o f iron is th e  feed. H ow ever, in  th e  period  from  d a y  4 to  d a y  7 th e  liv e r’s 
iron  su p p ly  is ap p ro x im a te ly  u n ch an g ed . C o nsequen tly , th e  c o n cen tra tio n  o f

HEPAR
9
8h

1 3  4 7 11 18 23 25 31 d
F ig . 1

iron in  th e  liver, exp ressed  in m g p e r 100 g d ry  m a tte r ,  show s a m ark ed  fall. 
F rom  d a y  11 on th is  in d ex  and  th e  ab so lu te  w eigh t o f th e  liv e r begin  to  rise 
and b o th  values are  doub led  b y  d ay  18. H ow ever, th e re  are  m ark ed  in d iv id u a l 
d ifferences in th e  iron  co n ten t o f th e  liver, p a r tly  due  to  th e  u n eq u a l u p ta k e  
of iron  b y  in d iv id u a l b ird s . The ab so lu te  q u a n ti ty  o f iron  p e r ch icken  was 10 
tim es h ig h er on d ay  31 th a n  on th e  d a y  o f h a tch in g . D u rin g  th e  sam e period  
the  increase of th e  av erag e  w eight o f th e  liver w as sevenfo ld .

Conclusion

T he iron was d e te rm in ed  in th e  livers of 147 W L  ch ickens aged from  1 to  
31 days. O n th e  f irs t d a y  th e  average  iron  co n ten t o f th e  livers w as 44 u s , i.e .,
11.28 1.88 m g p e r 100 g d ry  m a tte r . B y  th e  4 th  d a y  o f age th e  la t te r  ra tio n
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ro se  to  17.9 mg per 100 g d ry  m a tte r . In  th e  period  from  d a y  4 to  d ay  7 th e  
a b so lu te  q u a n tity  o f  th e  liv er iron  rem ain ed  u n ch an g ed  w hile th e  average  
w e ig h t o f the  livers d o u b led . F rom  d a y  18 to  d ay  31 th e  ab so lu te  q u a n t i ty  of 
th e  iro n  in the  liver ro se  n ea rly  p a ra lle l w ith  th e  w eigh t o f  th e  liver, i.e., th e  
p e rc e n ta g e  co n cen tra tio n  o f iron rem a in ed  a lm o st u n ch an g ed .
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In the framework of a stu dy  of changes in the early ontogenesis we exam ined the  
copper content in the liver of chickens from hatching until the age o f one m onth.

Copper is an indispensable com ponent or activator of a num ber of enzym es (Mayn a rd  
and L o sli, 1956), it is an indispensable com ponent o f feeds (A l -U b a id i , 1963) required for the  
growth, and pigm entation of the plum age. Its quantity in  the egg was determ ined by Gr e n d e l  
(1930), in the liver by U n d e r w o o d  (1965). Copper absorption from  the feed ration after an 
addition of antibiotics was exam ined by K ir c h g e ss n e r  and G ie s s l e r  (1961), the problem  of  
different Cu concentrations in the feed ration and of their influence on the Cu content in the  
liver, other organs, and in body flu ids was investigated  by Ca rlto n  and H e n d e r s o n  (1965), 
T omov and N a jd e n o v  (1963), R u szyc  and Gla ps  (1963), A lv a res  (1964), and by G ie s s l e r  
(1959). The interrelations existing betw een the quantity o f Cu in the feed ration and hatchabil- 
ity  or laying were exam ined by K r ie g  (1965), L ie b s c h e r  (1937), Sa l e je v  (1961), and N orris 
(1966). Finally, Milt m o r e  et al. (1964), D ic k  (1952), K u r n ic k  et al. (1958), H e n d e r s o n  (1963) 
and A l-U b a id i (1963) studied the effect o f a Cu deficiency in the feed on the state o f health  
o f poultry.

M ateria l and  m ethod

Copper w as d e te rm in ed  in  th e  liv er sam ples from  th e  chickens re fe rred  
to  in  our p reced ing  w ork  ( S o v a  e t al., 1969). The ch ickens w ere fed a com plete  
feed m ix tu re  for ch icken  co n ta in in g  a 1%  ad m ix tu re  w ith  a 1%  m inera l su p p le 
m en t includ ing  6%  C u S 0 4 • 5 H .,0 . T he n u m b er of ex am in ed  an im als is show n 
in T able 1. The Cu co n ten t was d e te rm in ed  in  th e  su lp h a te  ashes a fte r  a p reced 
ing d e te rm in a tio n  of th e  d ry  m a tte r . T he m odified  m e th o d  w ith  d icu ra l w as 
app lied .

R esu lts  and  discussion

The resu lts  o b ta in ed  h a v e  been  com piled  in  T ab le  1 an d  F ig . 1.
The average v alue  o f Cu in  w hole livers of h a tc h e d  ch ickens was 20.2  pg. 

T h is m eans th a t  o f th e  to ta l  q u a n t i ty  o f ap p ro x im a te ly  60 /ig o f Cu p re se n t in 
th e  egg (Gr e n d e l , 1930) a t  h a tc h in g  one th ird  w as in  th e  liv er. In  th e  course 
o f developm ent a decline b o th  o f ab so lu te  and  re la tiv e  Cu v a lu es  w as observed  
in  th e  liver. T his is ev id e n tly  caused  b y  th e  h igher d em an d s o f th e  fresh ly  
h a tc h e d  chick on th e  one h a n d , a n d ,b y  th e  im perfec t c a p a c ity  of th e  in te s tin a l 
ep ith e liu m  to  abso rb  Cu from  th e  C u S 0 4 in th e  feeds, on th e  o th e r h an d .
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Table X

Values o f copper in chickens’ liver in the first m onth of age

Age in  
days

W eight 
of liver.

g

D ry  w eight 
o f liver, 
per cent n

Cu
mg per
100 g 
liver

Copper in  the  liver, 
mg per 100 g dry 

w eight

Total
copper 

per liver,
A*gr & X & V

l 1.078 36.4 0.57 24 1.86 5.12 2.5 2 .0 3 -8 .2 5 20.2

3 0.998 31.9 0.91 18 1.01 3.17 0.51 2 .5 8 -3 .5 0 11.0

4 1.286 32.5 1.5 18 1.23 3.79 2.1 1 .5 6 -5 .7 3 15.8

7 2.004 27.4 1.4 12 1.58 3.78 3.3 2 .5 5 -9 .0 0 31.7

11 1.931 26.0 0.52 24 1.00 3.85 2.5 1 .5 0 -6 .3 5 19.3

18 3.761 25.5 0.23 14 0.71 2.79 0.91 1 .9 0 -3 .7 8 27.8

23 5.096 26.8 0.7 5 1.21 4.53 1.1 3 .4 0 -5 .9 2 72.2

25 5.797 24.8 1.2 2 1.55 6.23 1.3 5 .3 5 -7 .2 0 89.6

31 7.456 27.55 0.95 5 0.96 3.50 0.88 2 .5 6 -4 .5 7 71.7

Fig. 1. Copper in  the liver in the first m onth o f age

In  Fig. 1 th e  cu rv e  illu s tra tin g  th e  ab so lu te  q u a n t i ty  o f  Cu in th e  livers 
show s tw o ascend ing  p eak s , one on  th e  7 th  d ay  an d  th e  o th e r  on th e  2 5 th  d ay  
o f  age, w hich are  in  good co rre la tio n  w ith  th e  re la tiv e  v a lu es  expressed  in m g
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p e r  100 g liver. F ig . 1 also shows th a t  p eak s on days 7 a n d  25 are lack in g  in 
th e  w eight cu rve  o f  th e  liver. In  d ay -o ld  chicks th e  q u a n t i ty  o f Cu exp ressed  
in  m g p er 100 g of d ry  m a tte r  f lu c tu a te d  w ith in  considerab le  ranges (see T ab le  1), 
e.g., on day  1 be tw een  2.01 an d  8.25 m g p er 100 g, on  d ay  7 from  2.55 to  
9 m g p er 100 g, an d  on d a y  11 from  1.56 to  6.35 m g p e r  100 g, th e  h ig h es t 
v a lu e  am o u n tin g  to  410, 310 an d  4 0 0 % , resp ec tiv e ly , W e a t tr ib u te  th e se  
considerab le  d ifferences to  th e  im p erfec t d ispersion of CuSO,, in th e  m in era l 
su p p lem en t o f th e  feed m ix tu re . T h u s , in  accordance w ith  th e  o b se rv a tio n  o f 
Ca rl t o n  an d  H e n d e r s o n  (1965) an d  T omov  and  N a j d e n o v  (1963), Cu accu 
m u la te d  in th e  liv e r in  in d iv id u a l ch ickens to  a v a riab le  degree. A t a h ig h er 
age (a fte r d ay  18) th e  in d iv id u a l d ifferences were no lo n g er so m arked , th e  
h ig h es t values b e ing  ab o u t tw ice th e  low est ones.

As we h av e  a lre a d y  pub lished  ( S o v a  e t a l., 1969), th e  average  iron  co n te n t 
in  th e  livers o f th e  sam e chickens show ed a 10-fold, th e  w e ig h t o f th e  liv e r a 
7-fo ld  increase in  th e  period  from  h a tc h in g  to  the  en d  o f  th e  f irs t m o n th . 
T h e  p resen t d a ta  show  th a t  during  th e  sam e period of tim e  th e  copper co n te n t 
d isp lay ed  only  a 3 .5-fold increase.

Conclusion

T he q u a n ti ty  o f  Cu in  th e  livers o f 122 W L chickens d iv id ed  in to  severa l 
age groups from  h a tc h in g  to  31 days o f age was in v e s tig a te d . Im m ed ia te ly  
a f te r  h a tch in g  th e  w hole livers co n ta in ed  on th e  average  20.2 fig of Cu, i.e ., 
5 .2  %  2.5 m g p e r 100 g liver d ry  m a tte r . T h is value fell to  11 fig  b y  th e  3rd  
d a y  an d  rose to  15.8 fig  b y  th e  4 th  d ay  o f age. B etw een d a y s  7 and 31 th e  con
c e n tra tio n  of Cu in  th e  livers ran g ed  w ith in  th e  lim its 0.71 an d  1.55 m g p e r 
100 g d ry  m a tte r . T h e  low est co n c e n tra tio n  o f Cu in th e  liv e r  was observed  in 
18-day-o ld  ch ickens, w hose average  liv e r w eight (3.761 g), com pared  w ith  
d ay -o ld  chicks (1.078 g), reach ed  346% , w hereas th e  a b so lu te  q u a n ti ty  o f Cu 
rose only  to  134%  o f th e  in itia l va lu e  (from  20.2 fig on d a y  1 to  27.8 tig on 
d a y  18). W hile th e  w eigh t of liver in creased  7 tim es, th e ir  copper co n ten t in 
creased  only 3.5 tim es  to  4 tim es in  th e  1st m on th .
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In 1921, W h it in g , D o y l e  and Spr a y  described under the nam e swine dysen tery  a 
disease associated w ith m ucous bloody stool discharge and necrosis o f the large in testina l 
m ucosa. Later on Ma n n in g e r  (1944), H e g y e l i and H ir t  (1942) and Ma n n in g e r  and Cso n to s  
(1943) clarified in great detail the epidem iology, and clinical and pathological pictures o f the  
condition called by them  “ infectious swine gastroenteritis” . R ecently  Matthias  and B e c k e r  
(1960) and So fr e n o v ic  (1963) have reported the occurrence of the condition.

In the m eantim e, m any attem pts have been made to precisely clear the aetiology o f the  
disease, but opinions are still d ivergent on this point. All authors agree, nevertheless, th a t  
the conditions of feed ing and m anagem ent play a decisive role in the severity of the disease.

Regardless o f  the uncertain aetiology, the great losses involved in the outbreaks o f the  
disease have necessitated  a closer study  of its pathogenesis as well as an im provem ent o f the  
control measures. Mészá ro s  and P e s t i (I960) described its epidem iology and pathology; 
P e s t i (1966) exam ined the changes taking place in  the in testinal bacterial flora, whereas 
L om niczi et al. (1967) and J uhász  et al. (1967) studied the alterations of the intestinal tract and 
pancreas during the pathological course.

In  th e  m a jo r ity  o f cases, th e  p o st m o rtem  ex am in a tio n  of swine d ied  
of g a s tro e n te ritis  rev ea led  a sto m ach  fu ll o f d ried  o u t food of acid o dour. 
T he g astric  m ucosa  w as d a rk  red , sw ollen, som etim es covered  b y  a p se u d o 
m em brane .

T he p re se n t ex p e rim en ts  w ere carried  o u t to  c larify  th e  changes occu rrin g  
in  th e  gastric  sec re tio n  o f hyd ro ch lo ric  acid an d  pepsin  from  th e  onset u n ti l  
d e a th , as well as th e  in fluence  on gastric  and  in te s tin a l m o tility  of th e  a c id ity  
o f gastric  ju ice .

O ur e x am in a tio n s  covered  tw o form s o f sw ine g as tro en te ritis : th e  
a rr iv a l d ia rrh o ea , w h ich  sets in  w ith  freq u en t d ischarge o f w a te ry  stoo l on 
th e  3rd  to  5 th  d a y  a f te r  a rr iv a l in  th e  fa tte n in g  p la n t, an d  th e  “ in fec tio u s”  
g a s tro e n te ritis  d esc rib ed  b y  Ma n n i n g e r  (1944), w hich  has been re c e n tly  
d en o m in a ted  b y  m a n y  au th o rs  as “ swine d y se n te ry ” .

M aterials and  m ethods

E xperim en ta l an im a ls. Sam pling . Sam ples o f g astric  ju ice  from  diseased 
sw ine, 20 w ith  g a s tro e n te r itis  an d  74 w ith  a rr iv a l d ia rrh o ea , as well as from
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carcases o f  54 swine d ied  o f  “ in fec tio u s”  g as tro en te ritis , w ere exam ined  for 
a c id ity  a n d  pepsin a c t iv i ty . To assess n o rm a l values, we ex am in ed  gastric  
ju ice  sam p les  from  92 c lin ica lly  h e a lth y  sw ine an d  carcases o f  32 s laugh te red  
h e a lth y  sw ine. F rom  th e  liv ing  an im als sam ples were ta k e n  p a r t ly  a fte r  
fa s tin g  fo r  24 hours, o r h a lf  to  2 h ou rs a f te r  feeding, b y  m eans o f a gastric  
tu b e . P o st-fa s tin g  sam p les  were p u re  a n d  m ucus-free, w hereas th e  post- 
feed in g  sam ples co n ta in ed  resid u a l food. I n  th e  la t te r  case, th e  sam ple was 
c e n tr ifu g e d  p rio r to  a ssay . W h ite  baco n  p ig s , 20 — 60 kg  in  w eigh t, w ere used 
th ro u g h o u t.

T h e  re la tionsh ip  b e tw een  th e  p H  o f gastric  ju ice an d  th e  m o tility  of 
th e  g a s tro in te s tin a l t r a c t  w as ex am in ed  on 10 h e a lth y  w h ite  bacon  pigs, 
15 — 40 k g  in  w eight. To n eu tra lize  th e  g a s tr ic  acid, a lum in ium  h y d ro x id e  gel, 
fre sh ly  p rep a red  from  47 .4  g alum  [K A 1(S 04)2 • 12 H 20 ]  an d  w ashed , was 
g iven  tw ice  daily  fo r 5 d ay s , th ro u g h  a g a s tr ic  tu b e . T he ex p erim en t was 
re p e a te d  ad m in is te rin g  in s te a d  o f a lum  one m ol of MgO a n d , in  a th ird  ex 
p e r im e n t, one mol o f N a H C 0 3. T he an im als  received p a re n te ra lly  several 
doses d a ily  of R in g er’s so lu tion . T he changes o f gastric  secre tion  an d  th e  
po ssib le  occurrence o f  d ia rrh o ea  w ere w a tc h e d  th ro u g h o u t th e  ex p e rim en t.

D eterm ination o f  ac id ity  and p e p s in  in  the gastric ju ice. F ree  acid  and  
to ta l  ac id  of the  g a s tric  ju ice  w ere d e te rm in e d  by  t i t r a t io n  in  a p H -ran g e  
b e tw een  3.5 and  8.2, u sin g  m ethy l o ran g e  an d  p h e n o lp h th a le in  in d ica to rs . 
In  acco rd an ce  w ith  B ocic’s suggestion  (1962), b o th  th e  g a s tr ic  hyd roch lo ric  
ac id  a n d  to ta l  acid w ere expressed  in  te rm s  o f  m illiequ iva len ts of hydroch lo ric  
ac id  p e r  litre . H y p o -a c id ity  was ex p ressed  in  th e  sam e w ay , using  m inus 
sy m b o ls . H y p o -ac id ity  is u n d ersto o d  as th e  deficiency in  th e  a m o u n t o f acid 
re q u ire d  to  reach t i t r a t io n  en d p o in t a t  p H  3.5 w ith  a m e th y l-red  in d ica to r.

T h e  acetic acid a n d  lac tic  acid c o n te n ts  of the  g astric  ju ice  w ere d e te r
m ined  b y  L e p p e r ’s m e th o d  as described  b y  S chmit an d  О тт (1953). P epsin  
a c t iv i ty  w as m easured  b y  A n so n  an d  M i r s k y ’s haem oglobin  d igestion  m eth o d  
(1933).

T h e  pepsin va lu es  w ere exp ressed  in  te rm s of m illig ram m e p e r litre , 
as d e r iv e d  from  com p ariso n  w ith  c ry s ta llin e  pepsin p re p a ra tio n s  on th e  basis 
o f B i t s c h ’s (1966) an d  o u r own re le v a n t exam in a tio n s.

R esu lts

T h e  acidities o f th e  gastric  ju ice s  from  fed an d  fa s tin g  h e a lth y  sw ine 
a n d  d iseased  swine are  com pared  in  T ab le  1. Pno n o tab le  d ifference w as found  
in  th e  to ta l  acid v alues betw een  c lin ica lly  ill and  h e a lth y  an im als . T he h e a lth y  
fa s t in g  anim als h ad  no  free acid, e x h ib itin g  ra th e r  a h y p o -ac id ity . T he am o u n t 
o f free  acid m easured  in  th e  gastric  ju ice s  o f  h e a lth y  and  fed  sw ine co rresponded
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Table 1

Exam ination of gastric juices from healthy swine and those with  
gastroenteritis

Condition
Total acid, mEq/1 Free acid, mEq/l

Student’s /-test
n x  r » n X s

H ealthy fasting 25 2190 ± 1 6 1 3 25 - 1 5 3 3 ± 1 3 1 4 \ p  < 0 . 1  %
H ealthy fed 

Diseased with

67 4453 ± 2 3 3 6 67 ± 1 4 2 3 ± 1 1 3 1 /

gastroenteritis 20 3467 ± 1 4 9 6 20 - 1 1 6 8 ± 1 3 8 7 4 p  <  0.1 %
/

n, number of exam ined animals; x, arithm etic mean; s, standard deviation.

to  th e  physio log ical v a lu e . In  c o n tra s t, th e  d iseased an im als  h ad  h y p o -ac id ity  
even w ith  half-fu ll o r fu ll s to m ach . T h e  d ifferences b e tw een  th e  free acid 
values of fa s tin g  an d  fed  sw ine, on th e  one h an d , and  b e tw een  those  of h e a lth y  
and  diseased sw ine, on th e  o th e r, p ro v ed  to  be s ta tis t ic a lly  sig n ifican t.

T ab le  2 shows th e  a c id ity  values m easu red  in  th e  g as tr ic  ju ice  of h e a lth y  
s lau g h te red  sw ine, an d  th o se  died o f a rriv a l d ia rrh o ea  an d  “ in fec tio u s”

Table 2

Exam ination of gastric juices from  healthy slaughtered swine and carcases of swine died of
gastroenteritis

Total acid, mEq/ml Free acid, mEq/ml

! n X » „ X S

H ealthy slaughtered 32 2628 ± 2 4 8 2 32 ±  1204 ± H 6 8  p <  o . l %
Arrival diarrhoea 54 2372 ± 2 0 9 8 53 - 2 9 5 6 ± 1 8 9 8

“ Infectious” \
gastroenteritis 38 6533 ± 3 2 8 5 38 - 3 4 6 7 ± 2 1 5 4  > < 0 Л %

n, number of exam ined animals; x, arithm etic mean; s, standard deviation.

g a s tro e n te ritis , re sp ec tiv e ly . T o ta l acid  d id  n o t differ n o ta b ly  in  th is  re la tio n  
e ith e r, b u t  it  w as co n sp icuously  h igh in  th e  gastric  ju ice s  of sw ine d ied  of 
g a s tro en te ritis , as c o n tra s te d  to  th e  d isap p earan ce  o f free  acid  in  th e  in itia l 
s tage  o f th e  d isease. F ree  ac id  w as ab se n t th ro u g h o u t th e  p a th o lo g ica l course. 
D ifferences in  th e  to ta l  ac id  an d  free ac id  levels o f h e a lth y  sw ine an d  tho se  
w ith  g a s tro en te ritis  w ere s ta tis t ic a lly  s ign ifican t.

To c la rify  th e  o rig in  o f  th e  high to ta l  acid  levels o f  sw ine d ied  of g a s tro 
en te ritis , o rgan ic  acids in  th e  gastric  ju ices were an a ly sed  (T able 3). I t  was
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Table 3

Acidity of gastric juices from healthy swine and those w ith gastroenteritis

G astric acidity, 
m E q  per litre

S laughtered healthy 
swine Arrival diarrhoea

“ Infectious”  gastro
enteritis

n =  27 n =  11 n =  91

* s * 1 X »

T otal acid 3869 ± 2 4 4 5 3832 ± 1 8 9 8 5840 ± 3 3 2 1

Free acid +  1241 ± 1 2 7 7 - 1 6 7 9  , ± 2 2 2 6 — —

A cetic acid 1533 ± 1 0 9 5 2007 i ± 1 3 5 0 3504 ± 1 3 5 0
Lactic acid 1058 ±  584 1022 ! ±  912 1825 ± 1 3 5 0

n , number of exam ined animals; x , arithm etic mean; s, standard deviation.

fo u n d  th a t  while in  h e a lth y  an im als th e  to ta l  ac id ity  w as rep resen ted  by  
h y d ro ch lo ric  acid a n d  sm all am o u n ts  o f ace tic  an d  lac tic  ac id s , in  anim als w ith  
a r r iv a l d iarrhoea  a n d  s till m ore in  tho se  w ith  g a s tro e n te r itis , th e  h igh to ta l  
a c id ity  was due e n tire ly  to  ace tic  acid  an d  lac tic  acid . As a m a tte r  o f fa c t, 
th e  a c id ity  of th e  g a s tr ic  ju ice  w as due n o t on ly  to  h y d ro ch lo ric  ac id  and  organ ic  
ac id s , b u t  very  lik e ly  also to  sa lts  an d  b u ffe r system s. T h e  accu m u la tio n  of 
a ce tic  acid  and  lac tic  ac id  in  th e  g astric  ju ices of swine d ied  o f  g a s tro en te ritis  
low ered  th e  p H  o f g a s tr ic  acid  to  1.0.

T he decrease o f  g a s tric  pepsin  a c tiv ity  tak es  p lace  p a ra lle l w ith  th e  
decline  of h yd roch lo ric  ac id  p ro d u c tio n  (T able 4). P ep sin  a c t iv i ty  w as h igh

Table 4

Pepsin concentration in gastric juices from healthy swine and those w ith gastroenteritis

Condition
Pepsin, mg/1

S tuden t’s t-test
n X s

H ealthy slaughtered 32 530 ± 2 8 0 V  < 0.1 %
Arrival diarrhoea 20 140 ± 2 7 0 /

"Infectious”

gastroenteritis 16 60 ± 1 0 0 " )v  <  0.1 %

n, number of exam ined animals; X. arithm etic mean; s, standard deviation

in h e a lth y  swine, red u ced  in th o se  w ith  a rr iv a l d ia rrh o ea  an d  p ra c tic a lly  
a b se n t in  swine w ith  g a s tro e n te r itis . P epsin  a c tiv ity  w as s ig n ifican tly  low er 
in  th e  gastric  ju ice  o f h e a lth y  sw ine th a n  in  th a t  o f sw ine w ith  g a s tro e n te ritis .
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On a tte m p tin g  to  b in d  g astric  ac id  b y  ad m in is te rin g  a lu m in iu m  h y 
drox ide  gel th ro u g h  a sound, all th e  10 ex p e rim en ta l an im als deve loped  d ia r 
rhoea  on th e  3rd  d ay . B y  th is  tim e  g astric  a c id ity  h ad  g rad u a lly  declined  
u n til i t  d isap p ea red  because th e  gel h a d  ad so rb ed  th e  acids. Som e d ay s a fte r  
th e  d isc o n tin u a tio n  of tre a tm e n t on th e  5 th  d ay  th e  d iarrhoea  s to p p e d , and 
th e  gastric  h yd roch lo ric  acid an d  enzym e secre tion  g rad u a lly  no rm alized . 
T he sam e w as found  on tre a tm e n t w ith  m agnesium  oxide, w hich needs a d ilu te  
ac id  m ilieu  to  be d issolved. E x p e rim en ts  w ith  th e  w ell-adsorbab le  sod ium  
h y d ro c a rb o n a te  h ad  to  be in te r ru p te d  on th e  3 rd  day , ow ing to  a lka losis .

D iscussion

T he p re se n t experim en ts  have  rev ea led  th a t  in  th e  in itia l s tag e  o f g a s tro 
e n te ritis , s im u ltan eo u sly  w ith  th e  d eve lopm en t o f d ia rrh o ea , free ac id  d isa p 
peared  from  th e  s to m ach  and th e  g astric  pH  rose above 5.0. B u t in  th e  
ad v an ced  s tag e , gastric  ac id ity  reach ed  an  u n u su a lly  low p H  v a lu e  in  th e  
range o f 1.0. T he questio n  is, w h a t re la tio n sh ip  th e  rise of gastric  p H  above 
5.0 an d  th e  d isap p earan ce  o f free acid  m a y  h av e  w ith  th e  ra p id  e m p ty in g  
o f th e  s to m ach  an d  th e  d ia rrh o ea  develop ing  in  th e  in itia l stage o f th e  d isease, 
an d  to  w h a t e x te n t th e  high to ta l  g a s tric  acid  level and  th e  o rgan ic  acids 
m a y  c o n tr ib u te  to  th e  deve lopm en t of g astric  a to n ia  and  th e  co n seq u en t 
w orsen ing  of th e  cond ition .

I t  is know n th a t  in  m an , anacid  sto m ach  c o n te n t is em p tied  m ore  r a 
p id ly  th a n  th e  h y p e rac id  one; h y p e ra c id ity  b e ing  often  c h a ra c te r iz e d  b y  
severe re te n tio n . J ávo r  e t al. (1965) h av e  show n th a t  in  m an th e  n e u tra liz a tio n  
o f acid  so lu tions ad m in is te red  in to  th e  s to m ach  b ro u g h t ab o u t in  15 m in u te s  
a m ore th a n  fivefo ld  accelera tion  o f th e  e lim in a tio n  of flu id . T h o u g h  th e  
e x p e rim e n ta l d a ta  o b ta in ed  w ith  h u m a n  su b jec ts  do n o t n ecessarily  a p p ly  
to  sw ine, i t  m ay  well be supposed  th a t  th e  d ia rrh o ea  a t  th e  onset o f th e  d isease 
is a consequence  o f th e  rap id  e lim in a tio n  o f th e  n ea rly  n e u tra l  s to m ach  
c o n te n ts . In  fa c t, la s tin g  n e u tra liz a tio n  o f th e  gastric  acid  led to  d ia rrh o e a  in 
all o f o u r e x p e rim en ta l pigs. E x p e rim e n tin g  on h u m an  su b jec ts , sev era l 
a u th o rs  (S h a y  an d  G e r s o n -Co h e x , 1943; V a n  L i e r e  and  Sl e e t h , 1940; 
P a t h a k , 1959; H u n t  an d  P a t h a k , I960) have  show n th a t  th e  h ig h e r th e  
acid  c o n te n t o f  a te s t  m eal, th e  low er its  e lim in a tio n . O bviously , th e  acid  
su b stan ces ca rried  in to  th e  s to m ach  pass sooner o r la te r  in to  th e  d u o 
d en u m , w here th e y  effect a low ering o f th e  p H  an d , co n sequen tly , red u ce  th e  
ra te  o f th e  passage  th ro u g h  th e  p y lo rus. H u n t  an d  K n o x  (1962) h av e  a rr iv e d  
a t th e  conclusion  th a t  th e  passage is in h ib ite d  a t  a duo d en a l p H  6.0 or low er.

In  sw ine, th e  ra p id  em p ty in g  o f th e  sto m ach  a t  th e  onset o f g a s tro 
e n te ritis  re su lts  in  th e  passage of a large a m o u n t o f u n p rep a red  food in to  th e
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d u o d en u m . The g a s tr ic  a to n ia  develop ing  w ith  th e  progress o f  th e  disease 
is v e ry  like ly  a p ro te c tiv e  m echan ism . A to n ia  is follow ed b y  fe rm e n ta tio n  
o f th e  re ta in e d  food re su ltin g  in  re lease o f ace tic  acid  an d  lac tic  ac id , w ith  a 
co n seq u en t dow nw ard  sh if t o f p H . P assag e  in to  th e  duodenum  o f th e  h ig h ly  
acid  g a s tr ic  ju ice fu r th e r  increases g a s tric  a to n ia .

SUMMARY

Sam ples of gastric ju ice  from  diseased sw ine, 20 w ith  gastroenteritis and 74 w ith  arrival 
diarrhoea, as well as from  carcases o f 54 swine died o f “ infectious” gastroenteritis, were exam 
ined for to ta l acid, free acid, and pepsin activ ity . In  part o f  the swine w ith  gastroenteritis also 
lactic  acid and acetic acid were determ ined in the gastric ju ice. Experim ents were carried out 
on 10 sw ine to clarify w hat effect the neutralization o f gastric juice w ith acid-binding substances 
m ay h ave on the function  o f  the gastrointestinal tract.

I t  was found th a t, parallel w ith  the progress o f  diarrhoea, the free acid disappeared and 
the p H  o f the gastric ju ice rose above 5. W ith the progress o f the disease the hydrochloric acid 
disappeared, pepsin a c tiv ity  stopped and, by ferm entation , considerable am ounts o f acetic  
acid and lactic acid were produced until gastric acid pH  had fallen to about 1.0. The authors 
believe th at diarrhoea, se ttin g  on in the in itial stage o f  the disease, is brought about by the  
rapid elim ination of stom ach  contents, and interpret the ensuing gastric atonia as a protective  
m echanism  to prevent the passage of unprepared stom ach contents into the duodenum . F er
m entation  of the stom ach contents w ith release of acetic-acid  and lactic-acid ferm entation, 
being a consequence o f a ton ia , contributes to its  m aintenance and aggravation.
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GROUPING OF MUSCLES BASED ON CONNECTIVE 
TISSUE CONTENT IN CORRELATION WITH THE MEAT

QUALITY
By

G. B iró

D epartm ent of Food H ygiene (Head: Prof. У. Csiszár), U niversity o f Veterinary Sciences,
B udapest

(R eceived Ju ly  10, 1968)

The quantity and quality of the connective tissue in the m uscles influence the m eat 
qu ality  significantly. Therefore, both  m orphological and chem ical m ethods are em ployed in  
qualifying the connective tissue content. T he m orphological m ethods are principally based on 
sta in ing techniques used in  the h istology, i.e., in  hom ogenized sam ples the connective tissue  
elem ents are dem onstrated by a specific staining m ethod, and their percentages are calculated. 
A s for chem ical m ethods, the hydroxyproline content o f the connective tissue is determ ined.

Chemical analyses have suggested th a t the m eat quality is influenced  not only b y  the  
q u an tity  but also b y  the quality o f the connective tissue (L őrincz and Sz e r e d y , 1959).

The investigation  m ethods used currently have been developed by numerous authors 
( K o tter  et al., 1958; K o tter  et al., 1963; L in k e  and F le isc h m a n n , 1946). D eterm ination of 
th e  residual collagenous tissue, resistant to trypsin , is accepted as the testin g  m ethod for m eat 
and m eat products (Sch ön berg  and L o chm a n , 1957).

Comparative studies on the connective tissue content o f different m uscles have been car
ried out by R amsbottom  (1945) and St e in h a u f  (1961). These authors found that am ong the 
m uscles o f one and the same anim al the m. psoas major contained the least and finest collagen
ous fibres, being therefore the softest o f  all o f the muscles.

By light- and electron-m icroscopy the inner structure of the sarcolem m a was studied  
and related to the m eat quality (W a n g , 1965; K ono , 1961; McCo l l e s t e r , 1962; L örincz  and 
L oso n czy , 1966).

Another w idely-used m ethod is the instrum ental measuring of the toughness or tender
ness o f the m eat. Several apparatuses have been constructed for this purpose. These apparatuses 
im ita te  m asticatory m ovem ents including tearing, chewing, lacerating and pressing actions. 
T he b est apparatus is W a r n e r -B ra tzl er ’s shearer, developed in the U . S. A. in 1930, as m odi
fied  by H u rw itz  and T isc h e r  (1954). Various chewing apparatuses (Vo lo d k ev ic h , 1938; 
W in k l e r , 1939) and electric grinders (S chom an  et ah, 1960) im itating m asticatory m ovem ents 
are also used for the instrum ental m easuring of the toughness o f m eat. R ecently, several 
papers on the em ploym ent of various apparatuses in ranking m eats have been published  
( R it c h e y , H o st e t l e r , 1964; B o u rn e  et ah, 1966; A lsm ey er  et ah, 1966).

In  th is  p a p e r  com parison  is m ad e  betw een  th e  k in d s  o f m ea t b ased  
o n  th e  q u a n tity  o f th e  endom ysium  an d  th e  in te rn a l p e rim y siu m  an d  accord ing  
to  th e  s tru c tu re  o f th e  connective  tissu e  m uscles of s im ila r  p ro p e rty  are  
g ro u p ed . G roup ing  o f th is  k in d  h a s  been  com pleted  w ith  d a ta  o b ta in ed  b y  
in s tru m e n ta l m easu rin g  of th e  to u g h n ess  of m eat.

M aterials an d  m ethods

S ix teen  m uscle sam ples from  b o th  c a ttle  and pigs w ere te s te d . M uscle 
sam p les  w ere ta k e n  72 hours a f te r  s lau g h te rin g  from  carcasses k e p t a t  -f-4 to  
+  6 °C, th e n  fixed  in  fo rm alin , em bedded  in  p a ra ffin , cu t a n d  s ta in ed  accord ing  
to  M allory.
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Table 1

Tested m uscles o f cattle and their commercial nam es

Muscles Commercial name

M. iliopsoas 

M. gracilis

Fillet

M. semimembranaceus 

M. semitendineus 

M. longissimus dorsi 

M. intercostalis internus 

M. latissim us dorsi

Topside

Silverside

Loin and W ing-end  

Fore Ribs

M. rectus femoris 

M. biceps brachii 

M. supra spinam  

M. infra spinam  

M. triceps brachii

Thick F lank  

Bladebone

Part of Top Ribs 

Shin and Shank

M. gastrocnem ius 

M. fibularis tertius 

M. extensor carpi radiális 

M. extensor carpi ulnaris

T he sam ples w ere selec ted  so chat th e y  should  co rresp o n d  to  the  d iffe ren t 
q u a lifica tio n  ty p e s  com m only  used in th e  m ea t in d u s try  (Table 1).

On com paring  th e  d iffe ren t h isto log ical p ic tu res , th e  s ta te  of th e  m uscle 
fib res  was also ta k e n  in to  co n sidera tion . O n e v a lu a tin g  th e  m a tte r  o f th e  
m uscle fib res looseness or com pactness an d  th e  size o f  th e  fib res were con
sidered , too .

To d e te rm in e  th e  toughness of th e  m e a t, th e  m od ified  H öppleT s con- 
s is to m e te r w as used . A p la te  w ith  1 cm long edge w as f i t te d  to  th e  device 
c u ttin g  1 cm w ide slices a t  r ig h t angle to  th e  m uscle fib res . The d iffe ren t 
u n its  o f th e  g rad u a lly  increasing  loads of w eight w ere allow ed to  ac t on th e  
m e a t fo r 30 second periods each. T u rn in g  m om ent v a lu es  necessary  for com 
p le te  c u ttin g  w ere exp ressed  in kg. T he d a ta  are m ean  values ca lcu la ted  from  
10 m easu rem en ts .

R esults

B ased on th e  h isto log ica l p ic tu res  th e  bov ine  m uscle  sam ples te s te d  
could  be g rouped  in  4 ty p e s  (Table 2).
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Fig. 3. Cross section of a porcine m. sem im em branaceus (a), in. rectus femoris (b) and 
in . iliopsoas (c). Mallory staining. X 300
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Fig. 4. Cross section of a porcine m. gastrocnem ius (a) and m. extensor carpi ulnaris (b).
Mallory staining. X 120
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Fig. 1. Cross section of a bovine m. intercostalis internus (a), m. supra spinam  (b) and 
m. iliopsoas (c). M allory staining. X 300
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Fig. 2. Cross section o f  a bovine m. rectus fem oris (a), m. biceps brachii (b), m. fibularis 
tertius (c) and m. extensor carpi radiális (d). M allory staining. X 300
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Table 2

Consistometric data for bovine muscles grouped according to their connective tissue com ponent

T ype A Consistometric cutting  
values

M. semimembranaceus 5.4 +  0.6
M. sem itendineus 

M. supra spinam  

M. inercostalis internus

5.8 +  0.4

Type В

M. iliopsoas 3 .6 ± 0 .3
M. longissim us dorsi 3.8 +  0.5

Type C
M. rectus femoris 

M. gastrocnemius

8.8 +  0.6

M. biceps brachii 

M. gracilis 

M. triceps brachii 

M. latissim us dorsi

9 .1 ± 0 .S

Type D

M. fibularis tertius 9.2 +  0.5

M. extensor carpi radiális 

M. extensor carpi ulnaris

9.6 +  0.4

M uscles classified  in  g roup  “ A ”  are ch a rac te rized  b y  m uscle fib res 
m ed ium  in size a n d  easy  to  te a r ,  an d  b y  l i t t le  an d  f in e  endom ysium  as well 
as b y  a loose s tru c tu re  o f th e  p erim y siu m  in te rn u m . T h e  conclusion m ay  be 
d raw n th a t  th is  h isto log ica l p ic tu re  in d ica tes  a good m e a t q u a lity . (F ig . l a ,  b).

In  th e  m uscles classified in  group  “ B ”  th in  m uscle  fib res close to  one 
a n o th e r, th u s  g iv ing  com pact s tru c tu re , can  be fo und . T h e  collagenous fib re  
ne tw o rk  in te rlac in g  th e  m uscle fib res  is l i ttle  an d  e x trem e ly  fine. T he m uscle 
fasciculi are  la rge , th e  perim ysium  in te rn u m  is m ed ium  fin e  in  s tru c tu re  an d  
th in  (F ig . lc ) .

B ased  on th e  in d u s tr ia l q u a lific a tio n  an d  th e  chem ical analysis, due 
to  th e  low  level o f  th e  connective  tissu e  n itro g en , th e  m . iliopsoas belonging  
to  th is  g roup  is considered  th e  b e s t q u a lity .

In  th e  m uscles classified in  g roup  “ C”  a sim ilar co m p ac t s tru c tu re  can 
be seen. T he m uscle fib res, how ever, a re  th ic k e r  th a n  th e  re spec tive  fo r
m ations o f th e  fo rm er groups (F ig . 2a, b).
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Table 3

Consistom etric data for pig m uscles grouped according to their connective tissue component

Type A Consistom etric cu ttin g  

values

M. semimembranaceus 3 .8 ± 0 .3

M. sem itendineus 

M. supra spinam  

M. infra spinam  

M. triceps brachii 

M. latissim us dorsi

4 .1 ± 0 .3

Type В

M. iliopsoas 3 .1 ± 0 .3

M. longissim us dorsi 

M. rectus fem oris 

M. gracilis

M. intercostalis internus

2 .8 ± 0 .4

Type C

M. biceps brachii 5 .8 ± 0 .4

M. extensor carpi radiális 

M. extensor carpi ulnaris 

M. gastrocnem ius 

M. fibularis tertius

6 .2 ± 0 .3

The m uscle f ib re s  in  group “ D ”  are  th ick e r, th e ir  fasciculi m ore 
c o m p a c t and th e  p e rim y siu m  in te rn u m  th ic k  an d  com pact. F ro m  th e  connective 
t is s u e  of group “ C” , w hich  is th ic k  b u t  loose in  s tru c tu re , th a t  of q u a lity  
“ D ”  differs m a in ly  in  being  co m p act, even “ rope-like”  (F ig . 2c, d).

E ach  of 2 sam p les  from  th e  re sp ec tiv e  groups w as m easu red  consisto- 
m e trica lly . M uscles o f  g roups “ A ”  an d  “ B ”  show ed s ig n ifican tly  low er re 
s is ta n c e  against c u tt in g  th a n  th o se  o f g roups “ C”  an d  “ D ” .

O bviously, g ro u p s “ A ”  an d  “ B ”  in d ica te  h ig h er q u a lity  as com pared  
to  groups “ C”  an d  “ D ” .

W hen pig  m uscles w ere g ro u p ed  accord ing  to  s im ila r p rinc ip les, only  
3 g roups could b e  estab lish ed  (T able 3), for th e  co n n ec tiv e  tissu e  seen in  
th e  cross sections o f  p ig  m uscles is less va riab le  in s tru c tu re  th a n  th a t  o f th e  
b o v in e  muscle. C o n seq u en tly , from  th e  aspect o f m e a t q u a lifica tio n  pig 
m uscles are m ore u n ifo rm  th a n  th e  m uscles of th e  c a ttle .
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M uscles th a t  belong to  g ro u p  “ A ”  consist of loose m uscle  fib res  su rro u n d ed  
b y  a fine connective tissu e  (p e rim y siu m  in te rn u m ) (F ig . 3a).

In  a d d itio n  to  m . iliopsoas an d  m . longissim us dorsi 3 k in d s of m uscle 
can  be classified  in  g roup  “ B ” . T he fib re  bund les of th e se  m uscles are m u ch  
less com pact th a n  th o se  o f  th e  g roup  “ B ”  bovine m uscles an d  th e  a m o u n t 
o f  th e  connective tisssue  is m a rk e d ly  less in th em . The co llagenous fib re  n e t 
w ork  is a lm ost lack ing  (F ig . 3b, c).

P o rc ine  m uscles c lassified  in to  g roup  “ C”  correspond  to  th e  group “ C”  
bo v in e  m uscles. C onnective tissu e  sep ta  as tick  as com m on in th e  bov ine  
g ro u p  “ D ”  m uscles are  n e v e r found  in p ig  m uscles.

Tw o sam ples o f each o f th e  re p re se n ta tiv e  groups fo r p ig  m uscles w ere 
m easu red  co n sis to m etrica lly . C u ttin g  resis tan ce  is m ore u n ifo rm  th a n  in  case 
o f  th e  bov ine  m uscles, w hereas m uscles o f g roup  “ C”  are  s ig n if ican tly  to u g h e r 
th a n  th e  o th e r m uscles.

I t  can be concluded  t h a t ,  based  on th e  h isto log ica l p ic tu re , severa l 
q u a li ty  g roups can  be e s ta b lish e d  from  th e  d iffe ren t m uscles. T hese groups 
d iffe r from  one a n o th e r in th e  c u ttin g  resis tan ce , too .

In  th e ir  in d u s tr ia l n am es F ille t, S ilverside and  L oin  a n d  W ing-end  are, as 
b a se d  on th e ir  h isto log ical fe a tu re s , su p erio r to  th e  o th e rs .

SUMM ARY

Based on the properties o f  the interfibrillar connective tissue and the muscle fibres, 
m uscles can be grouped. Of the 16 different m uscle sam ples tested  4 and 3 groups of ca ttle  
and pig m uscles, respectively, could be established. Cutting resistance values measured b y  
the m odified Höppler’s consistom eter also revealed quality differences am ong the m uscles 
grouped in the different types.
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There has been extensive  review on the incidence of m ycoplasm a in pigs and on the  
aetiological relations o f m ycoplasm a in enzootic pneum onia (E P S) as well as in atrophic  
rhinitis (A R ) (D in t e r , 1964; L ’e c u y e r  et al. 1961; Go o d w in  e t al., 1965; H a r t w ic h  and 
Mü l l e r , 1966; H a r tw ic h  and N ig g e r l s c h u l z e , 1966; H a r tw ic h , 1965; K l e y  and Ma y r , 
1965; Ma r é  and Sw it z e r , 1965; Mo n rea l  e t al., 1964; S ch im m el  and H u b r ig , 1965; Sw it z e r , 
1963).

So far 8 M ycoplasm a spp. have been described. M ycoplasm a hyorhinilis Sw itzer, 1955 
and the so-called SE P -A gent (B akos and D in t e r , 1963) are presently considered identical 
(D in t e r  e t al., 1965). I t  is known that M . granulátum  (Sw it z e r , 1962) and M . hyocarthrinosa 
(Sw it z e r , 1963) are in volved  in the aetiology o f  chronic jo in t inflam m ations. The role o f  the  
■‘В -strains”  (D in ter  et al., 1965) is still in doubt. M . hyogenitalium  produces a clinical syndrom e 
characterized by the m etritis-m astitis syndrom e (M oore  et al., 1966). In recent years 2 other  
M ycoplasm a  species have been described: M . hyopneumoniae (Ma ré  and Sw it z e r , 1965) an d  
M . suipneum oniae  (G o o d w in  et al., 1965) which supposedly cause pneum onia like that seen in  
EPS.

In  Germany, M o n r e a l  et al. (1964) detected  M ycoplasm a spp. in 53 of 80 pigs affected  
w ith  E P S  or AR by cu ltivation  in chicken em bryos. Sch im m el  and H u b r ig  (1965) iso lated  
m ycoplasm a from 64% o f  236 atrophical nasal conchae and from 32%  o f 254 unchanged  
nasal conchae; K l e y  and Ma y r  (1965) detected  m ycoplasm a in 12 o f 94 cases by nasal swab  
tests and in 17 of 22 cases in  lung tests.

O u r stud ies w ere con d u c ted  on a to ta l  o f 179 young  pigs. L ungs an d  
n asa l m ucosa , an d  in  som e cases o th e r  o rgans, w ere ex am in ed  b ac te rio -  
log ically  an d  p a r tic u la r ly  fo r m y co p lasm a. All o rgans w ere ex am in ed  h is to 
logically .

M aterials an d  m ethods

Group 1 : 106 y o u n g  pigs from  10 h e rd s  -which w ere a ffec ted  w ith  E P S  
an d /o r R A .

Group 2 :  59 y o u n g  pigs from  20 h e rd s  w hich h ad  e x h ib ite d  no clin ical 
sy m p to m s or signs o f  th e se  diseases fo r a p p ro x im a te ly  4 y ea rs .

Group 3: 14 y o u n g  pigs rem oved  b y  C aesarean  sec tion  and  ra ised  in  
iso la tion  (S P F ).

H e n  eggs, w hich h a d  been  in c u b a te d  a t  37 °C fo r 5 to  7 days w ere used  
for c u ltiv a tin g  m ycop lasm a. The inocu lum  w as p rep a red  from  p a r ts  o f o rgans
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hom ogen ized  in  p h o sp h a te -b u ffe red  (0.02 M , p H  7.6) saline. One th o u sa n d  
u n its  o f  penicillin  a n d  500 fig  of s tre p to m y c in  w ere th e n  ad d ed . M ateria l from  
each  o rgan  was in o c u la te d  in to  5 ch icken  em bryos a t  0.2 m l via  th e  yo lk  sac. 
A fte r  th e  in o cu la tio n , in cu b a tio n  o f th e  ch icken  em bryos a t  37 °C w as im 
m e d ia te ly  co n tin u ed . T h e  em bryos w hich  died 1 to  2 days a f te r  th e  in jec 
tio n  w ere d iscarded . T hose w hich died  su b seq u en tly  an d  those  su rv iv in g  10 
d a y s  a f te r  in jec tio n  w ere h a rv es ted  u n d e r s te rile  co n d itio n s. T he m a te ria l 
w as su b seq u en tly  tra n sfe rre d  to  P P L O -p la te s  w hich  consisted  o f B ac to  
P P L O  A gar (D ifco)* , 0 .1%  glucose and  0 .5%  B ac to  Y east h lx trac t (D ifco). 
A fte r  s te riliza tio n  2 0 %  of horse serum  w as a d d ed  to  th e  m ed ium . In c u b a 
tio n  a t  37 °C was m a in ta in e d  for a t  leas t 48 hours.

A re la tiv e  h u m id ity  of a p p ro x im a te ly  85%  an d  a CO., c o n cen tra tio n  
o f  20 %  enhanced  th e  g row th  of m y cop lasm a colonies. As a ru le , iso la tion  
o f  m ycop lasm a w as ach ieved  only b y  using  staph y lo co cc i as feeder o rgan ism s.

T he bac te rio lo g ica l exam in a tio n  was c o n d u c ted  using  a co m b in a tio n  
o f  n u tr ie n t  agar, sheep-b lood  agar an d  h e a te d  (80 °C, 5 m in) sheep-blood ag ar, 
th e  la t te r  w ith  stap h y lo co cc i to  su p p o rt th e  g ro w th  o f H aem ophilus su is .

A t au to p sy  lu n g s , n asa l m ucosa, liver, k id n ey s, sp leen , b ra in  and  m u s
c u la tu re  were ex am in ed . L ung sam ples w ere o b ta in e d  from  th e  card iac , ap ica l 
a n d  d iap h rag m a tic  lobes. The organs w ere fixed  in 10%  fo rm aldehyde . P a r 
a ffin  sections w ere s ta in ed  w ith  h aem ato x y lin -eo sin .

R esults

Incidence o f  infection

Group 1 (pigs w ith  E P  an d  R A ): M ycoplasm a sp p . w ere d e tec ted  in  74 
(7 0 % ) young pigs (T ab le  1); 32 pigs (30% ) did  n o t y ie ld  m ycop lasm a.

Group 2 (w ith o u t clinical sy m p to m s): F o rty -o n e  o f 59 anim als (69% )  
w ere infected  w ith  M ycoplasm a sp p ., 18 pigs (31% ) w ere n eg a tiv e  (T able 1).

Group 3 (specific  pa thogen-free  p igs): In  one o f th e  14 S P F  pigs exam in ed , 
M ycoplasm a sp p . w ere  d e tec ted  (T able 1).

All o f th e  iso la te d  m ycop lasm a s tra in s  h ad  essen tia lly  th e  follow ing 
g ro w th -p ro p e rtie s : T h ey  could n o t be  d e te c te d  on solid  m edium , w hen in 
o c u la te d  d irec tly  fro m  organs. T h ey  f irs t  req u ired  an  egg passage for m u lti
p lic a tio n  and  a d a p ta t io n . T hen  th e y  acq u ired  th e  a b ility  to  form  colonies 
on  o u r P P L O  a g a r  in  th e  v ic in ity  o f s taphy lococcus colonies. T he m ycop lasm a 
colonies w ere co m p arab le  in  form , s tru c tu re  an d  size to  those  described  by  
B a k o s  and  D i n t e r  (1963) and  Sw it z e r  (1955).

* Difco Laboratories, Detroit 1, M ichigan, USA.
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Table I

R esu lts of M ycoplasma spp. isolation attem pts

Group
N um ber of 

pigs Lungs
Nasal

mucosa Spleen K idneys Liver

26/74 + + О о О
22/74 + - О О О

7/74 - + О о о
12/74 4- О о о о

I 2/74 О + о о о
3/74 -f + + + +
1/74 + — — _

1/74 - — - -

31/41 + + о о о
5/41 + + + +

II 2/41 + + - _1_

1/41 + + _1_ 1 + —

1/41 +  . + -  ! — -
1/41 - — - + -

III 1/14 — — — _L

+  , Mycoplasma spp. were detected; —, M ycoplasma were  not detected; Q., organs were not 
exam ined.

T he following b a c te r ia  were iso la ted  from  lu n g s an d  n asa l m ucous 
m em b ran es: Group 1 : a -h aem o ly tic  strep to co cc i in  7 7 % , Escherichia coli in  
75% , Micrococcus sp p . in  67% , B acillus spp. in 1 3 % , H aem ophilus suis  in  5 % , 
each o f  Bordetella bronchiseptica  and  Proteus vulgaris in  3 % , each of Klebsiella  
spp . an d  Pasteurella m ú lto d d á  in 2 % , an d  each o f  /1-haem olytic Streptococci, 
Streptom yces spp., Corynebacterium sp p . and  Pseudom onas spp . in 1%  o f th e  
sam ples. Group 2 : M icrococcus spp. in 7 0 % , a -h aem o ly tic  Streptococci in 6 4 % , 
Escherichia coli in 4 6 % , B acillus spp . in  4 % , each o f Streptom yces spp ., Coryne
bacterium spp ., H aem ophilus suis an d  Bordetella bronchiseptica  in  1%  o f th e  
sam ples. Group 3: M icrococcus spp. in  70% , Escherichia coli in 21% , each  o f 
Bacillus spp . and  a -h a e m o ly tic  Streptococci in 20%  an d  Staphylococcus spp . 
in 7 %  o f th e  sam ples.

Pathological fin d in g s

Group 1 (pigs w ith  (E P S  a n d /o r  R A ): P u lm o n a l changes like those  
occu rring  in E PS  w ere o b serv ed  in 65 %  o f th e  cases. T h e  lesions u su a lly  could 
be recognized  d is tin c tly  in  th e  form  o f  c a ta rrh a l or c a ta r rh a l-p u ru le n t b ron-
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c h itis  or b ro n ch o p n eu m o n ia  w ith  fo rm a tio n  o f p e rib ro n ch ia l cell accum u
la tio n s  and /o r h y p e rp la s ia  of th e  ly m p h  follicles. No d e te c ta b le  lu n g  lesions 
w ere  fo u n d  in  35%  o f  th e  pigs. R h in itis  w as show n in  5 0 % , in  an  eq u a l n u m b er 
o f  cases of a tro p h ic  rh in it is  an d  rh in it is  w ith o u t lesions o f th e  conchae . D one’s 
in c lu sio n  bodies w ere  fo u n d  in  2 5 %  o f cases. W ith  few  ex cep tio n s , rh in itis  
o ccu rred  paralle l w ith  in f la m m a to ry  changes in  th e  lungs.

Table 2

Isolation of Mycoplasma spp.  from swine lungs

Cases with 
inflam m a
to ry  lung 
changes

Cases w ithout 
particu lar 

changes

Isolation o f M ycop lasm a  sp p . 
from the lungs

Cases w ith  
inflam m atory 

changes of 
the lung

Cases w ithou t 
inflam m atory  

changes of 
the lung

Group 1 65% 35% 26% 35%

Group 2 48% 52% 53% 61%
Group 3 21% 79% — —

Table 3

Isolation  of Mycoplasma spp.  from swine nasal mucosa

A trophic
rh in itis

R hinitis 
w ithout 
atrophy 
of the 

conchae

No inflam 
m atory  
changes

Detection of M ycoplasm a  spp . 
on the nasal mucosa

Atrophic
rhinitis

Rhinitis
w ithout
atrophy

No inflam 
m atory 
changes

Group 1 25% 25% 50% 50% 39% 25%

Group 2 — 33% 67% — — 52%

Group 3 100% 7%

Group 2 (pigs w ith o u t c lin ical sym p to m s): In  c o n tra s t to  G roup 1, th e  
lu n g s  in  th is  g roup  show ed, as a ru le , no gross lesions. H o w ev er, 48%  of th e  
p igs had  p e rib ro n ch ia l cell accu m u la tio n s , h y p erp lasia  o f th e  ly m p h  follicles, 
w iden ing  of th e  a lv e o la r  sep ta  a n d  in  som e in stan ces changes due to  a lig h t 
in fla m m a to ry  e x u d a te . In  52%  th e  lungs w ere free of p a th o lo g ica l processes 
o r  show ed only iso la te d  in te rs t i t ia l  cell p ro life ra tio n . T h e  l a t te r  could  n o t be  
d ire c tly  associa ted  w ith  E P S . R h in itis  w ith o u t a tro p h y  o f th e  conchae w as 
fo u n d  in one th ird  o f  all cases. T he m a jo r ity  o f these  cases w as o b serv ed  in young  
p igs w ith  in f la m m a to ry  processes in  th e  lungs. D one’s inc lusion  bodies w ere 
d e te c te d  in only  one case.
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Group 3 (S P F  p igs): S ligh t in fla m m a to ry  changes w ere found  in  th e  
lungs o f 3 o f th e  14 S P F  pigs. In  one case th e  lesions w ere m acroscopic. R h in itis  
d id  n o t occur.

T he inc idence  o f m ycop lasm a in  th e  lungs o r n a sa l m ucosa — w ith  o r 
w ith o u t in f la m m a to ry  processes — is g iven  in  T ab les  2 an d  3.

D iscussion

M ycoplasm a in fec tion  is o f h igh  incidence in  sw ine herds in  G erm any . 
A p p ro x im a te ly  70%  o f th e  pigs in  herds w ith  E P S  h a d  m ycop lasm a (G roup 1), 
th is  figu re  being  8 %  h ig h er th a n  th a t  described  b y  B a k o s  an d  D in t e r  (1963) 
for herds in  Sw eden. A  sim ilarly  h igh  incidence o f m y co p lasm a in fection  w as 
found  in  c lin ica lly  h e a lth y  herds (G roup 2), w here m ycop lasm a could be  
iso la ted  from  a b o u t 69%  of th e  pigs. M ycoplasm a w as iso la ted  even from  1 
o f 14 S P F  pigs. '

In it ia lly  we ex am in ed  on ly  lungs an d  n a sa l m ucosa ; su b seq u en tly  
o th e r  organs w ere also exam ined  an d  i t  w as found  th a t  m ycop lasm as can also 
be d e tec ted  in  o th e r  o rgans.

C om paring  th e  h isto log ical find ings w ith  th e  m ycop lasm a iso la tions, 
one m ay  com e to  th e  follow ing conclusions. In  th e  g roup  o f clinically  h e a lth y  
pigs in f la m m a to ry  lu n g  changes could he show n h isto log ica lly . H ow ever, i t  
m u st be em phasized  th a t  these  processes w ere less p ro n o u n ced  b o th  q u a li
ta tiv e ly  an d  q u a n ti ta t iv e ly  th a n  those  observed  in G ro u p  1. S light in f la m 
m a tio n  was also fo u n d  in th e  lungs o f som e S P F  p ig s .T h e re  w as no connection  
betw een  th e  p u lm o n a l lesions an d  m ycop lasm a d e tec tio n  in  th e  lungs.

A lth o u g h  m ycop lasm as were d e m o n s tra te d  m ore fre q u e n tly  in  lungs w ith  
m ore severe in f la m m a to ry  changes th a n  in  lungs w ith  a lesser degree o f in 
flam m atio n , th e y  neverth e less  occurred  in  61%  of th e  lungs in  G roup 2, w hich  
show ed no in f la m m a to ry  reac tio n . No connection  could  be found  be tw een  
th e  d e tec tio n  o f m y cop lasm a an d  th e  p resence  or absence  o f rh in itis .

F ro m  th ese  fin d in g s we can n o t conclude on a d ire c t aetio log ical re la tio n 
ship betw een  M ycoplasm a spp . iso la ted  in  chicken em b ry o s an d  th e  p a th o 
logical changes.

As fa r  as h isto log ica l find ings are  concerned , co rre la tio n  ex ists b e tw een  
th e  sev e rity  o f  b ro n ch o p n eu m o n ia  and  th e  e x te n t o f th e  changes of th e  n a sa l 
m ucosa. I t  can  th ere fo re  be concluded  th a t  th e  like lihood  of in flam m ato ry  
sinus changes w ill becom e g rea te r w ith  increasing  se v e rity  of th e  p u lm o n al 
changes.

I t  is d ifficu lt to  acco u n t fo r th e  m ild  p n eu m o n ia  in  som e of th e  S P F  
pigs. T hey  could  h av e  been  caused  b y  d is in fec tan ts  (pe race tic  acid) w hich 
w ere inhaled  in to  th e  lungs.
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T h e possib ility  o f  a v iru s as ae tio lo g ica l fac to r s till rem ain s w o rth  to  be 
co n sid e red . V irological e x am in a tio n s  w ere n o t conducted  b y  us.

W e agree w ith  Maré an d  Sw itzer  (1965, 1966a, b , c) an d  Goodwin

(1965) th a t  m ycop lasm a m ig h t be in v o lv ed  in  the  ae tio logy  o f  E P S . T his 
a p p a re n t ly  does n o t h o ld  tru e  for m y co p lasm a s tra in s  w hich  can  be cu lti
v a te d  in  th e  e m b ry o n a te d  hen  egg.

SUM M ARY

Studies on young pigs in various herds in  Germany have revealed th at M ycoplasm a spp. 
are w idely  distributed. M ycoplasm as were iso lated  in chicken em bryos. The incidence of 
m ycop lasm a infections in herds w ith  enzootic pneum onia o f pigs (E PS) and/or atrophic rhinitis 
(A R ) w as similar to th a t in  herds w ithout these  diseases, nam ely, 70% and 69% , respectively. 
M ycoplasm a spp. were also iso lated  from  one o f  14 specific pathogen-free (SP F ) pigs.

M orphological exam inations revealed inflam m atory processes in the lungs or nasal 
m ucosa o f animals from  clin ically  healthy herds as well. H owever, these changes were sign ifi
ca n tly  less pronounced in  these herds than in  those w ith sick pigs. L ight pneum onia was 
observed  even in some SP F  pigs. It is concluded that the M ycoplasm a sp p . isolated by us in 
ch ick en  embryos have no particular significance in the aetiology of E PS and AR.
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In recent years, extensive studies have been conducted to determ ine the significance of  
m ycoplasm a in the aetiology o f E P S (G o o d w in  e t al., 1965; Ma r é  and Sw it zer , 1965; 1966a, 
b, c). However, there is still uncertainty about the pathogenicity o f  those M ycoplasm a sp p . 
which are cu ltivab le in the chicken em bryo. In an effort to obtain further inform ation on th is  
question we infected  60 pigs w ith  3 m ycoplasm a isolates.

Material and methods

1. S tra in  “ -E 9 ”  (H a r t w ic h  e t a l., 1967) was iso la ted  in chicken em b ry o s 
from  th e  a ffec ted  lung  o f a p ig  w ith  ty p ic a l m an ifes ta tio n s  of E P S . W ith  
th is  s tra in , 20 m ycop lasm a-free  an d  2 specific  p a th o g en -free  (SPF) pigs w ere 
in fec ted . T h ir te e n  m ycop lasm a-free  an d  2 S P F  pigs w ere used as c o n tro l.

2. S tra in  “ F 1 2 V ’ (S c h e e r  e t al., 1968) was s im ila rly  iso lated  in  ch ick en  
em bryos from  th e  lung  o f a p ig  w ith  E P S  an d  a tro p h ic  rh in itis  (A R ). W ith  
“ F  121”  17 m y co p lasm a-free  an d  2 S P F  pigs w ere in fec ted . T en  m ycop lasm a- 
free an d  2 S P F  pigs served  as contro l.

3. The s tra in  “ S E P -A g e n F  (Sc h e e r  e t a l., 1967) was iso lated  b y  D r. 
B akos  in S tockho lm  in ch icken  em bryos from  th e  lung  o f a pig w ith  E P S . 
W ith  th e  “ S E P -A g e n t”  19 m ycop lasm a-free  pigs w ere in fec ted . Ten pigs se rv ed  
as con tro l.

The m ycop lasm a-free  pigs w ere e ith e r  ra ised  b y  us or b o u g h t fro m  a 
n e a rb y  herd  w h ich  had  been  found  free o f M ycoplasm a spp . in re p e a te d  
exam in a tio n s. T h e  an im als o f th is  herd  show ed no clinical or p a th o lo g ica l 
m an ifes ta tio n  o f  E P S  or A R . A ll an im als w ere w eaned  sh o rtly  a fte r b ir th .  
A t th e  age of 1 to  8 days th e y  w ere in fec ted . T he inocu lum  consisted  e ith e r  
o f a m ix tu re  o f  egg yo lk  an d  am n io -a llan to ic  flu id  (A A F) conta in ing  M yco
p lasm a or o f M ycoplasm a in B ac to  P P L O  b ro th  (Difco)* w ith  0 .1%  glucose, 
0 .5%  y e a s t e x tr a c t  (Difco)* an d  20%  horse serum . T he m ycoplasm a c o u n t 
in  b o th  inocula  w as d e te rm in ed  (Sc h e e r  e t  ah , 1967) an d  bacterio log ical 
s te r ility  te s ts  w ere  co n d u c ted  on sheep-b lood  agar.

* Difco Laboratories, D etroit 1, M ichigan, USA.
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T h e  colonies o f m ycop lasm a w ere co m p arab le  in  form , s tru c tu re  an d  size 
w ith  th o se  described  b y  B akos  an d  D i n t e r  (1963) an d  S w it z e r  (1955).

T h e  in tra n a sa l ro u te  o f exposure w as chosen since an  aerosol sp read  
o f  E P S  is p resum ed . T h ree  m l p er p ig  w ere  app lied . In  o rd er to  fu r th e r  d e te r 
m ine  w h e th e r or n o t  th e re  is an  in c rea se  in  p a th o g en ic ity  a fte r  d irec t 
p ig -to -p ig  passage o f  th e  s tra in , m y co p lasm a-free  pigs w ere p laced  to g e th e r  
w ith  sib lings w hich  h a d  been  in fec ted  b y  in tra n a sa l exposure. W e also in 
fe c te d  som e pigs in tra p e rito n e a lly  (i. p .) , since b y  inocu la tio n  o f pigs u n d e r 
6 w eeks o f age Sw it z e r  (1955) an d  R o b e r t s  e t  al. (1966a, b) could  reg u la rly  
p ro d u c e  fib rinous p e ric a rd itis , p leu ritis , p e rito n itis  and  occasionally  p o ly 
a r th r i t i s .  In  con tro l ex p erim en ts  pigs w ere  in jec ted  i. p . w ith  th e  re spec tive  
v o lu m e s  o f sterile  y o lk  or P P L O  b ro th . T h e  contro ls w ere siblings w hich  
w ere  k e p t se p a ra te ly  b u t  u n d e r o therw ise  s im ila r conditions. A p p ro x im a te ly  
40 d a y s  a fte r  exp o su re , th e  pigs w ere k illed  an d  d issected . N asal m ucosa , 
lu n g  (card iac, c ran ia l a n d  m ain  lobes), liv e r , k idney , sp leen , b ra in , jo in ts , 
sy n o v ia l flu id s, m u sc u la tu re , and  te s tic le s  w ere exam ined  b ac te rio lo g ica lly  
u n d e r  p a r tic u la r  co n sid e ra tio n  of M ycop lasm a and  exam ined  h isto log ica lly . 
F o r  b ac te rio log ica l ex am in a tio n  sheep-b lood  ag a r and  h e a te d  (80 °C, 5 m in 
u te s )  sheep-blood a g a r  w ere used, th e  l a t te r  w ith  staphylococci to  su p p o rt 
th e  g ro w th  of H aem ophilus suis.

H isto lo g ica l ex am in a tio n s  w ere co n d u c te d  on lung, n a sa l m ucosa , liver, 
k id n e y , spleen, b ra in , a n d  jo in ts . T he o rg an s w ere fixed in  a 10%  fo rm aldehyde  
so lu tio n . P a ra ffin  sec tions w ere s ta in e d  w ith  haem atoxy lin -eosin .

R esults

1. S tra in  “E  9 ”

B y  in tran asa l exposu re  of 16 pigs to  th is  s tra in , no clin ica lly  a p p a re n t 
E P S  could  be p ro d u ced  (T able 1). In  2 p igs fib rous p leu ritis  an d  p e rica rd itis  
w ith o u t pa th o lo g ica l changes in th e  lu n g  w ere  n o ted . T he h isto log ica l e x a m in a 
tio n  rev ea led  th a t  in  one o f these  2 p igs a sm all fib rous p u ru le n t area  w as 
p re s e n t in  th e  le ft m a in  lobe of th e  lu n g  d ire c tly  below th e  in flam ed  p leu ra .

I n  th e  group  o f pigs exposed b y  c o n ta c t th e re  w ere no h isto lo g ica l 
ch an g es in th e  lung . In  th e  group o f p igs exposed  by  i. p . in fec tio n , serositis  
(p le u ritis , p e rica rd itis , p e rito n itis) w as n o te d  in all 4 pigs (T able 2). T h ree  
o f  th e se  an im als h a d  m ark ed  m a n ife s ta tio n s  of p o ly a r th r it is . O n ly  one o f 
th e s e  4 an im als h a d  pn eu m o n ia  in  th e  m ain  lobes (c a ta rrh a l-p u ru le n t b ro n c h o 
p n eu m o n ia ). In  th e  lungs, liver, k idneys a n d  spleen of th is  an im al Escherichia  
coli a n d  /^-haem olytic s trep tococci w ere p re se n t in g rea t n u m b ers .
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T a b le  1

Intranasal infection of young pigs w ith  Mycoplasma spp.

Strain
N um ber of 

infected
Pigs

Age a t  
infection 

(days)

Inoculum , cjuantity, 
organisms per ml

D uration 
of experi

m ent 
(days)

Pathologit

Macroscopic

findings

Microscopic

14 1 — 8
2 ml of PPLO broth  

or egg yolk/AAF  
3.5 X  102 * 4 * * to 
4.8 X 108

1 7 - 4 8 negative negative

“ E 9” 1 1 2 ml of PPLO broth  
3.5 X KP

45 Fibrous
pleuritis

Fibrous
pleuritis

1 5

•

2 ml of egg 
yolk/AAF  

4.8 X  108

35 Fibrous
pleuritis

Local f i
brous puru
lent pneu
monia

11 3 - 8
2 - 3  ml of PPLO  

broth
5.9 X  107 to 
5.2 X 108

2 1 - 3 5 negative negative

“F 121”
1 4 2 ml of PPLO broth  

9.7 X  107
39 negative Mild local 

peribron
chitis

1 3 2 ml of PPLO broth  
5.2 X  10s

45 negative A few  
bronchi 
with peri
bronchitis

“ SEP-
’’Agent”

9 2 - 5 2 - 3  ml of PPLO  
broth

3.7 X  107 to 
6.1 X 108

38 —45 negative negative

2 2 2 ml of PPLO broth  
1.3 X 10s

44 Local pleu
ritis, 

Pneum o
nia, a t
electasis

Bronchitis
Pneumo

nia

2. S tra in  “ F  121”

T he 13 pigs in fe c te d  in tra n a sa lly  w ith  th is  s tra in  (T able 1) developed
n e ith e r clin ical m a n ife s ta tio n s  n o r p a th o lo g ica l changes ch a ra c te ris tic  o f
E P S . W h e th e r  or n o t  th e  m ild  p e rib ro n ch itis  w hich  w as d e m o n s tra te d  h is to 
logically  in  2 pigs re su lte d  from  th e  in tra n a sa l in fec tio n , c a n n o t he said  w ith
c e rta in ty . O f th e  6 p igs in fec ted  i. p . w ith  “ F  121” , on ly  2 rem ain ed  h e a lth y
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Table 2

Intraperitoneal inoculation of young pigs with M ycoplasma spp.

S tra in
Number of 

infected
P>gs

Age a t  
infection 

(days)

Inoculum , q uan tity , 
organism s per ml

D uration of 
experiment 

(days)

Pathological findings

Macroscopic Microscopic

“ E  9”

2 5 1 ml of egg 
yolk/AAF  

4.8 X 10s

29
and

32

Serositis
Polyarth

ritis

Serositis
Arthritis

1 2 1 ml of PPLO broth 
3.4 X  104

8* Serositis 
Local 

atelecta
sis in  
main lobe

Serositis
Catarrhal-

purulent
pneum o

nia

1 2 1 ml of PPLO  broth 
3.4 X 104

40 Serositis
Polyarth
ritis

Serositis;
Arthritis

“ F  121”

2 3 1 ml of PPLO  broth  
5.2 X 108

53 negative negative

2 4 — 8 2 ml of PPLO  broth 
8.3 X 107

43
and

51

Serositis Serositis

1 4 1 ml of PPLO  broth 43 
8.3 X 107

Serositis 
Pneum o

nia in  
main lobe

Serositis
Catarrhal

purulent
pneum o

nia

1 8 1 ml of PPLO  broth  
9.7 X 107

51 Serositis, 
Pneum o
nia in 
apical 
lobe

Serositis
Peri

bronchitis,
Catarrhal

pneum o
nia

“ SE P -
A gent”

3 3 - 5 1 - 1 .5  ml of PPLO  
broth

2.1 X 108
6.1 X 108 to

38
and

40

negative negative

1 2 1 ml of PPLO  broth 
1.3 X 108

19 Serositis
Polyarth
ritis

Serositis
Arthritis

* Killed because of septicem ia
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a n d  free of sig n ifican t p a th o lo g ica l change (Table 2). T he o th e r  4 pigs h ad  
su b a c u te  to  ch ron ic  in f la m m a to ry  changes in th e  serous m em b ran es  (p e r ito 
n eu m , p leu ra ). In  2 pigs, sm all c ircum scribed  in f la m m a to ry  lesions w ere o b 
se rv ed  in th e  lungs. In  these  lesions Escherichia coli and  /З-h aem o ly tic  s tr e p to 
cocci were p re se n t in g rea t n u m b ers . A rth ritis  was n o t observ ed .

3. S tra in  “ S E P -A g e n t”

A fter in tra n a sa l in fec tio n , none of th e  pigs developed  clin ical signs 
o f E P S  (T able 1). U pon p o st m o rtem  ex am in a tio n  of th e  11 p igs, 2 h ad  p leu- 
r itis  w ith  adhesions, p e rica rd itis , an d  circum scribed  lesions in  th e  card iac  
a n d  m ain  lobes o f th e  lung . H isto log ica l ex am in a tio n  of th e se  a reas  revea led  
v a ry in g  degrees o f p u ru le n t b ro n ch o p n eu m o n ia . P e rib ro n ch itis  an d  en la rg e 
m e n t o f p e rib ro n ch ia l ly m p h  nodes w ere a p p a re n t. F rom  th e  lungs an d  from  
th e  o th e r o rgans /З-haem oly tic  strep to co cc i an d  Escherichia coli w ere cu ltu red ,

In  th e  4 p igs exposed to  in fec tion  b y  c o n ta c t, n e ith e r  clin ical n o r p a th o 
log ical m an ife s ta tio n s  of E P S  w ere observed . The 4 pigs in fec ted  i. p . (T able 2) 
also show ed no p a tho log ica l changes in  th e  lungs, b u t  in one o f th ese  pigs 
p e rito n itis  an d  p o ly a r th r itis  w ere no ticed .

M ycoplasm a was re -iso la ted  from  all of th e  an im als in o cu la ted  w ith , 
o r exposed  b y  c o n ta c t to , e ith e r  o f th e  3 s tra in s . The o rd e r o f M ycoplasm a 
iso la tio n  effic iency  was b ra in , n a sa l m ucosa, m u scu la tu re , sp leen , liv er, k id n ey , 
lu n g , jo in t a n d  testic le . T hese iso la tions were m ade even th o u g h  th e re  w ere 
no sig n ifican t pa tho log ica l changes in th e  respective  o rgans. T he only  con
n e c tio n  be tw een  M ycoplasm a an d  disease w as estab lished  in  th e  pigs w ith  
p o ly a r th r itis .

N one o f th e  con tro l pigs developed  an y  sign ifican t c lin ical or p a th o lo g 
ical m an ife s ta tio n  of E P S  an d  y ie lded  n e ith e r  M ycoplasm a n o r p a th o g en ic  
b a c te r ia .

D iscussion

Maré  a n d  S w itzer  (1965; 1966a, b , c) rep o rted  th a t  M ycoplasm a spp . 
cou ld  ta k e  p a r t  in  th e  p a th ogenesis  o f E P S . T h e ir M ycoplasm a iso la tes, h o w 
ev er, c o n tra ry  to  ours, w ere n o t  cu ltu re d  an d  could no t be a d a p te d  to  chicken 
em bryos.

E x p e rim e n ta l in fections w ith  our iso lates c learly  in d ic a te d  no aetio- 
logical s ign ificance o f M ycoplasm a in  E P S . W h e th e r or n o t th e  s lig h t p a th o 
logical changes in  th e  lungs w h ich  developed  a fte r  in tra n a sa l ex p o su re  o f th e  
p igs w ere a c tu a lly  caused b y  th e  M ycoplasm a rem ains u n an sw ered . C onsidering 
th e  bac te rio lo g ica l findings, th ese  sligh t changes m igh t have re su lte d  from  som e
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so rt o f  syngergism  b e tw e e n  M ycoplasm a an d  b a c te r ia . I t  is, how ever, no t 
possib le  to  deny  th a t  th e  3 te s te d  M ycoplasm a s tra in s  w ere n o t p a thogen ic . 
P a r tic u la r ly , a fte r i. p . in fec tio n , th e re  w as a m ark ed  degree of in flam m atio n  
in  th e  serous m em b ran es.

F o r  th e  sake o f  com pleteness, i t  shou ld  be m e n tio n e d  th a t  th e  pigs 
exposed  to  in fection  b y  c o n ta c t rem ain ed  h e a lth y , even  th o u g h  th e  M yco
p la sm a  could be re -iso la te d  from  th em .

SUMM ARY

P igs were experim entally  infected w ith  3 M ycoplasm a strains which had been isolated  
in chicken embryos from  pigs w ith  enzootic pneum onia o f sw ine (E P S). The strains caused  
neither primary pneum onia nor rhinitis. H ow ever, th ey  frequently  caused serositis and/or 
arthritis after intraperitoneal injection. This ind icates a sim ilarity betw een the strains and 
M ycoplasm a hyorhinitis.
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MORPHOLOGY AND DEVELOPMENT OF THWAITIA 
KOTLANI SP. N. (PHILOMETRIDAE, NEMATODA)
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K . M o l n á r
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Sciences, Budapest

(R eceived October 9, 1968)

The occurrence and developm ent in hom e freshwater fishes o f som e roundworm species 
belonging to the fam ily Philom etridae have been described in previous papers (M oln ár , 1966a, 
b; 1967). In accordance w ith  the earlier nom enclature, the above species have been uniformly- 
classified as belonging to the genus Philometra  Costa, 1845, which is still preferred by the  
m ajority o f  authors to the generic nam e Thw aitia  proposed in R a s h e e d ’s revision (1963).

Since in the present work R a s h e e d ’s classification is follow ed, it  should be m entioned  
that the previously described species Philom etra ovata (Zeder, 1803), Ph. rischta Skrjabin, 1917, 
and Ph. abdom inalis N ybelin , 1928, should be further on classified into  the genus Thwaitia  
Rasheed, 1963, whereas Ph. sanguinea  (R ud., 1819) into the genus Philomelroides Y am aguti, 
1935, and accordingly w ill be heretofore referred to as Thwaitia ovata  (Zeder, 1803), T. rischta 
(Skrjabin, 1917), T. abdom inalis (N ybelin , 1928) and Philometroides sanguinea  (R ud., 1819). 
respectively.

In  th e  course o f fau n is tic  s tu d ies , u n d e r th e  serosa o f th e  a ir  b lad d er 
o f A sp iu s  asp ius, im m a tu re  m ale  an d  fem ale rou n d w o rm s, 2 — 2.5 m m  long, 
h av e  o ften  been fo und . T hese p a ra s ite s  bore a s tr ik in g  resem blance  to  th e  
d ev e lo p m en ta l stages o f T hw aitia  rischta, b u t  th e  m ales av a ilab le  for m easu re 
m en t d iffered  from  it  in  d im ensions an d  n e ith e r  developing , n o r a d u lt fem ales 
w ere encoun tered .

C onsidering th a t  as a p re d a to ry  fish , A sp iu s  asp ius  feeds m a in ly  on 
A lb u rn u s  alburrtus w h ich  is o ften  h a rb o u rin g  T . rischta, i t  was supposed  
th a t  th e  pa rasite s  in  q u estio n  w ere e ith e r  T . rischta w orm s, whose d eve lop 
m e n t h ad  come to  a h a lt  in  th e  nonspecific  ho st, or rep re sen ted  a new , h ith e r to  
u ndescribed  species.

To clarify  th is  p rob lem , 41 A sp iu s  asp ius  fishes w ere au to p sied . O u t of 
th e m  5 h a rb o u red  e ith e r  m a tu re  o r im m atu re  fem ales in  th e ir  ab d o m in a l 
cav ities. T he m orphological ex am in a tio n  o f th e  p a ras ite s  as well as th e  s tud ies 
o f  th e  course of th e ir  d ev e lo p m en ta l cycle have ev idenced  th a t  th e  Thw aitia  
species p a ra s itic  in A sp iu s  asp ius  is n o t id en tica l w ith  T h . rischta, b u t actually- 
rep re sen ts  a new species, th e  descrip tio n  o f w hich is g iven  below .

Habitat

T he m a jo rity  of th e  A sp iu s  a sp ius  fishes exam ined  o rig in a ted  from  th e  
L ake B a la to n  and  th e  r iv e r  T isza , w hereas th e  m in o rity  from  th e  riv-er D una

3 Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



138 MOLNÁR

(D an u b e ). The len g th s  o f  th e  fishes w ere be tw een  280 m m  a n d  570 m m , w hich 
co rresponds to  2 — 6 su m m ers . N o co rre la tio n  w as fo u n d  be tw een  th e  size 
o f  th e  body  and  th e  in te n s i ty  o f  th e  in fec tion .

Method

T he pa rasite s  reco v ered  e ith e r  from  th e  ab d o m in a l c a v ity  or from  th e  
su b se ro sa  of th e  a ir  b la d d e r  w ere p laced  in  saline, w here th e y  rem ain ed  v iab le  
a n d  re ta in ed  th e ir  co lou r fo r 2 — 3 d ay s, d epend ing  on th e  te m p e ra tu re . P a r t  
o f  th e  exam in a tio n s w ere ca rr ied  o u t on liv ing  w orm s, p a r t  on lactopheno l 
p re p a ra tio n s  fixed  e ith e r  in  e th a n o l or in fo rm alin .

Description

The only  fu lly  dev e lo p ed  fem ale fo u n d  in  o u r m a te r ia l  was 61 m m  
in  len g th , 1 m m  in  d ia m e te r , an d  of red  colour. The b o d y  c a v ity  was filled 
o u t  b y  th e  u te ru s , fu ll o f  la rv ae . T he h ead  seem ed ro u n d ed  off, w ith  4 in-

F ig. 1. a, Anterior end o f a T . kotlani fem ale, 20 m m  long; b, posterior end of a T. kotlani
fem ale, 20 m m  long
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consp icuous pap illae  an d  th ree  lips. T he b o d y  w as cy lin d rica l in  shape , v e ry  
s lig h tly  tap erin g  to w ard s  th e  a n te r io r  an d  p o ste rio r ends. T he caudal end 
w as ro u n d ed  off, show ing in d o rso v e n tra l position  tw o sm all pap illae-like  
p rocesses on b o th  sides. The len g th  o f  th e  fix ed  la rv ae  w as 0 .4 4 —0.46 m m . 
T h e ir a n te rio r  end  ap p ea red  ro u n d ed  off, w hereas th e ir  p o s te rio r  end  ta p e rin g .

Fig. 2. Posterior end o f a T. kotlani male

Table 1

Comparative data of T. kotlani and T. rischla

Measurements T . ko tlan i T . rischta

$ $  length 61 mm 30— 32 mm
diam eter 1 mm 0.8 — 1 mm

S  о  length 2.1 —2.6 (2.3) mm 1.7 —2.0 (1.8) mm
diam eter 0 .0 4 1 -0 .0 6 2  (0.045) mm 0 .0 2 2 -0 .0 3 9  (0.036) mm
spiculum  I, length 0 .0 9 0 -0 .1 0 8  (0.100) mm 0 .0 4 5 -0 .0 5 7  (0.051) mm
spiculum  II, length 0 .0 8 2 -0 .0 9 8  (0.092) mm 0 .0 4 5 -0 .0 5 3  (0.050) mm

diameter of spicula at base 0.005 mm 0.003 m m
diameter of spicula, m edian 0.004 mm —
length o f gubernaculum 0 .0 5 3 -0 .0 6 6  (0.060) mm 0 .0 3 1 -0 .0 4 1  mm

T h e im m a tu re  20 — 30 m m  long fem ales show ed pap illae -lik e  processes 
on th e  cau d a l end . T h e  an te rio r  p ap illae  w ere m ore  d is tin c t an d  conspicuous 
th a n  th o se  seen in  o lder fem ales (F igs l a  a n d  b).

T h e  s tru c tu re  o f  th e  in te rn a l o rgans (Mo l n á r , 1964a) was in  every  
resp ec t s im ila r to  th a t  o f  T . ovata (Z eder, 1803).

T h e  tra n s p a re n t  m ales w ere 2.1 — 2.6 m m  (av . 2.3 m m ) in  len g th  an d  
0.041 — 0.062 m m  (av . 0.045 m m ) in  d ia m e te r . T he head  w as ro u n d ed  off, 
w ith o u t pap illae . T he b o d y  was slig h tly  ta p e r in g  to w ard  b o th  ends. T h e  cau d a l 
end  w as b lu n t , w ith  tw o  la te ra l pap illae -lik e  p ro tru s io n s , co n n ec ted  do rsa lly  
by  a n a rro w  inconsp icuous m em b ran e . T he tw o  narrow , re la tiv e ly  sh o rt
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sp icu la  were n e a rly  e q u a l an d  governed  b y  a g u b e rn acu lu m . T he g u bernacu lum  
w as rep resen ted  b y  a b e n t ch itinous p la te , w ith  a spear-lik e  end. A t a b o u t its  
m id d le , th e  g u b e rn acu lu m  b en t do rsa lly , th e n  d o rso -cran ia lly  (F ig . 2). T he 
b o d y  dim ensions o f  m ales and  fem ales, as well as th e  m easu rem en ts o f th e  
m ale  ch itinous o rg an s  are  com pared  w ith  th e  co rresp o n d in g  dim ensions of 
T hw aitia  rischta in  T ab le  1.

Host— parasite relationship

As show n in T ab le  2, desp ite  th e  re la tiv e ly  h igh  in te n s ity  of in fe s ta tio n , 
m ig ra tio n  of th e  fem ales from  th e  a ir  b lad d e r to  th e  ab d o m in a l c a v ity  to o k  
p lace  in  only few A s p iu s  aspius  fishes an d  less th a n  h a lf  o f th e  p a ra s ite s  had

Fig. 3. Cross section o f  a T. kotlani fem ale, encapsulated by connective tissue, but freely  
m oving in the abdom inal cav ity . N ote the uterus, oesophagus and ovary in the body cav ity

(H. E . stain)

reach ed  full m a tu ra t io n . The m a tu re  fem ales m o v ed  free ly  in th e  h o s t’s 
ab d o m in a l c a v ity ; th e ir  body  surface w as sm oo th  an d  th e ir  colour w as v iv id  
red . The d ev e lo p m en t o f th e  o th e r fem ales seem ed to  be suppressed , p re 
su m ab ly  b y  th e  re s is tan ce  of th e  h o st. T he b o d y  o f th e  re ta rd e d  specim ens 
w as encased p a r t ly  o r en tire ly , b y  connective  tissu e  (Figs 3 an d  4). T h e ir 
co lou r was e ith e r  w h ite  or pale p in k , th e ir  m o v em en ts  w ere lim ited ; som e 
w ere even u n a b le  to  change place as th e ir  co n n ec tiv e  tissu e  capsule w as a d 
h e re n t to  th e  su rface  of in testin es  o r ab d o m in a l o rg an s. P a r t  o f th e  en cap su 
la te d  10—30 m m  long  fem ales d e te r io ra ted  an d  th e  on ly  in d ica tio n  o f  th e ir
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Infection  of A sp iu s  aspius  fishes w ith  various developm ental stages of Thwuilia kotlani

T a b le  2

Infection 3  3 M ature or 
developing $  $

R etarded $  
bladder

in air Retarded Ç $  in 
abdominal cavity

D eteriorated $  $  

encapsulated in 
abdominal cavity

H abita t
'N

um
be

r 
of

 f
is

he
s 

ex
am

in
ed

! 
N

um
be

r 
of

 iu
- 

1 
fe

ct
ed

 f
is

he
s

I 
Pe

r 
ce

nt
 i

nf
ec

te
d

'

Infected
hosts

----------------p —

No. : %

In
te

ns
it

y 
of

 
in


fe

ct
io

n

Infected
hosts

j I
nt

en
si

ty
 

of
 

in


fe
ct

io
n

Infected
hosts

In
te

ns
it

y 
of

 
in


fe

ct
io

n

Infected
hosts

In
te

ns
it

y 
of

 
in


fe

ct
io

n

Infected
hosts

In
te

ns
it

y 
of

 
in

-l
 

fe
ct

io
n

No. О//о No. % No. 0/
о No. о/

Balaton 23 18 16 4 10 3 4
78.3 69.5

1 - 2 0

17.4

1 - 3

43.4

1 - 7

13

1 3

17.4

1 — 8
Tisza 12 8 7 1 5 1

66.6 58.3

1 - 8

8.3

1
41.6

1 - 5
— 8.3

1
Duna (Danube) 6 3 2 2

50 33.3

2 - 6
—

—  ‘
— 33.3

1 - 2
— — — —

Total 41 29 25 5 17 3 5
70.7 61

1 —  20

12.2

1 - 3

41.5

1 -  -7
7.3

1.3

12.2

1—8

M
O

R
PH

O
L

O
G

Y
 O

F T
H

W
A

IT
IA

 K
O

T
L

A
N

I SP.



1 4 2 M OLNÁR

Fig. 4. Longitudinal section  through part o f the body of a freely m oving, encapsulated  T. hotlani 
female. The body cavity  is fu ll o f im m ature eggs. (H . E . stain)

ь  *

Fig. 5. Cross section o f an encapsulated, nonviable T. kotlani fem ale (F arkas—M allory’s stain)

T hw aitia  n a tu re  w as th e  d ried , sh ru n k e n  cu tic le  (F ig . 5). A n o th e r p a r t  o f the  
en cap su la ted  w orm s reached  m a tu r i ty  b u t  were unab le  to  re lease th e ir  la rvae . 
D e te rio ra ted , e n c a p su la te d  fem ales fu ll o f la rvae  w ere s till found  in  th e  h o s t’s 
ab d o m in a l c a v ity  in  Ju n e .
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In  th e  m a jo r ity  o f th e  cases n o t even th e  above o u tlin ed  in com ple te  
d ev e lo p m en t to o k  p lace; like th e  m ales, th e  re ta rd e d  fem ales w ere re ta in e d  
in  th e  a ir  b la d d e r a ll th e  y e a r ro u n d ; th e y  rem ained  v iab le  b u t  d id  n o t grow  
la rg e r  th a n  th e  m ales, hav in g  been  in cap ab le  o f  fu r th e r  d ev e lo p m en t.

D evelopm ental cycle

Since on ly  a few of th e  ex am in ed  p a ra s ite s  were n o rm a lly  developed , 
th e  life cycle could  be follow ed u p  on ly  in  rough  outlines. A n y w ay , i t  seem s 
fa ir ly  ce rta in  th a t  like th e  o th e r T hw a itia  p a ra s ite s  know n in H u n g a ry , also 
T . ko tlan i has a reg u la r one-year d ev e lo p m en ta l cycle. M atu re  fem ales fu ll 
o f  la rv a e  have been  found  exclusively  in  M ay. T he leng th  o f such  fem ales is 
a p p ro x . 60 m m . T h e  la rv ae  sw arm ed  in to  th e  w a te r — p re su m a b ly  a f te r  
re lease  o f th e  fem ales — con tinue  th e ir  dev e lo p m en t in  cyclopses. T he A sp iu s  
a sp iu s  fishes becom e infected  d u rin g  th e  sum m er, supposed ly  b y  e a tin g  th e  
in fe c te d  cyclopses d ischarged  from  th e  d igestive t r a c t  of sm alle r p la n k to n 
e a tin g  fishes. T he tim e  of th e  fem ale’s m ig ra tio n  from  air b la d d e r to  ab d o m in a l 
c a v ity  is as y e t u n k n o w n , b u t p re su m ab ly  tak es  place d u rin g  th e  ea rly  a u tu m n  
o r even  ea rlie r, as y o ung  15 — 20 m m  fem ales are found  in  th e  h o s t’s abdo m in a l 
c a v ity  a lread y  in  th e  early  spring . T h e  u te r i o f such fem ales are  filled  o u t 
b y  m a n y  ju v en ile  eggs. B y  early  A pril th e  fem ales reach  25 — 30 m m  in le n g th  
an d  th e  eggs becom e m a tu re ; b y  th e  end  o f A pril juven ile  la rv ae  are a p p a re n t 
in  th e  eggs. The m a tu re  la rv ae  h a tc h  in  M ay. T h is cycle of T . ko tlan i d iffers 
n o ta b ly  from  th a t  o f T . rischta. A fte r co p u la tio n  b y  ab o u t th e  end  o f su m m er, 
th e  m ales an d  fem ales of T . rischta u n ifo rm ly  leave th e  a ir  b la d d e r; th e  fem ales 
se tt le  su b cu tan eo u s ly  in th e  a n te rio r  p a r t  of th e  h o s t’s body , p rim a rily  u n d e r 
th e  sk in  covering th e  gills. The T . ko tlan i m ales, how ever, rem ain  in  th e  a ir  
b la d d e r  th ro u g h o u t th e  y ea r an d  th e  fertilized  fem ales capab le  o f fu r th e r  
d ev e lo p m en t se ttle  in  th e  abdom inal c a v ity .

SUM M ARY

A  new  roundworm parasite of the fish  Aspius aspius is described under the nam e Thwaitia 
kotlani sp . n. The m ales settle  under the serosa o f the air bladder, whereas the fem ales are 
capable o f  further developm ent in the abdom inal cavity .

T. kotlani has a season-governed one-year developm ental cycle. Mature fem ales full o f  
larvae are found exclusively  in May.

In part of the hosts the developm ent o f the parasite is suppressed, thus retarded or 
deteriorated specim ens are often encountered.
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OCCURRENCE OF ENCEPHALITIS CAUSED RY 
INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS 

IN CALVES IN HUNGARY

B y

A. B a r t h a , G. H a j d ú , P .  Á ld á sy  and Gy . P aczolay

D epartm ent of E pizootio logy (H ead: Prof. J. M észáros), U n iversity  o f Veterinary Science, 
Budapest, V eterinary In stitu te  (H ead: G. H a jd ú ), Debrecen, and V eterinary Institu te (H ead:

P. Áld á sy ), Miskolc

(R eceived October 20, 1968)

Infectious bovine rhinotracheitis (IB R ) virus m ay cause d ifferent clinical sym ptom s. 
The virus was first isolated from  anim als suffering from a disease o f the upper respiratory tract 
(Ma d in  et al., 1956) (infectious bovine rhinotracheitis: IB R ), later  on the causative agent of 
IB R  was found identical w ith  that o f the infectious pustular v u lv ovag in itis  (K e n d r ic k  et ah, 
1958). More recently i t  has been revealed th a t the virus can cause other clinical pictures, too, 
viz ., conjunctivitis o f cattle  (A b in a n t i and P l u m e r , 1961), abortion o f cows (Cr a n e  et ah, 
1964), and encephalom yelitis o f calves 1 to 5 m onths of age ( J o h n st o n  et ah, 1962; F r e n c h , 
1962).

Of the syndrom es induced by the IB R  virus the occurrence o f  the so-called infectious 
bovine rhinotracheitis (D omán  and F o d o r , 1961), infectious pustular vulvovaginitis (Ma n n in - 
g er  et ah, 1962) and conjunctivitis have been dem onstrated in H ungary. Encephalitis, how ever, 
had not been observed in H ungary so far. Its occurrence has been reported in Australia and in 
the United States o f  America.

In  th is  p a p e r  th e  occurrence  o f encephalom yelitis  caused  by  IB R  v irus 
in a ca lf h e rd , th e  course o f th e  d isease and  con tro l m easu res  are re p o rte d .

M ateria ls an d  m ethods

F o r iso la tion  o f th e  v iru s  m o n o lay er cu ltu res o f c a lf  k id n ey  and  te s tic le  
cells were used . I t  w as a tte m p te d  to  iso la te  th e  v iru s fro m  th e  nasa l an d  o cu la r 
d ischarge, b ra in , n a sa l m ucous m em b ran e , tonsils, n aso -lac rim a l d u c t, lungs, 
spleen an d  liver o f a ffec ted  an im als . D ischarges w ere ta k e n  by  sw abs. T he 
d ischarges an d  hom ogenized  o rgans w ere d ilu ted  1 to  10 w ith  H an k s’ so lu tion . 
Follow ing cen tr ifu g a tio n  each  suspension  was tre a te d  w ith  an tib io tic s , th e n  
4 cell cu ltu res w ere in o cu la ted , w ith  0.1 m l each. T he in o c u la te d  cu ltu res w ere 
observed  da ily  fo r c y to p a th ic  (CP) changes. I f  CP chan g es had  ap p ea red , 
th e  cu ltu re  flu id  w as su b in o cu la ted  in to  fresh cell c u ltu re s  on th e  sam e day . 
F ive  b lind  passages w ere done w ith  each  sam ple before  d isca rd ed  as n eg a tiv e .

The iso la tes, before su b jec ted  to  th e  v iru s n e u tra liz a tio n  te s t ,  w ere 
te s te d  for re s is tan ce  to  ch lo ro fo rm , h e a t  and try p s in , a n d  s ta b ility  in  th e  
presence of M  M gCl3. T he q u a lity  o f  th e  CP changes w as also ta k e n  in to  
co n sidera tion . A ll th e  p ro p e rtie s  th u s  revealed  w ere ch a ra c te ris tic  o f  th e
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H erpesvirus  group . T h u s , th e  n e u tra liz a tio n  te s t  was ca rr ied  o u t w ith  an tise ra  
to  m em bers of th is  g ro u p  o f v iruses.

T h e  2nd p assage  o f  one o f  th e  s tra in s  iso la ted  from  th e  b ra in  (N a/1967) 
w as u sed  for e x p e rim en ta l in fec tio n . Two calves 4 weeks o f  age w ere in s tilla ted  
in tra n a s a lly  and in o c u la te d  in tra m u sc u la r ly  w ith  2 m l c u ltu re  flu id  each. 
T e m p e ra tu re  was ta k e n  da ily , an d  th e  clin ical sy m p to m s w ere recorded  
re g u la r ly . Serum  sam ples fo r n e u tra liz a tio n  te s t  were ta k e n  on  th e  d ay  before , 
a n d  on th e  8 th , 14 th  an d  4 4 th  days fo llow ing ex p erim en ta l in fec tion .

P a ired  serum  sam ples w ere co llected  from  some o f th e  calves, cows 
a n d  heifers housed in  th e  in fec ted  prem ises.

A fte r th e  d e fin ite  d iagnosis h ad  been  estab lished  IB R  vaccine of th e  
D iam o n d  L ab o ra to rie s  In c . (D es M oines, Io w a , USA) w as  em p loyed , w hich 
w as p u t  a t our d isposa l fo r ex p e rim en ta l purposes b y  th e  D ep a rtm en t o f 
A n im a l H ea lth , M in is try  o f A g ricu ltu re  an d  Food, B u d a p e s t. Calves w ere 
in o c u la te d  w ith  2 m l each.

H isto ry  and  course of the  disease

In  a new ly -estab lish ed  ca lf  house of a coopera tive  fa rm  290 calves in  
8 g roups were h o u sed  u n d e r excellen t cond itions. The ca lves were grouped  
acco rd in g  to  th e ir  age, i.e. 10 to  30 d ay s, 4 to  7, 8 to  10 a n d  12 to  15 w eeks 
o f  age in g ro u p s  1, 2, 3 an d  4, re sp ec tiv e ly . Calves o lder th a n  3 m on ths w ere 
d iv id e d  in groups 5 to  8. E ach  g roup  com prised  35 to  40 ca lves. In  1964 an d  
1965 v iru s d ia rrh o ea  and  a re sp ira to ry  disease caused b y  adenov irus, re 
sp ec tiv e ly , occurred  am ong  th e  calves, w hereas in  1966 n o  sym ptom s in 
d ic a tiv e  of an in fec tio u s disease of th e  d igestive  o r re s p ira to ry  tra c t w ere 
o b serv ed .

On A pril 22, 1967, 2 calves tw o w eeks of age w ere a ffec ted . T hey  lost 
a p p e tite  and  show ed serous n a sa l d ischarge , lac rim atio n , sa liv a tio n  and  fo rced  
re sp ira tio n . T heir m uffles w ere red d en ed . O n th e  3rd o r 4 th  d ay  th e re a f te r  
sy m p to m s in d ica tin g  c e n tra l n ervous in v o lv em en t a p p e a re d  in te rm itte n tly . 
T h e y  showed d u llness, m u scu la r tre m o r an d  som etim es ex c item en t an d  
b lin d n ess . S ym ptom s wdiich to o k  5 to  10 m in u te s  passed  o ff  fo r  hou rs. N ervous 
sy m p to m s, how ever, tu rn e d  p e rs is te n t b y  th e  5 th  day , a n d  a t  th e  end of th e  
5 th  d a y  th e  calves w ere u n ab le  to  s ta n d , th e y  lay  in  o p is th o to n ic  position  
a n d  show ed u n c o o rd in a te d  m o v em en ts , an d  fin a lly  died on th e  6 th  or 7 th  d ay .

As a to ta l  8 ca lves, all from  group  1, h ad  died w ith  s im ila r sym ptom s 
b y  th e  10th M ay. In i t ia l ly  all a ffec ted  an im als show ed gen era l sym ptom s, w hich  
w ere  followed b y  n e rv o u s d iso rders. I t  is w o rth  m en tio n in g  th a t  all a ffec ted  
an im als  were ca lved  b y  f irs t-p re g n a n t heifers.

A t post m o rte m  ex am in a tio n  no signs c h a ra c te ris tic  o f  any  d efin ite  
d isease  were found . In  som e o f th e  calves m ild  g a s tro e n te r itis  or localized
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c a ta rrh a l b ro n ch o p n eu m o n ia  w as found . T he b a c te r ia l ex am in a tio n  gave 
neg a tiv e  re su lts  in  e v e ry  case.

H isto p a th o lo g ica l ex am in a tio n , revea ling  ly m p h o cy tic  in filtra tio n s  in  
b o th  th e  grey  an d  w h ite  m a tte r  o f th e  b ra in , in d ic a te d  som e v ira l d isease.

To c lear u p  th e  ae tio logy , in v es tig a tio n  on th e  sp o t w as decided on th e  
10th  M ay. I t  was fo u n d  th a t  calves o f g roups 1 to  4 h a d  been  rem oved  to  a new  
ca lf house w hich  w as th o u g h t free of th e  in fec tion . E ach  ca lf  rem ained  in  its  
o rig inal g roup . On th e  8 th  M ay, one d ay  follow ing th e  re se ttle m e n t, h a lf  o f th e  
calves in  g roups 1 an d  2 w ere a lread y  a ffec ted . T h ey  show ed genera l sym p to m s 
includ ing  in a p p e te n c e , n a sa l d ischarge, re sp ira to ry  d is tu rb an ces  an d  red d en in g  
o f th e  m u ffle .T h e  genera l sy m p to m s coidd still be o bserved  on th e  10th  M ay. P ro 
fuse sa liv a tio n  an d  red d en in g  o f th e  m uffle w ere th e  m o st s tr ik in g  sy m p to m s. 
In  a ca lf 3 w eeks o f  age d e fin ite  signs o f n e rv o u s  in v o lv em en t w ere seen ; 
th e  ca lf  w as h a rd ly  ab le  to  s ta n d , in te rm itte n t  tre m b lin g , d raw ing  fo rw ard s 
of th e  h ead  an d  n eck , th e n  collapse and  o p is th o to n u s  w ere seen. In  2 o th e r  
calves o n ly  m ark ed  du llness in d ica ted  nervous d iso rd e r b u t  th e  a t te n d a n ts  
rep o rted  on tre m b lin g , too .

T he severe ly  a ffec ted  ca lf w as s lau g h te red  in  em ergency , b u t  no lesions 
could be fo u n d  a t  th e  p o s t m o rtem  ex am in a tio n . T he organs inc lud ing  b ra in  
w ere b ro u g h t fo r v iru s  iso la tion . N asal an d  c o n ju n c tiv a l d ischarges w ere 
collected  fo r  v iru s  iso la tio n  from  2 calves th a t  show ed n erv o u s sym ptom s a n d  
from  3 fu r th e r  calves w ith  general sym ptom s.

F o llow ing  iso la tio n  an d  id en tif ic a tio n  o f th e  IB R  v iru s  th e  prem ise w as 
v isited  again  on th e  1 8 th  M ay in  o rd er to  im m unize  th e  h e rd  w ith  th e  IB R  
vaccine p ro d u ced  b y  th e  “ D iam ond  L a b o ra to rie s” . In  th e  m ean tim e  6 calves 
died of th e  disease a n d  40%  o f th e  calves in  g roups 3 an d  4 (18 —15 w eeks 
of age) w ere in v o lv ed , too . Some of th e  d ied  an im als  h a d  been calved  b y  
older cows.

Calves in g roups 5 to  8 (3 to  6 m o n th s o f age), w hich  rem ain ed  in  th e ir  
o rig inal house, an d  th o s e  o f g roups 2, 3 an d  4 w ere v ac c in a ted , w hile g roup  1 
was left u n v a c c in a ted . All calves in  th e  v a cc in a ted  g roups w ere in jec ted  re 
gardless o f  th e ir  s ta te  o f  h e a lth . A t th e  tim e  of v acc in a tio n  n o t a single c a lf  
in th ese  g roups show ed nervous sy m p to m s, an d  th e  g enera l sy m p to m s show n 
were m ild . R ed d en in g  o f th e  m uffle s ta r te d  fad ing  an d  th e  superfic ia l lay e r 
of th e  ep ith e liu m  b eg an  to  d esq u am ate .

No p o s tv a c c in a tio n  reac tio n  w as observed . One ca lf  in  group 3 died  
5 days a f te r  v a c c in a tio n , show ing c h a ra c te r is tic  n e rv o u s sy m p to m s. In  th e  con
tro l group (group  1) 7 calves died b y  th e  3rd Ju n e , w hen  th e  calves still a live 
in group 1 w ere v a c c in a ted . In  th is  g roup  one ca lf show ed n erv o u s sy m p to m s 
(dullness, convu lsions, d is tu rb an ces  in  sw allow ing) 6 days follow ing v acc i
n a tio n , b u t reco v ered  su b seq u en tly .

As a to ta l ,  a b o u t 70 calves betw een  2 to  15 w eeks o f age show ed g enera l
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sy m p to m s , 22 of th e m  su ffering  from  n erv o u s d iso rders. T he la t te r  d ied  in 6 
to  7 d ay s . On th e  5 th  d a y  fo llow ing v acc in a tio n  1 ca lf  d ied ; a n o th e r  was 
a ffe c ted , and  despite  n e rv o u s  in v o lv em en t, recovered.

R esu lts

F ro m  th e  b ra in , n a sa l m ucous m em b ran e , tonsils  and  naso lac rim a l d u c t 
o f  th e  ca lf  th a t  show ed n e rv o u s  sy m p to m s before being  em erg en cy -s lau g h te red  
1B R  v iru s  was iso la ted  in  ca lf te s tic le  and  k id n ey  cell cu ltu re s . Iso la tio n  
o f th e  v iru s  from  th e  sp leen , liver a n d  lungs failed . T he v iru s  could  be iso la ted  
from  th e  nasa l d isch arg e  o f 3 o f  th e  affec ted  calves. T he iso la tes show ed 
c h a ra c te r is tic  CP effec t a lre a d y  in  th e  1st passage.

T h e  f irs t signs o f  th e  CP effect cou ld  be observed  48 to  72 h o u rs  follow ing 
in o c u la tio n . This in c lu d ed  sy n cy tiu m  fo rm a tio n  an d  ro u n d in g  o f  th e  in fec ted  
cells. I n  sta in ed  p re p a ra tio n s  th e  changes described  in an  ea rlie r p a p e r as 
c h a ra c te r is tic  of th e  IB R  v iru s  cou ld  be  seen.

T h e  virus p ro v ed  ch lo ro fo rm -, h e a t-  and  try p s in -la b ile . I t  w as n o t 
s ta b iliz e d  by  M  M gCl3 a g a in s t th e  a c tio n  o f h e a t. B ased  on th e se  p ro p e rtie s  
an d  th e  CP changes, th e  iso la te  w as id e n tif ie d  as a m em ber o f th e  H erpesvirus  
g ro u p . T he iso lated  s tra in s  w ere n e u tra liz e d  b y  th e  specific  a n ti- IB R  serum  
a lone . T h u s , id en tif ic a tio n  o f th e  iso la te  w as confirm ed serologically .

Calves ex p e rim en ta lly  in fec ted  in tra n a sa lly  o r in tra m u sc u la rly  w ith  
2 m l o f  th e  virus (2nd passage) re sp o n d ed  w ith  genera l sy m p to m s 5 to  7 days 
fo llow ing  infection. T e m p e ra tu re  o v e r 40 °C an d  dullness w ere observed . 
In i t ia l ly  serous, la te r  on  m ucous, n a sa l d ischarge, c o n ju n c tiv itis , p rofuse 
sa liv a tio n  and  la c rim a tio n  w ere seen. T he calf in fec ted  in tra n a sa lly  show ed 
e n te r i t is ,  too . I ts  re sp ira tio n  ra te  in c rea sed  from  th e  in itia l 30 to  50. T he calves 
reco v e red  betw een th e  1 2 th  an d  1 4 th  days follow ing in jec tio n . No nervous 
in v o lv e m e n t occurred.

T h e  v irus could be re iso la ted  from  th e  n asa l d ischarge  5, 7 an d  9 days 
fo llow ing  infection . N o v iru s  could be iso la ted  from  an y  o rg an  o f th e  calves 
s la u g h te re d  on th e  32 n d  o r 4 4 th  d a y  follow ing ex p e rim en ta l in fec tio n .

S erum  sam ples fro m  12 cows in  th e  affec ted  p rem ises w ere te s te d  for 
v iru s -n eu tra liz in g  an tib o d ie s . T he ca lves o f 7 of th e  te s te d  cows (5 heifers an d  
2 cow s) h ad  died o f th e  d isease. T h e  calves of th e  rem a in d e rs  h a d  escaped  
th e  in fec tio n . None o f  th e  sera ta k e n  from  th e  heifers co n ta in ed  specific 
a n tib o d ie s , w hereas specific  an tib o d ies  o f h igh t i t re  (1 : 64, 1 : 256) could be 
d e m o n s tra te d  in th e  se ra  o f th e  7 o ld e r cows. In  sera  ta k e n  10 day s follow ing 
re c o v e ry  from  5 calves w ith  genera l sy m p to m s an tib o d ies  could  be dem on
s t r a te d  in  very  low ti t r e s  (1 :4 , 1 : 8), i f  an y . I t  m ay  be n o te d  th a t  th e  a n tib o d y  
levels in  th e  sera o f  th e  v a c c in a ted  calves were b ish e r  th a n  in  th o se  of th e  
ca lves in fec ted  n a tu ra l ly  an d  reco v ered .
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D uring  th e  2-w eek perio d  o f observ a tio n  in th e  u n v a c c in a ted  g roup  
7 calves d ied , while in  th e  7 g roups o f v acc in a ted  calves o n ly  one case becam e 
fa ta l  (on th e  5 th  p o stv acc in a tio n  day).

D iscussion

I t  is know n th a t  am ong  th e  clin ical form s caused  b y  th e  IB R  v iru s  in 
H u n g a ry  in fectious p u s tu la r  v u lv o v ag in itis  is m ore com m on th a n  in fectious 
bov ine  rh in o tra c h e itis . A n o th e r fo rm  invo lv ing  co n ju n c tiv itis  has been fo u n d  
occasionally . E n cep h a litis  caused  b y  th is  v iru s, how ever, h a d  n o t been  o b 
served  in  H u n g a ry . T h is co n d itio n  w hich h ad  f irs t been re p o r te d  in  A u s tra lia  
( F r e n c h , 1962) an d  in  th e  U SA ( B a r e n f u s  e t ah , 1963) has n o t been fo u n d  
in  an y  o th e r  co u n try .

T he encephalitis  o u tb re a k  u n d e r  s tu d y , caused b y  th e  IB R  v iru s , occurred  
in a h e rd  in w hich none o f  th e  form s o f  th e  IB R  syndrom e h a d  been  observed  
earlie r. I t  m igh t be assum ed  th a t  th e  causa tive  ag en t h a d  been  p re sen t in 
the  h e rd  w ith o u t h av in g  caused  an  illness m an ifested  in  c lin ica l sy m p to m s. 
T h is is in d ica ted  by  th e  n e u tra liz in g  an tibod ies found  in  se ra  o f some o f th e  
cows. D ilu tions of th e  sera  as h igh  as 1 : 64 to  1 : 256 w ere ab le  to  n eu tra lize  
100 TC1D 5o o f th e  v iru s . T h is level o f an tibod ies is considered  n o te w o rth y , fo r 
such  a h igh a n tib o d y  level c a n n o t be observed  in  sera ta k e n  from  convalescent 
an im als th a t  h ad  su rv iv ed  th e  re sp ira to ry  form  o f th e  d isease ; in  th e  con
v a lescen t sera of cows w ith  in fec tious p u s tu la r  v u lv o v ag in itis  even no a n t i 
bod ies can  be d e m o n s tra te d .

A ntibod ies w ere n o t p re se n t in th e  sera o f th e  grow ing  calves an d  cow- 
heifers, in d ica tin g  th a t  th e  o ffsp ring  in  th e  ca lf houses an d  th e  grow ing an im als 
h a d  escaped  in fection . T h e  v iru s  m u s t have  been in tro d u c e d  ju s t  before th e  
o u tb re a k .

In  th e  cases described  b y  th e  A u stra lian  an d  A m erican  au th o rs  no 
sy m p to m s in d ica tin g  re sp ira to ry , or an y  o th e r form  o f th e  IB R  sy n d ro m , 
w ere observed  in th e  calves besides encep h a litis . W e, on th e  o th e r  h an d , ra ised  
th e  su sp ec t of an IB R  v iru s  in fec tio n  because some o f th e  calves a ffec ted  
b y  encepha litis  h ad  su ffered  from  re sp ira to ry  disease p rio r to  th e  ap p earan ce  
o f n erv o u s sym ptom s. T hese sy m p to m s included  dullness, in ap p e ten ce , forced  
re sp ira tio n , redden ing  o f  th e  m uffle  an d  profuse sa liv a tio n . Such  sym p to m s 
w ere n o t rep o rted  by  th e  A u s tra lia n  and  A m erican  a u th o rs . N everthe less, 
th e  n erv o u s sy m p to m s, th e  100%  fa ta l i ty  am ong th e  calves show ing nervous 
in v o lv em en t, th e  age o f th e  a ffec ted  calves an d  th e  p ro tra c te d  course o f th e  
cases ag reed  well w ith  th e  l i te ra ry  d a ta .

O w ing to  th e  iso la tio n  o f th e  v iru s  from  th e  b ra in , n a sa l m ucous m em 
b ra n e , lac rim al d u c t an d  to n s ils  as soon as in 3 to  4 d ay s , an  e a rly  diagnosis 
could  be estab lished . T he v iru s  cou ld  be iso la ted  from  th e  n a sa l d ischarge
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even  in  som e cases sh o w in g  only  re sp ira to ry  sy m p to m s. T he lym phocy tic  
in f iltra tio n s  in  b o th  th e  g rey  and  w h ite  m a tte r  su p p o rte d  th e  v ira l origin 
o f  th e  disease. Iso la tio n  o f  th e  v irus along w ith  th e  h is to p a th o lo g ica l changes 
in  th e  b ra in  proved  o b v io u sly  th a t  th e  nervous sy m p to m s observed  in  th is 
h e rd  w ere ascribable to  th e  IB R  v irus.

As a re su lt o f th e  e a r ly  diagnosis an im als could  soon be vacc in a ted . 
B eing  o f low v iru lence , th is  vaccine can  be  used sa fe ly  in  y o u n g  calves. In  
p re g n a n t cows th e  v ac c in e  m ay  cause a b o rtio n . In  o th e r  co u n trie s  th e  sam e 
vacc ine  h a d  been used  successfu lly  in p re v e n tin g  th e  re s p ira to ry  form  o f th e  
d isease . I t  has been c la im ed  th a t  in  an  a ffec ted  herd  th e  an im als  h ad  developed 
a s a tis fa c to ry  im m u n ity  10 days a fte r  v acc in a tio n . C o n seq u en tly  all b u t 1%  
o f th e  v acc in a ted  a n im a ls  rem ained  h e a lth y .

As fa r  as we k n o w , th e  vaccine h a d  n o t been em p lo y ed  in  p rev en tin g  
en cep h a litis  caused b y  th e  IB R  v irus. T ak in g  in to  co n sid e ra tio n  th a t  an  ad e 
q u a te  im m u n ity  d ev e lo p s in  10 days, an d  th e  v iru s  sp read s  am ong calves 
slow ly , th e  use of th e  v a c c in e  w as decided. Since th e  vacc ine  w as supp lied  b y  th e  
A n im al H e a lth  D e p a r tm e n t of th e  M in is try  of A g ricu ltu re  an d  F ood  for ex 
p e r im e n ta l purposes o n ly , th e  youngest calves, belong ing  to  th e  age group 
th a t  h a d  been  affec ted  m o s t  severely , rem ain ed  u n v a c c in a te d . T he un in fec ted  
g row ing  calves 4 to  6 m o n th s  o f age (groups 5 to  8) an d  th o se  k e p t in th e  in 
fec ted  groups (groups 2 to  4) were all v a cc in a ted , reg a rd less  o f h av in g  been 
in fec ted  or n o t. N one o f  th e  calves show ed nervous sy m p to m s a t  th e  tim e  
o f v acc in a tio n .

T he active im m u n ity  developed soon , as p ro v ed  b y  th e  fa c t th a t  no 
a d d itio n a l cases am ong  th e  v acc in a ted  calves w ere re p o r te d , excep t one th a t  
d ied  as early  as on th e  5 th  d ay  follow ing v acc in a tio n . In  th e  con tro l g roup , 
h ow ever, 7 calves d ied  o f  nervous sy m p to m s in 2 w eeks. T he resu lt o f th e  
v a c c in a tio n  ob ta in ed  in  g ro u p  2 can be e v a lu a te d  w ell, b ecau se  before v acc i
n a tio n  th e  clinical sy m p to m s an d  losses w ere as severe in  th is  g roup  as in group 1. 
In  g roups 3 and  4 th e  d isease  was firs t o bserved  2 w eeks befo re  th e  v acc ina tion  
an d  som e o f th e  an im a ls  h a d  died. Since 7 calves d ied  in  th e  con tro l group 
2 w eeks following v a c c in a tio n  while o n ly  1 ca lf d ied  in  th e  3 v acc in a ted  
g roups, th e  v acc in a tio n  m u s t be considered  as successful.

T ak in g  in to  a c c o u n t th a t  in g roups 5 to  8 no p re v a c c in a tio n  case of 
th e  disease had  been  o b se rv ed , th e  a p p a re n tly  good re su lt  in  these  groups 
c a n n o t be a t tr ib u te d  to  th e  vacc in a tio n .

Since th e  re su lts  o f  th e  v acc in a tio n  h a d  conv inced  us o f th e  good p re 
v e n tiv e  effect of th e  v a c c in e , we v a cc in a ted  th e  24 calves s till a live in g ro u p  1. 
S ix o f  th e  calves show ed  re sp ira to ry  sym p to m s a t  th e  tim e  o f v acc in a tio n . 
N erv o u s sym ptom s w ere  n o t  observed, b u t  one ca lf  show ed n ervous invo lve
m e n t 6 days follow ing v acc in a tio n . U nlike  o u r experiences an d  those  o b ta in ed  
a b ro a d  th e  calf reco v ered  in  6 weeks. No a d d itio n a l losses o ccu rred  in th e  group .
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T h u s, i t  can  be s ta te d  th a t  th e  vaccine can  successfu lly  be used, even  
if  en cep h a litis  caused  b y  th e  IB R  v iru s  has o ccu rred  in  an  a ffec ted  h e rd . 
( In  o u r case th e  calves w ere v a c c in a ted  1 m o n th  fo llow ing th e  onse t o f th e  f i r s t  
case.) O ne q u es tio n  has rem ain ed  to  be cleared : W h a t is th e  reason  th a t  o f 
th e  severa l in fec ted  herds th e  v iru s  h ad  induced  en cep h a litis  in  none b u t  th is  
h e rd . E n c e p h a litis  could  n e ith e r  be in d u ced  in  2 calves in fec ted  ex p e rim en ta lly .

T hese o b se rv a tio n s  enab le  us to  suppose th a t ,  in  a d d itio n  to  th e  a d a p 
ta t io n  o f th e  v iru s  to  th e  c e n tra l n erv o u s sy stem , o th e r  fac to rs  m u st be  in 
vo lv ed  in  th e  m a n ife s ta tio n  o f encep h a litis .

SUMMARY

In a large-scale farm  an outbreak of encephalitis caused by the IB R  virus was observed  
am ong calves. Calves o f  10 to 30 days o f age were m ost affected. General sym ptom s (forced res
piration, fever, nasal discharge, salivation , reddening of the m uffle) were observed in itia lly , 
follow ed by nervous sym ptom s in some o f the affected calves. The latter died in  5 to 7 days. 
M ortality am ounted to 15% . No m acroscopic post m ortem  changes could be observed. H isto lo
gically , lym phocytic  infiltrations in  the w hite and grey m atter o f  the brain were dem onstrable.

The virus w as isolated  in tissue cultures from  the nasal discharge o f affected animals and  
the brains o f died anim als. The calves infected  experim entally showed only general sym ptom s.

Three o f the infected  4 groups were vaccinated w ith  a live IB R  vaccine (D iam ond  
Laboratories, U SA ). One group served as unvaccinated control. Only 1 o f the 112 vaccinated  
calves died o f the disease 5 days following vaccination as com pared to the 7 o f the 31 unvaccinat
ed controls.
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The environm ental — stress — effects affecting the carp, such as transport, pH  change, 
fluctuations in 0 2 saturation  of the water, etc., have been referred to  by several authors ( R i c h - 
LiCKi and Za r n e c k i, 1956; L a ss l e b e n , 1964), but their consequences have hardly been ana
lysed. So far chiefly specu lative conclusions have been drawn, e .g . ,i t  has been supposed th a t the 
elim ination of stressors would notably reduce the losses by certain fish  diseases, above all by  
dropsy (L a ss l e b e n , 1959).

In this laboratory, studies on the aetiology and pathogenesis o f  dropsy have been e x 
tended to a closer exam ination  of the factors damaging the in testinal m ucosa of the carp, w ith  
regard to the observation th a t in the m ajority o f the cases outbreaks o f acute dropsy occur 
after harvesting, transport or stocking, although Aerom onas pun cta ta , the  postulated causative  
agent is dem onstrable in the intestine of many carps, independent o f  season (Sc h ä per c l a u s , 
1954; K o cylow sk i and M ia c zy n sk i, 1963; B uza and Sza kolczai, 1968). I t  has, therefore, 
been supposed that the above environm ental changes m ay act as stress factors and, in addition  
to their influence on other organs, affect the perm eability o f  the in testina l mucosa.

E xperim ental

M aterials and methods. In te s tin a l changes w ere ex am in ed  in re la tio n  
to  h a rv e s t, a b ru p t rise  o f te m p e ra tu re  and  tr a n s p o r t ,  on 77 2-year-old  (C0) 
an d  12 3-year-old  (C3) carps.

I .  Effect o f  harvest. T he te s t  m a te ria l w as o b ta in e d  from  a pond (w a te r 
te m p e ra tu re  6 — 8 °C) o f  each of tw o farm s, w here th e  a u tu m n  h a rv es t la s ted  
6 — 7 days. Two a p p a re n tly  h e a lth y  C2 were secu red  from  each of th e  tw o 
ponds on th e  1 st, 3 rd  an d  6 th  days of th e  h a rv e s t. T h e  fishes were k illed  
im m ed ia te ly . F u ll p a rasito lo g ica l ex am in a tio n  o f all o rgans and  b a c te rio 
logical ex am in a tio n  o f th e  in te s tin e s  an d  liv e r w ere p erfo rm ed . Specim ens 
from  th e  a n te rio r, m ed iu m  an d  po ste rio r p a r t  o f th e  in te s tin e  an d , for in fo r
m a tio n , also from  th e  liv e r an d  k idneys w ere p rocessed  fo r h isto log ical ex am i
n a tio n . F rozen  sec tio n s fixed  in  form alin  a n d  p a ra ffin -em b ed d ed  sections 
w ere p rep ared  in  th e  D e p a rtm e n t of P a th o h is to lo g y  o f  th is  In s t i tu te . T he 
sec tions w ere s ta in e d  w ith  h aem alaun-eosin , S u d an  I I I  o r PA S.

I I .  Effect o f  abrupt temperature elevation. T en  C2 fishes, 200 -250 g in  
w eig h t, were k e p t th ro u g h o u t th e  w in te r in  ru n n in g  ta p  w a te r  of 10 °C in 
a ta n k , w ith o u t food. A t th e  beg inn ing  of th e  ex p e rim e n t, 2 fishes w ere k illed  
to  serve as con tro ls , a n d  2 o th ers  were placed in a n o th e r  ta n k  u n d e r th e  sam e 
cond itions. T hen th e  w a te r  of th e  ta n k  acco m m o d atin g  th e  rem ain ing  6 fishes
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w as w arm ed  to  20 °C in  5 h ou rs (ra is in g  th e  te m p e ra tu re  b y  2 °C p e r hour). 
T w o fishes were k illed  in  th e  6 th , 7 th  an d  8t.h hours fo llow ing th e  h e a tin g  
o f  th e  ta n k  w a te r. In  th e  8 th  h o u r  also  th e  2 su rv ivo rs, m a in ta in e d  th ro u g h 
o u t  a t  10 °C, w ere k illed . T he o rg an s o f a ll fishes were p rocessed  in  th e  sam e 
w ay  as described  u n d e r  I.

I I I .  Effect o f  transport. T hese  ex p e rim en ts  were ca rried  o u t in  M arch. 
F ro m  a w in te r po n d  (w a te r te m p e ra tu re  3 — 5 °C) in  each  o f 5 fa rm s, 5 C2 
fish es , 200 — 250 g in  w eigh t, w ere co llec ted . Two fishes from  each  g roup  were 
k ille d  on th e  spo t an d  th e  rem a in in g  3 w ere tra n sp o rte d  to  th e  la b o ra to ry  
u n d e r  th e  usual co n d itions, in  4 — 8 h o u rs . T hey  w ere k illed  in  succession 
in  th e  2 4 th , 9 6 th  an d  120th  h ours a f te r  collection  an d  th e ir  o rgans w ere p ro 
cessed  as described  u n d e r  I . In  th e  case o f  th e  fishes k illed  on  th e  sp o t, often  
m o re  th a n  3 — 5 m in u te s  e lapsed  b e tw een  ca tch ing  an d  p rocessing .

T he 3 tra n sp o r te d  fishes k illed  in  th e  2 4 th  ho u r had  je llin aceo u s clear 
in te s t in a l  co n ten ts , v a ry in g  in a m o u n t from  0.5 to  3.0 m l. T h is m a te r ia l was 
p laced  in te s t tu b e s , an d  a f te r  ad d in g  100 figjm l o f te r ra m y c in  to  p re v e n t 
e v e n tu a l b ac te ria l g ro w th , it  w as s to re d  in th e  re fr ig e ra to r  u n til  use.

A fte r m ass tra n s p o r ts  (6 — 24 ho u rs) to  10 pond  fa rm s in  th e  sp ring  
(M arch , April) an d  to  2 in th e  su m m e r (Ju n e ), on a to ta l  30 C2 an d  12 C3 
fish es  were co llected  from  th e  12 fa rm s an d  processed as described  in  th e  
fo regoing . Clear je llinaceous c o n te n ts  w ere found in th e  in te s tin e s  of 12 fishes 
fro m  5 pond farm s stocked  in th e  sp rin g . In  th is  ex p e rim en ta l series we have 
m issed  contro ls from  th e  p re - tra n s p o r t  period.

Precipitation test. T en h e a lth y  C2 fishes were b led . T h e  sera  collected 
a f te r  c lo ttin g  w ere pooled an d  th e ir  p ro te in  co n ten ts  w ere d e te rm in ed  b y  
re f ra c to m e try  a t 20 °C as 3.52 g % . U sing  2 ml doses o f th e  se rum , a ra b b it  
w as im m unized on 4 occasions a t  1-w eek in te rv a ls . Seven day s a f te r  th e  la s t 
im m u n iza tio n  th e  p rec ip itin  t i t r e  o f  th e  ra b b it serum  w as d e te rm in ed  and  
s ince  i t  was sa tis fac to rily  h igh , th e  r a b b i t  was ex san g u in a ted . A fte r c lo ttin g  
a n d  sep ara tio n , 1 : 10,000 T h y m ero sa l w as added  fo r p re se rv a tio n  an d  th e  
im m u n e  serum  w as s to red  in  th e  re fr ig e ra to r  u n til use.

A gar p la te s  w ere p re p a re d  b y  O u ch te rlo n y ’s m e th o d  in  P e tr i  dishes 
9.5 cm  in d iam ete r, using  20 m l 1 .5 %  ag ar so lu tion  w ith  0 .62%  N aC l. The 
w ells, o f 5 m m  d ia m e te r  each , w ere spaced  a t 5 m m  d is tan ce . In  p a r t  o f th e  
w ells 0.05 m l hom ogenized , u n d ilu te d  je llinaceous in te s tin a l c o n te n ts , in 
p a r t  fish  serum  w as p laced  to  serve  as co n tro l. The 1 : 10 d ilu te d  ra b b it  im m une 
se ru m  was p laced  in th e  c e n tra l w ell. T he p re c ip ita tio n  re a c tio n  w as read  
e v e ry  24 hours u n til  th e  fin a l re a d in g  on th e  10th day .

R esu lts

P arasito lo g ica l ex am in a tio n s  h a v e  led to  p ra c tic a lly  n eg a tiv e  re su lts . 
O n ly  a few T rich o d in a  of D a c ty lo g y ru s  specim ens w ere fo u n d  on th e  gills.
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In  th e  course o f b ac te rio log ica l exam in a tio n s, iso la tio n  from  th e  liver 
w as in v a riab ly  n eg a tiv e . T he in te s tin e s  o f th e  carps m a in ta in e d  in  tan k s  w ith o u t 
food  during  th e  w in te r  and  also o f those  collected  in th e  sp rin g  from  th e  w in te r  
pon d s were s te rile  in  10 —15%  o f th e  cases. In  th e  in te s tin e s  o f th e  re s t b o th  
th e  n u m b er of b a c te ria l species and  b a c te ria l coun ts w ere very  low. T he 
m a jo r ity  of th e  b ac te ria l p o p u la tio n  was iden tified  as Aerornonas punctata.

Histological examination

I . In  every  case, th e  in te s tin a l lum en  was e m p ty . Lesions w ere found  
in  th e  in te s tin a l m ucosa, p rogressing  p ara lle l w ith  th e  d u ra tio n  of h a rv e s t.

f i g .  1. Mucosal folds in healthy in testine. Frozen section. H aem alaun-eosin stain. X  200

Slight d e ta c h m e n t of co lu m n ar ep ithe lium  cells fro m  th e  b asem en t 
m em b ran e  over th e  ridges an d  sides o f th e  m ucosal folds w as ap p a re n t m ost 
o fte n  in  th e  a n te r io r  and  m ed ium , b u t  som etim es also in  th e  p o ste rio r p o rtio n  
o f  th e  in tes tin e . G oblet cells decreased  in num ber. T he cap illa ries passing  
im m ed ia te ly  below  th e  cell b ases  an d  basem en t m em b ran e  w ere d is ten d ed  
a n d  fu ll w ith  red  b lood  cells. O w ing to  th e  ep ithe lia l d am ag e , th e  s tru c tu re  
o f th e  p ro p ria  becam e som ew hat loose. In  th e  tissue g aps an  eosinophilic , 
s tru c tu re le ss  su b stan ce  — serum  — an d  a few  leukocy tes w ere seen. L y m p h o 
cy te s  occurred  sc a tte re d  b o th  in  ep ithe lium  and  p ro p ria . O n sta in in g  w ith  
S u d an  I I I ,  fine ly  g ran u la r  fa t  in f il tra tio n  becam e often  a p p a re n t  in  th e  space 
b e tw een  th e  ep ith e lia l lay e r a n d  b asem en t m em brane , less o ften  betw een  
loosely  a rran g ed  ep ith e lia l cells. In  th e  m uscle layer th e re  w as a very  m ode
ra te  degree o f hy p eraem ia  (F igs 1, 2, 3, an d  4).
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Fig. 2. Goblet cells in healthy intestine. Paraffin-em bedded section . PAS-stain. X 200

F ig. 3. Post-transport hyperaem ia and detachm ent of columnar epithelium  from the basal 
m embrane over the ridges o f the mucosal folds. Paraffin-em bedded section . Haem alaun-eosin

stain. X 200

In  th e  liver, h y p e ra e m ia , m o d era te  v acu o la tio n  o f  th e  cells an d  m ild 
f a t ty  in filtra tio n , w hereas in  th e  k idneys nephrosis o f  som e of th e  tu b u les  
w ere seen.
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II . In  every  case, th e  in te s tin a l lum en  w as e m p ty . In  th e  in te s tin e s  o f  
th e  co n tro l fishes no  lesions w h a tev er w ere found , w hereas th o se  o f th e  e x p e ri
m en ta l fishes show ed th e  changes described  above. Also th e  m uscle lay e r o f 
th e  in te s tin e  w as hyperaem ic .

T he liver a n d  k idneys were hv p eraem ic  an d  m a n y  eosinophils w ere 
found betw een  th e  ren a l tubu les.

Fig. 4. Post-transport decrease of goblet cells in the epithelium . Paraffin-em bedded section
PAS-stain. X 200

I I I .  The in te s tin e s  of th e  fishes co llected  from  th e  w in te r ponds a n d  
processed  on th e  sp o t w ere em p ty . O n m icroscopic e x am in a tio n  th e  in te s tin e , 
liv er an d  k idneys p ro v ed  to  be n o rm al, w ith  spo rad ic  m in im al h y p eraem ia .

Lesions in th e  in te s tin e s  of fishes k illed  24 h ours a f te r  collection w ere 
o f  th e  above ty p es , b u t  m ore d is tin c t. In  3 cases an  eosinophilic  sub stan ce , 
s ta in in g  yellow  w ith  S u d an  I I I ,  w as a p p a re n t also in  th e  in te s tin a l lum en .

In  th e  carps k illed  in  th e  96 th  an d  120 th  h o u r a f te r  collection , th e  
lesions h a d  becom e m ild e r and  h a rd ly  n o ticeab le .

In  th e  carps se lec ted  from  th e  lo ts  su b jec ted  to  m ass tr a n s p o r t ,  th e  above 
lesions w ere found  in every  case w here th e  in te s tin e  was e ith e r  em p ty  o r 
co n ta in ed  a c lear je llinaceous su b stan ce  on ly . T he sev e rity  o f th e  lesions 
increased  in d irec t re la tio n  to  th e  p ro lo n g a tio n  o f tr a n s p o r t  tim e  or th e  ele
v a tio n  o f th e  te m p e ra tu re  above 8 —10 °C.

I f  th e  ca rp ’s in te s tin e  con ta ined  n a tu ra l  o r a r tif ic ia l food , in add itio n  
to  th e  above lesions also necrosis o f th e  ep ith e liu m  an d  p ro p ria  were found , 
p a r tic u la r ly  if fish ing  an d  tra n sp o r t  w ere m ade a t  a h ig h er te m p e ra tu re  (15 °C). 
In  th e  n ecro tic  areas m an y  n eu troph ils  an d  ly m p h o cy tes  w ere seen, w ith  de
g en e ra ted  or fu lly  d is in te g ra te d  nuclei (F ig . 5). T he liv er an d  k idneys w ere 
hy p eraem ic  an d  show ed necrob io tic  f a t ty  in f iltra tio n  an d  necrosis.
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Precipita tion  tesla. T he t i t r e  o f th e  p re c ip ita tin g  im m une  serum  was 
1 : 10,240. I t  gave 11 p re c ip ita tio n  lines w ith  th e  fish  serum , ag a in st w hich 
i t  w as p rep a red  as well as w ith  sera  from  h ea lth y  ca rp s , w hile only  3 — 7

F ig . 5. Necrotic phenom ena in the in testinal m ucosa of a carp transported after feeding. 
Frozen section. H aem alaun-eosin stain. X 200

Fig. 6. Agar-gel precipitation test. I. R abbit im m une serum. II. Carp serum. II I . W ater-clear 
jellinaceous intestinal contents. Dried preparation stained w ith  fuchsin

p re c ip ita tio n  lines w ith  th e  je llin aceo u s in te s tin a l c o n te n ts  (F ig . 6). P a ra lle l 
to  th e  q u a n tita tiv e  increase o f in te s t in a l  co n ten ts , th e  n u m b e r o f  th e  p rec ip i
ta t io n  lines ten d ed  to  decrease. T h e  h ig h est n u m b er o f p re c ip ita tio n  lines was 
o b ta in e d  w ith  th e  cy lin d er-sh ap ed  coheren t c lear je llinaceous in te s tin a l 
co n ten ts .
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D iscussion

B ased on th e  re su lts  of parasito lo g ica l and  bac te rio lo g ica l ex am in a tio n s, 
th e  carps s tu d ied  could be ju s t ly  reg a rd ed  as h ea lth y .

M icroscopic ex am in a tio n  of o rgan  specim ens from  th e  carp s  has show n 
th a t  th e  vario u s e n v iro n m en ta l effects (h a rv es t, a b ru p t rise  o f te m p e ra tu re , 
t ra n s p o r t)  a ffect th e  fishes in a un ifo rm  w ay, causing th e  sam e ty p e  of lesions 
in  th e ir  in te stin es . N a tu ra lly , m ucosal hy p eraem ia  and  e x tra v a sa tio n  of serum  
m ay  be a t tr ib u te d  to  th e  a c tiv ity  o f in te s tin a l b ac te ria  as w ell. T h is is, how ever, 
c o n tra d ic te d  by  th e  fa c t th a t  th e  lesions in question  w ere en co u n te red  also 
in  in te s tin e s  w ith  no or v e ry  low b a c te r ia l con ten ts.

The lesions in d ica ted  an a lte ra tio n  o f th e  m ucous m e m b ra n e ’s p e rm ea 
b ility , a t least in th e  d irec tio n  to w ard  th e  in te s tin a l lum en . I t  rem ains to  be 
in v es tig a ted  w h e th e r or n o t th is  p e rm e a b ility  change invo lves also abnorm al 
co n d itions o f ab so rp tio n .

W e h av e  failed  to  offer a feasib le ex p lan a tio n  for th e  decrease, o r even 
fo r  th e  d isap p earan ce  o f goblet cells w ith in  th e  areas o f  ep ith e lia l lesions. 
F u r th e r  s tud ies are to  be ca rried  o u t to  c la rify  w h e th e r th e  absence  of goblet 
cells is p rim ary  — w hereby  th e  m ucosa-dep rived  ep ith e liu m  becom es a “ locus 
m inoris  re s is te n tia e ”  — or seco n d ary , rep resen tin g  th e  f ir s t  sign o f th e  o n 
se t of a pa tho log ica l process.

A ccording to  th e  re su lts  o f th e  p rec ip ita tio n  te s ts , th e  je llinaceous 
su b s ta n c e  occurring  in th e  in te s tin e s  can be considered se ru m  p ro te in . As th e  
se ru m  p ro te in  com ponen ts do no t occur in  full range in th e  in te s tin e s  and  
w ith  th e  progression  of th e  lesions th e y  decrease also q u a n ti ta t iv e ly , th e ir  
id en tif ic a tio n  ten d s to  becom e m ore an d  m ore u n certa in .

SUMM ARY

The effect on the carp’s intestine of environm ental (stress) factors such as harvest, 
abrupt rise of temperature and transport was exam ined. These factors were found to consis
ten tly  elicit detachm ent of m ucous epithelium , m ucosal hyperaem ia and extravasation of  
serum  from the mucosal capillaries into tissue gaps and intestinal lum en. The extravasated  
serum  was identified by precipitation test. It is supposed that the lesions affect the perm eability  
of the intestinal mucosa and can thereby pathologically  alter the conditions o f absorption.
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ERGEBNISSE EINIGER KLINISCH-DIAGNOSTISCHER 
UND THERAPEUTISCHER UNTERSUCHUNGEN BEI 

DER SPONTANEN GEHIRNUISTERIOSE DES SCHAFES
Von

R. L i p p m a n n

M edizinische Tierklinik (Direktor: Prof. J. A. Sch u lz) der Sektion Tierproduktion Veterinär
m edizin der K arl-M arx-Universität, Leipzig

(Eingegangen am 23. N ovem ber 1968)

Listerioseenzootien stellen nach wie vor einen bedeutsam en ökonom ischen Faktor in der 
Schafhaltung dar. Neuere Erkenntnisse über E pizootologie und Pathogenese dieser Erkrankung  
sowie eine in  den letzten  Jahren laufend verbesserte intravitale und postm ortale D iagnostik  
haben zwar dazu beigetragen, daß die Ausbrüche klinisch m anifester Erkrankungen auf 
zum eist w enige Tiere einer Herde beschränkt bleiben, jedoch bestehen bei der besonderen  
H äufung von  Erkrankungen des Zentralnervensystem s beim  Schaf m it unterschiedlichen  
Ursachen häufig differentialdiagnostische Schw ierigkeiten bei der klinischen D ifferenzierung  
einiger unter nahezu gleicher Sym ptom atologie einhergehender cerebraler Störungen. So 
beobachten wir häufig im  gleichen Bestand das A uftreten  von Bornascher K rankheit (enzoo- 
tische V irusenzephalom yelitis), Cerebrokortikalnekrose und Listeriose, außerdem  verm ögen  
Stoffw echselstörungen, wie die K etose des Schafes und die Pansenazidose, wie auch die Clostri
d ienintoxikationen ähnliche K rankheitsbilder zu erzeugen.

Diese bemerkenswerte H äufung von  K rankheiten des Schafes, die m it annähernd  
gleicher Sym ptom atologie zum eist perakut oder akut verlaufen, m achen eine rasche, w eitge
hend objek tiv  gesicherte und hochwahrscheinliche intravitale D iagnose notw endig. Sie schafft 
die Voraussetzung für das sofortige E insetzen von  M aßnahm en im  B estand, die beispielsweise  
in einer Elim inierung der als listeriosefördernd bekannten Faktoren und dem frühzeitigen  
therapeutischen Eingreifen bei erkankten Tieren besteht.

Wir haben in einem Zeitraum von zehn Jahren um fangreiche epizootologische, k lin isch
diagnostische und therapeutische Untersuchungen über die Schaflisteriose im  Bezirk Leipzig 
vornehm en können, über die teilweise in den nachfolgenden Ausführungen berichtet werden  
soll. Unser H auptaugenm erk richteten wir dabei seit 1958 außer auf die Frequenz dieser 
Erkrankung in den ständig kontrollierten Schafherden besonders auf die klinische D iagnostik  
und die Erarbeitung einer praxisreifen Therapie.

Aus den Untersuchungen von L e h n e r t  (1964, 1968) wissen wir, daß in unserem  Raum  
L isteria monocytogenes als ubiquitär verbreiteter K eim  im  Erdboden, in Deck- und R and
schichten der Silage und im  Tierkörper (nachw eisbar im  Nasensekret) Vorkommen. Nur ein  
kleiner Teil der latent infizierten Schafe erkrankt an der klinischen Verlaufsform , für deren 
Zustandekom m en verschiedene Faktoren verantw ortlich  gem acht werden. Wir haben für unser 
Gebiet einige dieser Um stände charakterisiert (U r b a n e k  und L ip pm a n n , 1962), und in der 
Folgezeit versucht, diese Erkenntnisse in V erbindung m it ersten therapeutischen Versuchen  
zur M inderung der ökonom ischen Verluste durch Listerioseenzootien in Schafbeständen  
zu nutzen.

W ie sich das G eschehen im V erlau f des le tz ten  Ja h rz e h n ts  en tw ick e lt 
h a t ,  v e rm itte l t  die T abelle 1.

D iese Z usam m enste llung  zeig t, d aß  in den von uns regelm äßig  u n te r 
su ch ten  S chafherden  (d u rch sch n ittlich e  T ie rzah l 409 je  H erd ), deren  A nzahl 
zw ischen 91 u n d  177 B estän d en  sch w a n k t, im  10 jährigen  D u rc h sc h n itt in 
23 H erd en  ( =  17% ) k lin isch -d iagnostisch  und  h isto log isch  gesicherte  L is te 
rio seau sb rü ch e  a u ftre te n . Obw ohl die jä h r lic h e  F req u en z  s ta rk  sch w an k t 
n ich t z u le tz t is t dieser U m stan d  wohl a u f  die Q u a litä t der e ingesetz ten  F u tte r -
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Tabelle 1

Listeriosefrequenz in  Schafbeständen des Bezirkes Leipzig und Anteil 
der K linikpatienten m it Listeriose im  Verlauf von 10 Jahren

1 9 5 8 1 9 5 9 1 9 6 0 1 9 6 1 1 9 6 2

Anzahl der Schafherden m it Listerio- 
seenzootien и 16 26 2 1 33

A nteil der Listerioseherden an der 
G esam tzahl untersuchter Herden in 
Prozent 14,9 17,6 25,0 16.9 21,9

Verlustzahlen bei Listerioseenzootien  
in diesen Schafherden in Prozent 
(Schwankung u. Durchschnitt)

0 ,2 - 3 ,0  
(1,3)

0 ,3 - 5 ,0  
(1,4)

0 ,5 -2 2 ,0
(1,9)

0 ,3 -6 ,5  
(1,4)

0 ,2 - 4 ,6  
(1-6)

K linikpatienten (mediz. Tierklinik 
Leipzig) 14 32 67 2 2 19

A nteil der Listeriosepatienten an der 
G esam tzahl der K linikpatienten  
(Schafe) in Prozent 7,6 16,8 33,0 23,4 13,8

1 9 6 3 1 9 6 4 1 9 6 5 1 9 6 6 1 9 6 7

Anzahl der Schafherden m it Listerio
seenzootien 24 23 12 22 39

A nteil der Listerioseherden an der 
G esam tzahl untersuchter Herden in 
Prozent 14,8 10,4 6,5 16.9 23,3

Verlustzahlen bei Listerioseenzootien  
in diesen Schafherden in Prozent 
(Schwankung u. Durchschnitt)

0 ,5 - 6 .0  
(1,2)

0 .2 - 7 ,9  
(0,7)

0, 2 - 2 ,5  
(0,35)

0,2 - 6 ,2  
(1.2)

О N
3

i—
 

p
J

W
 O

J

K linikpatienten (mediz. Tierklinik 
Leipzig) 12 18 16 10 6

A nteil der Listeriosepatienten an der 
Gesam tzahl der K linikpatienten  
(Schafe) in Prozent 10,2 18,6 17,0 7,6 6,2

m itte l  zu rü ck zu fü h ren  — bew egen sich  d ie  V erlu stz iffe rn  zw ischen 0,2 u n d  
5%  des B estandes (im  10jährigen  M itte l b e trä g t  die M o rta litä t 1 ,2% ). D iese 
Z ah len  en tsp rechen  au ch  der H äu fig k e it im  P a tie n te n m a te r ia l  der M edizi
n isch en  T ierk lin ik  L eipzig , die bei e inem  A n te il v o n  27,6%  Schafen im  10- 
jä h r ig e n  D u rch sch n itt am  G e sam tk ran k en g u t d u rch sch n ittlich  15 ,4%  Schaf-
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listeriose d iag n o stiz ie rte . V on den in d er K lin ik  fe stg e s te llten  216 L isteriosen  
beim  S chaf w ar n u r  ein L am m  an sep tik äm isch er L is te rio se  e rk ra n k t, die 
ü b rig en  99 ,6%  zeig ten  die cerebrale  V erlaufsform .

Klinische Laboratoriumsdiagnostik

D ie klin ischen  M erkm ale einer L is te rien en zep h ä litis  un te rsch e id en  sich 
n u r  geringfügig  von den  bei anderen  N erv en k ran k h e iten  des Schafes zu beob
ach ten d en  S tö rungen  von Sensorium , S en sib ilitä t, M o tilitä t u n d  R eflexerreg
b a rk e it. P a th o g n o m o n isch e  S ym ptom e fehlen bis a u f  eine n ah ezu  regelm äßig  
a u ftre te n d e  häm o rrh ag isch e  K o n ju n k tiv itis  bei der S ch aflis te rio se , die zum eist 
in V erb in d u n g  m it einem  au sg ep räg ten  O p isth o to n u s a u f t r i t t  (L i p p m a n n , 
1966). E ine  O b jek tiv ie ru n g  der in tra v ita le n  D iagnose is t n u r  du rch  E inbezie
hu n g  lah o rd iag n o stisch e r U n te rsu ch u n g en  m öglich. N ach  unseren  E rfa h ru n 
gen eignet sich h ierzu  bei m an ifeste r E rk ra n k u n g  in  h e rv o rrag en d er W eise 
die L iq u o rd iag n o stik , ü b e r deren  E rgebnisse  im fo lgenden  b e rich te t w ird . 
D er B lu ts ta tu s  g ib t n u r  unspezifische R e su lta te , w enn  au ch  im E inzelfa ll die 
d iagnostischen  M öglichkeiten  b e re ich e rt w erden. V on den  b iochem ischen 
B lu tu n te rsu ch u n g en  lie fe rt n u r  die S erum eisen -B estim m ung  bew eisende 
R e su lta te . Ü ber die bei d er L is te rienenzephä litis  reg e lm äß ig  u n d  frühzeitig  
m it h o h er S icherheit v o rh an d en e  H yposiderose  ist von  u ns an an d ere r Stelle 
b e r ic h te t  w orden  (L i p p m a n n , 1966; L i p p m a n n , 1968).

D ie U n te rsu ch u n g  des L iquor cerebrosp inalis dagegen  erfü llt die A nfor
d eru n g en  an  eine sehr rasche  und  o b jek tiv e  S icherung  d e r in tra v ita le n  D ia
gnose, w enn S y m p to m ato lo g ie  und Epizootologie b e rü c k s ic h tig t w erden . W ir 
w enden  die P o sto c c ip ita lp u n k tio n  u n te r  B a rb itu ra tn a rk o se  in  der von H i f .p e  

(1958, 1959) besch riebenen  T echn ik  zu r E n tn a h m e  des U n te rsu c h u n g sm a te 
ria ls aus der C isterna  cerebellom edullaris an.

D as folgende L iq u o rsy n d ro m  bei d er ovinen G eh irn liste rio se  b eg rü n d e t 
sich a u f  die A u sw ertung  von  253 P u n k tio n e n  e rk ra n k te r  T iere . V ergleichsw eise 
sind diesen W erten  die E rgebn isse  von  289 L iq u o ru n te rsu ch u n g en  bei klin isch  
gesunden  Schafen g eg enübergeste llt, die w ährend  des g leichen  Z eitraum es m it 
der g leichen E n tn a h m e te c h n ik  und  L ab o rm eth o d ik  gew onnen  w urden . Beide 
K o llek tiv e  erfuh ren  eine A usw ahl in d e r W eise, d aß  in  d en  Zahlen  n u r T iere 
im  A lte r ü b er 3 M onate  e n th a lte n  sind , um  die g rößere V aria tio n sb re ite  der 
P a ra m e te r  bei S au g läm m ern  au szu sch a lten . Zum  a n d e ren  w urden  n u r  E r s t 
p u n k tio n en  zur A u sw ertu n g  herangezogen , d. h ., bei gesu n d en  Schafen w urde 
jew eils n u r  einm al L iq u o r en tn o m m en ; bei G eh irn liste rio se  sind  n u r  die 
W erte  v e ra rb e ite t w orden , die bei a k u t e rk ra n k te n  T ie ren  am  1. oder 2. 
K ra n k h e its ta g  gew onnen w urden , alle V erlau fsu n te rsu ch u n g en  b lieben  u n b e
rü ck sich tig t. V erw endet w urden  n u r  benzid in n eg a tiv e , also w eitgehend  h lu t-
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fre ie  L iquoren . H inw eise a u f  die U n te rsu ch u n g sv e rfah ren  v e rm itte lt  die 
nach fo lg en d e  T abelle 2.

Tabelle 2

Liquorsyndrom bei der Listerienenzephalitis des Schafes

J A ngab. z. Methodik Klinisch gesund Listeriose

Farbe
Aussehen

1 farblos 
wasserklar

farblos o. leicht getrübt; 
selten  weißtrüb m it 
Flocken

Zellzahl

( f )

F uchs— Rosen
thal-Z ähl
kam m er

0 - 1 2
(x ±  S = 6,35 ±  4,68)*

300— < 12 000 
(x ±  S =  2864 ±  1344)*

Zellbild Forster lym phozytär
(< 85% Lym phozyten)

neutrophile Z. 
( 4 0 -9 0 %  Neutr.)

Gesam teiweiß
(m g% )

K afka 1 8 - 4 0
(x ±  S  =  27,43 ±  12,93)*

48—140
(* ±  S =  93,02 ±  41,31)*

Album ine (mg%) K afka 1 2 - 3 6 1 9 ,2 -8 4 ,0

Globuline (mg%) K afka 9 4,__IQ  2

( x ±  S  = 1 0 ,7 6  i  6,52)*
2 2 ,6 -9 6 ,0

(x ±  S =  51,10 ±  23,20)*

Eiweiß quotient (Glob.: Alb.) ^  0,35 я«1,0

Q uantitative
Globulinreaktio
nen

Pandy;
N onne—Apelt; 

W eichbrodt

negativ (—) bis
schwach positiv (-{-)

verschiedengradig
positiv  (-)- bis + + H-)

M astix-Lum botest E m anuel u. 
Rosenfeld

negativ
(bis 1 - 1 - 0 - 0 ____)

Linkskurven
(0 4 —3 — 2 —1 — 0 —0 .. ..)

Goldsolreaktion Lange— Borow- 
skaja

negativ
(bis 1 —1 — 1 —1 — 1—0 . . . )

Links bis Mittelkurven
(0 1 —  2—2—3 —4 —4 — 

—3 —0 .  . )

G lukose (mg%) Ferm ognost
(enzym at.)

2 0 - 7 0
(x ±  S =  43,2 ±  12,1)*

40 — 180
(x ±  S =  107,6 ±  19,8)*

* Statistisch gesicherte Signifikanz (p  <  0,01)

D ie angegebenen Z ah len  b esitzen  den W ert von A p p ro x im a tio n en ; bis 
zu  5 %  der ob jek tiv en  D a te n  liegen bei unserem  M ateria l a u ß e rh a lb  d ieser 
V a ria tio n sb re ite . Z u r C h a rak te ris ie ru n g  der L iqu o rsy n d ro m e u n d  dam it zu r 
k lin isch en  D ifferenzierung  d er K ra n k h e ite n  sind sie au sre ich en d , zum al ein 
T eil des Syndrom s o h n eh in  su b je k tiv  b e u rte ilt  w ird . F ü r  o b je k tiv  zu b es tim 
m e n d e  W erte, wie Z ellzah l, G esam teiw eiß- und  G lo b u lin k o n zen tra tio n  und  
G lukosegehalt h ab en  w ir u n ser M ateria l einer s ta tis tisc h e n  B earb e itu n g
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u n te rzo g en  u n d  dabei fü r  die g e n a n n te n  P a ra m e te r  eine hohe S ignifikanz 
n a c h  S t u d e n t  (R ic h t er ic h , 1965) gefunden . D er Z ellgehalt in  d er Z äh l
k a m m e r u n d  die E iw eißw erte  n ach  K a f k a  w urden d o p p e lt b e s tim m t u n d  
das M itte l zu r A usw ertung  b e n u tz t,  u m  den  m ethod ischen  F eh le r zu  v e rk le in e rn .

A us der T abelle 2 g eh t h e rv o r, d aß  sich die Sum m e d e r P a ra m e te r  des 
L iq u o rsy n d ro m s bei der sp o n tan en  G ehirn listeriose  s ig n ifik an t von  den  p h y sio 
log ischen  W erten  u n te rsch e id e t. U nsere  fü r  gesunde Schafe fe s tg e s te llten  W erte  
e n tsp rech en  n ah ezu  den im  S c h rif ttu m  m itg e te ilten  B efu n d en , geringfügige 
U n te rsch ied e  bezüglich  Zellzahl u n d  E iw e iß g eh a lt sind  a u f  e inen  u n te rsc h ie d 
lichen  E n tn a h m e o rt (B a g e d d a , 1948) oder rassem äßige V ersch ied en h eiten  
(Ch a n d l e r , 1957; E l A mrousi  u . M ita rb ., 1966) zu rü ck zu fü h ren . F ü r  die 
G eh irn listerio se  sind uns im  zugäng lichen  S ch rifttu m  k eine  anderw eitig en  
U n te rsu ch u n g en  b ek an n t, ein V ergleich  is t daher n ich t m öglich .

D as L iquorsyndrom  bei d e r ov inen  L is te rien en zep h a litis  is t a u f  G ru n d  
d e r A u sw ertu n g  v o n  253 E in ze lu n te rsu ch u n g en  e rk ra n k te r  Schafe c h a ra k te r i
s ie rt d u rch  eine hochgradige P leozy tose  vorw iegend  n e u tro p h ile r  N a tu r , einem  
sig n if ik an ten  A nstieg  des G esam tp ro te in g eh a ltes  u n te r  b eso n d ere r B ev o r
zu g u n g  der G lobu lin frak tion , als deren  Folge sich der E iw e iß q u o tie n t von im  
M itte l 0,35 bei gesunden T ieren  a u f  W erte  u m  1,0 e rh ö h t. D ie K o llo id reak tio n en  
e rgeben  dah er L inks- u n d  M itte lk u rv e n . D ie q u a lita tiv e n  G lobu lin fä llungs
re a k tio n e n  nach  P a n d y , N o n n e —A p e l t  u n d  W e ic h br o d t  fallen  versch ieden- 
g rad ig  p o sitiv  aus u n d  sind  lediglich  im  S inne eines S u ch testes  zu v e rw erten . 
B em erk en sw ert is t die sig n ifik an te  E rh ö h u n g  der »wahren« G lukose im  L iquor, 
die m it einer V ersch iebung des L iq u o r-B lu tzu ck e r-Q u o tien ten  a u f  1,1 (von 
n o rm a l 0,9) e inhergeh t. L is te rien  w u rd en  im  A usstrich  se lten e r als e rw a rte t 
(e tw a 10%  der Fälle) nachgew iesen .

S ig n ifikan te  U ntersch iede  b es teh en  h insich tlich  d er L iq u o rb e s ta n d te ile  
beso n d ers  bei der in unserem  G ebie t h äu fig en  B ornaschen  K ra n k h e it  (H i e p e , 
1958, 1960) sowie bei den n ich tin fek tiö sen  u n d  sek u n d ären  E rk ra n k u n g e n  
des Z en tra ln e rv en sy s tem s beim  S ch a f (L i p p m a n n , u n v e rö ffe n tlic h t). D arin  
d rü c k t sich der besondere W ert d er L iq u o ru n te rsu ch u n g  in  d er in tra v ita le n  
L is te rio sed iag n o stik  aus.

Therapeutische Untersuchungen

Im  Schrifttum  (Ozg en y , 1952; Se e l ig e r , 1958, 1961; L in z e n m e ie r  und Se e l ig e r , 
1953; K a r a s e k , 1964) ist ausgewiesen, daß Listerien sowohl Sulfonamid- als auch antib iotika
em pfindlich  sind, wobei sich innerhalb der einzelnen W irkstoffgruppen teilw eise erhebliche 
U nterschiede hei der in-vitro-Testung ergeben. D as trifft insbesondere für Sulfonam ide zu, 
die bereits 1939 von P orter  und H a l e  (zit. nach Se e l ig e r , 1958) zur Therapie der experi
m entellen  Listeriose eingesetzt wurden und für deren unterschiedliche W irkung wahrscheinlich  
R esistenzproblem e verantwortlich sind (ÖzGEN, 1952). Von den A ntib iotika läß t sich bezüglich  
der in-vitro-W irkung und demzufolge der k linischen Erfolgsaussichten eine absteigende E m p 
findlichkeit der Listerien gegenüber den T etrazyklinen, dem Penizillin, Streptom yzin und Chlor- 
am phenikol feststellen  (Se e l ig e r , 1958; K a r a s e k , 1964). In jüngster Zeit sind beachtliche  
Erfolge in  der Listeriosetherapie des M enschen m it dem halbsynthetischen P enizillin , Am pi-
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zillin. besonders bei Erkrankungen im  Säuglingsalter, erzielt worden (S e e l ig e r , 1967; W e in 
g ä r t n e r  und Or t e l , 1967; W ein g ä r t n e r  und M itarb., 1967).

Behandlungsergebnisse bei der spontanen Listerioseenzephalitis des Schafes finden sich 
nur spärlich im zugänglichen Schrifttum , sie sind m eist nur an einer geringen Tierzahl ge
w onnen worden und überdies in  ihrer Aussage widersprechend. W ährend Sa n d v ik  und Mitarb. 
(1958) bei sehr jungen Läm m ern ausgezeichnete Erfolge m it einer Streptom yzin— Penizillin- 
K om bination erzielten und I w a n ow  (1962) die L eta litä t durch P enizillin , Streptom yzin, Bio- 
m yzin  und Sulfonam ide bei rechtzeitigem  B ehandlungsbeginn von 100 auf 58,3%  senken  
kon nte, versagte bei den Versuchen von Gra y  und M oore  (1953) die Aureom yzintherapie beim  
Schaf, während sie bei R indern erfolgreich war. H ie p e  (1960) hat aus unserer Klinik über die 
H eilung von 2 Lämmern aus einer Gruppe von 8 m it je 10 m g/kg KGW . Tetrazyklin behan
delten  Tieren berichtet. TJe l r ic h  (1966) w eist darauf hin. daß eine Therapie nur hei Lämmern 
erfolgversprechend sei, nach  seinen Beobachtungen bleibt bei erwachsenen Schafen jegliche  
Therapie wirkungslos. D ie  bisherigen Ergebnisse der A ntib iotikatherapie bei Schafen lassen  
sich dahingehend zusam m enfassen, daß die B ehandlungserfolge bei jungen Lämmern gegen
über erwachsenen Schafen w esentlich besser sind und anderseits die M edikam ente nur in aus
reichend hoher Dosierung erfolgversprechend eingesetzt werden können, jew’eils vorausgesetzt, 
daß die Applikation m öglichst frühzeitig erfolgt.

W ir haben  in  V orversuchen  in  6 G ru p p en  sp o n ta n  e rk ra n k te r  Schafe 
Su lfonam ide, P en iz illin e , S trep to m y z in  sowie die K o m b in a tio n e n  S trep to m y z in  
(P en iz illin  und  S u lfonam id ) Penizillin  g e p rü ft. D abei h a t te n  Sulfonam ide u n d  
S trep to m y z in  sowie d ie  K o m b in a tio n en  keinen  E in flu ß  a u f  den K ra n k h e its 
v e r la u f , w ährend  d ie  m it T erram y z in  u n d  P en iz illin  b eh an d e lten  G ruppen  
eine auffällig  v e r lä n g e rte  K ra n k h e itsd a u e r  bis zum  le ta le n  A usgang aufw iesen. 
D a  diese beiden A n tib io tik a  g le icherm aßen  A ussich t a u f  E rfo lg  v ersp rach en , 
w u rd en  sie nach E rm itt lu n g  der w irk sam en  Dosis in  d er fo lgenden Zeit sy s te 
m a tisc h  und  k o n tro llie r t  zur T h erap ie  der ov inen  G eh irn listeriose  eingesetz t. 
In sg e sa m t 95 T iere  im  A lte r von 4 M o n aten  bis 5 J a h re  tvurden b e h a n d e lt, 
102 P a tie n te n  b lieb en  ohne jegliche T h erap ie  u n d  d ien ten  als K on tro lle . Alle 
u n b e h a n d e lte n  T ie re  d e r le tz tg en an n ten  G ruppe v e re n d e te n  nach  einer d u rc h 
sch n ittlich en  K ra n k h e itsd a u e r  von 1,7 T agen . D am it w ird  zu n äch st b e s tä tig t ,  
d a ß  die L e ta li tä t  d e r  ov inen  G eh irn listeriose  100%  b e trä g t . W ir m üssen som it 
u n se re  früher g e ä u ß e rte  A nsich t ( U r b a n e k  u n d  L i p p m a n n , 1961) ü b e r die 
M öglichkeit e iner S e lb sth e ilu n g  nach  B eo b ach tu n g en  an  einem  größeren  
K ra n k e n g u t und  bei B erü ck sich tig u n g  e iner e x a k te n , k lin isch  hoch w ah rsch e in 
lichen  D iagnose rev id ie ren .

D as E rgebn is d e r  T h erap iev ersu ch e , deren  P a tie n te n  keinerlei A uslese 
u n te rla g e n , fa ß t T ab e lle  3 zusam m en.

V or B eginn d e r  T herap ie  w urde  die k lin ische  D iagnose du rch  die S y m p to 
m a tik , an an m estisch e  und  epidem iologische E rh e b u n g e n  sowie besonders 
das L iq u o rsy n d ro m  u n d  andere lab o rd iag n o stisch e  B efunde (B lu ts ta tu s , 
Serum eisenspiegel) g e s te llt. Alle w äh ren d  oder n ach  d er A n tib io tik a th e ra p ie  
a d  ex itu m  g ekom m enen  Schafe k o n n te n  au ß e rd em  histo log isch  u n d  z .T .  
b ak te rio log isch  k o n tro llie r t w erden .

Die k lin ische H eilu n g  k o n n te  in d er K egel ü b e r einen Z e itrau m  von 
3 M onaten  b e o b a c h te t w erden. D ie B e fu n d erh eb u n g  zeig t, daß  u n ab h än g ig  
vom  M edikam ent b e re its  am 2. B e h an d lu n g stag  die an fangs fieb erh afte  K ör-
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Tabelle 3

Ergebnisse der Listeriosetherapie m it Antibiotika

A ntibiotikum Dosierungsschema Tierzahl Heilungs
quote

Überlebensdauer 
verendeter Schafe

Penizillin a)  anfangs 4000 lE /kg  
Penizillin-Na i.v .
b)  folgend über 5 Tage je 

40 000 IE /kg tägl. 
Penizillin i.m.

52 30,8% 7,5 Tage 
(2 —71)

O xytetrazyklin über 5 Tage je 10—15 m g/i.m . 33 60,7% 6,2 Tage 
( 2 - 1 9 )

Penizillin -j- 
Streptom yzin

über 5 Tage je 20 000 
IE /kg Penizillin i.m. und 
20 000 IE/kg Streptomyzin  
i.m .

10 20,0% 5,5 Tage 
( 1 - 1 2 )

p e r te m p e ra tu r  zu r N orm  zu rü ck k eh rte , die zen tra ln e rv ö sen  A usfa llserschei
n u n g en  jedoch  u n te rsch ied lich  lange, m eist 7 — 24 T age nach  A bsch luß  der 
T h e ra p ie , noch b es teh en  b lieben . Die L iq u o rw erte  k e h rte n  w äh ren d  der 
R ekonvaleszenz  in  d e r R egel n ach  42 — 72 T agen  z u r  N orm  zu rück , ein A n 
ste igen  von Z ellzahl u n d  E iw eißgehalt u n m itte lb a r  n ach  T h erap ieabsch luß  is t 
p ro g n o stisch  u n g ü n s tig  zu w erten  u n d  h a t  bei un serem  M ateria l in  jed em  F alle  
zum  E x itu s  le ta lis  g e fü h rt.

W äh ren d  d ieser Z eit k am  es bei 8 d er 38 s p ä te r  als k lin isch  geheilt 
en tlassen en  P a tie n te n  zu f ie b e rh a ften  R ezid iven , die a u f  das gleiche M ed ika
m e n t g u t an sp rach en . D iesen zw eiphasischen  H e ilu n g sv e rlau f b e o b a c h te te  
au ch  I w a n o w  (1962) bei an tio b io tisch  b e h a n d e lte r  S chaflis teriose , n u r  v e re n 
d e te n  in  seinen V ersuchen  bei R ezid iven  5 von  28 u rsp rü n g lich  au sgeheilten  
S chafen . E in  so lcher ty p isc h e r V e rlau f is t in  A b b ild u n g  1 am  B eispiel des 
S chafes 226/66 d a rg e s te llt. W äh ren d  sich aus den  P a ra m e te rn  des L iquors 
(Z ellzahl, N e u tro p h ile n a n te il, G esam teiw eißgehalt) kein H inw eis fü r  eine 
e rn e u te  R eak tio n  des Z en tra ln e rv en sy s tem s e rg ib t, fä ll t  der S erum eisenspiegel 
e inen  T ag  vor dem  R ezid iv  ab , um  w ährend  u n d  n ach  A bsch luß  der 5 täg igen  
O x y te tra z y k lin b e h an d lu n g  k o n tin u ie rlich  an zu ste ig en .

A uffällig  w ar eine erhebliche V erlängerung  d e r K ra n k h e itsd a u e r  bei 
w ä h re n d  und  n ach  d e r B eh an d lu n g  v e ren d e ten  T ie ren , ohne daß  es v o rh e r  zu 
R ez id iven  gekom m en w ar.

E in sch rän k en d  m uß  zu den E rgebn issen  d er A n tib io tik a -T h e rap ie  fe s t
g este llt w erden , d aß  sp ä te r  etw a ein D ritte l d er erfo lgreich  b eh an d e lten  Schafe 
d er V erw ertu n g  z u g e fü h rt w erden  m u ß ten , weil sie infolge nervöser A u sfa lls
erscheinungen  n ic h t h e rd en tau g lich  w aren. D iese h ab en  ihre U rsache  in 
b indegew ebiger O rg an isa tio n  ehem als u m fan g re ich er P aren ch y m sch äd ig u n g en
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bei a k u te r  G ehirn listeriose  (P otel  u n d  S c h l e ic h e r , 1965, 1967) und
d e u te n  a u f  zu sp ä ten  E in s a tz  d er A n tib io tik a b e h a n d lu n g  h in . V on beso n d erer 
B e d e u tu n g  fü r  den V e rla u f d e r R ekonvaleszenz  is t die sy m p to m a tisch e  B e h a n d 
lu n g  d e r  Sekundär- u n d  F o lg ezu stän d e  d e r L isteriose . A nfangs h ab e n  w ir 
aus G rü n d e n  der V ersu ch san ste llu n g  a u f  eine solche Z u sa tz m e d ik a tio n  v e r
z ic h te t ,  sp ä te r  k o n n ten  w ir d u rch  B eein flussung  der d u rch  die feh lende spon-

Abb. 1. Verhalten der Liquor- und Serum eisenwerte bei antibiotisch behandelter zerebraler 
Schaflisteriose (biphasischer H eilungsverlauf, Pat. Nr. 226/66)

ta n e  N ah ru n g s- u n d  W asse rau fn ah m e  e in g e tre ten e  In d ig es tio n  m it P ansen - 
sa f tü b e r tra g u n g  u n d  d e r  E xsik k o se  m it d er in trav en ö sen  G abe von  K ochsalz- 
lö su n g  das E rgebnis d e r T h e ra p ie , ähn lich  wie es J e n s e n  u n d  Ma c k e y  (1965) 
fü r  d a s  R ind  em pfehlen , v erb essern . D ie frü h e r von  uns em pfoh lene  In fusion  
v o n  G lukoselösungen (L i p p m a n n , 1967) m üssen  w ir n ach  K e n n tn is  des e rh ö h 
te n  B lu t-  und L iquorzuckersp iegels  bei d er L isteriose des Schafes h eu te  als 
k o n tra in d iz ie r t  ansehen .

D iese T h erap iev ersu ch e  an  n a tü r lic h  e rk ra n k te n  T ie ren  b e s tä tig e n , daß  
die o v in e  L iste rien en zep h a litis  m it e iner 5 täg igen  A n tib io tik a th e ra p ie  b eein 
f lu ß t  w erden  kann . E in e  solche B eh an d lu n g  e rsche in t an gesich ts  d e r  v o lls tä n 
d ig en  L e ta li tä t  d ieser E rk ra n k u n g  bei w ertv o llen  Z u c h ttie re n  g e re c h tfe rtig t. 
B ei g leichzeitiger E lim in ie ru n g  lis te rio se fö rd e rn d er F a k to re n  u n d  ih re r  E in 
flü sse  gelingt es d a m it, d ie V erlu ste  bei e iner L isterioseenzoo tie  im  Schafbe- 
s ta n d  m öglichst gering  zu  h a lte n . Als geeignet h a t sich der E in sa tz  von Oxy- 
te tra z y k lin e n  und P e n iz illin p rä p a ra te n  in  e iner täg lich en  D o sie rung  von
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10 — 15 m g bzw . 40 000 IE /k g  K ö rp erg ew ich t erw iesen. D abei is t d e r O x y te tra -  
z y k lin th e ra p ie  w egen ih re r besseren  th e ra p e u tisc h e n  W irk u n g  u n d  der g ü n s ti
geren  ökonom ischen  V erhältn isse  fü r  P rax isb ed in g u n g en  d e r V orzug  zu geben . 
V on en tsch e id en d em  E in fluß  a u f  den  K ra n k h e itsv e r la u f  u n d  den  A usgang 
sin d  frü h ze itig e r T herap iebeg inn , au sre ich en d  hohe D osierung  u n d  sy m p to m a 
tisch e  B eh an d lu n g  der B egleit- u n d  F o lg ezu stän d e .

ZUSAM M EN FA SSU NG

Nach einleitender Besprechung der L isteriosefrequenz im Raum  L eipzig innerhalb von
10 Jahren werden Ergebnisse klinisch-labordiagnostischer und therapeutischer U ntersuchun
gen zur ListerienenzephaJitis des Schafes m itgeteilt. Aus differentialdiagnostischer Sicht 
läßt die Liquoruntersuchung eine rasche in travita le  Abgrenzung dieser Erkrankung gegenüber 
anderen zentralnervösen Störungen des Schafes m it hoher W ahrscheinlichkeit zu. Nach A us
wertung von 253 Liquoren spontan erkrankter Schafe wurde festgestellt, daß im  Liquor cere
brospinalis eine hochgradige P leozytose (300/3 bis 12 000/3 Zellen) vorw iegend neutrophilen  
Charakters auftritt. Die Gesamtproteine sind gegenüber den W erten gesunder Schafe sig 
nifikant erhöht (48— 140 mg% ), unter besonderer Beteiligung der G lobuline (23—96 mg% ). 
D iese Globulinverm ehrung bedingt die Trübung des Liquors und führt zu einer Verschie
bung des Globulin-Album in-Quotienten auf den W ert 1 (normalerweise 0,35). Aus dem  gleichen  
Grunde fallen die qualitativen Eiweißfällungsproben (nach P a n d y , N o n n e -A p e l t  und W e ic h - 
b r o d t ) im  Listerioseliquor verschiedengradig positiv  aus und die K olloidreaktionen ergeben  
Links- und M ittelkurven. Bem erkenswert ist der erhöhte Glukosegehalt im  Liquor, der den 
des B lutes noch übersteigt. Nur in w enigen F ällen  konnten im Liquorausstrich die Erreger 
nachgew iesen werden.

Zur Behandlung der ovinen Listerienenzephalitis haben sich O xytetrazykline (10 
15 m g/kg über 5 Tage) und Penizilline (40 000 IE /kg über 5 Tage) als geeignet und für P raxis
verhältn isse em pfehlenswert erwiesen.

60,7%  der Tiere aus der Tetrazyklingruppe und 30,8%  der m it P enizillin  behandelten  
Schafe wurden klinisch geheilt, während alle 102 K o n tro lliere  nach durchschnittlich 1,7 Tagen 
verendeten. Der Erfolg der A ntibiotikatherapie hängt vom  frühzeitigen B eginn, der ausreichen
den Dosierung und der sym ptom atischen B eeinflussung von Indigestionen und Exsikkose ab.
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PARENTERAL INFECTION EXPERIMENTS 
WITH EIMERIA STIEDAI

B y
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Sciences, B udapest

It is know n that m ost coccidia enter the host organism by the oral route. In the d igestive  
tract the oocysts give rise to sporozoites and the endogenous stages released from the latter  
settle  and grow generally in  the epithelial cells o f the intestinal m ucosa, but less often th ey  in 
vade also the epithelium  of other organs (liver, k idney, etc.).

The possib ility  o f parenteral infection by oocysts has been considered for several de
cades. S tu dying  the developm ental cycle o f E im eria  stiedai , Sm etana  investigated  already in  
1932 the route o f coccidia from the d igestive tract to the liver. He even attem pted to adm inister  
Eimeria stiedai  oocysts directly into one of the m esenteric veins. U nfortunately, the results 
were equivocal and Sm eta n a  him self was unable to decide whether the subsequent liver  
coccidiosis w as actually due to the parenteral infection  or merely to an intercurrent in fection  
of the rabbits used in the experim ent.

In the ’sixties, interest was centered once again on parenteral infection w ith  coccidia. 
Sharm a  and R e id  (1962) infected chickens w ith  doses of 1 million sporulated oocysts each b y  
subcutaneous, intravenous, intramuscular and intraperitoneal routes. Using E. tenella oocysts  
they succeeded in eliciting a mild caecal coccid iosis. A similar condition could be induced also 
by the adm inistration of 150 000 E. tenella sporozoites by the above routes. D a v ies  and J o y n er  
(1962) reported similar parenteral infection experim ents. The mature oocysts excysted  w ithin  
the organism  o f  the chickens. The released sporozoites started to develop in the in testina l 
portions characteristic o f their species (E im eria  acervulina , E. m axima , E. tenella and E. ne
catrix)  and com pleted their endogenous cycle in due course. Nevertheless, the artificial infec
tion was either milder than expected or som etim es failed altogether. Second stage m erozoites 
of E im eria  tenella adm inistered into the peritoneal cav ity  continued to develop and com pleted  
their endogenous cycle in the caecal m ucosa. E xperim ental infection w ith subcutaneously or 
intram uscularly adm inistered merozoites failed. In 1964, Sharm a  reproduced the experim ents 
formerly undertaken in cooperation w ith R e id  and arrived at similar conclusions. He found  
that the sporulated oocysts had excysted  in the circulating blood w ithin 1/2 to 2 hours w ithout 
preceding d isin tegration  and the released sporozoites gained access to the tissues characteristic  
of their species. Also the intram uscularly or subcutaneously administered oocysts had excysted , 
but deteriorated shortly afterwards; e.g., the oocysts injected intram uscularly had lost their 
in fectiv ity  b y  the 7th day. The experim ental coccidiosis was invariably mild. The parenteral 
infection o f chickens evoked only a very weak im m une response. F itzg era ld  (1965) inoculated  
sporulated E im eria  bovis oocysts into cattle, intraperitoneally, subcutaneously, intram uscularly  
and intravenously . He performed similar in fection  experim ents w ith nonsporulated oocysts, 
to investigate  w hether the oocysts not having undergone the exogenous developm ental cycle  
were able to evoke an im m une response. N evertheless, exclusively the intraperitoneally adm in
istered sporulated Eimeria bovis oocysts were able to elicit an intestinal coccidiosis in  calves 
and to render them  m oderately im m une to challenge. L ong and R ose (1965) reported in tra
venous infection  of chickens w ith Eimeria tenella sporozoites, resulting in an im m une response 
equivalent to that evoked by experim ental oral infection . P a tn a ik  (1966) infected chickens by  
various parenteral routes and succeeded in producing a mild caecal coccidiosis. U sing non-dis- 
integrated oocysts, he holds the view  that in excysta tion  leucocytes m ay play an active part., 
while the blood plasma and the red blood cells do not.
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E xperim en ta l

T he p resen t ex p e rim en ts  w ere u n d e r ta k e n  to  c larify  w h e th e r or n o t th e  
p a re n te ra lly  a d m in is te re d  E . stiedai oocysts  can  se ttle  and  give rise to  an  
in fe c tio n  in th e  o rg an ism  of th e  ra b b it .  In  p a r t  of th e  ex perim en ts oocysts 
e x c y s te d  in a g rin d e r, in  p a r t  o f th e m  u n tre a te d  m a tu re  oocysts w ere 
u sed  fo r in o cu la tio n  in to  th e  a u ric u la r  v e in , p e rito n ea l c a v ity  or fem oral 
m usc le . To p re v e n t b a c te r ia l co n ta m in a tio n , a loopfu l o f a p en ic illin —s tre p to 
m y c in  m ix tu re  w as u su a lly  added  to  th e  inocu lum .

Table 1

Parenteral infection of rabbits w ith intact and excysted Eimeria stiedai
oocysts*

D ays after infection

Infection with excysted 
oocysts

Infection with in tact 
oocysts

Control

i.v . i.m. i.p. i.v. 1 i.m. 1 i.p.

0 Inf. dose: several m illions of E. stiedai oocysts

16 + + + 1  + + +  +  +  + died +  1 + neg.

L iver weight 

(%  of body 

w eight) 8.8 8.3 11.6 — 5.8 5.9 4

* The degree of liver lesions is marked w ith 1 to 4 crosses.

To p rev en t p re m a tu re  n a tu ra l in fec tio n  w ith  E im eria  stiedai, the  e x p e ri
m e n ta l anim als w ere  p u t  daily  in to  fresh  cages sterilized  w ith  h ea t, th ro u g h 
o u t th e  en tire  p e rio d  betw een  w ean in g  a t  18 days o f age and  th e  s ta r t  of 
th e  experim en t a t  3 — 8 weeks of age. B y  th is  m e th o d , in te rc u rre n t liver cocci- 
d iosis could be e x c lu d ed  in th e  overw helm ing  m a jo rity  o f th e  cases. The sp o ra d 
ic in te rc u rre n t in fec tio n s d id  n o t in te rfe re  w ith  th e  v a lu a tio n , as h is to lo g i
ca l ex am in a tio n  en ab led  a precise tim in g  as to  w h e th e r th e  in fection  was re la te d  
o r  u n re la te d  to  th e  experim en t.

E xperim en t 1. N ine ra b b its , 5 w eeks o ld , w ere d iv ided  in to  3 eq u a l 
g ro u p s . The 3 r a b b its  in  group 1 received  sev era l m illions of excysted  E im eria  
stied a i oocysts, one in to  th e  au ricu la r  v e in , a n o th e r  in to  th e  fem oral m uscle  
a n d  th e  th ird  in to  th e  perito n ea l c a v ity . In  g roup  2, th e  sam e doses of u n tre a te d  
m a tu re  oocysts w ere app lied  by  th e  sam e ro u te s . G roup  3 served  as u n in fec ted  
c o n tro l. In  g roup  2 th e  in trav en o u sly  in fec ted  ra b b it  d ied  of lung  em bolism  
d u rin g  th e  in o cu la tio n  and  w as, th e re fo re , n o t ava ilab le  fo r com parison . T h e  
d a ta  p e rta in in g  to  th e  o th e r rou tes o f  in fec tio n  are show n in T ab le  1.
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T he above d a ta  an d  th e  m icroscopie  ex am in a tio n s h a v e  show n th a t  
a rtif ic ia l in fec tion  was m ost effic ien t w ith  ex cysted  oocysts b y  th e  in tra p e r i
to n e a l ro u te . T he liver w eight o f th e  ra b b it  in fec ted  by  th is  m e th o d  reach ed  
11 .6%  o f th e  b o d y  w eigh t, as co m p ared  to  th e  8.8 an d  8 .3 %  in th e  case o f

Fig. 1. M icroscopic picture of rabbit liver on the 16th  day after intraperitoneal infection w ith  
in tact (top) and excysted  (bottom ) Eimeria  stiedai  oocysts. H. E. x  approx. 400

th e  tw o  o th e r ra b b its . In fec tio n  w ith  in ta c t  m a tu re  oocysts caused  a n o ta b ly  
lesser d am age of th e  liver (F ig. 1) as show n n o t on ly  by  th e  m icroscopic p ic tu re , 
b u t  also b y  th e  low er liver w eights an d  th e  lesser n u m b er o f  gross coccidial 
lesions. As com pared  to  th e  p e rfec tly  n o rm a l liver of th e  co n tro l ra b b its , 
th e  livers o f th e  in fec ted  ra b b its  w ere so m ew hat la rg e r and  in  re la tio n  to  each 
o th e r th e re  wras a s ligh t d ifference in  fa v o u r o f th e  in tra p e rito n e a lly  in fec ted  
an im al.
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I t  should  be m en tio n ed  here th a t  o ra l in fec tion  w ith  100,000 — 200,000 
sp o ru la te d  E im eria  stieda i oocysts p roduces co n sid e rab ly  m ore severe gross 
an d  m icroscopic lesions (F ig . 2). In  som e cases th e  w eigh t of th e  liv e r m ay  
even  reach  25%  o f th e  b o d y  w eight. T h is im plies t h a t  in  th e  p a re n te ra l in fec
tio n  ex p erim en t th e  m a jo r ity  of th e  in fec tiv e  oocysts h a d  d issem ina ted  an d  
b een  ho ld  up  som ew here in  th e  o rgan ism , th u s  o n ly  th e  m in o rity  of th e m  h ad  
reach ed  th e ir  specific  s ite  o f se ttle m e n t, i.e., th e  b ilia ry  ducts.

Fig. 2.  Microscopic picture of rabbit liver on the 16th day after oral infection w ith  approx.
100,000 Eimeria stiedai oocysts. H. E. X  approx. 150

A n o th er p h en o m en o n , revealed  b y  m icroscopic  ex am in a tio n  o f th e  liv e r 
o f th e  in tra m u sc u la r ly  in fec ted  ra b b it  k illed  on th e  16 th  day , was th a t  in s tead  
o f th e  gam étogon ie  s tages co rrespond ing  to  th is  period  of th e  endogenous 
cycle chiefly  ea rlie r schizogonie stages w ere p re se n t. T his im plies a d e lay  for 
2 or 3 days o f th e  endogenous d ev e lo p m en t, due  v e ry  likely  to  th e  p a ra s ite s  
com plica ted  passag e  from  m uscle to  liver as co m p ared  to  th e  p e rito n eu m - 
to -liv e r or v e in -to -liv e r w ays. A  su b s ta n tia l  p a r t  of th e  in tram u scu la rly  a d m in 
is te red  oocysts w as still dem o n strab le  m icroscop ica lly  in th e  m uscle tissu e  
on th e  16th  d ay , su rro u n d ed  by  in f la m m a to ry  cell e lem ents, g ian t cells an d  
debris (F ig . 3).

E xperim en t I I .  D issem ination  in  th e  h o st o rgan ism  of oocysts in jec ted  
in to  th e  au ric u la r  ve in  was exam ined  on 4 ra b b its , 4 — 5 weeks old. T h e y  w ere 
in o cu la ted  each w ith  a dose of severa l m illions o f sp o ru la ted  oocysts. O ne ot
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Fig. 3. Eimeria stiedai oocysts on the 3rd day after adm inistration into  the femoral m uscle. 
The indented cyst walls are sharply defined against the inflam m atory cell elem ents. N ote the 

in tact m uscle tissue left below. H. E. x  approx. 150

Fig. 4. Microscopic picture o f the lung of the rabbit died of injection  traum a (lung em bolism ) 
during the adm inistration o f oocysts. In the capillary vessels retained oocysts, w ith surround

ing atelectatic and em physem atous lesions, are seen. H . E . x  approx. 300
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th e m  d ied  of lung em bolism  d u rin g  th e  in jec tio n  (F ig . 4). T h e  rem ain ing  3 
ra b b i ts  w ere killed 4 h o u rs  a f te r  th e  in jec tio n  an d  th e  p assage  o f th e  oocysts 
in  th e  organism  wras fo llow ed up  in  s ta in ed  an d  u n s ta in ed  p re p a ra tio n s . I t  
w as fo u n d  th a t  th e  f ir s t  severe  o b stac le  to  th e  passage of oocysts w as p resen ted  
b y  th e  lung  cap illaries, w here  th e  re ta in e d  oocysts gave rise  to  a te lec ta tic  
a n d  v ica rio u s em p h y sem a to u s  lesions w ith  in f la m m a to ry  ce llu la r reac tio n  
in  th e  affected  areas. N ev e rth e le ss , p a r t  of th e  oocysts an d  free sporozoites 
tvere cap ab le  of passing  th ro u g h  som e lung  capillaries and  w ere ca rried  fu r th e r

Fig. 5. Eimeria s t iedai  oocysts in the heart blood. Giemsa stain, x  approx. 500

b y  th e  blood stream . T h e  oocysts  tra c e d  in  th e  lungs by  m icroscopic  e x a m in a 
tio n  h a d  m ostly  in ta c t  or in d e n te d  tvalls. In fre q u e n tly , oocysts  w ere seen also 
in  o th e r  organs, as e.g., an  o o cy st writh  in d en ted  wrall w as a p p a re n t in a ren a l 
g lom eru le  w ith no su rro u n d in g  in f la m m a to ry  reac tio n  p re se n t. A few oocysts 
w ere  d em o n stra ted  am o n g  red  b lood  cells in  u n s ta in ed  b lood  sm ears from  th e  
le f t ca rd iac  v en tric le  (F ig . 5). L a rg e r n u m b ers  of oocysts wdth in ta c t  or in d e n t
ed  wralls were seen in  th e  liv e r. M ost o f th em  h ad  u n d erg o n e  ex cy sta tio n , 
b u t  th e  release o f spo rozo ites w as, owdng to  th e ir  p o o rly  defined  s tru c tu re , 
im p lied  ra th e r  th a n  seen from  th e  m an y  em p ty  shells o f sp o ro cy sts  a p p a re n t 
in  th e  liver. The coccidia wdiich d id  n o t reach  th e  liver h a d  p re su m a b ly  d e te rio 
r a te d  an d  th e ir  rem ain s w ere e lim in a ted  in  th e  u su a l wray .

E xperim ent I I I .  T h ree  ra b b its , 2 weeks old,wrere in fec ted  in tra p e rito n e a lly  
wdth several h u n d red s  o f th o u sa n d s  o f ex cy sted  E im eria  stiedai oocysts. T hree  
u n in o c u la te d  ra b b its  o f  th e  sam e age served  as con tro ls.

One of th e  in fec ted  ra b b its  d ied  on th e  12 th  d ay  o f th e  ex p e rim en t. I ts  
liv e r  wras sligh tly  en la rg ed  b u t  no gross lesions in d ica tiv e  o f coccidial in festa-
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tio ii w ere seen. M icroscopic ex am in a tio n , how ever, rev ea led  an  early  s tage  of 
p ro life ra tio n  in  th e  b ilia ry  cap illa ries an d  th e  d ev e lo p m en ta l s tages seen in 
th e  lin ing  ep ithe lium  co rresponded  to  th e  regu lar p ic tu re  seen on th e  12 th  
d a y  a fte r  oral in fec tion .

T he tw o su rv iv in g  ra b b its  w ere k illed  on th e  17th  d a y  o f th e  ex p erim en t. 
In tra p e r ito n e a l in fec tion  w ith  oocysts gave rise to  liver coccidiosis in  b o th  
cases. As in th is  p a r tic u la r  ex p erim en t th e  in fective dose co n ta in ed  severa l 
h u n d re d s  of th o u san d s  in s tead  o f sev era l m illions of oo cy sts , th e  liver lesions 
w ere co rrespond ing ly  m ilder. S im ilarly , p ro life ra tion  o f th e  b ilia ry  cap illaries 
w as o f  a considerab ly  low er degree th a n  a f te r  o ra l in fection  o f th e  sam e s tre n g th . 
F u r th e r  to  th is , th e  success o f th e  ex p e rim en ta l in fec tion  w as con firm ed  h y  
th e  presence of m an y  E im eria  stiedai oocysts in th e  bile as co m p ared  to  th e ir  
co m p le te  absence in  th e  p e rfec tly  n o rm a l livers of th e  3 c o n tro l ra b b its .

E xperim en t I V .  T his ex p e rim en t w as u n d e rta k e n  to  co m p are  th e  e ffi
c iency  of oral an d  in trav en o u s  in fec tion  in inducing  liv er coccidiosis.

T he ex p erim en t was s ta r te d  on 6 ra b b its , 3 weeks o ld , o u t o f  w hich tw o 
d ied  d u ring  th e  a d m in is tra tio n  of th e  in fec tiv e  m ateria l. T h u s , o n ly  th e  su rv iv 
in g  4 an im als, 2 in fec ted  in tra v e n o u s ly , 1 orally  an d  1 se rv in g  as co n tro l, 
w ere availab le  for com parison .

T he resu lts  w ere read  on th e  1 8 th  d a y  a fte r  in fec tion  (F ig . 6). R e la tin g  
th e  liv e r w eights to  bo d y  w eigh ts, th e  succession was 7%  fo r th e  o ra lly  in fec ted  
ra b b i t ,  5.6 an d  5 .9%  fo r th e  tw o in tra v e n o u s ly  in fec ted  ra b b its  and  4 .9 %  
fo r th e  contro l ra b b it .  T he m ost d is tin c t lesions were found  in  th e  liver of th e  
o ra lly  in fec ted  an im al. T he F igu re  m ay  he deceptive as to  th e  en la rg em en t 
o f  th e  livers, since th e  b o d y  w eights o f th e  an im als w ere v a r ia b le  (600 — 750 g). 
A n y w ay , in  p rev ious ora l in fec tion  ex p erim en ts  b o th  th e  liv e r  en la rg em en t 
a n d  th e  lesions w ere m ore d is tin c t on th e  18 th  day  th a n  in  th is  p a r tic u la r  
in s ta n c e . The lesser d ifference betw een  th e  sizes of th e  livers o f o ra lly  and  
p a re n te ra lly  in fec ted  ra b b its  in  th e  p re se n t exp erim en t m a y  be ex p la inab le  
b y  th e  fac t th a t  th e  in fec tive  m a te r ia l h a d  been  sto red  in  th e  re fr ig e ra to r  for 
a b o u t one year. N everthe less, th e  av a ilab le  resu lts  have  sa tis fa c to r ily  confirm ed 
th e  possib ility  of p a re n te ra l coccidial in fec tion .

E xperim en t V . T his ex p e rim en t w as u n d e rta k e n  to  rep ro d u ce  E x p e ri
m e n t IY  w ith  a m ore re liab le  in fec tiv e  m a te ria l. T he degree o f  liv er lesions 
dev e lo p ed  a fte r  ex p erim en ta l in fec tion  w ith  equal o ra l an d  in tra p e rito n e a l 
doses o f E im eria  stiedai w as com pared .

O u t of 6 ra b b its , 3 weeks old, 3 w ere given in tra v e n o u s ly  100,000 fresh ly  
sp o ru la te d , ex cysted  E im eria  stiedai o ocysts , tw o ra b b its  rece iv ed  id en tica l 
doses o f u n tre a te d  m a tu re  oocysts in tra v e n o u s ly , th e  la s t r a b b i t  received  th e  
sam e o rally .
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T h e livers o f th e  an im als , k illed on th e  17th  d ay  a f te r  in fec tion , are shew n 
in F ig . 7. T he o ra lly  in fec ted , em ac ia ted  con tro l ra b b it  h a d  th e  g rea test liver 
w eigh t — 17.3%  o f th e  b o d y  w eight — an d  d is tin c t lesions co rrespond ing  to  
I he 1 7 th  d ay  of th e  in fec tio n . E n la rg em en t of th e  liv e r w as less p ronounced  
— 6.5, 6.9 and  7 .1 % , re sp ec tiv e ly  — a n d  coccidial foci w ere  lesser in  n u m b e r 
in  th e  case of th e  th re e  ra b b its  in fec ted  in tra v e n o u s ly  w ith  exeysted  oocysts.

Fig. 0. Livers o f in travenously  infected (1 — 2), orally infected (3) and uninfected (4) rabbits. 
Approx, two thirds of the natural sizes

The livers of th e  tw o an im als  in tra v e n o u s ly  in fec ted  w ith  u n tre a te d  sp o ru la ted  
oocysts show ed th e  le a s t en la rgem en t — 6.5 and  6 .8 %  — and  h a rd ly  an y  
lesions.

In  every  case, E im eria  stiedai oocysts w ere d em o n strab le  in u n s ta in e d  
p re p a ra tio n s  of g a llb lad d ers . H isto log ica l ex am in a tio n  revealed  a un ifo rm  
progress of endogenous developm ent in  ail livers, in d ic a tin g  th a t  th e  en d o 
genous deve lopm en t w as no rm al in  th a t  ch ie fly  m a tu re  gam étogon ie  
stages an d  oocysts w ere seen in b o th  th e  lu m in a  and  ep ith e liu m  of th e  m ark ed ly
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d is ten d ed  b ilia ry  d u c ts . O nly  th e  degree of th e  lesions d iffered . In  th e  liver 
of th e  o ra lly  in fec ted  r a b b i t  h a rd ly  an y  no rm al liver tissu e  w as seen betw een  
th e  enorm ously  p ro life ra te d  b ilia ry  d u c ts . In  th e  livers o f ra b b its  in fected

Fig. 7. Livers o f rabbits in fected  orally (1), and intravenously w ith  excysted  (2— 4) and intact 
oocysts (5 — 6). Approx, half o f the natural size

w ith  ex cy sted  oocysts p ro life ra tio n  w as less p ro n o u n ced  an d  coccidial foci 
were scarcer. F in a lly , in  th e  livers o f th e  an im als in fec ted  w ith  in ta c t  m a tu re  
oocysts o f E im eria  stieda i, th e  foci w ere sporad ic , th o u g h  p ro n o u n ced  and  
som etim es o f considerab le  size.
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E xperim ent V I .  O f 4 ra b b its , 4 weeks o ld , 2 w ere in fec ted  o ra lly  each 
w ith  35,000 sp o ru la ted  oocysts . O n th e  14th  d ay  a f te r  in fec tio n  th e y  were 
k illed  an d  th e ir  liv er h o m o g en a tes  w ere used to  in fec t th ro u g h  th e  au ricu la r 
v e in  th e  tw o o th e r r a b b its  k e p t u n ti l  th e n  in  iso la tion . T h ro u g h o u t th e  en tire  
p ro c e d u re  care was ta k e n  to  keep  th e  liver h o m o g en a te  a t  37 °C, to  p rev en t 
th e  m erozo ites’ d am age b y  cooling. O n m icroscopic ex a m in a tio n  o f  th e  hom o
g e n a te , a considerab le n u m b e r o f endogenous stages ty p ic a l o f th e  14 th  d ay  
o f  in fec tion  — sch izon ts co n ta in in g  6 or 7 m erozoites — w ere seen.

O ne of th e  tw o  ra b b its  in fe c te d  w ith  m erozoites th ro u g h  th e  au ricu la r 
v e in  h a d  died on th e  d a y  a f te r  in fec tio n . As p ost m o rtem  fin d in g s  w ere in d i
c a tiv e  o f tra u m a  an d  ic te ru s , th is  an im al was exc luded  from  th e  evalu a tio n .

T he rem ain ing  single r a b b it ,  in fec ted  w ith  m erozo ites gained  on th e  
1 4 th  d a y  o f th e  in fec tio n , w as ex am in ed  a t  a tim e, w hen  th e  com pletion  of th e  
endogenous cycle w o u ld  h av e  been  due in  th e  case o f an  o ra l in fec tion . This 
te rm  being  no rm ally  17 d ay s , th e  an im al in fec ted  w ith  m erozo ites w as killed 
a f te r  3 days, p o s tu la tin g  th a t  i f  endogenous d eve lopm en t h a d  co n tin u ed  u n in 
te r ru p te d ly  a fte r th e  tra n s fe r , f in a l stages (oocysts) shou ld  h av e  been found 
in  th e  liver.

B u t th e  h isto log ica l find ings failed  to  confirm  th is  hy p o th esis . The 
p ro life ra tio n  of th e  b ilia ry  d u c ts  w as m o d era te , a lth o u g h  th e  in v ad in g  m ero
zo ites (trophozoites) w ere c learly  a p p a re n t w ith in , an d  be tw een , th e  ep ithe lia l 
cells o f  th e  b ilia ry  d u c ts  an d  th e  su rro u n d in g  in f la m m a to ry  cell reac tio n  
sh ow ed  an  inc ip ien t liv e r  dam age. T h is in d ica ted  th a t  th o u g h  th e  14-day-old 
endogenous stages o f  E im eria  stiedai tran sfe rred  from  a d o n o r w ere able to  
s e tt le  in  the  liver o f th e  rec ip ien t, th e re  was a d e lay  in  th e  deve lopm en ta l 
cycle . T his appears to  be  ex p la in ab le  b y  th e  fac t th a t  th e  m erozo ites h ad  to  pass 
fro m  th e  blood cap illa ries to  th e  b ilia ry  ducts w hich was a ta s k  n o t n o rm ally  
en co u n te red  in th e ir  life cycle. T he perfo rm ance o f th is  u n e x p e c te d  ta sk  h ad  
o b v io u sly  d e te rio ra ted  m a n y  m erozo ites. A n o th e r e x p la n a tio n  offered for 
th e  de lay  of endogenous d ev e lo p m en t m ay  be th a t  in  th e  in ta c t  b ilia ry  ducts 
w h ere  th e  p ro life ra tion  h ad  n o t y e t s ta r te d  th e  m erozo ites d id  n o t im m edi
a te ly  fin d  th e  c ircu m stan ces fa v o u rin g  th e ir  d ev e lo p m en t.

E xperim ent V I I *  T h ree  ra b b its , 8 weeks o ld, w ere u sed . Two o f them  
w ere  given excysted  E . stiedai oocysts in to  th e  m esen te ric  v e in , while th e  
th i r d  served as u n tre a te d  co n tro l. T he con tro l an im al d ied  o f an  in te rc u rre n t 
d isease  a fte r a few  d ay s . T he gross an d  m icroscopic find ings o f  its  liv er w ere 
n e g a tiv e  in respect o f  coccidiosis, serv in g  as a re liab le  p ro o f t h a t  also th e  tw o 
o th e r  anim als w ere free  o f coccidia p rio r to  in fec tion .

* This and Experim ent V III were performed in cooperation w ith  Dr. U . D ürr , assistant 
professor of the Justus L ieb ig-U niversity , Giessen, German Federal R epublic.
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T he tw o ra b b its  in fec ted  th ro u g h  th e  m esen teric  ve in  w ere k illed  on th e  
1 8 th  d ay  a fte r  in fection . B o th  h a d  m o d e ra te ly  en larged  livers w ith  coccidial 
foci on th e  surfaces and  in th e  inc isions. O ocysts w ere d e m o n s tra te d  also in  
th e  b ile . The histo logical p ic tu re  w as ty p ic a l o f an 18-day  in fec tio n : p ro life ra 
tio n  o f b ilia ry  d u c ts , su rro u n d in g  in fla m m a to ry  reac tio n  an d  coccidial foci 
w ere seen. R e la tiv e ly  m any  e m p ty  shells of oocysts were found  p e riv a scu la rly  
a n d  th e  a d jacen t haem orrhages in d ic a te d  th a t  th e  oocysts h a d  o b s tru c te d  th e  
cap illa ries and  gained access to  th e  liv e r  tissue a fte r  th e  b reak in g  of th e  cap il
la ry  w all.

T h u s, i t  has been ev idenced  th a t  liver coccidiosis can  be e lic ited  b y  
in fec tio n  w ith  ex cysted  E im eria  stiedai oocysts th ro u g h  th e  m esen te ric  ve in . 
T he ex p e rim en ta l coccidiosis w as m ild  as com pared  to  th a t  in d u ced  b y  c ra l 
in fec tio n  w ith  a sim ilar dose o f  oo cy sts . A n ex p lan a tio n  fo r th is  d ifference 
has been offered in co n tex t o f E x p e rim e n t V I.

E xperim en t V I I I .  E x p e rim e n t У I I  was rep ea ted  on 2 ra b b its  w ith  th e  
d ifference  th a t  th e  oocysts e x cy s ted  b y  grind ing  w ere tr e a te d  ad d itio n a lly  
w ith  p a n c re a tin . I t  was assum ed t h a t  th is  w ay  a g rea te r  n u m b e r o f sporozo ites 
w ould  release and  b ring  ab o u t a m ore  m assive in fec tion . B u t th e  gross an d  
m icroscopic  ex am in a tio n  of th e  livers o f th e  an im als k illed  on th e  17 th  day  
fa iled  to  confirm  th is  supposition  as no difference was found  in com parison  
to  th e  lesions caused by  in fec tion  w ith  oocysts n o t tre a te d  w ith  p a n c re a tin .

Discussion

A ccord ing  to  l ite ra ry  d a ta , ch ickens developed coccidiosis a f te r  p a re n 
te ra l  a d m in is tra tio n  of oocysts. S m e t a n a  (1933) perfo rm ed  s im ila r e x p e ri
m e n ts  on ra b b its , th o u g h  w ith  eq u iv o ca l re su lts . T he aim  o f his ex p e rim en ts  
w as to  follow  up  th e  in te s tin e -to -liv e r  passage of E im eria  stiedai, his p a re n 
te ra l  in fec tion  experim en ts on ch ickens h ad  th e  p ra c tic a l a im  to  exam ine 
th e  p o ss ib ility  of ac tiv e  im m u n iza tio n  ag a in st coccidiosis.

T he p resen t experim en ts h av e  show n th a t  in ra b b its , e x p e rim en ta l liv er 
coccidiosis can  be un ifo rm ly  in d u ced  b y  in trav en o u s , in tra p e r ito n e a l or 
in tra m u sc u la r  ad m in is tra tio n  o f E im eria  stiedai oocysts. In  ev e ry  case, th e  
co n d itio n  was m uch m ilder th a n  th a t  e lic ited  b y  th e  o ra l ro u te , ow ing v e ry  
like ly  to  th e  fac t th a t  th e  p a re n te ra lly  ad m in is te red  coccidia h av e  to  overcom e 
sev e ra l obstacles d u rin g  th e ir  passag e  to  th e  liver an d  m a n y  o f th e m  die in  
th e  m ean tim e . A lso, it  has been ev id en ced  th a t  in tra p e rito n e a lly  a d m in is te red  
sp o ru la te d  oocysts cause a liver coccidiosis. T he m ode of th e  passage  o f oocysts 
th ro u g h  G-lisson’s capsule, how ever, rem ains to  be clarified .

In te re s tin g ly  enough, no p a r t ic u la r  difference has been  found  be tw een  
th e  re su lts  of p a re n te ra l in fection  w ith  in ta c t  and  a rtific ia lly  ex cy sted  oocysts .
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T h is  c irc u m s ta n c e  a p p e a r s  to  s u p p o r t  th e  v ie w  o f S h a r m a  (1964) a n d  o th e rs  
t h a t  i n ta c t  s p o ru la te d  o o c y s ts  e x c y s t in  th e  b lo o d  s tr e a m .

P a re n te ra l in fec tio n  w as successful n o t o n ly  w ith  oocysts , b u t  also w ith  
in tra v e n o u s ly  a d m in is te re d  m erozoites o b ta in e d  from  th e  livers o f ra b b its  
on th e  14 th  day  o f in fe c tio n . The p a r t ic u la r i ty  o f  th is  w ay  o f in fec tion  is th a t  
th e  endogenous d ev e lo p m en t does n o t c o n tin u e  im m ed ia te ly  in  th e  rec ip ien t 
ra b b i t ,  b u t  only a f te r  c e r ta in  delay . A p p a re n tly , i t  ta k e s  som e tim e  u n til  
th e  o rig ina lly  in ta c t  b i l ia ry  duc ts  reach  a s ta te  w hich  fav o u rs  th e  developm ent 
o f  coccidia and  u n ti l  th e  resistance  o f th e  ep ith e lia l cells is overcom e b y  th e  
p a ra s ite . L as t b u t  n o t  le a s t , th e  m erozoites o rig in a tin g  from  th e  d o n o r’s b ilia ry  
d u c ts  need  tim e to  f in d  th e ir  w ay  from  th e  re c ip ie n t’s cap illa ry  vessels to  th e  
b ilia ry  ducts.

SUMM ARY

Infection experim ents by intravenous, intram esenteric and intram uscular adm inistra
tion  of in tact and excysted  Eimeria  stiedai oocysts have shown th at Eimeria stiedai is paren- 
terally transferable to susceptib le rabbits. The experim ental liver coccidiosis was in every case 
m ilder than that elicited orally  by similar doses. The condition was m ildest on intram uscular 
infection , owing apparently to  the difficult passage of the oocysts from  the femoral muscle to 
biliary ducts. Intraperitoneal infection was particularly successful, som etim es even more so 
than the intravenous in fection . No notable difference was found betw een the results o f parente
ral infection  with in tact and excysted  oocysts, indicating th at excystation  m ay actually take 
place in the blood stream  (S harm a , 1964). A susceptib le rabbit developed liver coccidiosis on 
adm inistration into a m esenteric vein of liver hom ogenate from  a donor rabbit infected 14 days 
earlier. The hom ogenate contained numerous schizonts and m erozoites. In the recipient, the 
developm ental cycle w as som ew hat delayed, owing very likely to the m erozoites’ slow passage 
from  capillary vessels to  biliary ducts, a task  not encountered in their cycle under normal 
conditions.
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(R eceived February 7, 1969)

In autum n 1968, a h igh ly contagious febrile respiratory disease appeared am ong 
horses in H ungary. In this paper clinical sym ptom s, epidem iological observations and aetiolog- 
ical studies concerning the disease are reported.

Equine respiratory disease caused by influenza virus was first observed in Sweden in l9 5 5  
(H e l l e r , E spm a rk  and V ir id e n , 1956, E spm ark  and Sa l e n s t e d t , 1964), but the causative  
agent was isolated by S ovinova  e t  al. (1958) during an epizootic am ong horses in Czechoslo
vakia in  1956. The iso lated  strain was designated influenza A /equ i/l/P ragu e. The result o f a 
world wide serological survey organized by the WHO (K a pla n  and P a y n e , 1959) evidenced  
th a t the infection is w idely distributed in the world, including H ungary (R omváry  et al., 1966).

In 1963 a highly in fectious respiratory disease was observed am ong horses wintered in 
Miami, USA. The clinical sym ptom s started w ith  temperature elevation  w hich was followed by  
coughing and catarrhal rhinitis. All horses becam e affected regardless o f age, breed and 
sex. From this outbreak a new subtype o f influenza A virus wras isolated  which was designated  
influenza A /equi/2/M iam i (W a d d e l l  et al., 1963). In the same year the virus was introduced  
into Canada (Ma rdis  et al., 1963). In 1965 the disease appeared in Europe in Great Britain  
(R o se , 1965), France (B r io n  e t a l., 1966) and Switzerland (Ge r b e r  et al., 1966). In the la te  
summer of the last year the virus reached the southern border o f H ungary.

H istory

T he disease w as f irs t  observed  a t  n ea rly  th e  sam e tim e  in  th ree  so u th e rn  
counties from  w here i t  w as sp read  to  all over th e  c o u n try  in fo u r to  five  m o n th s , 
as illu s tra te d  in  F ig . 1. In  th e  a u tu m n  th e  ra te  of sp read in g  w as fa s te r  th a n  in 
early  w in te r, accord ing  to  th e  m oving  ra te  of horses. In  th e  ra p id  sp read ing  of 
th e  disease tra n s p o r ta tio n  o f ag ric u ltu ra l p ro d u c ts  p lay ed  th e  p rim a ry  ro le. 
H orses from  d iffe ren t fa rm s cam e in c o n ta c t a t th e  p ro d u c t-co llec tin g  cen tres  
an d  a fte r  re tu rn in g  th e y  in fec ted  n o t on ly  th e ir  s tab le  m a te s , b u t  also horses 
k e p t in o th e r  p la n ts  o f th e  re sp ec tiv e  fa rm . F rom  one c o u n ty  to  th e  o th e r , or 
even fa r th e r  th e  v iru s  w as ca rried  b y  rac ing  horses an d  b y  th o se  of itin e ra te  
vendors. In to  B u d a p e s t an d  its  su rro u n d in g s th e  v iru s  w as in tro d u ced  ea rly  
in  th e  a u tu m n , possib ly  b y  horses used  for tra n s p o r ta t io n  o f vege tab les an d  
fru its  from  villages even  fa r  from  th e  c ity .

T he in cu b a tio n  perio d  la s ted  u su a lly  for 2 to  3 d ay s, in  ex trem e  cases 1 to  
5 days. A m ong horses k e p t  in  a com m on air-space th e  d isease fre q u e n tly  a p 
peared  explosion-like, because  th e  v iru s  w as excre ted  b y  in fec ted  horses a lread y
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b efo re  clinical sy m p to m s a p p ea red . U su a lly  th e  stock  hou sed  in  com m on stab le  
b ecam e  infected  w ith in  48 to  72 h o urs. N everth e less , horses k e p t in  iso lated  
p la n ts  o f th e  farm s e scap ed  th e  disease, if  d irec t c o n ta c t w ith  th e  affec ted  horses 
co u ld  be avoided. D ep en d in g  on th e  n u m b e r an d  d is tr ib u tio n  of th e  horses in 
th e  fa rm , th e  acu te  d isease  ra n  its  course in  2 to  4 w eeks.

T he disease s ta r te d  w ith  a rise o f te m p e ra tu re  up to  41.5 °C, dullness and  
t r a n s ie n t  or com plete in a p p e te n c e .T h e  c o n ju n c tiv a  and  n a sa l m ucous m em brane 
b ecam e  hyperaem ic, a n d  lac rim a tio n  an d  serous n asa l d ischarge  appeared .

Fig. 1. Spreading o f the disease in H ungary from  the m iddle o f A ugust 1968

Tw o days fo llow ing th e  onset o f th e  disease sp o n tan eo u s d ry  cough set in. 
U su a lly  one day  la te r  th e  c h a ra c te r  o f th e  cough changed  to  m o is tv , th e  nasa l 
d isch arg e  becam e o f m u co u s and  la te r  o f m u co -p u ru len t c h a ra c te r . In  horses 
re s te d  from  the  onse t o f  sym p to m s th e  fev e r la s ted  u su a lly  fo r 4 to  5 days and  
cough ing  persisted  fo r a b o u t 2 weeks. In  som e horses k e p t in  w ork  du ring  th e  
feb rile  period, fa ta l co m p lica tio n s as p n eu m o n ia , p leu risy  an d  acu te  em p h y 
sem a jo ined  th e  a c u te  sy m p to m s in  th e  2 n d  week.

T he sam e sy m p to m s an d  course o f th e  disease could  be observed  in d o n 
k ey s , excep t th a t  in v o lv e m e n t of th e  u p p e r  re sp ira to ry  t r a c t  w as m ore p ro 
n o u n ced  and  severe co m p lica tio n s could be observed  m ore fre q u e n tly  th a n  in 
horses.

M a teria ls  a n d  m e th o d s

Virus isolation. N a sa l, p h a ry n g ea l a n d  co n ju n c tiv a l specim ens were tak en  
b y  sw abs from  horses a t  th e  in itia l s tage  o f  th e  disease. L ungs o f tw o  ab o rted  
fo e tu ses , one of th e m  w ith  unknow n h is to ry  w ere also in v e s tig a te d . Sw abs w ere 
p u t  in  tub es co n ta in in g  H a n k s ’ so lu tion  to  w hich 1000 IU  pen icillin  and  100 
g am m a s trep to m y c in  p e r  m l was ad d ed  an d  k e p t in  th e  ice h o x  u n til  p rep ared
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fo r in o cu la tio n . A fte r  rinsing  in H a n k s ’ so lu tion  sam ples w ere cen trifuged  a t  
3500 rp m  for 20 m in u te s  and  each  o f th e  su p e rn a ta n ts  w ere inocu la ted  b o th  
in to  th e  am nion  a n d  a llan to ic  c a v ity  of 5 to  6 em b ry o s p re in cu b a ted  fo r 11 
d ay s, accord ing  to  th e  m ethod  described  b y  P a c c a u d  e t al. (1966). The in 
o cu la ted  h e n ’s eggs w ere fu r th e r  in c u b a te d  a t 33 °C fo r 72 h o u rs , th e n  cooled a t  
-(-4 °C for 12 ho u rs . D e a th  of em bryos in th e  f irs t 24 h o u rs  w as considered due  
to  b a c te r ia l co n ta m in a tio n , th ere fo re  such eggs w ere d iscard ed .

A m nion and  a llan to ic  flu ids w ere collected s e p a ra te ly  an d  te s te d  fo r th e  
p resence  of a h e m a g g lu tin a tin g  (H A ) agen t. In  th e  H A  te s t  guinea pig a n d  
ch icken  red  blood cells w ere used, an d  T a k á tsy ’s p la te s  a n d  m ic ro titra to r  w ere 
em ployed . S ub in o cu la tio n s were m ade in  th e  sam e w ay  w ith  0.2 ml egg f lu id  
d ilu te d  to  1 0 " 1 to  10 2, accord ing  to  th e  H A  titre , in to  th e  a llan to ic  cavities o f  a 
new  series of e m b ry o n a te d  eggs. E gg  flu id s neg a tiv e  in  th e  H A  te s t  were poo led  
an d  su b in o cu la ted  as before . A t le a s t 5 b lind  passages w ere carried  ou t w ith  
each  of th e  sam ples before  d iscarded  as nega tive .

Serological test. P a ire d  serum  sam ples w ere co llec ted  a t  an  in te rv a l o f 
14 to  21 days from  8 s tu d s . O nly co nvalescen t sera  w ere ta k e n  in  an o th e r 37 
stocks k e p t in d iffe ren t regions o f th e  co u n try . Sera  o f a t te n d a n ts  being in  
c o n ta c t w ith  d iseased  horses and  show ing re sp ira to ry  sy m p to m s and  those  o f 
c a tt le  suspected  o f in fec tio n  w ere also te s ted . S erum  sam ples were k e p t a t  
— 20 °C u n til te s te d . To e lim inate  unspecific  in h ib ito rs  a ll sera  were tre a te d  
w ith  M/60 K J 0 4 a n d  in a c tiv a te d  a t  56 °C for 30 m in u te s  before  used in th e  
h aem ag g lu tin a tio n  in h ib itio n  (H I) te s t .  In  d o u b tfu l cases tre a tm e n t of sera  
w ith  K J 0 4 was m ad e  a t  37 °C in s te a d  of room  te m p e ra tu re .

H I  te s t  w as p e rfo rm ed  a t + 4  °C accord ing  to  L a n n e t te ’s m ethod  an d  
using  T a k á tsy ’s m ic ro titra to r . T he te s t  w as carried  o u t u sin g  4 H A  u n its  o f 
v iru s  an d  chicken re d  b lood  cells. Sera  w ere te s te d  b o th  a g a in s t one of our iso
la tes (5690/7) and  eq u i A /l/P ra g u e  s tra in . The h ig h est se ru m  d ilu tio n  y ield ing  
com plete  in h ib itio n  w as regarded  as t i t r e  value.

R esults

Iso la tio n  of th e  v iru s  Mas a t te m p te d  from  31 sam ples ta k e n  in 7 s tu d s  
sea ted  in  d iffe ren t reg ions of th e  c o u n try . As a to ta l  18 s tra in s  from  6 s tu d s  
w ere iso la ted . One o f  th e  s tra in s  w as iso la ted  from  th e  n asa l d ischarge  o f a d o n 
key . T he v iru s s tra in s  a g g lu tin a te d  b o th  guinea p ig  a n d  ch icken  red  blood 
cells. C hloroform  ad d e d  in  20%  co n cen tra tio n  to  th e  in fec tiv e  allan to ic  flu id  
in a c tiv a te d  th e  v iru s  a lm o st com pletely .

In  lack  of co rresp o n d in g  ty p e  se ra , one of ou r iso la te s  (5690/7) M as sen t 
to th e  W H O  W orld  In f lu e n z a  C en tre , L ondon w here i t  w as id en tified  M y x o 
virus in fluenzae  A /equi-2  su b ty p e . [O n s tu d y in g  th e  sam e ep izoo tic  R o m v a r y  
e t al. (1968) rep o rted  in  a p re lim in ary  p ap e r th e  iso la tio n  o f th e  sam e su b ty p e .]
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T h e  iso la tes d id  n o t p ro d u ce  a n y  c y to p a th ic  effect, an d  no h aem ad so rp tio n  
w as rev ea led  in  m o n o lay er cu ltu re s  o f  ca lf  k idney  an d  te s tic le , r a b b it  k idney  
a n d  ch icken  k id n ey  tis su e  in o cu la ted  w ith  th e  v iru s. F ro m  th e  lung  o f th e  
a b o r te d  foetus w ith  u n k n o w n  h is to ry  rh in o p n eu m o n itis  v iru s  w as iso lated . 
V iro log ica l in v es tig a tio n  o f  a second a b o r te d  foetus gave a n e g a tiv e  resu lt.

T he serological su rv e y  rev ea led  th a t  all horses in  th e  c o u n try  h ad  been 
su scep tib le  to  th e  A-2 su b ty p e  b efo re  th is  epizootic. T h is w as ev idenced  b y  
th e  fa c t  th a t  no specific  an tib o d ie s  cou ld  be d em o n stra ted  in  th e  serum  sam .

Fig. 2. Changes in average titre values o f  the H I antibodies as p lotted  against time

pies ta k e n  in  th e  a c u te  p h ase  of th e  d isease . A ntibodies a g a in s t equ i A-2 v irus 
w ere  n o t found  in a n y  sera  co llec ted  in  1967 e ither. R o m v a r y  e t  al. (1966) 
re p o r te d  also th a t  all ho rses in H u n g a ry  h a d  been fu lly  su scep tib le  to  equi A-2 
su b ty p e . The re c e n t ep izoo tic  w as cau sed  b y  th is  su b ty p e  alone , because 
t i t r e  values of th e  p a ire d  sera from  all s tu d s  had  show n a t  le a s t fourfo ld  in 
crease  as com pared  to  th e  in itia l t i t r e  o f  <78, and  in se ru m  sam ples collected 
d u rin g  th e  reconvalescence in th e  a d d itio n a l 37 stocks d is tr ib u te d  in  d iffe ren t 
reg ions o f th e  c o u n try , an tib o d ie s  a g a in s t equi A-2 su b ty p e  cou ld  be dem on
s tr a te d .

A ntibod ies d em o n strab le  in  th e  H I  te s t  ap p eared  in  th e  second week of 
th e  disease and  a f te r  reach in g  an  av e rag e  level o f 1 : 256 in  th e  2 n d  to  3rd week, 
th e  t i t r e  g rad u a lly  d ro p p ed  to  a v a lu e  o f  1 : 16 th ree  m o n th s  la te r . A t th is  tim e  
in  som e o f th e  sera  an tib o d ie s  cou ld  n o t  be d e m o n s tra te d  a n y  m ore, even in  a 
d ilu tio n  of 1 : 8 (F ig . 2).

A ntibodies a g a in s t equi А - l  su b ty p e  were d e m o n s tra te d  in  80%  of th e  
s tu d s  te s te d , b u t o n ly  in  sera o f  ho rses o lder th a n  6 y ea rs  o f age.

In  th e  sera o f m en  and  c a tt le  w hich  suffered from  re sp ira to ry  disease 
a t  th e  tim e  or sh o rtly  a f te r  th e  a ffec tio n  o f horses, no an tib o d ie s  could be d em 
o n s tra te d  e ith e r a g a in s t equi А - l  o r eq u i A-2 v irus.

In  Figs 3 an d  4 re su lts  of H I  te s ts  w ith  som e of th e  p a ire d  serum  sam 
p les are  illu s tra te d . W hile  in  th e  fo rm e r one resu lts o b ta in e d  in  a s tu d  infec ted  
e a r lie r  w ith  equi А - l  a re  show n, in  th e  la t te r  one those  o b ta in e d  in  a s tu d  w hich 
escap ed  equi А - l  in fec tio n  are  p re se n te d .

Acta Veterinaria Academiac Scientiarum Hungaricae 19, 1969



OCCURRENCE OF IN FL U E N Z A  A/EQUI-2 IN FE C TIO N  1 8 7

□  A,
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Fig. 3. H I titres to equi А - l  and A-2 subtype of paired sera from a stock previously infected
w ith influenza A/equi-1 virus

D Ai
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Fig. 4. H I titres to equi А- l  and A-2 subtype o f paired sera from a stock free o f influenza
A/equi-1 infection

Fig. 5. Changes in H I titres to influenza A /equi-1 o f sera taken from  horses o f various age 
during the epizootic caused b y  influenza A/equi-2 subtype
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D iscussion
In  au tu m n  1968 a  rap id ly  sp read ing  equ ine re sp ira to ry  disease occurred  

in  th is  cou n try . F ro m  th e  diseased an im als M yxo v iru s  in fluenzae  A /equi-2 
has been  iso lated . T h e  d isease differed in  m an y  resp ec ts , from  equine re sp ira 
to ry  diseases know n so fa r  in H u n g ary . A m ong th ese  its  t re n d  to  rap id  sp read ing  
w as th e  m ost re m a rk a b le . The firs t cases ap p ea red  along  th e  so u th ern  b o rd e r 
of H u n g a ry  in th e  m id d le  o f A ugust 1968, an d  in  5 m o n th s  th e  in fection  sp read  
o v er th e  whole c o u n try , leav ing  on ly  som e stocks un in fec ted .

In  our experiences th e  disease is p rin c ip a lly  sp read  b y  d irec t con tac t. 
E xp losion-like  a p p e a ra n c e  in horses k e p t  in  a com m on air-space po in ts  to  
d ro p le t (aerogenous) in fec tio n . In  c a rry in g  th e  v iru s  to  long d istances rac ing  
an d  c a r t  horses as w ell as those of i t in e ra n t  v endors p lay ed  an  im p o rta n t role. 
A ccord ing ly , new  foci o f  infection  fa r  from  each o th e r  arose from  w hich th e  
v iru s  w as in tro d u ced  in to  ad jacen t fa rm s b y  th e  horses u sed  fo r local t r a n s 
p o rta tio n s .

T he ep izoo tio log ica lly  im p o rta n t questio n  how  long  th e  in fec ted  anim als 
w ould  excrete  th e  v iru s  could  ex ac tly  be cleared  on ly  b y  tran sm issio n  ex p e ri
m en ts . N o such e x p e rim e n ts  could be ca rried  o u t b y  u s , b u t  th e  v iru s could be 
iso la ted  from  th e  n a s a l d ischarge ta k e n  as la te  as on th e  5 th  d ay  follow ing th e  
o n se t o f th e  d isease, w hen  th e  fever a lread y  ceased. P ro b a b ly , th e  v iru s is 
ex c re ted  b y  cough ing , a t  least u n til  th e  an tib o d ies  w ould  ap p ea r in th e  
b lood  serum . G en era lly , th is  takes 7 to  10 days. C o nsequen tly , th e  affected  
an im als  m u st be ta k e n  u n d e r re s tr ic tio n  a t  least fo r as long as 2 weeks.

O ur o b se rv a tio n s a re  in  ag reem en t w ith  tho se  o f P accaud e t al. (1966) 
in  re sp ec t of th e  o b se rv a tio n  th a t  on ly  so lipedous an im als are  affected . No H I  
an tib o d ies  could be d e m o n s tra te d  in  se ru m  sam ples o f m en an d  c a ttle  collected  
p a ra lle lly  w ith  th o se  o f  affected  horses.

Specific an tib o d ie s  against equi A-2 v iru s w ere d e m o n s tra te d  in th e  H I  
te s t  in all conva lescen t sera . H ow ever, in  som e sera  also an tib o d ies  to  equi A -l 
su b ty p e  were rev ea led . T h is hetero logous a n tib o d y  rise m ay  be exp la ined  w ith  
th e  recalling  ac tion  o f  th e  com m on ty p e-sp ec ific  co m p o n en t of th e  equi A-2 
v ira l an tig en  in a n im a ls  th a t  h ad  been  in fec ted  w ith  th e  hetero logous equ i 
А - l  s tra in  earlier. O u r  suggestion on th e  specific ity  o f th is  an tigen ic  ac tio n  
w as su p p o rted  also b y  th e  fac t th a t  no changes in  t i t r e  va lues to  rh inopneum o- 
n itis  an tigen  could b e  d em o n stra ted  in  th ese  sera . T h is op in ion  is confirm ed 
also b y  th e  resu lts  o f  th e  serological te s ts  p erfo rm ed  w ith  serum  sam ples ta k e n  
in th e  stock  of one o f  th e  farm s. A n tibod ies a g a in s t equ i A-2 su b ty p e  w ere 
fo u n d  in  all sera, b u t  th o se  against equ i А - l su b ty p e  w ere p resen t in no b u t  
sera  o f horses over 6 y ea rs  of age (F ig . 5). I t  w as rev ea led  th a t  a re sp ira to ry  
disease resem bling  c lin ica lly  th a t  o bserved  recen tly  h a d  o ccu rred  in  th e  horses 
o f th is  s tock  in 1962 (SzelÉn y i, 1968). B y  re tro sp e c tin g  th e  h is to ry  and  based  
on o u r p resen t in v e s tig a tio n s , th e  cau sa tiv e  ag en t o f th a t  a ffection  m ust un-
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d o u b te d ly  have  been  equi А - l  v iru s. T he fac t th a t  an tib o d ie s  to  equi А - l  sub- 
ty p e  w ere found  on ly  in horses o lder th a n  6 y ea rs  of age of th is  s tock , in d ica te s  
t h a t  no  in fluenza  v iru s  in fec tion  h ad  occurred  in  th e  s to ck  fo r th e  la s t 6 y ears . 
S im u ltan eo u s rise  in  t i t r e  o f th e  H I an tib o d ies  to  the  he tero logous su b ty p e  
re p o rte d  b y  M i n u s e  e t al. (1965), P a c c a u d  e t  al. (1966) a n d  R o s e  (1966), has 
been  ex p la ined  on a s im ila r basis.

D esp ite  its  h igh  con tag iousness th e  disease to o k  a m ild  course. T hough  
m o rb id ity  a t ta in e d  p ra c tic a lly  100% , m o rta li ty  w as v e ry  low, n o t exceeding
0 .5 % . D ea th s  o ccu rred  m ain ly  due to  com plica tions as pn eu m o n ia  and  p le u 
risy . Som e of th e  old horses, how ever, w hich su ffered  from  chronic re sp ira to ry  
or v a sc u la r  diseases succum bed  to  th e  acu te  p h ase  o f th e  disease d esp ite  th e ir  
h av in g  been re s te d  from  th e  v e ry  beg inn ing  o f  th e  sy m p to m s. G enerally , p re g 
n a n t  m ares an d  donkeys w ere affec ted  m ore severe ly .
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SUMMARY

A highly contagious equine respiratory disease w hich appeared in H ungary in autumn  
1968 is reported. Horses o f m ost stocks in the country were affected  regardless o f age, breed  
and sex. The clinical sym ptom s, the course of the disease and ep izootiological observations are 
described.

From  31 specim ens (nasal, pharyngeal and conjunctival sw abs) taken in 7 stocks kept 
at different regions o f the country 18 virus strains were isolated  in  em bryonated hen’s eggs. 
The strains were identified  Myxovirus influenzae A /equi-2.

As a result o f  serological tests performed w ith  serum  sam ples collected in the former 7 
farms and in another 37 ones, it  was evidenced that in  the epizootic influenza A/equi-2 virus 
alone was involved, though in the sera of some of the horses older than 6 years o f age appear
ance or rise o f antibody titre to influenza A/equi-1 subtype could also be dem onstrated. The 
phenom enon is explained by the stim ulating action o f the com m on type-specific  antigen of 
equi/A  viruses, because it  could be dem onstrated only in  horses beyond a certain age, whose  
previous infection w ith  influenza A/equi-1 virus was dem onstrable.
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ACTA V E T E R  IN A K  IA

ТОМ  19 —  В Ы П . 2 

Р Е З Ю М Е

ЖЕЛЕЗО В ПЕЧЕНИ ЦЫПЛЯТ ПОРОДЫ БЕЛЫЙ ЛЕГХОРН 
В РАННИЙ ПОСЛЕИНКУБАЦИОННЫЙ ПЕРИОД

3 . СОВА, 3 . М А Р Е К , Й . Х О У Ш К А  и К . К О У Д Е Л А

У цыплят, распределенных в разные возрастные группы — от вылупления до 31. 
дня — изучено содержание железа в печени. В момент вылупления цыплят 
наблюдали только 44 /<г железа в печени, что равняется только 11,28 - г  1.88 мг%-ам 
сухого вещества. До возраста 4 дней содержание железа возрастает до 17,9 мг%-ов сухого 
вещества. В период между 4-ым и 7-ым днем возраста при неизменном абсолютном содер
жании железа (к 4. дню — 73 //г, к 7. дню 76 /о ) наступает удвоение веса печени. В воз
расте между 18 и 31 днем имеется повышение абсолютного количества железа в печени в 
зависимости от роста этого органа. Таким образом количество железа в пересчете на 
мг% сухого вещества или на вес печени остается практически неизменным.

МЕДЬ В ПЕЧЕНИ ЦЫПЛЯТ ПОРОДЫ БЕЛЫЙ ЛЕГХОРН В РАННИЙ 
ПОСЛЕИНКУБАЦИОННЫЙ ПЕРИОД

3 . М А Р Е К , 3 . СОВА, К . К О У Д Е Л А  и Й . Х О У Ш К А

У 122 цыплят породы белый легхорн, распределенных в разные возрастные группы 
-  от вылупления до 31. дня — изучено содержание меди в печени. При вылуплении 

печень цыплят содержала всего 20,2 / г г  меди, что равняется только 5,2 +  2,5 мг%-ам 
сухого вещества этого органа. В первые четыре дня имеется резкое сокращение посту
пления меди в печень: к 3. дню наблюдали в ней 11 / г г  и к 4. дню 15,8 / г г  этого элемента. 
Между 7. и 31. днем содержание меди в печени колебалось в пределах 0,96 — 1,55 мг%, 
при чем низший показатель получен у цыплят возраста 18 дней, средний вес (3,767 г) 
печеней которых по сравнению с таковой печени (1,078 г) односуточных цыплят увели
чился на 347%, тогда как абсолютное содержание меди увеличилось только на 134% 
(с 20,2 /гг-ов k 1. дню возраста — до 27,8 /п -ов в возрасте 18 дней). В первый месяц жизни 
вес печени увеличивается в семь раз, тогда как содержание меди — только в 3,5 — 4 раза.

ИЗУЧЕНИЕ ДЕЯТЕЛЬНОСТИ ЖЕЛУДКА У БОЛЬНЫХ 
ГАСТРО-ЭНЕТРИТОМ СВИНЕЙ

Я . В А РГА  и Л . П ЕШ ТИ

Авторами изучены общая кислотность, свободная соляная кислота и пепсиновая 
активность 20 живых, но болеющих гастро-энтеритом и убитых из-за т. наз. поноса посту
пивших на откормочную базу 74 и из-за гастроэнтерита 54 животных. У части животных 
с гастро-энтеритом определены и содержание уксусной кислоты и содержание молочной 
кислоты в желудочном соке. На 10 свиньях проведен эксперимент для выявления того, 
к каким изменениям функции желудочного-кишечного тракта ведет нейтрализация 
желудочного сока кислоту-связывающими веществами.

Согласно наблюдениям авторов параллельно с наступлением поноса и желудоч
ного сока исчезает свободная соляная кислота, pH поднимается над 5. По мере усиления 
гастро-энтерита наряду с исчезновением соляной кислоты понижается и потом совсем 
затихает пепсиновая активность, содержимое желудка начинает бродить, в нем накоп
ляется много уксусной и молочной кислот, что в свою очередь понижает pH до 1. Со
гласно авторам понос в начале болезни является следствием быстрого опорожнения 
нейтрального содержимого желудка. Атония желудка это рефлекторная защитная реак-
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ция для недопущения, попадания в задние участки кишечного тракта неподготовленных 
кормов. Уксусно- и молочно-кислое брожение содержимого желудка, потеря им влаги 
— это следствие атонии, но оно в свою очередь благоприятствует ее продлению и уси
лению.

ГИСТОХИМИЧЕСКОЕ ВЫЯВЛЕНИЕ 
ГЛИКОГЕНА ПРИ СОЗРЕВАНИИ МЯСА

Г. Б И Р О

Гистохимическое выявление гликогена осуществлялось в кроличьей и свиной мышце 
при помощи реакции PAS. При равномерном содержании гликогена на поперечном среде 
получется равномерное темно-красное окрашивание. Изменения содержания гликогена 
среди мышечных волокон реакцией выявляются. При помощи гистохимического метода 
внутри мышечной связки можно следить за содержанием гликогена в мышечных волок
нах и на основании этого можно судить о биохимическом состоянии последних.

ОБНАРУЖИВАЕМОСТЬ МИКОПЛАЗМ В СВИНЬЯХ 
И ИХ ЗНАЧЕНИЕ ПРИ ЭНЗООТИСЕСКОЙ 

ПНЕВМОНИИ И АТРОФИЧЕСКОМ РИНИТЕ

М. Ш Е Р ,  Й. Х А Р Т В И Х  и Й. С О Н Д Е Р С Л Е Б Е Н

Изучением молодых свиней из разных стад в Германии доказано, что микоплазмы 
широко распространены. Микоплазмы изолировались из куриного зародыша. Мйко- 
плазмы одинаково часто наблюдались как в стадах с энзоотической пневмонией свиней 
(70%), так и в стадах с атрофическим ринитом (69%). Микоплазмы изолированы и из 
14 свободных от микробов животных,

Морфологическими исследованиями выявлены воспалительные явления в легких 
и слизистой носовой полости животных и из клинически здоровых стад. Но эти изменения 
были в них менее выражены, чем в больных животных. Легкая пневмония обнаружена и 
в некоторых свободных от микробов свиньях. В заключение сказано, что виды микоплазм, 
изолированные из куриного зародыша не играют роли в этиологии энзоотической пнев
монии свиней или атрофического ринита.

ЭКСПЕРИМЕНТАЛЬНОЕ ЗАРАЖЕНИЕ 
СВИНЕЙ ШТАММАМИ МИКОПЛАЗМ

М. Ш Е Р ,  Й.  Х А Р Т В И Х  и Й. С А Н Д Е Р С Л Е Б Е Н

Свиньи экспериментально заражались тремя штаммами микоплазм, изолирован
ными при помощи куриного зародыша из больных энзоотической пневмонией свиней. 
Штаммы не вызывали ни пневмонию, ни ринита. Зато они при введении в брюшную по
лость часто вызывали серозит или артрит. Это указывает на сходство упомянутых штам
мов С M ycoplasm a hyorhinis.

МОРФОЛОГИЯ И РАЗВИТИЕ

T h« aitia kotlani sp. n.

К. М О Л Н А Р

Под наименованием T hw aitia  kotlani sp. n. описывается новый вид нематоды из 
Aspius aspius. Самцы паразитируют под серозной оболочкой воздухоносного пузыря, при 
чем самки способны дальше развиваться в брюшной полости.

T. kotlan i характеризуется годичным, сезонами обусловленным циклом развития. 
Зрелые самки, полные личинками, обнаруживаются только в мае.

В одной части хозяев развитие паразита заторможено, поэтому при вскрытии часто 
обнаруживаются отставшие в развитии или распавшне экземпляры гельминта.

A cta  V e te r in a r ia  Academ iae S c ie n tia ru m  Hungaricac 19, 1969



ЭНКЕФАЛИТЫ СРЕДИ ТЕЛЯТ, ВЫЗВАННЫЕ 
ВИРУСОМ ИНФЕКЦИОННОГО БЫЧЬЕГО РИНОГРАХЕИТА

А. Б А Р Т А ,  Г. Х А Й Д У ,  П.  А Л Д А Ш И  и Д Ь .  П А Ц О Л А И

В поголовье телят крупного хозяйства вирус инфекционного бычьего ринотра- 
хеита вызвал энкефалит. Болели главным образом телята 10—30-дневного возраста. 
Болезнь началась общими симптомами (одышка, температура, усиление слюноотделения 
и истечения слизи из носа, покраснение зеркальца), после чего у некоторых животных 
появились и симптомы поражения нервной системы. Последние животные без исключе
ния погибли после 5—6 дней. Всего погибло 15% животных. Патолого-анатомическая 
картина при вскрытии отклонений от нормы не показывала. В сером и белом веществах 
мозга наблюдалась инфильтрация лимфоцитами.

Из носовой слизи больных и мозга павших животных удалось в тканевой культуре 
пзолщ овать вирус. На заражение изолированным вирусом экспериментальные живот
ные реагировали только общими симптомами без явлений поражения нервной системы.

Телят 3 зараженных экспериментальных групп привили живой вакциной вируса 
инфекционного бычьего ринотрахеита (D iam ond Laboratories, USA), телята 4-ой группы 
оставлены непривитыми. Среди привитых 112 телят погиб один к 5. дню после прививки, 
тогда как среди непривитого 31 теленка погибло 7 животных.

РЕАКЦИЯ КИШЕЧНИКА КАРПА НА ВОЗДЕЙСТВИЕ (СТРЕССЫ) СРЕДЫ

Й. С А К О Л Ц А И

Изучались последствия воздействия факторов среды (отлов, изменение температуры, 
транспорт) на кишечнике карпа. Обнаружено, что в качестве последствия воздействия 
стрессов в кишечнике, как правило, наступает отслоение эпителия, гиперимия и из капил
ляров плазма переходит в тканевые щели и просвет кишечника. Реакцией преципитации 
характер эксудата доказан. Н этом основании автор допускает, что описанные изменения 
изменяют проходимость через слизистую, что в свою очередь может вести к патологи
ческому всасыванию.

РЕЗУЛЬТАТЫ КЛИНИКО-ДИАГНОСТИЧЕСКИХ И ТЕРАПЕВТИЧЕСКИХ
ИССЛЕДОВАНИЙ ПРИ СПОНТАННОМ ЛИСТЕРИОЗЕ МОЗГА ОВЕЦ

Р. Л И П П М А Н Н

После введения, в котором обсуждается частота обнаруживаемое™ лнетериоза в 
области Ляйпциг за последние 10 лет, докладывается о результатах клинико-диагности
ческих и терапевтических исследований листериоза мозга у овец. Изучением ликвора 
.можно при жизни отдифференцировать с высокой долей надежности листериоз .мозга от 
других поражений центральной нервной системы. При изучении 253 ликворов спонтанно 
заболевших овец обнаружено, что при болезни имеется высокой степени плейоцитоз (от 
300/3 до 12 000/3 клеток) главным образом нейтрофильного характера. Количество всего 
белка в спинномозговой жидкости больных сигнификантно повышается (48—140 мг%) 
по сравнению со здоровыми. Большинство белка составляют глобулины (23— 96%). Это 
повышение количества глобулинов содействует помутнению жидкости и ведет к сдвигу 
соотношения глобулин-албумин к значению 1 (нормальное значение — 0,35). Из-за этой 
причины пробы выпадения белка (по Панди, Нон—Апелт и Вайхброд) в разной степени 
положительны и коллоидные реакции образуют левые и средние кривые. Интересно 
уделить внимания высокому содержанию глюкозы в ликворе, превосходящему содер
жание глюкозы в крови. Только в редких случаях обнаружен возбудитель в мазке жид
кости.

В терапии овечьего листериозного энцефалита зарекомендовали себя окситетра- 
циклин (по 10— 15 мг/кг в течение 5 дней) и пенициллин (по 40 000 ME/кг в течение 5 
дней).

Среди обработанных животных тетрациклином и пенициллином клинически вы
здоровело 60,7% и 30,8% животных соответственно, тогда как все 102 контрольные жи
вотные в среднем через 1,7 дня погибли. Успех терапии антибиотиком зависит от раннего 
вмешательства, от применения необходимых доз и симптоматозного лечения перебоев 
деятельности пищеварительного тракта с профилактикой эксикоза.
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ЭКСПЕРИМ ЕНТЫ  ПО ПАРЭН'ГЕРАЛЬНОМ У  
ЗА РА Ж ЕН И Ю  ВИ ДО М  К О К Ц И ДИ И

Eim eria stiedai

Л . П Е Л Л Е Р Д И

Эксперименты по внутривенному, внутрибрюшному и внутримышечно,му зара
жению нетронутыми и эксцистированными ооцистами Eimeria stiedai показали, что 
восприимчивых кроликов можно парэнтерально заразить этим видом кокцидий. Вызван
ный таким путем экспериментальный печеночный кокцидиоз был всегда более умерен
ным кокцидиоза, вызванного путем заражения такими же дозами этого же вида через рот. 
Наиболее умеренным был он при введении спорулированных ооцист в мышцу, откуда 
(бедренная мышца) видимо трудно попасть ооцистами в желчные ходы. Наиболее легким 
способом заражения явилось введение ооцист в брюшную полость. Не обнаружено за
метной разницы между результатами парэнтерального заражения нетронутыми и эксцис
тированными ооцистами, что указывает на возможность эксцистирования в кровяном 
русле (Шарма, 1964). У одного кролика удалось вызвать кокцидиоз печени путем вве
дения в брыжеечную вену растертой массы печеночной ткани кролика, инвазированного 
14 дней раньше кокцидиозом печени. Растертая печеночная ткань содержала много шизон- 
тов и мерозоитов. В инвазированном таким образом кролике цикл развития паразита, 
вероятно из-за медленного прохождения мерозонтов из капилляров в желчные ходы, 
немножко замедляется.

ЗАРАЖЕНИЕ ЛОШАДЕЙ ВЕНГРИИ ВИРУСОМ ИНФЛЮЭНЦЫ

A /equi — 2

Л .  Ч О Н Т О Ш , Т. Ф Е Х Е Р В А Р И ,  Й. Б О К О Р И ,  Ш. Г Ё Н Е ,  А. Б А Р Т А  
и Т. С Е Н Т - И В А Н И

'  »

Докладывается о сильно заразной респираторной болезни лошадей, появившейся 
в Венгрии осенью 1968 г. Болели все лошади, независимо от возраста, породы и пола. 
В статье описываются клиника, течение болезни и наблюдения по эпизоотологии.

От 31 животного из 7 поголовьев при помощи куриного зародыша изолировано 
(из носовой, гортанной и конъюнктивальной слизи) 18 вирусных штаммов. Штаммы 
идентифицированны как M yxovirus influenzae A /equi-2.

При помощи серологических проб с сыворотками из упомянутых 7 поголовьев и 
дальнейших 37 таковых доказано, что в эпизоотии участвовал только вирус инфлюэнцы 
A /equi-2 , хотя в сыворотках некоторых лошадей возраста больше 6 лет обнаруживался 
и вирус инфлюэнцы подтипа A/equi-1. Явление объясняется стимулирующим эффектом 
типово-специфического антигена вируса A /equi-2 , ибо он наблюдался только у лошадей 
выше определенного возраста, заражение которых вирусом инфлюэнцы A/equi-1 до 
этого удалось доказать.
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EXPERIMENTAL STUDIES ON THE ANTIGENIC 
ACTION OF BIOPLAST PREPARATIONS

B y

N. H o r v á t h , К . S o m o g yvár í, P . S omos and J . S u r já n

1st D epartm ent o f Surgery, 4th D istrict H ospital, B udapest (Head: J. L azarets);
D epartm ent of Surgery and O phthalm ology (Head: A. B . K ovács), U niversity o f  the  

Veterinary Science; P hylaxia  State Serum Institu te (H ead: J. Molnár), B ud apest

(R eceived June 6, 1968)

In  th e  various fields of su rg ery  d iffe ren t m a te ria ls  are used for th e  s u b s ti
tu t io n  o f tissues, in te rn a l f ix a tio n  o f f ra c tu re d  bones an d  stopping  of b leed ings. 
B esides th e  au to - an d  h e te ro -g ra fts  p lastics, m e ta ls  an d  m ateria ls  o f  an im al 
an d  p la n t  origin are  used.

In  some cases th e  im p lan ted  m a te ria ls  m u st rem a in  in  th e  b o d y  p e rm a 
n e n tly . In  o th e r cases, how ever, th e  im p la n t m u st be rem oved a fte r an  in te rv a l, 
th e ir  fu r th e r  presence being u n n ecessary  or even  harm fu l. To cover th e se  
m an ifo ld  req u irem en ts , search ing  fo r m a te ria ls  t h a t  w ould absorb  fo llow ing 
th e ir  fu n c tio n s h ad  been  fu lfilled  is s triv en  for a long tim e. In  fix ing  f ra c tu re d  
bones in te rn a lly  (S h e r sh e r , 1966) som e alloys m a y  cover th is  re q u ire m e n t.

Acta Veterinaria Acadcmiac Scientiarum Hungaricae, Tomus 19 (3), pp. 191—195 (1969)

Ge r e n d á s  (1961) has reported th at m odels — bioplasts — can he made from  hum an  
or anim al proteins by chem ical treatm ent and pressure. T he bioplast prepared from  fibrin , 
being a natural protein, m ay elicit im m unological response, therefore studies on their action  
on experim ental animals were considered justified .

The antigenic action of fibrinogen, fibrin and fibrin derivatives has been studied  by  
several authors (B a g d y  and Sz il á g y i, 1953a, b; K e szt y ű s  et al., 1950a, b; Sz il á g y i e t al., 
1955; Gl y n n , 1946; Szil á g y i and B a g d y , 1955; Szil á g y i et al., 1955).

Szil á g y i and  B a g d y  (1955), and  B a g d y  (1963) re p o rte d  th a t  u n h ea ted  f ib r in  e lic ited  
an  a n tib o d y  response in c lud ing  th e  d ev elo p m en t o f p re c ip itin  to  hom ologous and  he te ro lo g o u s 
m am m alian  fib rins an d  m am m alian  fib rinogens, w hereas h e a t  tre a tm e n t m ade f ib r in  non- 
an tigen ic .

Sz il á g y i, Ba g d y  and K ocsár (1955) im planted heated or unheated fibrin film s or foam  
prepared from  blood of cattle, pig, horse or sheep in  the peritoneal cavity of guinea-pigs and  
rabbits. The unheated fibrin film s induced antibody production, the heated fibrin film s and  
the fibrin foam s, either heated or unheated , did not. Sensitizing action was dem onstrated  
only w hen bovine fibrin plates had inadequately been pre-treated. In the sera o f p atien ts  
treated w ith  fibrin derivatives as haem ostatics hom ologous antibody could not be detected . 
N either antibodies to bovine serum proteins could be detected  (W in t e r  et ah, 1952).

E xperim en ta l

I n  th e  f irs t series of ex p e rim en ts  u n h e a te d  b io p la s t p rep a ra tio n s  w ere 
im p la n te d  in to  10 ra b b its :  5 ra b b its  w ere t r e a te d  w ith  a hum an , a n o th e r  5 
w ith  a bov ine, b io p last p re p a ra tio n . F ib rin  p la te s  w ere p rep ared  b y  using  
f ib rin  pow der o b ta in ed  from  Cohn’s frac tio n  I , an d  were p ressed  as recom m end-
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ed b y  Ge r e n d á s  (1963). T he b io p last p la te s  w ere k ep t in  0 .1 %  alcoholic 
F a m o se p t so lu tion  u n t i l  im p lan ted . T he p la te s  w ere 2 0 x 5 x 1  m m  in  size.

In  each r a b b it  tw o  b iop lasts  o f th e  sam e orig in  were im p la n te d , in  th e  
su b cu tan eo u s  co n n ec tiv e  tissue  o f th e  d o rsa l o r lu m b ar region. A n incision
1.5 to  2 cm long w as m ad e  in  th e  skin an d  a recess large enough fo r th e  b iop last 
p re p a ra tio n  was fo rm ed  in  th e  su b cu tan eo u s connective tissue , an d  following 
im p la n ta tio n  th e  sk in  w as closed b y  su tu re s .

T he day  fo llow ing im p la n ta tio n  a sw elling  th e  size of a n u t-h a lf  or a 
d o v e ’s egg developed  a ro u n d  th e  incision . As com pared  to  th e  su rro u n d in g  
a rea  th e  swollen a rea  w as w arm er, p a in fu l, a n d  p a s ty  on p a lp a tio n . S ta rtin g  
fro m  th e  3rd or 4 th  d a y  following o p e ra tio n  th e  sym ptom s o f th e  in flam m a
tio n  g rad u a lly  d im in ished . D uring  th e  in it ia l  perio d  th e  b io p last p la te s  could 
be d e te c te d  th ro u g h  th e  sk in  b y  p a lp a tio n . L a te r  on th e  b iop last p la te s  becam e 
g ra d u a lly  sm aller a n d  w ere com pletely  ab so rb ed  in  abou t 60 to  80 days.

A n tib o d y  response  w as exam ined  b y  th e  tw o-d im ension  agar-gel diffusion 
m e th o d  of O u c h t e r l o n y  (1953). M edium  o f 2%  agar was p rep a red  w ith  b o ra te  
b u ffe r  o f p H  8.6 a n d  4 m l m edium  w as so lid ified  on each slide. W ells 15 m m 3 
in  size w ere cu t in  th e  ag ar p la tes. F ive  wells a t  3 m m  d istance from  one o th e r 
w ere m ade for th e  a n tig e n  d ilu tions a ro u n d  th e  cen tra l well filled  w ith  a n t i 
se ru m . A fte r ad d in g  th e  sam ples th e  p la te s  w ere k e p t in  a m oist ch am b er a t 
ro o m  te m p e ra tu re  fo r 40 hours, an d  w hen th e  p rec ip ita tio n  lines h a d  developed 
u n p re c ip ita te d  p ro te in  w as rem oved b y  w ash ing  w ith  saline. F in a lly  th e  
p la te s  w ere d ried  a n d  th e  p rec ip ita tio n  lines w ere sta in ed  w ith  0 .1%  acid 
fu ch sin  dissolved in  10%  acetic  acid  so lu tio n . D iffe ren tia tion  w as m ade b y  
r in s in g  th e  p la te s  sev e ra l tim es w ith  a 5 %  so lu tio n  of acetic acid.

Serum  sam ples ta k e n  from  th e  ra b b its  a t  in te rva ls  a fte r  im p la n ta tio n  
w ere te s te d  for p rec ip itin s . A so lu tion  su ita b le  as an tigen  in  th e  te s t  being  
h a rd  to  p rep are  from  th e  solid b io p last p la te s , a purified  b o v in e  fib rinogen  
p re p a ra tio n  (B ehring) w as used  as an tig en . A 2%  solution  w as p rep a red , 
a n d  from  th is  seria l d ilu tions were m ade in  a b o ra te  buffer o f p H  8.6. In  th e  
te s ts  serum  sam ples w ere p laced in  th e  c e n tra l  wells and th e  an tig en  d ilu tions 
fro m  1 : 2 to  1 : 32 in  th e  p e riphera l ones.

P re - im p la n ta tio n  sera failed  to  re a c t w ith  th e  an tigen  a n d  so d id  th e  
sam p les  ta k e n  from  th e  ra b b its  30 days a f te r  th e  im p la n ta tio n  o f th e  h u m an  
b io p la s t p re p a ra tio n . A t th e  sam e tim e  3 o f  th e  rab b its  in w hich  th e  bovine 
b io p la s t p re p a ra tio n  h a d  been im p lan ted  h a d  p rec ip itin  d e te c ta b le  w ith  th e  
1 : 8 d ilu ted  an tig en . T he p rec ip ita tio n  lines could  n o t be rem oved  b y  w ashing  
a n d  coidd easily  b e  s ta in ed  w ith  fuchsin . S era  of th e  rem ain ing  tw o  ra b b its  
gave  neg a tiv e  re su lts .

O n te s tin g  th e  sera  collected 60 d a y s  follow ing im p la n ta tio n  o n ly  1 
o f th e  3 p rev iously  p o sitiv e  ra b b its  gave a s lig h t p rec ip ita tio n  w ith  th e  an tig en  
d ilu tio n  of 1 : 4. T h e  rem ainders in  th e  “ b o v in e ”  group were fo u n d  negative .

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



ANTIGENIC ACTION OF BIO PLA ST PREPARATIO N S 19 3

O f th e  5 ra b b its  in  th e  “ h u m a n ”  g roup  3 reac ted , p re c ip ita tin g  1 : 8 ,  1 : 4  
an d  1 : 2 d ilu tions o f  th e  an tig en , re sp ec tiv e ly .

O n th e  9 0 th  d a y  following th e  o p e ra tio n , w hen th e  b io p la s t p la te s  h ad  
co m ple te ly  been  abso rb ed , th e  im p la n ta tio n  w as rep ea ted  in  6 ra b b its . L a p a ro 
to m y  w as m ade an d  an  u n h e a te d  b io p la s t p la te  of e ith er h u m a n  or b o v in e  
origin, 20 X 5 X 1 m m  in  size w as im p la n te d  in  th e  om en tum  o f each  o f 3 ra b b its . 
T h ir ty  day s follow ing th e  second im p la n ta tio n , i.e., on th e  120 th  d ay  o f th e  
ex p e rim en t, th e  sera  of 2 ra b b its  t r e a te d  w ith  th e  bovine b io p la s t p re p a ra tio n  
gave p o sitiv e  re a c tio n  w ith  1 : 32 an d  w ith  1 : 16 d ilu tion  o f th e  a n tig e n  
resp ec tiv e ly . The ra b b its  tre a te d  w ith  h u m a n  b io p last p re p a ra tio n  rem ain ed  
n eg a tiv e .

O n th e  120 th  d ay , a fte r b lood  sam pling , 1 ra b b it in  each  g roup  w as 
in jec ted  w ith  a so lu tio n  con ta in in g  30 m g bov ine  fib rinogen , in tra v e n o u s ly , 
in  o rd e r to  d e m o n s tra te  a possib le allerg ic s ta te . B ody te m p e ra tu re , pu lse  
ra te , re sp ira tio n  ra te  and  th e  q u a lity  of re sp ira tio n  were reco rded  befo re  
th e  in je c tio n  an d  follow ed up over tw o  days. D esp ite  th e  h igh levels o f p re c ip itin  
th e  ex p e rim en ta l an im als responded  w ith  no clin ical sym ptom s to  th e  h e te r 
ologous fib rinogen .

T o con tro l th e  ab so rp tio n  o f th e  b io p la s t p rep a ra tio n s , 1 r a b b it  w as 
k illed  in  each  group . N o local changes due  e ith e r  to  h u m an  or b o v in e  b io p la s t 
p la te  cou ld  be observed . The p la te s  w ere fo u n d  covered b y  th e  o m en tu m , an d  
th e y  re ta in e d  th e ir  o rig inal size. No sig n ifican t in flam m ato ry  re a c tio n  could  
be observed .

T h ir ty  days la te r , i.e., on th e  150 th  d ay  o f th e  ex p erim en t, th e  sera  of 
th e  ra b b its  tre a te d  w ith  th e  h u m an  b io p la s t p re p a ra tio n  show ed a w eak  re a c 
tio n  w ith  th e  1 : 4 d ilu tio n  of th e  an tig en . T he sam e resu lt w as o b ta in e d  w ith  
th e  sera  o f 2 ra b b its  tre a te d  w ith  th e  bov ine  b io p last p re p a ra tio n , th o u g h  a 
s trong  p o sitiv e  re a c tio n  w ith  h igher d ilu tio n s  of th e  an tigen  h ad  b een  o b served  
earlier.

O n th e  la s t b lood  sam pling  30 m g p u rified  fib rinogen  (B ehring ) w as 
in jec ted  in tra v e n o u s ly  in to  each o f th e  4 ra b b its  s till alive. T he e x p e rim e n ta l 
an im als w ere ta k e n  u n d e r clinical c o n tro l as described  above. N o clin ical 
sy m p to m s could be  seen following in jec tio n  of th e  hetero logous f ib rin o g en .

F in a lly , th e  an im als were k illed . N o p a tho log ica l changes w ere seen 
in  th e  p a re n c h y m a to u s  organs. T he b io p la s t p la te s  w ere found  in  th e  p e rito n e a l 
c av ity , covered  b y  th e  om entum . T he p la te s  w ere reduced  in  size, th e ir  o rig i
nally  sm o o th  surfaces tu rn e d  rough.

To s tu d y  th e  an tig en ic  p ro p ertie s  o f th e  b io p last, a fu r th e r  series o f e x p e ri
m en ts h a s  been  co n d u cted . H ea ted  bo v in e  b io p last nails 20 m m  long and  
2 mm in  d iam e te r w ere im p lan ted  in  th e  fem oral m edu llar c a v ity  o f 240 to  
420 g m ale  gu inea-p igs. K irsch n er’s w ires o f th e  sam e size were used  as co n tro ls . 
As a to ta l ,  21 an im als w ere tre a te d : 14 w ere im p lan ted  b io p la s t n a ils  and
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7 K irsc h n e r’s w ire. T h e  an im als w ere d is tr ib u te d  in  7 groups, 3 in  each. T h u s, 
each  g roup  com prised  2 guinea-pigs t r e a te d  w ith  b io p la s t nail and  1 con tro l. 
O ne g roup  was k illed  on  each  of th e  3 rd , 6 th , 9 th , 16 th , 3 0 th , 4 5 th  an d  60 th  
d ay s  follow ing th e  o p e ra tio n . J u s t  before  k illing  b lo o d  w as ta k e n  to  te s t  a n t i 
b o d y  level w ith  th e  ag ar-g e l p re c ip ita tio n  m e th o d . P rec ip itin  reac tin g  w ith  
th e  fib rinogen  w as n o t  d em o n stra ted  in  a n y  o f th e  serum  sam ples. F em u rs  
o f th e  guinea-p igs w ere  in v es tig a ted  b o th  p a th o lo g ica lly  an d  h istopatho log ic- 
a lly , an d  th e  a b so rp tio n  ra te  of th e  b io p la s ts  w ere recorded . (The resu lts  
w ill be  pu b lish ed  elsew here.)

A long w ith  th e  gu inea-p ig  ex p e rim en ts  u n h e a te d  b io p last n a il w as 
im p la n te d  in to  th e  m e d u lla r  cav ity  of a d o g ’s fem u r. T he b io p last p re p a ra tio n  
w as w e ll-to le ra ted  b y  th e  dog. The dog w as k illed  2 m on th s follow ing th e  
o p e ra tio n . I ts  se ru m  g av e  slight p re c ip ita tio n  w ith  th e  1 : 8 d ilu tio n  o f th e  
an tig e n . T he b ro k en  d iap h y sis  recovered  w ith  an  a b u n d a n t callus p ro life ra tio n .

D iscussion

Single su b c u ta n e o u s  im p la n ta tio n  o f  th e  u n h e a te d  b iop last p la te s  e lic ited  
specific  p rec ip itin  p ro d u c tio n  in  m ore  th a n  h a lf  th e  tre a te d  an im als. Sera 
fro m  th e  ra b b its  t r e a te d  w ith  th e  b o v in e  b io p la s t p re p a ra tio n  re a c te d  w ith  
th e  bov ine  a n tig e n  soo n er (on th e  3 0 th  day ) th a n  tho se  o b ta in ed  from  th e  
ra b b its  tre a te d  w ith  th e  h u m an  b io p la s t (on  th e  6 0 th  day). B y  th is  la t te r  tim e , 
how ever, th e  ra b b its  t r e a te d  w ith  b o v in e  b io p la s t be ing  positive earlie r show ed 
o n ly  a sligh t, i f  a n y , p re c ip ita tio n  re a c tio n . T he second im p lan ta tio n s  in  th e  
sam e an im als co n firm e d  th a t  th e  b io p la s ts  n o t t re a te d  w ith  h e a t m ay  e lic it 
a n tib o d y  response , b u t  th e  an tib o d y  level soon declines.

In  ra b b its  t r e a te d  w ith  b io p last p la te s  a n a p h y la c tic  shock could  n o t be 
ev o k ed  w ith  in je c tio n  o f heterologous f ib rin o g en ; a t  p ost m o rtem  ex am in a 
tio n s  no changes in  th e  organs could  be  seen, an d  clinically  no sy m p to m s 
in d ic a tin g  allerg ic re a c tio n s  could be  observed . T hese fac ts  suggest t h a t  b io 
p la s ts  w hich a b so rb  la te r  on cause no  c lin ica lly  d e tec tab le  allergic co n d itio n  
ev en  if  im p la n te d  as u n h ea ted . O w ing to  th e  sm all n u m b er of ex p erim en ts , 
fu r th e r  in v e s tig a tio n s  are  needed to  c lea r th e  v e ry  action  of th ese  h e a te d  
a n d  u n h e a te d  b io p la s t  p rep ara tio n s  as th e  allerg ic an d  an ap h y lac tic  reac tio n s 
a re  concerned. O u r ex p erim en ts  are in  p rog ress. N evertheless, tra n s ie n t a p p e a r
ance  of th e  p re c ip itin s  specific to  th e  f ib rin o g en  proves th a t  th e  u n h e a te d  
b io p la s t p re p a ra tio n s  co n ta in  some a n tig e n  com p o n en ts  of th e  fib rin  m olecule 
in  a s ta te  w hich  m a y  induce th e  p ro d u c tio n  o f an tibod ies in  a he tero logous 
organ ism .

H e a ted  b o v in e  b io p last im p la n te d  in  th e  m ed u lla r c av ity  of gu inea-p igs 
d id  n o t induce d ev e lo p m en t of specific p re c ip itin s  in  30 to  60 days.
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I n  th e  serum  o f a dog in  th e  m ed u lla r c a v ity  o f w hich  u n h ea ted  bov ine  
b io p la s t h ad  been im p la n te d  a low level o f a n tib o d y  w as d em o n stra ted  60 
days follow ing th e  o p era tio n .

I t  m ay  be co n c lu d ed  th a t  th e  u n h e a te d  b io p la s t, being  a hetero logous 
p ro te in , m ay  elicit a n tib o d y  response. T hus, an  a p p lica tio n  of h ea ted  b io p last 
m odels seem s to  be  m ore  advisab le. I t  m ay  be e x p e c te d  th a t  th e  risk  in  th e  
use o f  th e  b iop lasts  w ill be lim ited . As an  analogy , p ro teo -ho rm ones, e.g., 
Zn p ro ta m in e  in su lin , m a y  be m en tioned , w hich  a lth o u g h  induce  a n tib o d y  
p ro d u c tio n , m ay  be u sed  w ith o u t considerab le  risk .

SUMMARY

U nheated bioplast film s and heat-treated or unheated b iop last nails prepared from  
hum an and bovine fibrin were im planted in the subcutaneous connective tissue or peritoneal 
cavity  o f rabbits, and m edullar cavity  of guinea-pigs and a dog. A gar-gel diffusion tests have  
shown th a t antibodies appeared in  the sera of the rabbits and the dog treated w ith unheated  
bovine or hum an bioplasts precipitate not only to the hom ologous but also to  the heterologous 
m am m alian fibrinogen (though in lower titre). H eated bioplast prepared from bovine fibrin  
did not elicit antibody production in guinea-pigs. A naphylactic reaction could not be evoked.
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COMPARATIVE STUDY OF TISSUE REACTIONS 
TO VARIOUS SUTURE MATERIALS 
(CATGUT, SILK AND POLYESTER)
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A. B. K o v á c s  and K . S o m o g y v á r i

D epartm ent and Clinic o f Surgery and O phthalm ology (H ead: A . B . K ovács) 
U niversity  o f V eterinary Science, B udapest

(R eceived October 8, 1968)

A lthough  su rg ica l su tu re  te ch n iq u es  have  been  ap p lied  ev er since th e  
an c ien t tim es, th e  idea l su tu re  m a te r ia l rem a in s  to  he fo u n d . T he various 
n a tu ra l m ateria ls , such  as h u m an  h a ir , r a t  ta il, linen  an d  silk  th re a d , have 
all shortcom ings.

The catgut suture, introduced by L is t e r  in  the second part o f the past century, has 
been a great advance but has, nevertheless, som e disadvantages. Certain authors (B orsos, 
1962; F u r k a , 1964; H u d e m a n n , 1959) have even supposed th at its repeated application m ay  
elicit allergic reactions. C atgut is strong and readily absorbed, but the row catgut is rich in spores 
and the chem ical sterilization applicable w ithout im pairing the tensile strength  significantly, 
is som etim es not effic ient enough to ensure sterility . On the other hand, drastic sterilization  
m ay dam age the protein m aterial to such an ex ten t that the tensile strength  m ay become 
inadequate. R ecently attem p ts have been m ade to sterilize catgut radiologically or by ethylene  
oxide gas. Last but not least, high-quality reliable catgut is fairly expensive.

Certain filam entous suture m aterials, such as pure silk or linen can be appropriately 
sterilized in the autoclave, bu t they  are absorbed either very slow ly or not at all and, owing 
to the frequent presence o f incrustating substances, are not fu lly  histophilic.

The introduction o f  syn thetic  fibres into surgery seems to  have brought us nearer to the 
discovery of the ideal suture m aterial. Some of the synthetic fabrics used in the tex tile  industry  
(e.g., syntophil, p lastigu t, nylon , perion, teflon , m arlex, m ersilene, tevdek , etc.) have been 
tried and partly applied in  the surgery.

The production o f polyester fibres has been particularly expanded during the recent 
years, owing to  their favourable properties.

1. Terephthalic acid-ethylene glycol polycondensates, e.g ., trevira, tergal, diolene, tery- 
lene, terlenka.

2. Terephthalic acid-1,4-dim ethylcyclohexane polycondensate: kodel.
3. Terephthalic acid-isophthalic acid ethylene glycol polycondensate: vycron.
The surgical su itab ility  o f  polyester fibre has been confirm ed by various exam inations. 

It seems to m eet all requirem ents o f a good surgical suture m aterial and has m any additional 
favourable properties which ensure its advantage over several other w idely-applied synthetic  
fabrics.

The m ost im portant properties o f the polyester fibre are the follow ing: it  is histophilic; 
resistant to m ost chem icals; can be autoclaved several tim es w ithou t im pairm ent; owing to 
its low  capillarity it  has hardly any draining effect; it  is less liable to strain than  polyam ide 
fabrics (nylon, perion) and has an excellent tensile strength. I t  is identified  b y  selective dis
solution.

Tests are m ost readily carried out on 0.1 g samples in  test tube. T he reagents should 
be of analytical purity. Grouping on the basis o f selective dissolution is  th e  following:

A. cuoxam -soluble regenerated cellulose
(cuoxam : copper oxide-am m onia)

B. cuoxam -insoluble cellulose-2,5 acetate
soluble in cold (25 °C) glacial acetic cellulose triacetate
acid
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C. Insoluble in both  cuoxam  and glacial 
acetic acid, soluble in 6 N  HC1 at 25 °C

D. Insoluble in cuoxam , glacial acetic  acid  
and 6 iVHCl; soluble in cone. H N 0 3 at 
20 °C

E. Insoluble in cuoxam , glacial acetic acid, 
6 N  HC1 and cone. H N 0 3; soluble in  
cone. H 2S 0 4 at 25 °C

PA6 =  polyam ide 6
PA66 =  polyam ide 66
PYAc =  p o iyv inyl acetate

PA N  =  polyacrylnitril
PVY =  m odified polyacrylnitril

PE =  polyester

Differentiation o f polycondensates o f  identical prim ary structure is also to be made 
b y  further selective so lub ility  tests.

D ifferentiation o f the three polyesters w ith dissimilar basic structures is carried out 
as follow s: terylene and vycron dissolve in hot dim ethyl form am ide, while kodel does not. 
Y ycron is soluble in h ot pyridine and cyclohexane, kodel is not.

The synthetic fibres used in  the tex tile  industry contain  various filling substances. 
In  th e  case of surgical use these add itional com ponents m ust be rem oved to prevent any  
undesirable — pyrogenic, tox ic, cancerogenic, etc., — effect on the hum an or anim al organism . 
The precise technology o f extraction is prescribed in detail in  the Pharm acopoeias. P olyester  
fibres are particularly advantageous also in  this respect as their noxious com ponents, such as 
the so-called avivants, antistatics, m onom ers, etc., can be extracted  by cooking in  distilled  
w ater for 2 hours, under 0.6 atm  overpressure and subsequent rinsings in hot and cold water. 
Som e comparative data, calculated in  the Textile Research In stitu te , Budapest, are given  
below:

R esu lts o f extractions

Sample
Substances extract- 
able by distilled 

w ater (%)

N ylon 6 (Zehlendorf) 0.066

N ylon 6 Grilon (Emser-W erke) 0.142

N ylon 66 (Em m enbrücke) 0.062
Polypropylene (polym er) 8.840

During boiling, the polyester fibre shrinks to about 10% . In  respect o f knot retention, 
polyester is superior to nylon and polypropylene, as its strain is only 2.5— 3%  as compared  
to  6 and 15%, respectively. Also, polyester has better staining properties, greater resistance  
to  oxidants and a nearly double tensile strength as com pared to polypropylene.

The polyester fibre suture is a braided m ultifilam ent, w oven of m onofilam ents o f 75 den 
caliber. Braiding is m ade so as to ensure a fairly uniform caliber throughout. A substantial 
advantage of the braided suture is its  good flexib ility , and the wide variab ility  o f its caliber 
and tensile strength b y  varying the num ber of fibres. A disadvantage in comparison to m ono
filam ents is the slight unevenness o f its surface. R ecently, attem p ts have been made to elim i
nate  th is disadvantage by appropriate coating w ith various indifferent substances, as other
w ise the braided suture has m any favourable properties. The braided product is delivered in  
len gths and forms according to order.

Polyester has already been used in  some branches of surgery. The Rico Ltd. (B udapest) 
uses it  regularly for the production of arterial prostheses and surgical m eshes. In H ungary, 
trials o f such products have been undertaken by B artos et al. (1960, 1964, 1965), who reported 
good results in both  clinical and experim ental respect.

The p resen t ex am in a tio n s  w ere carried  o u t to  s tu d y  th e  b eh av io u r of 
p o ly es te r, c a tg u t a n d  silk  su tu re  m ateria ls  in  th e  tissu es  of exp erim en ta l 
an im als, w ith  special regard  to  th e  n a tu re  of th e ir  tissu e  re a c tiv ity .
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E xperim en ta l

S terilized  po ly este r (Sizes N os 0, 2, 5, 7), c a tg u t (Sizes N os 5/0, 0, 2, 3, 
5, 6) an d  silk (Sizes Nos 0, 2, 4, 7, 9, 11) su tu res  w ere im p la n te d  in  th e  su b 
cu tan eo u s  connective tissue  an d  m uscle  tissue  of horses a n d  dogs.

A fte r ap p ro p ria te  p re p a ra tio n , double  loops of 2 cm  le n g th , w ith  a k n o t 
a t  b o th  ends, w ere form ed of th e  su tu re s  an d  p laced  in  incisions m ade in  
su b cu tan eo u s  connective and  m uscle tissue . The w ounds w ere th e n  closed 
b y  one k n o tte d  su tu re  each. O n a to ta l  293 c a tg u t, 52 p o ly es te r  an d  50 silk 
su tu re  loops w ere im p lan ted  in to  th e  su bcu taneous co nnec tive  tissu e  an d  
m uscle  tissue  of 16 horses an d  28 dogs, in  areas o f th e  neck  an d  tru n k .

T he im p lan ted  su tu re s  an d  th e  su rro u n d in g  tissues w ere excised  a t 
v a rio u s  po in ts  o f tim e  a fte r im p la n ta tio n , viz., on th e  2 5 th , 4 5 th , 7 5 th  an d  
120 th  day s in  th e  case of p o ly es te r a n d  silk  an d  on th e  5 th , 1 0 th , 1 5 th , 2 0 th , 
2 5 th , 3 0 th , 4 5 th , 60 th , 75 th  an d  120 th  days in  th e  case of c a tg u t. T he speci
m ens w ere cu t tran sv e rsa lly  to  g rossly  exam ine th e  positio n  o f th e  im p lan ts  
a n d  th e  su rro u n d in g  tissue reac tio n . T h en  th e  specim ens w ere fix e d  in  Z en k er’s 
so lu tio n , em bedded  in  p a ra ffin  and  seria l sections w ere cu t over th e ir  w hole 
len g th s , includ ing  th e  k no ts, an d  s ta in e d  w ith  h aem a to x y lin  an d  eosin or 
v a n  G ieson’s s ta in .

R esu lts

I n  th e  case of horses, th e  su tu re s  im p lan ted  in to  th e  su b cu tan eo u s  and  
m uscle  tissues in  th e  cervical, do rsa l an d  ingu inal regions w ere su rro u n d ed  
each  b y  a swelling, 1 — 1 1/2 cm  in  d iam e te r , of loose o r co m p ac t s tru c tu re , 
w arm , an d  sligh tly  pain fu l. W ound  closure was usually  fo rm , th e  m arg ins 
bein g  m ost o ften  covered b y  a d ried  c ru s t. No serous or p u ru le n t ex u d a tio n  
to o k  p lace  in  th e  p o sto p era tiv e  perio d  o r a fte rw ard s. T he h e a t, a n d  ten d ern ess  
of th e  swellings ten d ed  to  d isap p ear b y  th e  3 rd —5 th  d ay , d ep en d in g  on th e  
th ick n ess  of th e  su tu re . T he lesions te n d e d  to  becom e m ore co m p ac t and  
decreased  in  size. The d ry  c ru s t covering  th e  w ound m arg ins d e ta c h e d  a fte r  
6 — 10 d ay s, leav ing  a s tra ig h t line-like scar.

In  th e  case of dogs, th e  su tu re s  im p lan ted  in to  th e  su b cu tan eo u s  an d  
in te rm u sc u la r  connective tissue  or in  th e  subcu taneous fa t  tissu e  show ed 
e ssen tia lly  th e  sam e clinical p ic tu re , b u t  th e  swellings w ere sm alle r th a n  in  
th e  horses. D uring  th e  su b seq u en t day s th e  swelling te n d e d  to  decrease and  
p ro tru d e d  only  s ligh tly  or no t a t  all above th e  skin surface. R egression  of th e  
sw elling w as m ark ed ly  rap id  w ith  p o ly e s te r  su tu res . On th e  4 5 th  p o s to p e ra tio n  
d ay  h a rd ly  an y  p e risu tu ra l tissue  en la rg em en t was palp ab le  in  dog an d  horse 
alike. O n th e  75 th  day , and  still m ore d is tin c tly  on th e  120th  d ay , th e  o p e ra 
tio n  sca r w as th e  only  ind ica tio n  of th e  im p la n ta tio n  o f p o ly es te r su tu re .
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C a tg u t and  silk  su tu re s  im p lan ted  in to  th e  su b cu tan eo u s  connective 
tissu e  or m uscle tis su e  o f  th e  horse w ere su rro u n d ed  on th e  4 5 th  d ay  b y  
co m p ac t elastic sw ellings v a ry in g  from  6 to  12 m m  in  d iam e te r, depend ing  
on th e  su tu re  caliber a n d  th e  d ep th  of th e  w ound . T hese sw ellings w ere still 
p re se n t on th e  75th  a n d  1 2 0 th  d ay ; a fte r 120 day s th e  sw ellings a round  th e  su tu res  
im p la n te d  in to  th e  su b c u ta n e o u s  connective an d  fa t  tissu e  of th e  dog were 
u su a lly  sm aller th a n  in  th e  case of horses. In  b locks o f tissu e  excised from  th e  
sites o f su tu re  im p la n ta tio n  on th e  5 th  p o s to p e ra tiv e  d ay , a halo  of hyperaem ia

Fig. 1. 25th postoperation day. The polyester suture is dem arcated by a thin fibrous con
nective tissue which is seen  to  creep here and there in the suture’s texture. H. & E. stain.

M agnification X 40

an d  in flam m atio n  w as seen around  th e  p re s te riliz ed  d ry  c a tg u t and  sterile  
silk  su tu res . A t th is  p o in t  o f tim e, th e  im p lan ted  su tu re s  w ere read ily  id en tified  
in  th e  histo logical sec tio n s . The vessels a ro u n d  th e  su tu re s  h ad  d ila ted  an d  
se ru m  h ad  a c c u m u la ted  in  th e  tissue gaps. In  th e  se ru m , sca tte red  n e u tro 
p h ils  an d  ly m p h o cy tes  w ere  seen. In  som e areas im b ib ed  w ith  serum , e ry th ro 
cy tes  appeared .

O n the  10th  to  1 5 th  d ay  following th e  im p la n ta tio n , c a tg u t su tu res  w ere 
g en era lly  su rro u n d ed  b y  a zone of red d ish -g rey , ju ic y  tissu e , b ro ad er in  th e  
ho rse  th a n  in  th e  dog . In  th is  tissue th e  su tu re  m a te r ia l h a d  a loose g rasp  
a n d  th e  th ick e r th re a d s  (Sizes Nos 3, 4 an d  5) w ere su rro u n d ed  b y  a p a s ty  
g rey ish  exudate . In  e v e ry  case, th e  ex u d a te  p ro v ed  to  be sterile . H isto log ically , 
in  th e  areas im b ib ed  w ith  serum  in f la m m a to ry  cell re ac tio n  was s till seen, 
b u t  th e  a d v e n titia l cells o f th e  vessels show ed considerab le  p ro life ra tio n  an d  
sp o rad ica lly , n ew ly -fo rm ed  collagenous fib res  w ere s till p resen t.

On th e  2 5 th  p o s to p e ra tio n  day , th e  p o ly es te r su tu re s  w ere su rro u n d ed  
b y  ad h e ren t nodu les o f  connective tissue , w hereas th e  c a tg u t and  silk su tu re s

Acta Veterinaria Academiae Scientiarurn Hungaricae 19, 1969



TISSU E REACTIONS TO SU TU RE MATERIALS 20 1

w ere enclosed b y  a sh a rp ly  d e m a rc a ted  connective tissu e  cap su le . The grey ish- 
w h ite  connective tissu e  w as n a rro w er an d  less conspicuous a ro u n d  th e  p o ly es te r 
a n d  silk su tu res  as com pared  to  t h a t  su rro u n d in g  th e  c a tg u t . T h ick  c a tg u t 
su tu re s  and  also som e th ic k  silk su tu re s  w ere su rro u n d ed  b y  g rey ish -w hite , 
p a s ty , bac te rium -free  ex u d a te .

H isto logically , on th e  2 5 th  d a y  th e  im p lan ted  p o ly e s te r  su tu res  w ere 
g en era lly  d em arca ted  b y  c ircu la rly  a rran g ed , th in  fib rous tis su e . In  th e  im m e
d ia te  en v ironm en t of th e  su tu re s , ang io -fih rob lastic  tis su e  in f iltra te d  b y

Fig. 2. Cross section of the catgut suture on the 25th postoperation day. N ote  the m any  
inflam m atory cells in  the environm ent. H. & E. stain. M agnification X 40

h is tio cy te s , n eu tro p h ils  an d  a few  fo re ign-body  g ian t cells w as seen. H ere  
a n d  th e re  th e  an g io -fib rob lastic  tissu e  h a d  p e n e tra te d  th e  su tu re  m a te ria l, 
d iv id in g  th e  m u ltifilam en ts  in to  bun d les  or even m o n o filam en ts  (F ig. 1). 
A t th e  sam e tim e  th e  c a tg u t su tu re s  w ere e ith e r in ta c t  o r fell asu n d er in to  
coarse  bund les. T he in tra -s u tu ra l  ang io -fib rob lastic  tissu e  co n ta in ed  m a n y  
n e u tro p h ils , ly m p h o cy tes , p la sm a  cells, h is tio cy te s  an d  f ib ro b la s ts  (Fig. 2), 
w ith  a few fo re igh-body  g ian t cells am ong  th em . In  th e  p e rip h e ra l p a r ts  of 
th e  ang io -fib rob lastic  tissu e  fib res  becam e sep ara ted . B y  th is  tim e  th e  m u lti- 
f ilam en to u s  silk  su tu res  ap p ea red  looser. L ike in  th e  case o f  c a tg u t, th e  p eri- 
s u tu ra l  dem arca tio n  zone w as re la tiv e ly  b ro ad , reach ing  tw ice  th e  th ick n ess  
o f th e  th re a d . T he m a jo r p a r t  o f th e  d em arca tio n  zone co n sis ted  of angio- 
fib ro b la s tic  tissue  in f il tra te d  b y  m a n y  in flam m ato ry  cells a n d  foreign-body  
g ia n t cells and  su rro u n d ed  b y  new ly-developed  c ircu la r co llagenous fib res  
(F ig . 3).

O n th e  4 5 th  d ay , th e  h a rd ly  p a lp ab le  connective tissu e  n o d u le  su rro u n d 
ing  th e  po lyester su tu re  show ed m icroscop ica lly  an  ad v an ced  s ta te  of organi-
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za tio n . S tran d s  of an g io -fib rob lastic  tissu e , rich  in  f ib ro b la s ts , b u t po o r in 
m o tile  cells were seen to  creep betw een  th e  bund les or sing le m onofilam ent 
com p o n en ts  of th e  m u ltifilam en to u s  p o ly es te r  su tu re , su rro u n d in g  th em  like 
sh e a th s  an d  show ing se p a ra te d  fib res. S ilk m u ltif ilam en ts  also ten d ed  to  ra rify

Fig. 3. Angio-fibroblastic tissue w ith distinct inflam m atory cell reaction  is seen to surround 
the silk suture. 25th  postoperation day. H. & E. stain. M agnification x 4 0

Fig. 4. On the 45th postoperation day the bundles constituting the polyester m ultifilam ent 
are in m any places ensheathed by fibrous connective tissue. H. & E . stain. M agnification x 8 0

a n d  th e  area b e tw een  th e  filam en ts  w as in f iltra te d  b y  m an y  g ranu locy tes, 
h is tio cy te s  an d  fo re ign -body  g ian t cells (F ig. 5). T h e  p ro x im a l lay e r o f  th e  
ang io -fib rob lastic  tissu e  form ed a ro u n d  th e  c a tg u t w as s till rich  in n eu tro p h ils , 
h is tio cy te s  and  g ia n t cells. As a ru le , th e  te x tu re  o f th e  c a tg u t seem ed to  be
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in ta c t ,  w ith  on ly  superfic ia l unevenness ow ing to  d am age b y  n eu tro p h ils  
(F ig . 6).

On th e  7 5 th  day , th e  p o ly este r su tu re s  im p la n te d  in  connective or 
m uscle tissue  w ere, depending  on th e ir  sizes, su rro u n d ed  b y  v ariab le  am o u n ts

Fig. 5. On the 45th postoperation day the silk suture is falling apart and many leukocytes 
and histiocytes are seen among its loosened com ponents. H. & E. stain. M agnification X 340

Fig. 6. The texture of the catgut suture is fairly intact. N ote the d istin ct cellular reaction  
in  the surroundings. 45th postoperation day. H. & E. stain. M agnification X80

o f  g rey ish -w hite  c ica tric ia l tissue w ith  w hich th e y  h ad  irrev e rs ib ly  adm ixed . 
M icroscopically , in  th e  75 th  and  120th  days th e  o rg an iza tio n  process w as 
fo u n d  to  have  m ark ed ly  advanced  an d  th e  in d iv id u a l co m p o n en ts  of th e  m ulti- 
f ilam en to u s  p o ly es te r su tu re  seem ed to  be p ra c tic a lly  in c o rp o ra te d  in to  th e
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sm a ll sca r  tissue (Figs 7 a n d  8). T ho u g h  th e  po lyeste r su tu re  w as n o t absorbed  
b y  th e  120th  day , considerab le  changes h ad  supposed ly  ta k e n  p lace in  its  
t e x tu r e  as by  th e  120 th  d ay  th e  in d iv id u a l po ly este r fila m e n ts , enshea thed

Fig.  7. 75th  postoperation day. The polyester suture has adm ixed w ith  fibrous connective  
tissue. H. & E. stain. M agnification x 4 0

Fig. S. 120th postoperation day. The divided m onofilam ents o f the polyester suture are sur
rounded by fibrous connective tissue. H . & E. stain. M agnification x 2 7 0

a n d  adm ixed  w ith  co n n ec tiv e  tissu e  h a d  deform ed, lo st th e  ty p ic a l s tru c tu re  
o f  th e ir  cross-sections, some o f th e m  show ed sp lit-like  s trip es  an d  becam e 
eosinoph ilic , in c o n tra s t  to  th e ir  o rig in a l s ta in ing  p ro p e rtie s  (F ig . 9).

T he ca tg u t an d  silk  su tu res  w ere encased b y  d e m a rc a tin g  connective 
tissu e  b y  the  75th and  120th  day . T he c a tg u t had  a so m ew hat th ic k e r capsule
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th a n  th e  silk  su tu re . G rossly no  abscess or f is tu la  w as a p p a re n t around  th e  
su tu re s . T he te x tu re  o f th e  c a tg u t show ed a v a ria b le  p ic tu re  on th e  75 th  and  
120 th  days. In  som e cases h a rd ly  a n y  signs o f a b so rp tio n  w ere seen; only th e

Fig. 9. 120th postoperation day. N ote  the fibrocytes and fibroblasts am ong the com ponents 
of the m ultifilam ent. H. & E . stain. M agnification X 400

Fig. 10. A  slight decrease o f the am ount of catgut suture is seen by the 75th postoperation  
day. The surrounding angio-fibroblastic tissue is rich in  m oving cells. H. & E. stain. M agnif

ication X 40

surfaces w ere so m ew h at loosened. In  o th e r  cases, a b so rp tio n  h ad  m ark ed ly  
ad v an ced  and on ly  frag m en ts  o f th e  su tu re  w ere found . T he silk  su tu res h a d  
co nsiderab ly  loosened  b y  th e  7 5 th  d ay , fa lling  a p a r t  to  bund les  or single 
filam en ts .
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In  sections o b ta in e d  from  th e  a reas  o f im p la n ta tio n  on th e  7 5 th  an d  120th 
d a y s , b o th  c a tg u t an d  silk  su tu re s  w ere su rro u n d ed  b y  a fa ir ly  b ro a d  lay er 
o f  an g io -fib rob lastic  tissu e , rich  in  n eu tro p h ils  and  o th e r  in f la m m a to ry  cells 
(F igs 10 and  11). H ere  a n d  th e re  c a tg u t  an d  silk su tu re s  w ere su rro u n d ed  by

Fig. 11. 120th postoperation day. N ote the considerably decreased am ount o f catgut 
and the v iv id  cellular reaction. H . & E. stain. M agnification X 40

Fig. 12. The loosened silk suture is surrounded b y  a fairly broad layer o f fibrous tissue  
by the 120th day. Van Gieson stain. M agnification x 4 0

abscesses o f m icroscopic size — ste rile  abscesses — . T he p e rip h e ra l p a r ts  o f 
th e  ang io -fib rob lastic  tissu e  show ed a m ark ed  sep ara tio n  o f fib res , g iv ing  rise 
to  a sh a rp ly  d e m arca ted  co nnective  tissu e  capsule. O n th e  120 th  d a y , th e  
c ic a tr ic ia l tissue w as m o st ex ten siv e  — 2 — 3 fold o f th e  su tu re  d ia m e te r— 
a ro u n d  th e  c a tg u t su tu re . A sm aller a m o u n t of c ica tric ia l tissu e  — 1 1/2—2fold
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of th e  su tu re  d ia m e te r  — h ad  form ed a ro u n d  th e  silk  su tu re . The p o ly es te r  
su tu re  w as n o t en c a p su la te d  b y  connective  tissu e , b u t  h a d  adm ixed  w ith  
a sm all a m o u n t o f  connective  tissue  w hich  co n ta in ed  no in flam m ato ry  cells.

Discussion

C om parative  s tu d ies  have  revealed  n o ta b le  d ifferences in th e  b eh av io u r 
of, and  tissue re a c tiv i ty  to , various ty p es o f su rg ica l su tu re  m a te ria l im p la n te d  
in  th e  su b cu tan eo u s connective  tissue  an d  m uscle tissu e  o f horses and  dogs. 
O ver a 120-day p e rio d  o f observ a tio n  th e  m ost fav o u rab le  re su lts  were o b ta in ed  
w ith  th e  p o ly es te r su tu re . The m o d era te  sw elling develop ing  around  th e  
im p lan ted  su tu re  te n d e d  to  regress ra p id ly  an d  w as h a rd ly  pa lpab le  b y  th e  
4 5 th  p o sto p e ra tio n  d a y . A t th a t  tim e  as w ell as on th e  75 tli an d  120th d a y  
co m p act nodules w ere s till p resen t a ro u n d  th e  im p la n ts  o f  tra d itio n a l su tu re  
m a te ria l. The m icroscop ic  ex am in a tio n  o f  specim ens excised  from  th e  a reas  
o f  im p la n ta tio n  has b e e n  su p p o rtiv e  of th e  clin ical fin d in g s. T he in flam m ato ry  
processes w hich dev e lo p ed  a ro u n d  th e  im p lan ts  d u rin g  th e  in itia l p o s to p era tiv e  
perio d  w ere follow ed b y  reg en era tio n  phen o m en a . N a tu ra lly , th e  tissue re a c 
tio n s  v a ried  to  a c e r ta in  e x te n t w ith  th e  ty p e  of tissu e  in  w hich th e  su tu re  
w as im p lan ted  as w ell as w ith  th e  species of th e  e x p e rim en ta l an im al. A d is tin c t 
co rre la tio n  w as fo u n d  b e tw een  su tu re  size an d  tissu e  reac tio n . O ur re su lts  
suggest th a t  th e  b e h a v io u r  of, and  tissue  re a c tiv ity  to , im p lan ted  su tu re s  
depended  p rim arily  on  th e  la t te r ’s s tru c tu ra l an d  chem ical p roperties an d  th e  
m ode of th e ir  p re tre a tm e n t.

O ut of th e  th re e  su tu re  m ateria ls  exam ined , th e  local in flam m ato ry  
reac tio n  subsided  ea rlie s t in  th e  case of p o ly este r, an d  w as follow ed b y  a rap id ly  
progressive reg en e ra tio n . T he ang io -fib rob lastic  tissu e  fo rm ed  du ring  th e  reg en 
e ra tio n  process grew  in to  th e  te x tu re  o f th e  p o ly es te r su tu re  and  d iv ided  
i t  in to  bundles b y  th e  2 5 th  day . L a te r  on, on th e  4 5 th , 7 5 th  and  120th days 
th e  ang io -fib rob lastic  tissu e  show ed a ra p id ly  p rogressive  fib ro u s tra n sfo rm a 
tio n  an d  becam e m ore  a n d  m ore adm ixed  w ith  th e  su tu re  m ateria l, lead ing  
fin a lly  to  its  o rg an iza tio n  in  th e  scar tissue . H isto log ica lly , th e  regeneration  
of th e  opera tio n  fie ld , v iz ., c ica tric ia l tissue  fo rm a tio n , w as p receded  by  on ly  
s c a n ty  o rgan iza tion  ph en o m en a . In  th e  su rro u n d in g s o f th e  tra d itio n a l su tu re  
m a te ria ls  (silk an d  c a tg u t) , h istiocy tes an d  g ian t cells w ere s till seen up  to  
th e  120th  day , in  sp ite  o f p rogressing  en cap su la tio n  b y  co nnec tive  tissue.

Clinical an d  h isto lo g ica l exam ina tions h av e  b o th  show n th a t  ou t of th e  
su tu re  m ateria ls  te s te d , th e  po lyeste r m u ltif ila m e n t p ro v o k ed  th e  m ildest 
tissu e  reaction . A fte r m o d era te  abso rp tio n  p h en o m en a , th e  organ iza tion  o f 
t h a t  su tu re  was fa ir ly  ra p id  and  u ncom plica ted . A ccord ing ly , po lyester seem s 
to  be th e  su tu re  m a te r ia l  o f choice fo r im p la n ta tio n  in to  tissues.
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M any au th o rs  h a v e  an a lysed  th e  req u irem en ts  se t u p  fo r a llop lasts  
( B o r n e m i s z a , 1960, 1963, 1964; H e i n z e , 1955; S i p o s , 1956; H u d e m a n n , 1959; 
P e t r o v s k y  and  V e n e d i k t o v , 1967; a n d  o thers). O ur ow n experiences in d ica te  
t h a t  p o ly es te r com plies w ith  all re q u ire m e n ts  of an  a p p ro p ria te  m a te ria l to  
be  im p la n te d . B u c z e k  an d  M i c h a l s k a  (1967) s tu d ied  th e  b e h av io u r o f th e  
P o lish  po ly este r su tu re  p ro d u c t E la n a , b y  im p lan tin g  i t  in to  su b cu tan eo u s 
co n n ec tiv e  tissue, m uscle  tissue a n d  s to m a c h  and  in te s tin a l w all o f ex p e ri
m e n ta l  anim als, an d  o b ta in ed  ex ce llen t resu lts. In  H u n g a ry , fav o u rab le  
re su lts  h av e  been  re p o rte d  by  B a r t o s  e t al. (1960, 1964, 1965) concern ing  
th e  ex p erim en ta l a n d  clinical t r ia l  o f  a r te r ia l  p rostheses an d  su rg ica l m eshes 
m a d e  o f  p o lyeste r. G ood experiences h a v e  been m ade also in  th e  course of 
th e i r  ro u tin e  clin ical use. I t  shou ld  be  m en tio n ed  th a t  in  th e  p re se n t stu d ies , 
tis su e  reac tions to  p o ly es te r su tu re  m a te r ia l  were sim ilar to  tho se  to  o th e r  
g o o d -q u a lity  sy n th e tic  su tu res , e.g., to  polyam ides like p e rio n  a n d  ny lon  
( B u r k h a r d t , 1955; F u r k a , 1964; G y u r k ó , 1965; G a r d ó  e t a l., 1967), o r to  
p o ly p ro p y len e  (G y u r k ó , 1967).

C om paring o u r find ings w ith  th e  l ite ra ry  d a ta , i t  m a y  be s ta te d  th a t  
im p la n te d  p o ly este r su tu re s  are  d is t in c tly  h istophilic . A n o th e r  a d v a n ta g e  
o v e r  th e  o th e r sy n th e tic  su tu res is its  b e t te r  k n o t re te n tio n  due  to  a co m p ara 
t iv e ly  g rea te r  ten sile  s tre n g th  an d  lesser s tra in .
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L td. (B udapest) and I. M o ln á r , T extile  R esearch Institute (B udapest), for preparing the 
suture m aterials used in th is study and perform ing their physical, m echanical and chem ical 
te stin g .

SU M M AR Y

Various suture m aterials (polyester, ca tg u t and silk) were im planted in  the subcutane
ous connective tissue and muscle tissue o f horses and dogs. In the operated region clinical 
sy m p to m s, behaviour o f  the sutures and th e  nature of tissue reaction were follow ed over a 
period o f 120 days. For histological exam in ation , tissue specimens including the suture were 
excised  from the operation field  at d ifferent poin ts o f tim e betw een the 5th  and 120th post
operation  day. Com parative clinical and h isto logical exam inations have yielded the best 
resu lts w ith  the polyester suture m aterial: the local inflam m atory reaction subsided soon after 
th e  operation and absorption phenom ena w ere very  mild. In sections obtained on the 45th, 
75th  and 120th days, angio-fibroblastic tissu e showing a marked fibrous transform ation was 
seen to  creep in the tex tu re  of the m ultifilam en t, dividing it  into bundles and m onofilam ents 
and fin a lly  adm ixing w ith  it  entirely so th a t i t  becam e organized in  the tissue of the Operation 
scar. U nlike the ready organization o f the polyester  suture, the traditional suture m aterials 
(ca tg u t and silk) had been encapsulated b y  connective tissue. In the internal layer o f the con
n ec tiv e  tissue capsule and intensive absorptional cell activity was apparent up to  the 120th  
d ay . Out of the suture m aterial tested , th e  polyester m ultifilam ent provoked the m ildest 
tissu e  reaction.
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THE INFLUENCE OF MATERNAL EGG-WHITE 
MUCIN-GLOBULIN ON THE RESISTANCE OF 

OFFSPRING IN THE PERINATAL PERIOD
By

Ü . P a v e l  and K .  P e t e r s o n

Departm ent o f  Genetics and Darwinism  (H ead: U . P a v e l ), Tartu,
State U niversity and D epartm ent of Microbiology (H ead: S. P e e b s e n ),

E ston ian  Academ y o f Agriculture, Tartu

(R eceived October 18, 1968)

R ecently  the effect o f  the egg reserve proteins on the developm ent o f embryo has been  
observed (M orton , Gil m o u r , M cD er m id  and Og d e n , 1965; B u v a n e n d r a n , 1967). We found  
that in  N ew  Hampshire Breed the m ortality o f offspring of dam s w ith  different genotype 
depends on the stage of developm ent (P a v el  and P et e r s o n , 1967).

T he p resen t re p o r t  concerns th e  association  of egg-w hite  g lobulins w ith  
th e  re sis tan ce  of o ffsp ring  in  th e  p e r in a ta l period.

Materials and methods

T he sub jec t o f th e  s tu d y  was a New  H am psh ire  p o p u la tio n  of K u rtn a  
P o u ltry  B reeding  E x p e r im e n ta l S ta tio n . E gg-w hite g lobulins w ere frac tio n a ted  
b y  using  S m i t h i e s ’ (1955) slig h tly  m odified  s ta rch  gel e lec tro p h o re tic  m ethod  
( P o d e r  an d  P a v e l , 1966). In  th is  re p o rt th e  geno types o f  m ucin-globulins 
are signed according to  M a n w e l l  an d  B a k e r  (1962). F o r  sim p lifica tio n  th e  
sym bo l o f locus is o m itte d , for exam ple G 3A G 3B G 3C G.,D is w ritte n  ABCD*.

Chicks were e x p e rim e n ta lly  in fec ted  b y  in je c tin g  live cu ltu re  of
S. ga llinarum  in  a dosage o f 1 —3 x 1 0 ' b ac te ria l cells su b cu tan eo u sly  on th e  
f irs t to  th e  th ird  d a y  a f te r  h a tch in g . T he m o rta lity  w as reg is te red  during  
21 p o st-in fec tion  days. F o r  s ta tis t ic a l  analysis, th e  p e rcen tag e  d a ta  w ere 
tran sfo rm ed  to  th e  a rcsin  %  scale an d  su b jec ted  to  d isp ers io n  analysis.

Results and discussion

T he pooled d a ta  o f  5 ex p erim en ts  are  p resen ted  in  T ab le  I. O u t of th e  
6 ch a rac te rs  stud ied  (fe rtiliz a tio n  ra te , em bryonic  m o rta li ty , post-em bryon ic  
m o rta lity  in  th e  f irs t 9 d ay s  a fte r  in fection , po st-em b ry o n ic  m o rta lity  in  21 
days a f te r  infection , p e r in a ta l  m o rta lity  up  to  th e  9 th  p o st-in fec tio n  d ay  and  
p e rin a ta l m o rta lity  up  to  th e  21st post-in fec tion  day) a s ta tis t ic a lly  s ign ifican t

* This notation corresponds to Lush’s sym bol IIA—IIs  II IA I I I B.
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e ffec t o f m aterna l g en o ty p es w as fo u n d  only  in  em bryon ic  m o rta lity . The 
d a m ’s genotypes align  accord ing  to  th e ir  positive in flu en ce  in  th e  following 
o rd e r :  B B D D , A B D D , A A D D , A B C D . T h u s, in  accordance w ith  our p re lim inary  
re s u lts  ( P a v e l  an d  P e t e r s o n , 1967), th e  em bryonic  m o r ta l i ty  is th e  h ighest 
in  d iheterozygous b ird s .

A fte r th e  e x p e rim e n ta l in fec tio n  o f n ew ly -h a tch ed  ch icks w ith  S.gallina- 
ru m , th e  differences d u e  to  th e  m a te rn a l geno type are g ra d u a lly  d im inishing. 
I f  th e re  is still o b se rv ab le  l ittle , b u t  non -sign ifican t, d ifference during  th e  
f i r s t  9 days a fte r in fec tio n , th is  w ill p rac tica lly  d isap p ea r b y  th e  21st d ay  
a f te r  infection.

T he su rv ival ra te s  o f th e  o ffsp ring  of d iffe ren t dam s are p resen ted  in  
T a b le  I I .  I t  can  he  seen  th a t  th e  su rv iv a l p e rcen tag es in  th e  offsprings of 
d iffe re n t dam s are in  th e  sam e o rd e r, especially  in  th e  case w hen  su rv ival 
r a te  is calcu lated  from  th e  n u m b e r o f  eggs, an d  n o t from  th e  fe rtilized  eggs. I f  one 
considers also th e  fe r tiliz a tio n  p rocess, th e  d iheterozygous b ird s  (ABCD) are 
ch a rac te rized  by  th e  low est su rv iv a l ra te  o f offspring ag a in . I f  fertiliza tio n  
a n d  em bryonic m o r ta l i ty  are  n o t ta k e n  in to  co n sid era tio n , i.e. one calcu lates 
t h e  su rv iv a l p e rcen tag e  from  th e  n u m b e r o f h a tch ed  ch icks, th e  su rv iva l ra te  
o f  offspring of d ihe te rozygous b ird s  w ill rise. T hese d a ta , a n d  tho se  p resen ted  
in  T ab le  I  refer to  th e  fa c t th a t  th e  effect o f th e  m a te rn a l g en o ty p e  is d ifferen t 
in  succeeding on to g én ie  stages.

As to  th e  severe sa lm onella  in fec tio n  it  seem s th a t  none  of th e  4 m ucin- 
g lo b u lin  genotypes h as  an y  se lec tive  ad v an tag e . T he severe in fection  n ev e r
th e le ss  changes th e  frequenc ies o f  geno types in  a p o p u la tio n , supp o rtin g  
th e  view  th a t  in  c e r ta in  cases in fec tio n  has som e im p o rta n c e  in  th e  p e rs is t
en ce  of po lym orph ism . T h e  fa c t t h a t  th e  d ifferences b e tw een  m a te rn a l effects 
a re  n o t in all h a tch es  s ig n if ican t agrees w ith  th e  p o s tu la tio n  o f K im u r a  (1966) 
t h a t  th e  in ten s ity  o f  se lection  is n o t c o n s ta n t u n d er d iffe ren t conditions. One 
m u s t  even p resum e th a t  also in  m ucin -g lobu lin  p o ly m o rp h ism  th e  selection 
p re fe rs  som etim es one, som etim es a n o th e r, geno type ( H a l d a n e  an d  J a y a k a r , 
1963). This opinion is co n firm ed  b y  th e  d a ta  of S c h m id  a n d  T h e i n  (1968), who 
fo u n d  th a t  in  som e lines o f  ch icks em bryonic  m o r ta l i ty  is associated  w ith  
allele I I A, i.e., G 3A, in  th e  o th e rs  w ith  allele I I B (i.e. G 3B ).

I t  is of som e in te re s t  to  d e te rm in e  th e  role o f he terozygosis  in  th e  p e rs is t
ence  o f m ucin-g lobulin  p o ly m o rp h ism . Some in fo rm a tio n  can  be given b y  th e  
com parison  o f hom ozygous a n d  heterozygous dam s (T ables I I I  an d  IV ). T ab le  
I I I  characterizes th e  effect o f  hom ozygous an d  h e te ro zy g o u s dam s on th e  
re sis tan ce  of offspring . S ta tis t ic a lly  s ign ifican t d ifferences b e tw een  hom ozygous 
a n d  heterozygous m o th ers  w ere n o ticed  only in  fe rtiliz a tio n  and  em bryonic 
m o rta lity . The fe r tiliz a tio n  w as h ig h er in  hens being  h e te ro zy g o u s on locus G 3. 
C oncerning em bryon ic  m o rta li ty , how ever, locus G 2 is assoc ia ted  w ith  th e  
em bryon ic  re sis tan ce . T hus th e  o ffspring  o f hom ozygous dam s p roved  to  be
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Tabic I

The offspring m ortality o f hens w ith different genotypes

M aternal genotype

F
er

ti
liz

at
io

n

Stage Number
ABDD BBDD ABCD AADD

H e u s 371 131 76 175

E g g s 2081 657 404 931

Fertilized eggs 1585 479 324 651

F ertility  rate 0.7617 0.7291 0.8020 0.6992

E
m

br
yo

- 
1 

ni
e 

m
ór

- 
1 

ta
li

ty

Fertilized eggs 1585 429 324 651

D ead embryos 586 162 158 283

M ortality 0.3697 0.3382 0.4877 0.4347

P
os

te
m

b
ry

on
ic

 m
or

- 
| 

ta
li

ty
 i

n
1

9 days after injection:

H atched chicks 999 317 166 368

Dead chicks 740 242 129 276

M ortality 0.7407 0.7634 0.7771 0.7500

21 days after infection:

D ead chicks 898 286 149 328

M ortality 0.8989 0.9022 0.8976 0.8913

P
er

in
at

al
 m

or
ta

lit
y 

up
 t

o

9 th  post-infection day:

Fertilized eggs 1585 479 324 651

D eaths 1326 404 287 559

M ortality 0.8366 0.8434 0.8858 0.8587

21th  post-infection day:

D eaths 1484 448 307 611

M ortality 0.9363 0.9353 0.9475 0.9386

m ore re s is ta n t, co m p ared  w ith  th e  o ffsp ring  o f he terozygous ones. I t  is of 
in te re s t t h a t  s ta tis tic a lly  a n ea rly  s ig n if ican t difference w as no ticed  in  p o s t
n a ta l  m o r ta l i ty  u n til  th e  te n th  p o st-in fec tio n  day  on locus G2. H ere  again  
th e  hom ozygous dam s p ro v ed  to  be m ore effic ien t. In  T ab le  IY  th e  effic iency  
o f hom ozygous and  hetero zy g o u s d am s is com pared  on th e  basis o f ca lc u la ted  
dev ia tio n s. F o r  th is  p u rp o se  th e  o ffsp ring  v a lu e  for each  d am  w as ca lcu la ted  
b y  su b tra c tin g  i t  from  th e  m ean  v a lu e  ca lcu la ted  fo r th e  w hole ex p e rim en t. 
The g en o ty p e  values w ere  pooled  an d  d iv id ed  w ith  th e  n u m b er o f gen o ty p es.

As w ill be seen, th e  fe rtiliz a tio n  is m o stly  in fluenced  b y  locus G 3. 
H ow ever, in  em bryonic  m o rta lity  a p a r t  from  locus G 2 th e  in fluence  o f  G 3 
is also n o ticeab le . B o th  em bryon ic  an d  po st-em b ry o n ic  m o rta lity  o f  th e  
offspring o f  hom ozygous m o th ers  is low er th a n  in  heterozygous ones, u n til  
th e  te n th  p o st-in fec tio n  d ay . H ow ever, concern ing  th e  w hole p o s tn a ta l  perio d
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Table II

The effect o f maternal genotype on the survival of offspring

Survival ra te  of offspring (%)
M aternal genotype

ABDD BBDD ABCD A ADD

From the num ber of:

a)  eggs 4.85 4.72 4.21 4.30
b)  fertilized eggs 6.37 6.47 5.25 6.14
c) hatched chicks 10.11 9.78 10.24 10.90

e x a m in e d , th e re  is no rem ark ab le  d ifference in  th is  re sp ec t betw een  hom ozygous 
a n d  heterozygous m o th e rs . A ccord ingly , a f te r  th e  te n th  post-in fec tion  d ay  
th e re  ta k e  place som e changes in  th e  m a te rn a l effect, in d ica tin g  th a t  th is  
e ffec t is n o t a lw ays u n id irec tio n a l in  v a rio u s s tag es  of p e rin a ta l developm ent.

Since th e  p re se n te d  d a ta  do n o t in d ic a te  th e  ex istence  of an y  o v er
d o m in an ce  of m u c in -g lobu lin  loci, a fu r th e r  s tu d y  shou ld  e lucidate  w h a t a 
ro le  is p lay ed  b y  th e  g en e tic -au to m atic  p rocesses ( D u b i n i n , 1966; D u b i n i n  
a n d  G l e m b o z k y , 1967) in  th e  p ersistence  o f th e  po lym orph ism  on m ucin- 
g lo b u lin  loci.

Table III

Comparison of hom ozygous and heterozygous dams

Stage Locus
Expression of character

d* P
homozygotes heterozygotes

Fertilization G, 0.7199 0.7683 4.84 < 0 .0 5
G , 0.7400 0.7137 1.47 > 0 .0 5

E m bryonic m ortality G.i 0.4060 0.3897 0.97 < 0 .0 5
G, 0.3797 0.4784 4.31 < 0 .0 5

Postem bryonic m ortality (up to 9th post- 0.7515 0.7459 0.28 > 0 .0 5
infection  day) g 2 0.7470 0.7552 0.30 > 0 .0 5

Postem bryonic m ortality (up to 21st post- Gr 0.8962 0.8987 0.18 > 0 .0 5
infection day) g 2 0.8979 0.8966 0.07 > 0 .0 5

P erinatal m ortality (up to 9th post-infection G3 0.8524 0.8449 0.60 > 0 .0 5
day) g 2 0.8431 0.8723 1.74 — 0.08

Perinatal m ortality (up to 21st post-infection G3 0.9383 0.9382 0.01 > 0 .0 5
day) ^2 0.9366 0.9460 0.83 > 0 .0 5

* BAILEY, N . T.: Statistical Methods in  B iology. Moscow, 1962, p. 58 (in Russian).
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Table IV

Comparison of hom ozygous and heterozygous dams

Character Locus
Expression of character

homozygote* heterozygotes

Fertilization G, — 8.3474 +  7.9177-
G., +  3.8801 +  10.7808

Em bryonic m ortality G:, — 3.5719 +  15.6766

G 2 — 2.7417 +  32.3944

Postem bryonic m ortality G3 — 4.6866 +  5.5726
(up to 9th post-infection day) g 2 2.2969 +  8.6626

Postem bryonic m ortality G.3 — 4.7076 — 0.0827
(up to 2 1 st post-infection day) G 2 1.7726 — 4.2828

SUMMARY

The effect of the egg-w hite m ucin-globulins on the v iab ility  o f offspring was studied  
in N ew  Ham pshire chicks. I t  was found that the m aternal m ucin-globulin genotype influences 
the developm ent of the em bryo. The highest offspring m ortality occurred in the case o f dihetero- 
zygous dam s. Since differences due to the m aternal genotype appear only in pooled data and 
in some experim ents, it  is concluded that natural selection varies under different conditions.

Pullorum  disease as a factor o f natural selection levels o ff the differences due to the  
m aternal genotype. There was found a difference between the hom ozygous and heterozygous 
dams in fertilization and em bryonic m ortality . Fertilization rate was higher in  heterozygous  
hens (locus G3), while the em bryonic m ortality  was higher also in heterozygous dams (locus G„).
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V ira l duck ling  h e p a titis  a ffec ts  p rim arily  d ay -o ld  duck lings. B irds 
y o u n g er th a n  10 days u sua lly  die o f  genera l sy m p to m s w ith in  a few  hours. 
In  o lder b ird s  th e  disease ta k e s  a m ild e r  course, an d  losses are  less fre q u e n t. 
D uck lings above 4 weeks old are  u su a lly  re s is tan t.

In  1967 and 1968 a disease w ith high m ortality  occurred am ong 3- to 4-week old d u ck 
lings (600— 800 g in weight). D eath o f the birds occurred after a relatively  short diseased state  
and post m ortem  exam ination usually revealed  an acute liver dystrophy. The liver was en
larged, ochre yellow  and friable, and show ed haemorrhages o f varying ex ten t on its  surface 
and section  plane. H istologically, fa tty  in filtra tion  and extensive necrosis o f the parenchym al 
cells were seen (F ig. 1). Infection experim ents have shown that the disease in  question  was 
an outbreak o f viral hepatitis. To clarify the causes o f the unusually severe course in  relation  
to the age o f the birds, further exam inations were carried out in th is laboratory, w hich are 
reported below.

Materials and methods

F if ty  d ay -o ld  ducklings w ere d iv id ed  in to  5 g roups. G roups I ,  I I ,  l i a  
an d  I I I ,  9 or 10 b ird s  p er g roup , w ere  k e p t in  th e  la b o ra to ry  from  d ay -o ld  
age on, w hereas th e  b ird s of g roup  I H /a  (10 ducklings) w ere rea red  up  to  28 
day s o f age in  a d u ck  farm . T he schedu le  o f ex p erim en ta l in fec tions see u n d e r 
E x p e rim e n ta l.

L iv e r fu n c tio n  and  th e  g enera l s ta te  of th e  liv er w as exam ined  in  th e  
liv ing  b ird s . P lasm a SG PT an d  SG O T levels w ere d e te rm in ed  in  sam ples 
ta k e n  a t  severa l p o in ts  of tim e . S am ples w ere o b ta in ed  b y  card iac  p u n c tu re  
an d  d e te rm in a tio n s  were m ade b y  m ean s of th e  “ F e rm o g n o st”  G P T  an d  
GOT te s ts . T he re su lts  were exp ressed  in  in te rn a tio n a l u n its . B lood sam ples 
for b lo o d  su g ar assay  were ta k e n  b y  ca rd iac  p u n c tu re  p r io r  to  th e  m orn in g  
feed ing  an d  th e  b lood  sugar level w as d e te rm in ed  b y  enzym e d iag n o stic  
m e th o d , using  th e  a p p ro p ria te  “ F e rm o g n o s t”  te s t.

T h e  organs o f  b irds n a tu ra lly  d ied  o r k illed  d u rin g  th e  period  o f e x p e ri
m en t w ere fix ed  in  8%  n e u tra l fo rm a lin , fo rm alin -ca lcium , Susa so lu tio n , 
Z en k er’s so lu tio n  o r 96%  eth an o l. P a ra ffin -em b ed d ed  or frozen  sections w ere
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s ta in e d  generally  w ith  lia em a to x y lin  an d  eosin, o r p h lo x in e -ta rtra z in e . N eu tra l 
fa ts  w ere  d em o n stra ted  w 'ith S udan  red  or S u d an  b lack  s ta in , cholesterol 
w ith  th e  Schultz re a c tio n  or po la riza tion  m e th o d , p h o sp h a tid e s  w ith  B ak e r’s 
s ta in in g  techn ique , f a t t y  acids w ith  F isc h e r’s reac tio n , glycogen w ith  th e  
P A S -reac tio n , r ib o n u c leo p ro te in  w ith  ga llo cy an in e -ch ro m alau n  s ta in  or m e th y l 
g reen -p y ro n in e  s ta in .

Experimental

I n  th e  firs t p a r t  o f  o u r exam ina tions, in fec tio n  ex p erim en ts  were carried  
o u t w ith  organs from  3- to  4-w eek old duck lings died  of th e  disease in  various 
flo ck s, to  confirm  th e  d iagnosis of duck ling  h e p a titis . T he 10 b ird s  belonging 
to  g ro u p  I  were in fec ted  w ith  a liver h o m o g en a te  from  3- to  4-w eek old d u ck 
lings d ied  of acu te  liv e r  d y s tro p h y  in  one o f th e  farm s.

O f th e  in tra p e r ito n e a lly  in fected  10 duck lings 9 d ied : 4 w ith in  2 days, 
2 ea c h  on the  3rd  a n d  4 th  postin fec tion  d ay , an d  1 on th e  5 th  p ostin fec tion  
d a y . T h e  liver of th e  b ird s  died on th e  1st o r 2nd  days show ed th e  acu te  
d y s tro p h y  ty p ica l o f  r a p id ly  progressive v ira l h e p a titis . In  th e  lobules, e x te n 
sive f a t t y  in filtra tio n  a n d  necrosis of th e  p a re n c h y m a l cells w as seen. H aem o r
rh ag es  w ere a p p a re n t in  v a rious p a r ts  o f th e  lobules. In  th e  liv e r o f th e  b ird  
d ied  on  th e  5 th  d ay , necrosis and f a t ty  in f il tra tio n  of th e  p a ren ch y m a l cells 
w ere  o n ly  sporad ic, b u t  th e re  was a d is tin c t ly m p h o -h is tio cy tic  in filtra tio n  
o f th e  p e riv ascu la r co n n ec tiv e  tissue. In  th e  livers of th e  b ird s  died on th e  
1 st o r 2nd  day, th e re  w as a scan ty  o ccu rrence  of ce llu lar inclusions ty p ic a l 
o f th e  disease. T hus, m icroscopic  ex am in a tio n  served  ev idence th a t  th e  d u c k 
lin g  disease observed  in  th e  farm  in q u es tio n  was a c tu a lly  a v ira l duck ling  
h e p a ti t is .

In  th e  second p a r t  o f  our ex perim en ts an  a tte m p t w as m ade to  id en tify  
th e  fa c to rs  responsib le  fo r th e  un u su a lly  severe course o f th e  o u tb re a k  am ong 
th e  re la tiv e ly  old d u ck lin g s. I t  was p o s tu la te d  th a t  th e  severe a ty p ica l course 
w as d u e  to  some d ie ta ry  dam age, p rim arily  o f q u a lita tiv e  n a tu re . A ccordingly , 
th e  rem ain in g  40 d u ck lin g s were given d iffe ren t d iets up  to  th e  tim e  of ex p e ri
m e n ta l  infection  a t  3 to  4 weeks of age. B ird s  belonging  to  g roups I I  and  I I I ,  
11 a n d  9 in  n u m b er, re sp ec tiv e ly , received  fo r 21 an d  28 d ay s th e  sam e ra is in g  
feed  w hich  had  b een  g iven  to  th e  flock w here  th e  3- to  4-w eek old b irds d ied  
o f  duck lin g  h e p a tit is  m an ifested  as an  a c u te  liver d y s tro p h y . T he 10 b ird s  
b e lo n g in g  to  th e  c o n tro l group I l / a  w ere k e p t  for 21 day s on a high q u a lity  
m ix e d  feed (b ru ised  g ra in  feed, m ea t m eal, g reen  feed, sk im m ed  m ilk, lim e 
su p p lem en t), w hereas th o se  belonging to  th e  con tro l g roup  IH /a ,  on a h igh  
q u a l i ty  g ran u la ted  feed  for 28 days u n til  th e ir  tr a n s p o r t  to  our lab o ra to ry .

A lthough  th e  duck lings in group I I  an d  I I I  consum ed  th e  critical feed 
ad lib itum  and also th e ir  conditions o f m an ag em en t w ere sa tisfac to ry , th e y
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grew slow ly an d  th e ir  n u tr i t io n a l cond itio n  w as poor. In  group I I ,  in d iv id u a l 
w eights v a r ie d  betw een  160 and  300 g a t  21 days o f age, and  in  g roup  I I I  
be tw een  300 an d  450 g a t  28 days o f age. In  g roups I l / a  an d  I I I /a ,  th e  b o d y  
w eights o f th e  ducklings fed th e  h ig h -q u a lity  m ixed  feed and  s ta r t in g  feed 
v a ried  b e tw een  260 an d  340 g and  950 an d  1150 g a t  21 an d  28 day s o f  age, 
resp ec tiv e ly .

T he p re in fec tio n  levels of SG PT , SGOT and b lood  sugar are su m m arized  
in  T ab le  I.

Table I

Preinfection levels o f SGPT, SGOT and 

blood sugar in the various experim ental groups

Group Age of birds 
(days)

Blood levels of

GPT GOT sugar
(mg per 100 ml)(I.U.)

II 21 1 6 .8 ^ 6 .5 105.7 +  4 98.5 +  23.7

I l/a 21 4 .6 ± 1 .4 13.6 +  4.3 153 ± 3 3 .4

III 28 16 .0 + 3 .9 60.1 +  39.7 128 ± 3 5 .1

III/a 28 6.0 +  2.5 1 5 .0 +  3.9 138 ± 3 5 .1

To check  liver lesions, 2 of th e  11 ducklings belong ing  to  group I I  w ere  
k illed  w hen  20 days old an d  th e ir  o rgans w ere ex am in ed  m icroscopically . 
In  b o th  cases, a severe f a t ty  in filtra tio n  w as seen, ex ten d in g  e ith er o v er th e

Fig. 1. E xten sive  necrosis and fa tty  infiltration of liver cells. N atural infection. Sudan black
stain. x 3 0 0
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e n tire  a rea  o f th e  liv e r lobules, or over th e ir  m arg in a l an d  c e n tra l p a r ts . T he 
p a re n c h y m a l cells w ere v e ry  po o r in  g lycogen an d  also in  rib o n u c leo p ro te in . 
F a t  d ep osition  w as a p p a re n t also in  th e  sp len ic  p a ren ch y m a . In  c o n tra s t, 
th e  liv e rs  o f th e  tw o  con tro l duck lings from  group I l /a ,  also k illed  on th e

Fig. 2.  Acute liver dystrophy w ith haem orrhages. Experim ental infection . Section from  the  
liver o f a 21-day duckling died on the 1st day after infection

Fig. 3. Diffuse necrosis o f  liver cells. Liver from  a duckling died on the 1st day after in fec
tion. Phloxine-tartrazine stain. x 3 0 0
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2 0 th  d ay , w ere v e ry  rich  in  glycogen an d  e ith er no fa t  a t  all or on ly  tra c e s  
o f i t  w ere seen in  th e  p a ren ch y m al cells.

G roups I I  an d  I l / a  w ere in fec ted  w ith  duckling  h e p a titis  v iru s  w h en  21 
day s o ld , w hereas groups I I I  and  I l l /а  w hen  28 days old. T he e x p e rim e n ta l

Fig. 4. Lipid droplets in  the epithelium  of the renal tubules. K idney from a duckling  
died on the 1st day after infection . Sudan black stain. x 2 7 0

in fec tio n  w as m ade b y  th e  in tra p e r ito n e a l ro u te , using  liv e r h o m o g en a te  
from  d ay -o ld  duck lings died of in fec tio u s h ep a titis .

T he resu lts  o f th e  exp erim en ta l in fe c tio n  were th e  follow ing. In  g roup  I I  
n ine  duck lings w ere in fec ted , fu r th e r  tw o  b ird s  w ere k illed  p rio r  to  in fec tio n  
as n o te d  above. O f th e  9 in fec ted  d u ck lings 8 died, 5 o f th e m  on th e  1st d ay , 
in  th e  1 0 th , 12 th , 14 th  an d  16th  p o s tin fe c tio n  hours, 2 on th e  2nd  d a y  an d  
1 on th e  3 rd  d ay .

P o s t m o rtem  ex am in a tio n  of th e  5 duck lings died on th e  1st d ay  rev ea led  
an  a c u te  liv er d y s tro p h y . The liv er w e ig h ts  v a ried  be tw een  12 an d  15 g, th e  
livers show ed a conspicuous ochre-yellow  colour an d  m a n y  h aem o rrh ag es  
on th e ir  surfaces an d  section  p lanes (F ig . 2). In  th e  lobules a n e a rly  o v era ll 
necrosis of p a re n c h y m a l cells c h a rac te rized  b y  k a ry o rrh ex is , pyk n o sis  a n d  
n u c lea r lysis w as seen (F ig. 3). In  th e  cy to p lasm s of th e  necro tic  cells m a n y  
lip id  d ro p le ts  o f v a ry in g  sizes w ere a p p a re n t  an d  th e  d e te rio ra tin g  cells w ere 
rep laced  b y  large fa t  globules. The g lobules consisted  o f n e u tra l  f a t  a n d  v e ry  
sm all am o u n ts  o f cholestero l. In  th e  cy to p lasm s of th e  liv er cells g lycogen  
w as e ith e r  n o t d em o n strab le  or only  in  tra c e s  (Fig. 5). Also th e  ribonucleo - 
p ro te in  c o n te n t o f th e  liver cells h ad  d ecreased . In  a d d itio n  to  p a re n c h y m a l
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cell lesions m an y  h aem o rrh ag es  and , in  g en era l, an  a c tiv a tio n  o f R H S cells 
w ere in v a ria b ly  fo u n d  in  various p a r ts  o f  th e  lobules. T he livers of duck lings 
d ied  la te  on th e  1 st postin fec tio n  d a y  (in  th e  14 th  an d  16 th  hour) show ed 
d iffuse in filtra tio n  o f  heteroph ilic  g ra n u lo c y te s  an d  in flam m ato ry  cellu lar 
re a c tio n  of th e  p e r iv a sc u la r  co nnective  tissu e  b e tw een  th e  p a ren ch y m a l 
co lum ns. In  th e  liv e rs  o f th e  b irds d ied  on th e  2nd  d ay  th e re  w as s till an

Fig. 5. Conspicuously low  glycogen content in  the liver from a duckling died on the first day
after infection. P A S stain . x 2 7 0

Fig. 6. Low glycogen content in the liver of a duckling died on the 3rd day after in fection .
PAS sta in . X 300
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ex ten siv e  f a t ty  in f il tra tio n  an d  necrosis o f th e  p a ren ch y m a l cells, b u t  g roups 
o f  no rm al liv e r cells m ade a lread y  ap p earan ce  b e tw een  necro tic  areas. T he 
in fla m m a to ry  ce llu la r reac tio n  of th e  p e riv a scu la r  connective  tissue  becam e 
very  p ronounced  a n d  th e re  w as a sporad ic  p ro life ra tio n  o f th e  b ilia ry  cap illa ries. 
G lycogen w as s till dem o n strab le  in  traces  an d  th e  rib o n uc leop ro te in  con ten l 
w as still low.

T he spleens o f b ird s  died  on th e  1st or 2nd  d ay  w ere in  m ost cases s ligh tly  
en larged . In  th e  M alp igh ian  bodies and  in  th e  red  p u lp  m a n y  groups o f  pa le  
cells w ith  high lip id  c o n ten ts  w ere seen. In  som e spleens num erous he te roph ilic  
g ranu locy tes w ere p re se n t. In  th e  cy top lasm s of th e  tu b u la r  ep ithe lia l cells 
o f th e  k idneys m a n y  f a t  d rop le ts  h ad  accu m u la ted , u su a lly  ad jacen t to  th e  
b asem en t m em b ran e  (F ig. 4). In  an o th e r case, in f il tra tio n  of ly m phocy tes 
an d  heteroph ilic  g ran u lo cy tes  w as seen in  th e  in te rs t i t ia l  tissue. The o th e r 
organs show ed no n o ta b le  lesions.

The duck ling  d ied  on th e  3rd  day  had  a serous h e p a titis . T he p a ren ch y m a l 
cells of th e  liv er g en era lly  appeared  no rm al, b u t  in  m ost cells th e  nucleolus 
w as enlarged. N ecro tic  or ro u n d ed  cells w ere sc a tte re d  in  v a rious areas o f th e  
lobules. I n  m a n y  p a r ts  o f th e  p eriv ascu la r connective  tissu e  lym ph o cy tic - 
g ran u lo cy tic  foci h a d  fo rm ed  an d  th ere  w as a conspicuous p ro life ra tio n  of 
th e  b ilia ry  cap illa ries. In  th e  cy top lasm s of th e  p a re n c h y m a l cells tra c e s  o f 
lip id s w ere d em o n strab le . T he glycogen c o n te n t o f th e  cells w as considerab ly  
(F ig . 6), and  th e ir  rib o n u c leo p ro te in  c o n te n t m o d e ra te ly , low.

In  th e  sp leen , agg regates of lip id -co n ta in in g  cells an d , here and  th e re , 
m a n y  h e te ro p h ilic  g ran u lo cy tes  w ere seen in  th e  M alp igh ian  bodies an d  in 
th e  red  pu lp . In  th e  p an c re a tic  p aren ch y m a sm all nec ro tic  foci were a p p a re n t. 
In  th e  n ecro tic  serous g lan d u la r ep ithe lia l cells occasionally  fa t  deposition  
an d  in  th e  in te rs ti t ia l  tissu e  in flam m ato ry  cell in f il tra tio n  w as seen. No p a r t ic 
u la r  lesions w ere fo u n d  in  th e  k idneys.

B irds in  g roup  I l / a ,  fed on m ixed feed, show ed d u rin g  th e  p ostin fec tion  
day s a sligh t w eariness an d  inap p e ten ce  and  even  lo s t som e w eight, b u t  none 
o f th em  died of th e  in fec tion .

O f th e  9 b ird s  in  g roup  I I I ,  28 days old, a w eak  duck ling , 300 g in  w eigh t, 
d ied  on th e  2nd  d a y  a fte r  in fec tion . P o st m o rtem  ex am in a tio n  revealed  a 
m o d e ra te  degree o f liv e r  d y s tro p h y , ty p ica l o f  v ira l duck ling  h ep a titis . In  th e  
p a ren ch y m a l cells, th e re  w as a sporad ic  dep o sitio n  o f lip id  substances an d  
spo rad ic  necrosis; th e ir  glycogen co n ten ts  w ere m in im al, an d  also th e ir  r ib o 
nucleo p ro te in  c o n te n ts  h ad  low ered. H ere an d  th e re  p ro life ra tio n  of th e  b ilia ry  
cap illaries and  m ild  in f la m m a to ry  cellu lar reac tio n  o f th e  periv ascu la r con
n ec tiv e  tissue w ere seen. In  th e  splenic p a re n c h y m a  g roups of cells w ith  
foam y cy top lasm  co n ta in in g  m an y  lip id  d ro p le ts  w ere a p p a re n t.

O u t of th e  su rv iv o rs , one duckling  w as e x san g u in a ted  on each of th e  
2nd , 3rd , 4 th , 5 th  a n d  6 th  p ostin fec tion  days to  exam ine th e ir  livers.
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T h e  duckling k illed  on th e  2nd  d a y , 450 g, was s lig h tly  ailing  p rio r  to  
b leed in g . In  its  liver a m o d e ra te  f a t ty  in f iltra tio n  was seen in  cells lo ca ted  a t 
th e  m a rg in a l p a rts  o f th e  lobules. M ost cells h ad  en larged  nucleoli. T he cells 
in  th e  c e n tra l p a rts  of th e  lobu li w ere rich , th o se  in  th e  p e rip h e ra l p a r ts  were 
p o o r, in  glycogen. In  th e  p e riv a scu la r  co nnec tive  tissue a m ark ed  in flam m ato ry  
c e llu la r  reac tio n  w as seen along th e  b lood  vessels. A n acu te  in fla m m a to ry

Fig.  7. H igh glycogen content in the liver o f a control duckling killed on the 3rd day after
infection. PA S stain. X 300

in f i l t r a t io n  was a p p a re n t also in  th e  se p ta  of th e  p an creas  an d  th e  serous 
g la n d s  show ed focal f a t ty  in filtra tio n .

T h e  p arenchym al cells of th e  duck lings killed on th e  3rd  to  6 th  d a y  were 
co n sp icuously  rich in g lycogen. T h ey  resem bled  p la n t cells, w ith  m in im al or 
no  lip id  con ten t. The cy to p lasm s of th e  p a ren ch y m al cells co n ta in ed  glycogen 
a t  th e  no rm al level. In  ev e ry  case, in fla m m a to ry  cellu lar reac tio n  of th e  p e ri
v a s c u la r  connective tissu e , w ith  occasional p ro lifera tion  o f th e  b ilia ry  du c ts , 
w as fo u n d . In  th e  sp leen  exclusively  th e  cellu lar e lem ents o f R H S  h ad  s ligh tly  
in c rea sed . In  th e  ep ith e lia l cells o f th e  ren a l tubu les no f a t ty  in f iltra tio n  w as 
d em o n strab le . In  th e  p an creas  of one duckling  a m ild in fla m m a to ry  cellu lar 
re a c tio n  of the  in te ra c in a ry  sep ta  an d  spo rad ic  necrosis of th e  g lan d u la r  tissue 
w ere  found.

T h e  ten  28-day old  ducklings c o n s titu tin g  th e  con tro l group I l / a  w ere 
a p p a re n tly  h ea lth y  th ro u g h o u t and none o f th em  died. T he livers of th e  d u ck 
lings k illed  on th e  3 rd , 5 th  an d  6 th  postin fec tio n  days were rich  in  glycogen 
(F ig . 7), and no lip id  su b stan ces  w h a te v e r w ere dem o n strab le  in th e  p aren ch y -
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m al cells. T he liver o f  th e  b irds k illed  on th e  3rd  d a y  an d  of th a t  k illed  on 
th e  6 th  d ay  show ed sporad ic  m inor foci of in f la m m a to ry  cells in  th e  in te r 
lo b u la r sep ta .

D iscussion

T he f irs t p a r t  o f th e  p resen t s tu d ies  was carried  o u t to  c larify  th e  cause  
o f th e  liver d y s tro p h y  w hich h ad  caused  considerab le  losses am ong 3- to  
4-w eek old ducklings.

In o cu la tio n  o f  10-day  old duck lings (group I) w ith  liver h om ogenate  
from  th e  3- to  4-w eek  old b irds died  o f  liver d y s tro p h y  has resu lted  w ith in  
1 or 2 days in  fa ta l  in fections w ith  ty p ic a l sy m p to m s o f duck ling  h e p a titis . 
In  th e  livers gross lesions ch a rac te ris tic  o f v ira l h e p a titis  w ere found. T h u s, 
th e  ex p erim en ta l in fec tio n  has ev idenced  th a t  in co n sis ten tly  w ith  th e  genera l 
v iew , v ira l h e p a titis  w ith  high m o rta lity  m ay  occur n o t o n ly  am ong day -o ld , 
b u t  also am ong 3- to  4-w eek old ducklings. A ccord ing  to  o u r observations, 
o u tb reak s  of th is  k in d  ta k e  a rap id  course an d  often  lead  to  a fa ta l ou tcom e 
in  1 or 2 days. L esions occur p rim arily  in  th e  liver, m o st o ften  in  th e  fo rm  
of liv er d y s tro p h y . In  such  cases, haem orrhages on th e  su rface  and  sec tion  
p lanes of th e  liv er a re  freq u en tly  found .

In  th e  second p a r t  of th e  p re se n t s tud ies a t te m p t  w as m ade to  id en tify  
th e  fac to r(s) responsib le  for th e  u n u su a lly  severe course an d  h igh  m o rta lity  
of th e  o u tb reak . In  th e  course of in fec tion  ex p erim en ts  w ith  duck ling  h e p a titis  
v iru s  on 3- to  4-w eek old  b irds, losses occurred  exclusively  in  th e  tw o g roups 
(Nos I I  an d  I I I )  rece iv in g  for 3 an d  4 w eeks, re sp ec tiv e ly , th e  p o o r-q u a lity  
feed id en tica l in  co m position  w ith  th a t  used in  th e  fa rm  w here th e  o u tb reak  
h ad  occurred . Losses w ere g rea te r in  group  I I ,  w here 8 o f th e  9 b irds d ied. 
In  th is  g roup , th e  h ig h  p re in fec tion  p lasm a  tra n sa m in a se  level w as in d ica tiv e  
o f a considerab le liv e r  im p a irm en t. T he p re in fec tion  level o f th e  blood su g ar 
w as also low. M icroscopic exam in a tio n  o f organs from  tw o  ducklings k illed  
in  th e  p re in fec tion  p e rio d  revealed  a m ark ed ly  d is tu rb e d  fa t  an d  glycogen 
m etabo lism . In  g roup  I I I ,  also fed  th e  defic ien t feed  p lasm a  tran sam in ase  
a c tiv ity  in d ica ted  a lesser degree o f liv e r im p a irm en t an d  on ly  1 duckling  
died o f th e  ex p e rim en ta l infection . D uck lings from  th e  sam e flock  and  of th e  
sam e age, ra ised  on h ig h -q u a lity  feed all su rv ived  th e  ex p e rim en ta l in fection , 
re spond ing  e ith er w ith  a m ild  te m p o ra ry  illness or n o t a t  all. N o reasonable  
ex p lan a tio n  could be  fo u n d  to  th e  q u estio n  w hy th e  duck lings fed  th e  low- 
v alue  feed one w eek lo n g er (for 28 days) th a n  th e ir  m a te s  in  g roup  I I  show ed 
b e tte r  liv er fu n c tio n  te s ts  and  low er losses. T his m ig h t h av e  been due to  th e ir  
age; th e  liv er fu n c tio n  o f older, 3- to  4-w eek ducklings is m o st p ro b ab ly  less 
liable to  im p a irm en t th a n  th a t  of d ay -o ld  ducklings w ith  re ta in e d  yo lk  sacs,
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o v e rb u rd en ed  b y  th e  ra p id  ab so rp tio n  o f  th e  yo lk ’s lip id  su b stan ces , or th a t  
o f  2- to  3-w eek old duck lings being  in  th e  tra n s ito ry  p h ase . T hese considera
tio n s  seem  to  su p p o rt th e  earlier o b se rv a tio n  th a t  duck lings o n e-m o n th  old 
o r  o lder can n o t be fa ta l ly  in fec ted  w ith  duck ling  h e p a titis  v iru s .

T he resu lts  o f  feed ing  an d  in fe c tio n  experim en ts p e rm it th e  conclusion 
t h a t  th e  occurrence a n d  sev erity  o f  d u ck lin g  h ep a titis  am ong  re la tiv e ly  old, 
3- to  4-w eek, duck lings in  several fa rm s  w as p ro m o ted  b y  th e  u n sa tis fac to ry  
co n d itio n s  of feed ing  w h ich  h av e  led  to  an  im p a irm en t o f th e  p a ren ch y m al 
cells p rio r  to  in fec tion . T his e x p la n a tio n  is also su p p o rte d  b y  th e  fac t th a t  
h ig h  perox ide  an d  ac id  values w ith  s im u ltan eo u s low a n tio x id a n t c o n ten t, as 
w ell as som etim es a s tro n g  m ouldy  in fe c tio n  were d em o n strab le  in  th e  feed of 
th e  ducklings in  th e  a ffec ted  flocks. W e suppose th a t  th e  d is tu rb an ces  o f h e p a 
tic  f a t  an d  glycogen m etab o lism  w ere  p rim a rily  due to  th e  d ie ta ry  dam age. 
I t  does n o t seem to  b e  un like ly , th o u g h , th a t  th e  su p p ly  o f th e  b ird s w ith  
lip o tro p ic  sub stan ces w as u n sa tis fa c to ry .

T he role o f im m unobio log ical fa c to rs  in the  m ore or less severe course 
o f  th e  o u tb reak s o f v ira l  h e p a titis  is, o f  course, in d isp u tab le . B u t i t  should  
b e  p o in te d  ou t th a t  th e  course o f  v ira l  h e p a titis  is decisively  in fluenced  b y  
th e  a c tu a l s ta te  o f th e  p a ren ch y m a l cells a t  th e  tim e  o f th e  in fection . In  
th e  case of duckling  h e p a titis , th e  o ccu rren ce  of irreversib le  liv e r im p a irm en t 
(d y s tro p h y ) an d  co n seq u en t fa ta l o u tco m e  is p resu m ab ly  p reco n d itio n ed  b y  
a h e p a tic  dam age d u e  to  a p reced ing  m etab o lic  d is tu rb an ce .

In  th e  slow ly p rog ressive  cases o f  v ira l duckling h e p a tit is  th e  im p a irm en t 
o f  th e  p a ren ch y m a l cells is less d is tin c t. A ccording to  ou r observ a tio n s, in 
su c h  cases e ith e r serous h ep a titis  or h e p a titis  associa ted  w ith  in flam m ato ry  
ce llu la r reac tion  o f  th e  in te rlo b u la r  se p ta  and  p ro life ra tio n  o f th e  b ilia ry  
d u c ts  develop, in v o lv in g  a n o ta b ly  lo w er fa ta lity .

C onsidering th a t ,  accord ing  to  o u r  find ings, th e  a c tu a l s ta te  o f th e  liv er 
p la y s  an  im p o r ta n t ro le  in  th e  se v e rity  o f  th e  course o f  v ira l h e p a titis , i t  is 
reco m m en d ed  th a t  in  a d d itio n  to  th e  u su a l con tro l m easures m ore a tte n tio n  
th a n  h ith e rto  shou ld  be paid  to  d ie ta ry  factors.

Acknowledgements. The authors are ind eb ted  to Mrs. G. P e t h e s  for the preparation  
o f  the histological sections and to Mr. B. B o r si for skilful technical assistance in the serological 
exam inations.

SUM M ARY

Outbreaks of v iral hepatitis causing great losses were observed in flocks of 3- to 4-week  
old ducklings. The gross and m icroscopic lesions found on post m ortem  exam ination were in 
every  respect similar to those encountered in  day-old  ducklings died o f v iral duckling hepatitis. 
I t  was supposed th a t the severe outbreak — quite unusual am ong ducklings o f this age of  
life — was favoured b y  liver im pairm ent due to dietary error preceding the infection. This 
supposition was confirm ed experim entally. The low-value feed used in  one of the affected  
flocks was given to two groups of ducklings from  day-old age on until experim ental infection
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at 3 and 4 weeks of age, respectively. The disease could be reproduced in the younger group 
in a severe form, while in  the older group in a m ild form. Two groups of control birds of the  
sam e ages survived the experim ental infection  w ith o u t losses. I t  was concluded that the sever
ity  o f  the course o f viral duckling hepatitis w as, in  addition to the age of the birds and other  
factors, considerably influenced by the actual sta te  o f the liver cells a t the tim e o f infection , 
w ith  special regard to dietary error. I t  is, therefore, recom m ended to strictly  observe the  
dietary factors in the prevention of duckling hepatitis.
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KOLLOIDREAKTIONEN
IM LIQUOR CEREBROSPINALIS DES PFERDES

Von

R . L i p p m a n n

Medizinische Tierklinik (Direktor: Prof. J. A. S c h u l z) 
der K arl-M arx-U niversität, Leipzig

(Eingegangen am  23. Novem ber 1968)

Einleitung

D er W ert d er L iq u o rd iag n o stik  fü r  die klinische V e te rin ä rm ed iz in  s te h t 
h e u te  außer Zweifel, nachdem  fü r alle bed eu tsam en  T ie ra r te n  eine geeignete  
u n d  gefahrlose E n tn a h m e te c h n ik  e ra rb e ite t  w urde u n d  die physio logische 
Z u sam m en se tzu n g  der Z ereb rosp ina lflü ssigke it b ek an n t is t. D ennoch  h ab e n  
L iq u o ru n te rsu ch u n g en  bei T ieren  bei w eitem  n ich t a n n ä h e rn d  die B e d eu tu n g  
e r la n g t wie in d er H um anneuro log ie , obw ohl eine R eihe v o n  E rk ra n k u n g e n  
des Z en tra ln erv en sy stem s bei T ie ren  seh r ch a rak te ris tisch e  L iq u o rsy n d ro m e 
e rb rin g en  und  d a m it die in tra v ita le  D iag n o stik  w esentlich u n te rs tü tz e n  können . 
D ie G ründe dafü r sind  v ie lg esta ltig  u n d  sollen n ich t G rund lage  d ieser D isk u s
sion  sein.

Die neurologische D iagnostik m it H ilfe der Liquoruntersuchung wird aber nur dann  
erleichtert, wenn die vollständigen Syndrom e der einzelnen K rankheiten bekannt sind (K a f 
k a , 1948). W egen dieser V ollständigkeit der Befunde erscheint es uns gerechtfertigt, die E rfah
rungen m itzuteilen, die wir bei der U ntersuchung von  Pferdeliquoren m it kolloidchem ischen  
M ethoden (Goldsol- und M astixreaktion) gew onnen haben.

Seit der ersten Publikation über die Zusam m ensetzung des Pferdeliquors durch J o h n e  
(1897) vor 70 Jahren sind einige grundlegende A rbeiten erschienen, die an einem  größeren  
M aterial die m orphologischen und chem ischen Inhaltsstoffe der Zerebrospinalflüssigkeit bei 
gesunden und neurologisch kranken Pferden qu antita tiv  und qualitativ  erm ittelten . So haben  
B e h r e n s  (1950) und H ie p e  (1958, 1960) unsere derzeitigen K enntnisse über den Liquor 
gesunder Pferde, un terstü tzt durch die A ngaben von  R o ed er  und R eh m  (1942) und F a n k - 
h a u s e r  (1954), begründet. Von neurologisch interessanten K rankheitsbildern beim Pferd sind  
besonders die Bornasche K rankheit (Mü l l e r  und Sch ulze , 1953; H ie p e , 1958, 1960; 
L is c h k e , 1957) und der Dummkoller (H ydrocephalus internus) (F a n k h a u s e r , 1956) G egen
stand von  Liquoruntersuchungen gewesen. Außer Zellzahl und -m orphologie wurden besonders 
die Eiweißkörper diagnostisch verwertet.

Interessant ist dabei die Tatsache, daß in den genannten Publikationen Angaben über 
den A usfall von K olloidreaktionen bis auf eine kurze Andeutung der K olloidtypen im  Pferde
liquor bei F a n k h a u ser  (1954) fehlen. Lediglich in dieser und in der Arbeit von Gy a rm a ti 
(1952) konnten Hinweise dafür gefunden werden, daß kolloidchem ische U ntersuchungen an 
den Eiweißkörpern des Pferdeliquors bisher durchgeführt wurden. Im  V erlauf der letzten  Jahre  
konnten  wir bei 146 Pferdeliquoren derartige R eaktionen ausführen, nachdem  am Liquor des 
Schafes zunächst vergleichend mehrere aus der Hum an-Neurologie bekannte M ethoden auf 
ihre Brauchbarkeit geprüft und die M astixreaktion (in der M odifikation nach E m a n u el  und  
R o s e n f e l d , 1927 a, b) als M astix-L um botest und die Goldsolreaktion (nach L a n g e , 1912 und  
B o r o w sk a ja , 1934) als für die Verhältnisse des veterinärm edizinisch-klinischen Laboratorium s 
brauchbarste und diagnostisch sicherste K olloidreaktionen erm ittelt wurden (L ip pm a n n , 1960).
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Darüber hinaus konnten für einige Krankheiten des Schafes (L isteriose, Bornasche K rank
heit) charakteristische K urven typen  festgestellt werden, die eine hinreichend sichere A bgren
zung vom  Ausfall der R eaktionen  in der Zerebrospinalflüssigkeit gesunder Schafe gestatten  
und die bekannten L iquorsyndrom e beim Schaf ergänzen. In  der Zwischenzeit wurden die 
Ergebnisse unserer d iesbezüglichen Untersuchungen am  Rinderliquor in Ergänzung zu den von  
F a n k h a u se b  (1954) gesam m elten  Erfahrungen der Berner Schule m itgete ilt (L ippm a n n , 1968).

Methodik

D as W esen d er K o llo id reak tionen  b e s te h t d a rin , d aß  die E iw eißkörper 
die d isperse  P hase  in  d em  als kolloidale L ösung  au fzu fassenden  L iquor b ilden . 
D ieses K ollo idsystem  is t  norm alerw eise d u rch  die V erte ilu n g  d er grobdispersen  
G lobuline u n d  d e r fe ind isp ersen  A lbum ine u n d  ih re  gleichsinnige L ad u n g  
s ta b il, auch  d an n , w en n  d u rch  Z usatz  ly o p h o b er K ollo ide in Solform  in G egen
w a rt von  E le k tro ly te n  bei E in h a ltu n g  e iner en tsp rech en d en  K o n zen tra tio n  
ein Ü berw iegen  d e r K ollo ide  e in tr i t t  ( R o e d e r  u . R e h m , 1942). E rs t e in  V er
sch ieben  im  V erh ä ltn is  zw ischen A lbum inen  u n d  G lobulinen , die bei b e s tim m 
te n  E rk ra n k u n g e n  des Z en tra ln e rv en sy s tem s in n ah ezu  ch arak te ris tisch e r 
W eise au ftre te n , f ü h r t  zu  A usfällung von  E iw eißen  in  versch iedenen  V erd ü n 
n u n g sstu fen . D ieser V o rgang  w ird b e n u tz t, u m  E iw eißversch iebung  im  L iquor 
s ic h tb a r  zu m achen  u n d  sie d iagnostisch  zu  v e rw erten  (S chmitt , 1932). 
Ih re  A u ssagek raft is t  d a m it begrenzt, n ach  K a f k a  (1948) sollten K o llo id 
re a k tio n e n  n u r z u sam m en  m it den E iw e iß re la tio n en  b e tra c h te t  w erden u n d  
led ig lich  das L iq u o rsy n d ro m  ergänzen. Spezifische B efunde können  von  ih re r 
g eso n d erten  B e tra c h tu n g  n ich t e rw arte t w erden .

Bei unseren  ro u tin em äß ig  a u sg e fü h rten  L iq u o ru n te rsu ch u n g en  kam en  
die M astix- u n d  die G oldso lreak tion  zu r A nw endung .

Die M astixreaktion  w urde in der von  E m a n u e l  u n d  R o s e n f e l d  (1927a, b) 
besch riebenen  M o d ifik a tio n  als M astix -L u m b o test m it h andelsüb lichen  T e s t
lösungen  (H erste lle r: F a . B ergm ann , K G , B erlin  — Z eh lendorf) nach  G eb rau ch s
anw eisung  au sg e fü h rt. I n  12 R öhrchen  w u rd e  dazu  eine progressive L iquor- 
V erd ünnungsre ihe  (1 : 1 b is 1 : 2000) h e rg es te llt, zu d e r jew eils 1 ml des s te ts  
frisch  b e re ite ten  M astix -S o ls gegeben w urde  (w eitere  m eth o d isch e  E inze lhe iten  
siehe bei L i p p m a n n  (1960), do rt auch um fangre iche  L ite ra tu rsa m m lu n g  ü b e r 
K o llo id reak tio n en ). D ie A blesung erfo lg te  n a c h  24 S tu n d e n , die E rgebn isse  
w u rd en  jew eils in  e in  en tsp rechendes S chem a (A bb. 1) e ingetragen .

Bei der Goldsolreaktion  w urde n ach  d er O rig in a lm eth o d ik  von  L a n g e  
(1912) ebenfalls eine V erdünnungsre ihe  des L iquors m it physio logischer K o ch 
salzlösung  (12 R ö h rc h e n  von 1 : 10 bis 1 : 20 480) h e rg es te llt. Die B e re itu n g  
des Goldsols gesch ah  n ach  den A ngaben  von  B o r o w s k a ja  (1934), w obei 
n eb en  einer gew issen Ü b u n g  auch d er s tän d ig e  V erg leich  neu  h e rg este llte r 
G oldsole m it b e k a n n te n  Solen bzw. b e re its  g ep rü ften  L iq u o ren  notw end ig  is t. 
A uch  h ierbei w u rd e  d ie  R eak tio n  nach  24 S tu n d en  abgelesen.
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S te ts  kam  das U n te rsu ch u n g sm a te ria l frisch  zu r V erarbe itung . D er 
L iquor w urde 6 m in . lang  bei 1000 U /m in . z en tr ifu g ie rt. U m  eine V erfälschung 
der E rgebnisse  d u rc h  B lu tbe im engungen  zu verm eiden , w u rd en  nu r solche 
L iq u o ren  v e ra rb e ite t , die in  A nlehnung  an  die U n te rsu ch u n g en  von W ort
meier  (1940) w en iger als 400/3 E ry th ro z y te n  je m m 3 ( F uchs-R osenthal-

Z ählkam m er) aufw iesen , die überw iegende Z ah l d er au sg ew erte ten  L iquoren  
se tz t sich aus völlig  b lu tfre iem  L iquor zusam m en .

P ara lle l zu den  K o llo id reak tionen  w u rd e  das üb liche  U n te rsu ch u n g s
sp ek tru m  im  L iq u o r ausgefüh rt.

Untersuchungsgut

E s gelang ten  in sg esam t 146 p o s to cc ip ita l gew onnene L iqu o ren  von P fe r
den, die als P a tie n te n  oder V ersuchstiere  s ta t io n ä r  in  die K lin ik  aufgenom m en 
w orden  w aren, zu r U n te rsu ch u n g . D as M ate ria l se tz t sich zusam m en aus 32 
k lin isch  gesunden  T ie ren ; 90 P fe rd en  m it B o rn asch er K ra n k h e it  (Polioencepha- 
lom yelitis  ly m p h o c y ta r ia  enzootica  equi), hei denen  säm tlich  p o stm o rta l die 
D iagnose h isto log isch  b e s tä tig t  w urde; 5 m it k lin isch er D iagnose »Dum m koller« 
(p a th o l.-a n a t. H y d ro cep h a lu s  in te rn u s); 6 m it L eberko lle r (hepa tocereb ra les 
S yndrom ) sowie 13 P ferd en  m it versch iedenen  f ie b e rh a f ten  E rk ran k u n g en  
(L ep to sp iro se-V erd ach t, gangränöse P n eu m o n ie , T e tan u s , In fek tiö se  A näm ie, 
M eningitis p u ru le n ta , T uberku lose  und  U räm ie). D iese le tz tg e n a n n te  G ruppe 
-wurde wegen der H e te ro g e n itä t des M ateria ls bzw . der geringen  T ierzahl je  
K ra n k h e it in  die verg le ichende A usw ertung  n ic h t m it e inbezogen. Die übrigen 
v ie r G ruppen  u m fassen  noch 133 P ferde. B ei diesen L iq u o ren  k am  in jedem  
F alle  die M astix reak tio n  zu r A usfüh rung , w äh ren d  m itte ls  G oldso lreak tion  
wegen tech n isch er Schw ierigkeiten  n u r  65 (25 gesunde P fe rd e , 37 B ornasche 
K ra n k h e it, 3 H y d ro cep h a lu s  in te rn u s) von ih n e n  gleichzeitig  u n te rsu c h t wer-
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d en  k o n n ten . A ußerdem  sind  zehn L iq u o ren  verg leichend  m itte ls  G oldsol- und  
M astix reak tio n  sowie d e r S alzsäu re-C o llargo l-R eak tion  ( R i e b e l i n g , 1938) u n d  
d e r TAKATA-Probe (Ta k a t a  u n d  Go h r , 1957) im  V orv ersu ch  g ep rü ft w orden . 
D ab e i erw iesen sich die be iden  le tz tg e n a n n te n  als w e itgehend  unspezifisch , 
w ie w ir das auch fü r  den  S ch afliq u o r festste llen  k o n n te n  (L i p p m a n n , 1960).

(0) rot

(1) rotv io lett

(2) violett

(3) rotblau

(4) blau

(5) hellblau

(6) wei ß

Abb. 2. K urventypen der G oldsolreaktion im  Liquor cerebrospinalis des Pferdes

Besprechung der Ergebnisse

Ü b erb lick t m a n  das gesam te M ateria l, so lassen  sich bei d er M a stix 
reaktion  im  P fe rd e liq u o r drei T y p en  u n te rsch e id en , die fo lg en d erm aß en  g ek en n 
ze ich n e t sind (A bb. 1):
— T y p  A: flache  L in k sk u rv e  b is zu m  3. oder 4. R ö h rch en , die V e rän d e ru n 

gen gehen über eine m ilch ige T rü b u n g  n ic h t h in au s;
— T y p  B : m itte ltie fe  L in k sk u rv e , die ebenfalls b is zu r 4. V e rd ü n n u n g s

stu fe  re ic h t u n d  in  d en  e rs ten  beiden R ö h rch en  B o d en sa tz  m it 
d a rü b e rs te h e n d e r le ic h te r  T rü b u n g  au fw eist;

— T y p  C: e x tre m  tie fe  L in k sk u rv en  m it völliger A usflockung  in  den  e rs ten
b e id en  V erd ü n n u n g ss tu fen , graduell ab g esch w äch t bis zum  7. 
(6. oder 8.) R ö h rch en  re ichend .

A usgesprochene R ech tsk u rv en  k o n n te n  wir in  u n se rem  M ateria l n iem als 
f in d e n .

Bei der Goldsolreaktion sind  ebenfa lls drei un te rsch ied lich e  R e a k tio n s 
k u rv e n  zu e rm itte ln  (A bb. 2):
— T yp  A: F a rb u m sch lag  im  4 — 6. R öhrchen  bis ro tv io le tt , üb rig e  V er

d ü n n u n g ss tu fen  u n v e rä n d e r t . W ir m ö ch ten  diesen R e a k tio n sa u s 
fa ll noch  n ich t als »K urve« bezeichnen, er d e u te t led ig lich  einen 
A usfall an . N ach S chm itt  (1932) k ö n n en  überd ies Z acken  in 
e inzelnen  R öhrchen  beispielsw eise als F o lge geringfügiger pFI- 
Ä n d eru n g en  e in tre ten .
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— T yp  B: flache  L in kskurve , b e sc h rä n k t a u f  die e rs ten  beiden V erd ü n 
n u n g ss tu fen , bis v io le tt oder ro tv io le tt re ichend ;

— T yp  C: m itte ltie fe  M itte lku rve , v io le tte  bis ro tb la u e  V erfärbung  vom  5.
(4.) bis 8. (7.) R öhrchen , w äh ren d  A nfangs- u n d  E n d te il der
K u rv e  in gerader Linie (u n v e rä n d e rt ro t) verlau fen .

W ir h ab en  n u n  re tro sp e k tiv  v e rsu c h t, die K u rv e n ty p e n  den einzelnen 
K ra n k h e ite n  zuzuordnen . Als V ergleich geben w ir in  T abelle  1 die fü r die 
P a tie n te n g ru p p e n  e rm itte lte n  E iw eißw erte  u n d  das V erh ä ltn is  G lobuline : A l
bum ine  (E iw e iß q u o tien t) an. Die Z ah len  ste llen  jew eils M itte lw ert sowie 
g rö ß te r u n d  k le in s te r E inzelw ert d ar, sie w urden  m it d er vo lum etrisch en  
M ethode n ach  K a f k a  (1948) b estim m t. A u f eine w eitere  s ta tis tisch e  B earb e i
tu n g  dieses M ateria ls hab en  wir wegen d e r b e k a n n te n  U nzu läng lichke it d er 
M ethode v e rz ic h te t, u n d  die Zahlen zu r O rien tie ru n g  ü b e r die V erte ilung  d er 
E iw eiß frak tio n en  bei den  u n te rsu ch ten  L iq u o ren  dem  A usfall der K o llo id 
re a k tio n e n  g eg en übergeste llt.

Tabelle 1

G esam t-E iw eiß-G ehalt nach K a f k a  (in m g/100 m l) und Eiweiß- (Globulin : Album in-) 
Q uotient im Liquor cerebrospinalis von Pferden

Klinisch gesund 
N =  32

Bornasche K rankheit
N  -  90

Hepatocerebrales
Svndrom

N =  6

Hydrocephalus
internus
N =  5

X 54,9 71,8 48,0 49,4

Gesamt-Ei- *m ax 72,0 216,0 60,0 76,8

weiß *m in 24,0 12,0 28,8 24,0

X 0,51 1,24 1,60 0,32

Quotient *m ax 1,12 6,46 4,00 0,46

■*/min 0,06 0,15 0,53 0,24

Die H äu fig k e itsv e rte ilu n g  (jeweils in  % ) d er K u rv e n ty p e n  von  M astix- 
u n d  G oldso lreak tion  (T ab . 2) zeigt z u n äch s t, d aß  ein sog. n eg a tiv e r A usfall 
d e r g ep rü ften  R e a k tio n e n  (kein F a rb u m sch lag  bzw . keine T rü b u n g  in der 
g esam ten  V erdünnungsre ihe) beim  P fe rd  im  G egensatz  zu  an d eren  T ie ra rte n  
bzw . zum  M enschen n ic h t v o rk o m m t. W ir h ab en  also im m er F arb u m sch läg e  
u n d  T rü b u n g en  auch  bei gesunden  P ferd en  zu e rw arten . D am it finden  w ir uns 
in  Ü b ere in stim m u n g  m it den A ngaben F a n k h a u s e r s  (1954), jedoch  fan d en  
w ir im  physio logischen  P ferde liquo r n ic h t so s ta rk  au sg ep räg te  M itte lk u rv en  
bei d er G oldso lreak tion  bzw . L in k skurven  bei d er M astix -R eak tio n . Die von  
G y a r m a t i  (1952) bei an  B eschälseuche e rk ra n k te n  P fe rd en  e rm itte lte n  Gold-
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Tabelle 2

H äufigkeitsverteilung der K olloidkurven bei gesunden und neurologisch kranken Pferden

Klinisch gesund Bornasche K rankheit
Hepatocerebrales

Syndrom H ydrocephalus

M astix-Reaktion: N  =  32 N  =  90 N = 6 N  =  5

T yp A 96,9% 33,3% 50,0% 80,0%

T yp В ЗД% 40,0% 16,7% 20,0%

T yp C 0% 26,7% 33,3% 0%

G oldsol-Reaktion: N  =  25 N  =  37 N =  0 N = 3

T yp А 44,0% 37,8% — 100,0%

T yp В 40,0% 10,8% — —
T yp C 16,0% 51,4% — —

so lk u rv e n  en tsp rechen  un serem  T yp  В u n d  können  d u rch au s noch  als zum  
physio log ischen  B ereich  gehörig  g e rech n e t w erden.

D ie  V erte ilung  d er K u rv e n ty p e n  bei den ausgew erte ten  K o llek tiv en  zeig t 
fü r  d ie  M astix)-eaktion  (T ab . 2; A bb. 3) eine sehr deu tliche  H äu fu n g  des T y p s  А 
bei g esu n d en  P ferden , n u r  in  einem  d e r 32 u n te rsu c h te n  F älle  w ar eine m it te l 
tie fe  L in k sk u rv e  (Typ B) zu e rm itte ln . N orm alerw eise g ib t also d e r P fe rd e li
q u o r e ine flache L in k sk u rv e . Bei B o rn asch er K ra n k h e it sind  ein D ritte l  d er 
K u rv e n  diesem  N o rm alty p  zu zu rech n en , w äh ren d  zwei D r it te l  m itte ltie fe  oder

Abb. 3. H äufigkeitsverteilung der M astix-K urventypen А, В und C im  Pferdeliquor. Säulen  
von  links nach rechts: K lin isch  gesunde Pferde (N  =  32), Bornasche K rankheit (N  =  90), 
hepatocerebrales Syndrom (N  =  6) und H ydrocephalus internus (N  =  5). (R elative  H äufig

keit, jew eils N  =  100 gesetzt)
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seh r tiefe  L in k sk u rv en  von  den  T y p en  В u n d  C zeig ten . D ie A ngaben  ü b e r 
die R eak tio n  bei den  beiden  a n d e ren  K ra n k h e itsz u s tä n d e n  s ind  w egen der 
geringen  P a tie n te n z a h l als k a su is tisch e r B e itrag  au fzu fassen , jed o ch  fä llt auf, 
d aß  auch  h ierbei der T yp A  ü b erw ieg t.

Bei der Goldsolreaktion v e rte ilen  sich die T ypen  A u n d  В bei gesunden  
P fe rd en  (Tab. 2) e tw a zu gleichen T eilen , n u r  in 4 der u n te rsu c h te n  L iquoren  
w u rd e  eine m itte ltie fe  M itte lk u rv e  vom  T y p  C gefunden. D agegen  sind  ü b e r die 
H ä lfte  der B orna-L iq u o ren  diesem  T y p  C zuzurechnen , w ä h re n d  der T yp  В 
(flache L inkskurve) sehr se lten  v o rk o m m t. D am it lä ß t  sich  d er A usfall der 
G oldso lreak tion  bei dieser K ra n k h e it als ve rsch ied en g rad ig e r K u rv e n v e rla u f 
im  m ittle ren  Teil der У  er d ü n n u n g sre ih e  ch a rak te ris ie ren . D ie dre i L iquoren  
v o n  P a tie n te n  m it H y d ro cep h a lu s  in te rn u s  zeigen ü b e re in s tim m en d  eine 
L inkszacke vom  T yp B.

E s k a n n  in  A usw ertung  des M ateria ls  festgeste llt w erd en , d aß  im  G egen
sa tz  zum  re la tiv  e inheitlichen  A usfall d er M astix reak tio n  in  den  einzelnen 
G ru p p en  bei d er G oldso lreak tion  eine erheb liche S treuung  d e r T y p en  a u f tr i t t .  
D a m it w ird  fü r  den  P fe rd e liq u o r ein  ähn liches V e rh a lten  w ie beim  S chaf 
e rm itte l t  (L i p p m a n n , 1960). B eim  V ergleich  m it den u ns au s dem  S ch rifttu m  
b e k a n n te n  K u rv e n ty p e n  ( F a n k h a u s e r  1954) fä llt auf, d aß  b e i gesunden  P fe r
d en  die M astix reak tio n  n ah ezu  d er K u rv e  F a n k h a u s e r s  e n tsp r ic h t (F . 
a rb e ite te  a llerd ings m it d er N o rm o m astix -R eak tio n ), die G oldso lkurven  in  
un serem  M ateria l ab er w esen tlich  flach e r verlau fen . In  d e r B e re itu n g  des Sols 
k a n n  dieses un te rsch ied liche  V erh a lten  schw erlich  eine E rk lä ru n g  fin d en , denn  
u n se re  w äh ren d  des gleichen Z e itrau m es m it gleichen Solen e rh a lte n e n  K u rv en  
fü r  Schaf- u n d  R in d erliq u o ren  en tsp rech en  w eitgehend  d en  v o n  F a n k h a u s e r  
angegebenen  G oldso lkurven  fü r  diese T ie ra r te n . F ü r P fe rd e  m it B ornascher 
K ra n k h e it  feh lt ein V ergleich, h ie rü b e r sind  u ns im  S c h rif ttu m  keine A ngaben  
b e k a n n t. Bei m it dem  B orna-V irus in fiz ie rten  K an inchen  fa n d  Z e k i  (1934) m it 
d e r N o rm o m astix reak tio n  in  den  e rs ten  G läsern  eine s ta rk e  A usfä llung , d ieser 
R e a k tio n s ty p  C bzw. В k an n  g u t m it u n se rem  M ateria l in  E in k la n g  g eb rach t 
w erden . Bei B ornascher K ra n k h e it des Schafes fanden  w ir ( L i p p m a n n , 1960) 
fü r  die G oldso lreak tion  überw iegend  m itte ltie fe  L in k sk u rv en  bis ro tb la u  
(e n tsp ric h t T yp  B), fü r M astix -L u m b o tes t m itte ltie fe  L in k sk u rv e n  (T ypen  В 
u n d  se ltener C).

E ine Ü b ere instim m ung  zw ischen A usfall der K o llo id reak tio n en  u n d  
E iw eiß g eh a lt bzw . dem  Q u o tien ten  d er E iw eiß frak tio n en  lä ß t  sieb  k au m  bew ei
sen , wie die große S chw ankungsb re ite  d ieser G rößen d a rleg t (vergleiche T abelle 
1 u n d  2). D en  M astix ty p  A fan d en  w ir beispielsw eise bei e inem  E iw eiß q u o tien 
te n  v o n  0,15 ebenso wie bei einem  solchen von  3,45; ein  erheb liches Ü b e r
w iegen der G lobu lin frak tion  im  G esam teiw eißgehalt b ra u c h t also n ic h t u n b e 
d in g t zu  einem  b estim m ten  K u rv e n ty p  zu  führen . A llerd ings m u ß  dabei die 
re la tiv  hohe m ethod ische F eh le rb re ite  d er vo lum etrischen  E iw e iß b estim m u n g
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in  R echnung  g este llt w erd en . E x a k te  ch em isch -p h o to m etrisch e  E iw eißbestim - 
m ungs-V erfahren  la ssen  B eziehungen  zw ischen E iw e iß q u o tie n te n  und  K o llo id 
ty p e n  sehr w ahrsche in lich  zu, wie e rste  o rien tie ren d e  U n te rn eh m u n g en  m itte ls  
E x to n -R eag en s ( K r a u s e , 1968) u n d  einer m o d ifiz ie rten  B iu re tm eth o d e  
(M a u r e r , 1968), ü b e r  deren  E rgebnisse  zu  gegebener Z e it b e rich te t w ird , 
zeigen.

In  E rgän zu n g  d ieser B efunde k an n  beim  V ergleich  d e r  E iw e iß k o n zen tra 
tio n  im  L iquor g e su n d e r P ferde  ( K a f k a -W erte) v e rsch ied en er U n te rsu ch er 
eine gu te  Ü b e re in s tim m u n g  der B efunde (Tabelle 3) fes tg este llt w erden . 
D em gegenüber fan d e n  w ir einen d u rch sch n ittlich  h ö h eren  A n te il der G lobuline 
im  E iw eißgehalt (M itte lw e rt 0,51 fü r den  Q uo tien ten ) als an d ere  U n tersu ch er. 
M öglicherw eise sin d  d ie  norm alerw eise  im  G egensatz zu  a n d e ren  T ie ra rten  bei 
den  K o llo id reak tio n en  au ftre te n d en  F ä rb -  u n d  T rü b u n g sän d e ru n g en  v o r
w iegend  im  linken  K u rv e n te il v e ran tw o rtlich  zu m ach en . E n tg ü ltig e  K lä ru n g  
h ie rü b e r w ird e rs t d ie  E iw eißbestim m ung  m it v e rb e sse rte n  M ethoden  e r
b ringen .

Tabelle 3

Eiweißgehalt (M ittelw ert, Min., M ax., jew eils in m g/100 m l) nach der 
KAFKA-Methode und G lobulin-A lhum in-Q uotient bei klinisch  

gesunden Pferden

A utor
Gesamteiweiß

X
(Schwankung)

Quotient
X

(Schwankung)

B eh r en s  (1950) 47,58 0,26

(28,75—71,75) (0 ,0 6 -0 ,6 9 )

H i e p e  (1960) 52,44 0,29

(21,6 - 9 8 ,2 ) (0 ,0 2 -1 ,4 5 )

L is c h k e  (1957) 48,7 0,29
(31,2 — 73,2) (0 ,03— 1,19)

T h ö rle  (1950) 52,12 0,23

(33,08—77,20) —
Eigene Untersuchungen 54,9 0,51

(24,0 — 72,0) (0 ,0 6 -1 ,1 2 )

E ine V erm eh ru n g  des G lobu linan teils bei B o rn asch e r K ran k h e it (0,15 
bis 6,46; M itte lw ert 1,24) is t bei B erück sich tig u n g  d e r großen  S treu u n g  der 
E inzelw erte  b eso n d ers  augenfällig  u n d  gegenüber den  v o n  H i e p e  (1958, 1960) 
u n d  L i s c h k e  (1957) m itg e te ilten  V erh ä ltn iszah len  v o n  0,02 —1,45 (x  =  0,336) 
bzw . 0,1 —1,1 z u n ä c h s t u n e rw arte t. D er A usfall der K o llo id reak tio n en , beson-
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ders die s ta rk e n  F lockungen  beim  M astix -L u m b o test, können  d am it eine 
E rk lä ru n g  finden . A uch  h ierbei w erden  ex ak te  chem ische N achw eisverfahren  
fü r G lobuline eine B ew eisführung  fü r diese H y p o th ese  e rle ich tern .

Schlußfolgerungen

U n te r  dem  A sp ek t eines vo llständ igen  L iq u o rsy n d ro m s is t die A us
fü h ru n g  einer K o llo id reak tio n  in der Z ereb rosp inalflü ssigkeit des P ferdes fü r 
die in tra v ita le  D iag n o stik  zen tra ln e rv ö ser S tö rungen  als E rg än zu n g  zur q u a n ti
ta tiv e n  E iw eiß b estim m u n g  w ertvo ll. Bei B eu rte ilu n g  d er G esam th e it der 
B efunde einschließlich  d er e ingehenden  k lin isch-neuro log ischen  U n te rsuchung  
lassen sich Sch lußfo lgerungen  aus dem  K u rv e n v e rla u f ziehen.

Als tech n isch  e in fach  und  im  E rgebn is re la tiv  e inhe itlich  h a t  sich hei 
den vorliegenden  U n te rsu ch u n g en  die M astix -R eak tio n  in  F o rm  des h an d e lsü b 
lichen  M astix -L u m b o tests  erw iesen. Sie is t der Goldsol- u n d  anderen  K ollo id
reak tio n en  überlegen  u n d  s te llt d am it die M ethode d er W ah l bei ko llo idchem i
schen L iq u o ru n te rsu ch u n g en  dar. D ennoch  m uß  vor e iner Ü berb ew ertu n g  der 
B efunde gew arn t w erden , aus dem  K u rv e n v e rla u f d e r M a stix -R eak tio n  allein  
w ird n iem als eine D iagnose geste llt w erden  können . Sie s te llt n u r  eine von 
vielen  L iq u o ru n te rsu ch u n g sv e rfah ren  d a r und  m uß in n e rh a lb  ih re r G renzen 
b ew erte t w erden.

ZUSAM M ENFASSUNG

Zur V ervollständigung der Liquorsyndrome bei gesunden sow ie bei an Bornascher 
K rankheit, Hydrocephalus internus und hepatocerebralem  Syndrom  erkrankten Pferden wer
den die Ergebnisse der M astix- und der Goldsolreaktion von insgesam t 133 Liquoren m it
geteilt. In  der Zerebrospinalflüssigkeit gesunder Pferde ergibt die M astixreaktion flache Links
kurven, die G oldsolreaktion geringfügige Farbum schläge im  M ittelteil der Verdünnungsreihe 
oder flache Linkskurven. B ei Bornascher K rankheit sind im  Liquor m it der M astixreaktion  
zum Teil normale K urventypen, überwiegend aber tiefe L inkskurven zu erzielen, während die 
G oldsolreaktion vorwiegend flache bis m itteltiefe M ittelkurven ergibt. B ei H ydrocephalus und  
bei Leberkoller werden im  untersuchten Material ähnliche K urventypen  wie bei gesunden  
Tieren erhalten.

N ach dem  Ergebnis der Untersuchungen wird die M astixreaktion in  Form  des M astix- 
L um botest als M ethode der W ahl für kolloidchem ische L iquoruntersuchungen angesehen. Sie 
stellt eine wertvolle Ergänzung zur quantitativen E iw eißbestim m ung dar.

Vergleichend werden abschließend die bei den untersuchten Liquoren quantitativ  erm it
telten  E iweißwerte m itgeteilt und diskutiert.
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D istu rb an ces  o f th e  v ita m in  A su p p ly  of hosts in fec ted  w ith  ascarids 
h av e  been  observed  for severa l decades.

H i r a i s k i  (1927) succeeded in  transferring the human roundworm  parasite Ascaris  
luinbricoides to swine depleted of vitam in  A. A c k e r t  et al. (1927) dem onstrated that in  
chickens vitam in  A  deficiency favours the grow th of Ascaridia galli;  in  depleted birds the  
worm s grew larger. L e n t s k a y a  (1963) reported a decrease of the liver’s v itam in  A  content 
in  chickens orally treated w ith an A .  galli  extract. P a n d e  and K r i s h n a m u r t y  (1959) measured  
abnorm ally low  vitam in  A contents o f the livers from chickens infected  w ith  A .  galli.  These 
phenom ena have been ten tatively  attributed to decreased absorption o f v itam in  A and caro
tenoids, owing to im pairm ent of the in testinal epithelium  by the presence of the worm-.

T he above d a ta  all deal w ith  th e  v ita m in  A d ep le tion  o f in fec ted  hosts; 
so fa r  no in fo rm atio n  has been  av a ilab le  on th e  u p ta k e  an d  ü tiliz a tio n  of 
v ita m in  A b y  th e  parasites .

I n  th e  fram e of in  vitro  s tu d ies  on th e  m etabo lism  o f h e lm in th s  in  th is  
la b o ra to ry , th e  v ita m in  A m etabo lism  o f A scaris suum  has been  exam ined  f irs t.

T he p re sen t experim en ts w ere u n d e rta k e n  to  c la rify  w h e th e r A scaris  
su u m  w as capab le  o f in  vitro u p ta k e  an d  u tiliz a tio n  of v ita m in  A an d  how  
th is  w as affec ted  b y  th e  presence o f c e r ta in  substances an d , f in a lly , колу v ita -  
m in  A d is tr ib u te d  in th e  vario u s o rgans of th e  p a rasite .

M ateria ls an d  m ethods

F em ale  A scaris suum  w orm s co llected  from  th e  in te s tin e s  o f fresh ly  
s la u g h te re d  swine in  th e  B u d ap est a b a t to ir  w ere used  th ro u g h o u t. P rio r  to  
th e  ex p erim en ts  th e  w orm s w ere th o ro u g h ly  w ashed  severa l tim es.

In  exam in a tio n s aim ed a t d e te rm in in g  th e  d is tr ib u tio n  o f v ita m in  A 
in th e  p a ra s ite s ’ organs, th e  луогтв луеге d issected  in d iv id u a lly  as follow s: 
th e  p a ra s ite  Tvas suspended  a t  th e  a n te r io r  end, th e n  its  c au d a l end  Avas cu t 
off a n d  th e  b o d y  flu id  collected in  a con ical glass ja r .  T he cu tic le  an d  subcu tic le  
w ere incised  lo n g itu d in a lly , th e  in te s tin e  an d  rep ro d u c to ry  organs w ere se p a r
a te d  an d  th e n  th e  cuticle was se p a ra te d  from  th e  subcu tic le .
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D uring  th e  e x p e rim en ts , th e  p a ra s ite s  w ere m a in ta in e d  in  the  following 
m edium  (fu rth e r on  re fe rred  to  as f lu id  m ed ium ):

Basal medium ( Earle's solution) :

Components g /1000  m l distilled water:
N a C l................... 6.9 N a H 2PO , . . . . . .  0.14
K C 1...................... 0.4 N alIC O , . . . . . .  2.2
CaCl2 ................. 0.2 Glucose .......... . . 1.0
M gS04 • 7 H ,0 0.2 Phenol red . . 0.02

P e n ic i ll in .......... 250 000 I.U .
Streptom ycin 0.25 g
Sterogenol . .  . . 0.01 g
Vitam in A . . . . 20 000 I.tl.

As v itam in  A , th e  p re p a ra tio n  A q u ita l (C hinoin , B u d ap est) w as used . 
C om position : a x e ro p h th o lu m  ace ticum  cone, oleosum  2 000 000 I .U .,P ro p y liu m  
gallicu m  0.05 g., a c id , sorbinicum  0.2 g, so rb o x ae th en , oleinic. 15 g, ad  
100 m l.

P rev ious e x p e rim e n ts  have show n th a t  th e  p resence  o f penicillin , s tre p to 
m y c in  and  S tero g en o l in  th e  flu id  m ed iu m  p re v e n ts  b a c te r ia l an d  fungal 
g ro w th .

T he edible oil u sed  in th e  ex p e rim en ts  w as em ulsified  in  a 7%  g um -arab ic  
so lu tio n  by  m ixing e q u a l am ounts in a T u rm ix  hom ogenizer. F ro m  th is  em ulsion
0.2 o r 0.4 ml was a d d e d  to  100 ml f lu id  m edium .

As a ca ro ten o id , th e  p re p a ra tio n  “ C arophy ll Y ellow ”  (F . H offm an-L a 
R oche e t Co. L td ., B asel) was used. I t  w as su spended  in  h o t w a te r an d  ad d ed  
to  th e  flu id  m ed iu m  in  a q u a n tity  to  m ake an  0 .01%  concen tra tio n .

D uring  th e  ex p erim en ts , 10 w orm s each wrere m a in ta in ed  in  100 ml 
f lu id  m edium , w h ich  w as equal to  6 — 8 m l m ed ium  p e r  1 g live w eight. B o th  
th e  w orm s and  b o t t le d  m edia were s to re d  a t  37 °C. T he p H  of th e  flu id  m ed ium , 
ch an g ed  b y  th e  m e ta b o lic  p ro d u c ts , w as a d ju s te d  d a ily  to  7.2 b y  th e  ad d itio n  
o f 1 N  N aO H . T h e  fig u re s  in  th e  T ab les all rep re sen t co rrec ted  values of u tilized  
v ita m in  A. T he s lig h t losses of v ita m in  A  due to  decom position  during  s to rag e  
h a d  been  su b tra c te d . As contro ls w orm -free flu id  m ed ia  w ere incu b a ted .

F rom  th e  c u ltu re  flasks in th e  in c u b a to r , 2 w orm s each  and  a p p ro p ria te  
a m o u n ts  of flu id  m ed iu m  were rem o v ed  fo r v ita m in  A assay  on th e  day s 
in d ic a te d  in T ab le  I .  T he worm s w ere hom ogenized  an d  5 g am o u n ts  of th e  
hom ogenates w ere u sed  for th e  assays.

V itam in  A w as de term ined  b y  Carr-P rice’s m eth o d  (1926).

E xperim en ta l

P re lim in ary  ex p erim en ts  h ad  show n th a t  on m a in te n a n c e  in flu id  m edium  
fo r 4 days, th e  v i ta m in  A co n ten t o f A scaris  suum  specim ens ten d ed  to  increase, 
w hereas th a t  o f  th e  m edium  to  decrease. Follow ing  th e ir  recovery  in th e  
a b a tto ir ,  the  w orm s con ta ined  no d em o n strab le  a m o u n ts  of v itam in  A.
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Tabic I

Distribution of vitam in A in the organs of A .  suum  on various days of the experiment

D ay of experim ent 3rd day 7th day 9 th  day

Parasite number 8 worms 10 worms 7 worms

Organ Cut. Scut. Sex Int. Flu. Cut. Scut. Sex Int. Flu. Cut. Scut. Sex Int. Flu.

Vitam in A I.U ./g 41 55 90 165 40 48 34.5 61 125 21.5 41 56 85 127 15
% distribution of vitam in A 8.3 36.9 30.5 14.6 9.7 14.1 30.5 28 11.3 16.1 8.3 35.8 31 12.8 12.1

Per cent related to total body weight; Cut.. Cuticle 18.7; Scut., Subcuticle 39.0; Sex, Reproductory organs 18.5; In t., In testine 4,3; 

Flu ., Body fluid 19.5
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F ir s t  of all a t te m p t  w as m ade to  c lear th e  d is tr ib u tio n  o f v ita m in  A 
u p ta k e  in  th e  p a ra s ite s ’ o rg an s. F ive  w orm s each  w ere p laced  in  flasks, in 
f lu id  m edium  co rrespond ing  to  th e ir  w eigh ts. T he w orm s w ere exam ined  on 
d a y s  3, 7 and 9; a f te r  d issec tin g  th em  in d iv id u a lly , th e  id e n tic a l o rgans from  
5 w o rm s were pooled a n d  hom ogenized . T he resu lts  are show n in  T ab le  I  and

Vit. A 
i .u . /g

3.day d.day ' 7 . day 9 .day

Fig. 1. Distribution of v ita m in  A  in  the organs o f Ascaris suum.  Cut., Cuticle; Scut., Sub
cuticle; Sex., R eproductory organs; In t., In testine; F lu ., B od y  fluid

F ig s  1 and  2. In  th is  c o n te x t, th e  q u estio n  arose w h e th e r a co rre la tion  d id  
e x is t  betw een  th e  fa t  c o n te n t an d  v ita m in  A  co n ten t o f th e  in d iv id u a l organs, 
consid erin g  th e  lip id -so lu b le  n a tu re  o f v ita m in  A. F a t  w as d e te rm in ed  in  a 
S o x h le t ap p ara tu s . T h e  re su lts  are show n in  T ab le  I I .

Table II

F at content o f some organs of Ascaris suum  (% )

Cuticle .......................   5.3

Subcuticle ...............................  1.2

Reproductory organs . . . .  5.1

Intestine .................................  3.3

B ody fluid ............................  1.1
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STUDIES OF PA R A SIT E  METABOLISM. I 2 4 3

C om parison of th e  fa t  c o n ten ts  o f th e  in d iv idua l o rgans w ith  th e ir  
v ita m in  A co n ten ts  lis ted  in T ab le  I h as  show n th a t  th e y  are  u n re la te d .

I n  fu r th e r  experim en ts th e  q u a n ti ta t iv e  re la tions of v ita m in  A u p ta k e  
w ere  exam ined , also w ith  resp ec t to  th e  rise of v ita m in  A c o n c e n tra tio n  in  
th e  p a ra s ite s ’ bodies an d  its  decrease in  th e  flu id  m edium .

3.day 7 day 7. day 9. day
Fig. 2. Percentual distribution of v itam in  A in the organs of A. suum.  E xplanation ,

see legend to Fig. 1

M easurem ents w ere m ade on d ay s  1, 2, 3 and  6. As p rev io u s stud ies 
h a d  show n a fa irly  c o n s ta n t p e rcen tu a l d is tr ib u tio n  of v ita m in  A in  th e  organs, 
fu r th e r  d e te rm in a tio n s  w ere lim ited  to  th e  to ta l  v itam in  A c o n te n t of the  
w orm  b o d y . E ach  assay  was m ade on 5 g w orm  em ulsion an d  from  th is  w ere 
ca lc u la ted  th e  va lu es  re la tiv e  to  to ta l  w orm  w eight. T he s lig h tly  uneven  
decline o f th e  curves rep resen tin g  th e  v ita m in  A values are due to  in d iv idua l 
d ev ia tio n s  re su ltin g  from  th e  p e rfo rm an ce  o f assays on th e  su b se q u e n t days 
on d iffe ren t w orm s. T hus, th e  n u m erica l va lues given in th is  p a p e r  serve to  
in d ic a te  th e  ten d en cy  ra th e r  th a n  th e  ab so lu te  values. T he re su lts  are  show n 
in F ig . 3 an d  T ab le  I I I .  In  th e  F ig u res , th e  v itam in  A c o n te n ts  o f th e  w orm s 
have  been  m arked  in  th e  sequence o f th e ir  decrease on th e  r ig h t o rd in a te , 
w hereas th e  v ita m in  A co n ten ts o f flu id  m ed ium  correspond ing  to  u n it  w orm  
w eigh t on th e  left o rd ina te .

In  su b seq u en t experim en ts we ex am in ed  th e  effects o f ed ib le  oil as a 
lipid su b stan ce  and  of caro teno ids as p recu rso rs  on th e  in  vitro  v ita m in  m etab -
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Table III

Changes in vitam in A  contents o f the fluid medium and of the worms m aintained in it

V itam in A content of fluid medium 
(I.U./ml)

V itam in A content of 
fluid medium related to 1 g worm 

weight (I.U.)

Vitamin A content of worms
( I - U . / B )

Days of experiment

0 1 2 3 6 0 1 2 3 6 1 2 3
I 20.0 15.5 9.5 7.3 1.6 142.2 110 67.5 52.8 11.4 12.1 16.4 31.8 5

II 20.6 19.1 16.7 12.7 7.3 123 115 100 75.2 43.8 4.1 4.1 9.6 1
III 20.2 17.9 17.9 17.0 7.3 166 147 147 140 60 11.4 10.0 14.8
IV 19.9 1.8 0.9 0.7 0 119 10.8 5.4 4.2 0 2.9 0 2.3
V 20.6 1.4 0.9 0.6 0 140 9.5 6.1 4.1 0 3.4 0 1.8

VI 18.2 12.7 8.2 5.9 2.7 109 75.2 49.1 35.3 16.2 7.5 13.7 18.2 4

Vitam in A  (I.U ./100 ml): I , 2000; II , 2000 

+  0.2%  edible oil; V I, 2000 -)- 0.01% Carophyll

8.2

1.8
0

0.4%  Tween 80; III, 2000 +  0.8% Tween 80; IV, 2000 +  0.1% edible oil; V, 2000
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H

Á
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STU D IE S OF PA RA SITE METABOLISM. I 2 4 5

Vit.A. 
i.u./7,1m/

Fig. 3. Changes of v itam in A concentration in  fluid m edium  and parasite body. 
— •  — : flu id  m edium ; — о  — : worm’s body|

M.A 
i. u ./6 m/

Fig. 4.  Changes o f vitam in A  concentration in  flu id  m edium  and parasite body, in the pres
ence of 0.4%  Tween 80. — •  — ; flu id  m edium ; — о  — ; worm
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Vit. A
i.u ./8 ,2  т /  Vit. A
medium i.u./g worm '

Fig.  5. Changes of vitam in  A concentration in flu id  medium and parasite body, in the pres
ence o f 0.8%  Tween 80. — • — : fluid medium; — о — : worm

Vit.A Vit. A
i .u ./6 ,8 m / iu /g  worm
medium

100

50

1. 2. 3. 6. days

Fig. 6. Changes of v itam in  A concentration in fluid medium and parasite body, in the pres
ence o f 0.1%  edible oil. — •  — : fluid medium; — о — : worm
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Vit. A
ш ./6  гл/ v it. A

Fig. 7. Changes of v itam in A concentration in  flu id  medium and parasite body, in the pres
ence of 0.2%  edible oil. — • — : fluid medium; — о — : worm

Vit. A 
i .u /6 m /
medium Vit. A

Fig. 8. Changes of vitam in A concentration in flu id  medium and parasite body, in the pres
ence of 0.01%  Carophyll. — •  — : fluid medium; — о — : worm
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Vit. A 
i .u . /g

1- 2. 3. 4.
Fig. 9. Distribution o f v itam in  A  in some organs o f  A .  suum  in  the presence of various sub
stances. 1, 0.8% Tween 80; 2, 0.2%  edible oil; 3, 0.14%  gum -arabic; 4, 0.01%  Carophyll. 

F urther explanation, see legend to Fig. 1

1. 1 . 3. 4.
Fig. 10. Percentual d istribution  o f vitam in  A  in the organs o f A .  suum  in the presence of 

various substances. E xplanation , see legends to F igs 1 and 9
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olism  of Ascaris su u m . Since we h ad  th e  in te n tio n  to  em ulsify  th e  oil e ith e r  
in  gum -arab ic  or in  T w een  80, f irs t th e  in fluence  o f  th e  la t te r  tw o substances 
w as te s te d  per se. T h e  p resence o f 0 .14%  o f g u m -arab ic  in  th e  flu id  m ed ium  
did  n o t  affect v ita m in  A  m etabo lism  as co m p ared  to  t h a t  o f w orm s m a in ta in ed  
in  p la in  m edium , b u t  T w een 80, ad d ed  in  c o n cen tra tio n s  o f 0.4 or 0 .8% , w as 
fo u n d  to  sligh tly  in h ib it  th e  u p ta k e  of v ita m in  A. T h u s , b o th  th e  oil and  
caro ten o id s  were em ulsified  in  g um -arab ic  th ro u g h o u t (F igs 4 an d  5; T ab le  I I I ) .

T he w orm s w ere m a in ta in ed  for 1, 2, 3 or 6 d ays in  f lu id  m edium  c o n ta in 
ing  0.1 or 0 .2%  oil. C hanges of th e  v ita m in  A c o n cen tra tio n s  in th e  m ed ia  
an d  in  th e  w orm  b o d ies  a re  show n in T ab le  I I I  an d  F igs 6 and  7.

T he presence o f 0 .0 1 %  of C arophyll in  th e  flu id  m ed iu m  h ad  no influence 
on th e  u p ta k e  an d  u tiliz a tio n  of v ita m in  A b y  th e  w orm s (T able I I I ;  F ig . 8).

I n  th e  fin a l e x p e rim e n t 0 .8%  T w een 80, 0 .2 %  edib le  oil, 0 .14%  gum - 
a rab ic  an d  0 .01%  C aro p h y ll w ere ad d ed , each  to  one lo t o f  m ed ium , to  exam ine 
on a co m p ara tiv e  b as is  th e  p e rcen tu a l d is tr ib u tio n  o f  v ita m in  A in th e  in d i
v id u a l organs. E ach  m easu rem en t w as m ade on poo led  hom ogenized organs 
from  5 w orm s. T h e  re su lts  are sum m arized  in  F igs 9 a n d  10 an d  T ab le  IV .

Discussion

W e are fu lly  aw are  th a t  th e  in  vitro  e x p e rim e n ta l re su lts  m ay  n o t be 
d ire c tly  conclusive o f  in  vivo  cond itions. A bsence o f  v ita m in  A u p ta k e  in  vitro 
does n o t  im ply  its  absence  in  vivo, since in  th e  h o s t’s in te s tin e  m any  c ircum 
stan ces w hich c a n n o t b e  p ro v id ed  in  vitro  m ay  fa v o u r th e  process. N ev e rth e 
less, i t  seem s to  be  fa ir ly  ce rta in  th a t  in  case v ita m in  A is u tilized  b y  th e  
w orm  in  vitro, i t  is also  u tiliz ed  in  vivo, as i t  seem s to  be  u n lik e ly  th a t  a re la 
tiv e ly  h igh ly  o rgan ized  an im al, like a w orm , w ould  acq u ire  an  en tire ly  new  
p ro p e r ty  — u tiliz a tio n  o f  a v ita m in  — w ith in  a few  d ay s . T he num erica l d a ta  
o b ta in e d  in  th e  in  v itro  ex perim en ts n a tu ra lly  do n o t  ap p ly  to  p a ras ite s  
h a rb o u re d  in  th e  in te s tin e s  o f hosts , b u t  are  c e rta in ly  o f b ea rin g  in  in d ic a t
ing  th e  tendencies.

T h e  m ost im p o r ta n t  conclusion d raw n  from  th e  ex p erim en ts  carried  
o u t u n d e r  d ifferen t co n d itio n s is th a t  A scaris su u m  w orm s are  capable  of 
in  vitro  u p ta k e  o f v i ta m in  A; th e y  s to re  i t  in  d issim ilar an d  fa irly  c o n s tan t 
co n cen tra tio n s in  th e  in d iv id u a l organs an d  u tilize  i t  in  th e ir  m etabolism . 
T he p a ra s i te ’s a b ility  to  u tilize  v ita m in  A needs no special p roof: w orm s 
o rig inally  n o t co n ta in in g  i t  in  d em onstrab le  a m o u n t show ed  a 10—14 I .U ./ l  g 
level a lre a d y  a fte r m a in te n a n c e  for 1 d ay  in  v ita m in  A  co n ta in in g  m edium . 
T he p a ra s i te ’s v ita m in  A  c o n te n t ten d ed  to  increase u n ti l  th e  6 th  day , reaching  
f in a lly  a 50 — 56 I.U ./g  lev e l, w hich w as m a in ta in e d  u p  to  th e  9 th  day  if  excess 
v ita m in  A  was still p re se n t in  th e  flu id  m edium . W hen , how ever, th e  v itam in
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Table IV

Organ distribution o f v itam in A in the presence of various substances  
in the flu id  medium

Active substance Organ
Vitamin A 

Ш . /g
Percentual dis

tribution  of 
v itam in  A

..

Cuticle 8.6 16.3

Tween 80 Subcuticle 6.1 34.5

0.8% Reproductory

organs 6.4 16.6

Intestine 45.5 24.2

Body fluid 3.0 8.4

Cuticle 2.4 6.5

Subcuticle 3.1 25.3

Edible oil Reproductory

0.2% organs 8.6 27.0

Intestine 30.0 27.0

Body fluid 3.2 14.2

Cuticle 51.0 12.1

Subcuticle 35.0 39.0

Gum-arabic Reproductory

0.14% organs 57.0 28.8

Intestine 122 13.2

B ody fluid 10.7 6.9

Cuticle 33.2 9.3

Subcuticle 49.0 40.3

Carophyll Reproductory

0.01% organs 70.5 30.0

Intestine 122.0 11.0

Body fluid 33.0 9.4

re se rv e  of the  m ed iu m  becam e e x h a u s te d  earlier or th e  w orm s w ere tra n sfe rre d  
o n  th e  3rd to  6 th  d a y  in to  a v itam in -free  m edium , th e  v ita m in  A co n ten ts  
o f  th e  worm  bodies te n d e d  to  decrease  w hile no d em o n strab le  v ita m in  ap p eared  
in  th e  m edium . T h is in d ica tes  t h a t  th e  v ita m in  A ta k e n  u p  b y  th e  w orm s 
w as u tilized  in  th e ir  m etabo lism .

T he storage o f v ita m in  A in  th e  p a ra s ite s ’ organs w as n o t  due to  b ind ing  
o f  diffused v ita m in  since, v ita m in  A being  fat-so lub le , in  t h a t  case th e re  w ould 
h a v e  been a co rre la tio n  b e tw een  f a t  an d  v itam in  A in  th e  in d iv id u a l organs.
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B u t no such  co rre la tio n  w as found  (Table I I ) ;  a p p a re n tly , th e  o rg an -d is tr ib u 
tio n  of v ita m in  A is re la te d  to  th e  p a ra s ite ’s m etab o lism  an d  is fa irly  c o n s ta n t. 
V itam in  c o n c e n tra tio n  re la te d  to  1 g o rgan  suspension  w as h ighest in  th e  
in te s tin e  an d  re p ro d u c to ry  organs, decreasing  successively  in  cu tic le , subcu tic le  
and  b o d y  flu id  (T able  I ;  F ig . 1). T he p e rc e n tu a l d is tr ib u tio n  o f v ita m in  A 
in th e  in d iv id u a l o rgans w as fa irly  c o n s ta n t an d  in d e p e n d e n t o f th e  d u ra tio n  
of th e  ex p erim en t, v ita m in  co n ten t of th e  m a in ten an ce  m edium  as well as 
o f th e  presence o f su b stan ces  affecting  v ita m in  A u tiliz a tio n  (Tables I  an d  IV ; 
Figs 2 and  10).

M ain ta in ing  A sca ris  suum  w orm s in  flu id  m ed ium , th e  la t te r ’s v itam in  A 
co n ten t ten d ed  to  decrease  and  p rac tica lly  d isap p eared  b y  th e  6 th  day . 
S im u ltaneously , th e  v ita m in  A co n te n t o f th e  p a ra s ite s  te n d e d  to  increase, 
th o u g h  in  a lesser deg ree; th e  difference be tw een  th e  tw o values in d ica ted  
th e  a m o u n t of v ita m in  m etabo lized  b y  th e  w orm s.

T he presence o f ca ro teno ids in  th e  flu id  m ed ium  h a d  no influence on 
th e  p a ra s ite s ’ v ita m in  A m etabo lism . B u t th e  a d d itio n  o f 0.1 or 0 .2%  edible 
oil effected  a consp icuous change: th e  m ed iu m ’s v ita m in  A co n ten t fell in  
one d ay  to  as low  a level as i t  did in  6 days in  oil-free m ed ium . In  th e  sam e 
ex p erim en t, also th e  v ita m in  A co n ten ts  of th e  w orm s w ere conspicuously  
low, p a r tic u la r ly  w hen  0 .2 %  oil h a d  been  added . In  th e  m edium  used  as 
w orm -free con tro l, no p a r tic u la r  change of th e  v ita m in  c o n te n t to o k  place. 
This uneq u iv o ca lly  in d ica te s  th a t  th e  presence o f oil in  th e  flu id  m edium  
enhances b o th  u p ta k e  a n d  u tiliz a tio n  of v ita m in  A.
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SUMMARY

In vitro studies o f the v itam in  A m etabolism  of Ascaris suum  fem ales have shown th at  
the parasites are capable o f  taking up the vitam in  from  their environm ent, and to store it  
in a fairly constant percentual distribution in their organs. B ut the organ distribution is unre
lated to  the organ’s fa t content.

The vitam in  A taken  up from the fluid m edium  is m etabolized by the worms. The 
carotenoids as precursors have no influence on vitam in A uptake and m etabolism , whereas 
addition of edible oil to the flu id  medium considerably enhances both.
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(Direktor: Prof. G. L ä m m ler) an der V eterinärm edizinischen Fakultät 

der Justu s L ieb ig-U niversität, Gießen

(Eingegangen am 22. Januar 1969)

Im ersten T eil der U ntersuchungen (P e l l é r d y , 1969) über parenterale Infektionen  
m it Eimeria stiedai wurde festgestellt, daß es beim  K aninchen m öglich ist, sowohl durch  
intravenöse als auch intraperitoneale oder intram uskuläre A pplikation in vitro excystierter  
oder unbehandelter, vo ll sporulierter O ocysten eine m ehr oder weniger starke Leberkokzidiose 
hervorzurufen. Es wurde ferner gefunden, daß nicht nur die E ndstadien der endo- und e x o 
genen E ntw icklung von  Eimeria stiedai, d. h. die sporulierten O ocysten, sondern auch jüngere, 
endogene E ntw icklungsstadien  (M erozoiten) bei parenteraler Verabreichung invasionsfähig  
sind.

I n  den  nach fo lgend  gesch ilderten  U n te rsu ch u n g en  p rü f te n  w ir die 
F rag e , oh eine A nsied lung  d er K okzid ien  n ach  o ra le r oder p a re n te ra le r  A pp li
k a tio n  n u r  bei ih re n  spezifischen  W irten  erfo lg t oder diese auch  bei fü r  die 
P a ra s ite n  a r tf re m d e n  W irte n  m öglich ist.

M aterial, Versuchsanordnung und Ergebnisse

Bei u n se ren  In fek tio n sv e rsu ch en  v e rsu c h te n  w ir ein G em isch m öglichst 
a lle r D a rm k o k z id ien a rten  sowie die L eb erk o k z id ien  ( E im eria  stiedai)  des 
K an in ch en s (Oryctolagus cu n icu lu s), au f w eiße R a tte n  ( R a ttu s  ra ttus) u n d  
M eerschw einchen (C avia  cobaya) sowie K o k zid ien  (E im e r ia  tenella)  des 
H au sh u h n s ( Gallus gallus dom esticus), a u f  T ru th ü h n e r  (M eleagris gallopavo) 
u n d  P e rlh ü h n e r (N u m id a  meleagris)  zu ü b e r tra g e n , w obei sow ohl bei o ra le r 
als au ch  p a re n te ra le r  V erab re ich u n g  die a llgem eine W id ers tan d sfäh ig k e it des 
W irte s  schw ächende V erfah ren  zu r A nw endung  gelang ten .

Sow eit angäng ig , verw en d eten  w ir bei a llen  V ersuchen  eine m öglichst 
große A nzahl vo ll sp o ru lie rte r  oder in  v itro  e x c y s tie r te r  O ocysten , u m  be i 
den ansch ließenden  m ik roskop ischen  U n te rsu c h u n g e n  die im  O rganism us v e r 
s tre u te n  K okzid ien  le ich te r zu  finden .

V or V erw endung  des In fe k tio n sm a te ria ls  w uschen  w ir die O ocysten  m e h r
m als g rü n d lich  in  physio log ischer K ochsalz lösung  aus. F ü r  die in  v itro -E x c y - 
s tie ru n g  w u rd en  die O ocysten  n ach  m ech an isch er Z erstö ru n g  der äu ß e ren  
H ülle  (M örser, K u gelm üh le , M ag n etrü h rer, H o m ogen isa to r) en tw eder in  e iner
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0 ,2 5 % ig en  P a n k re a tin -L ö su n g  oder u n te r  Z usatz  von  1 — 3 %  K an in c lien g a lle  
im  B ru tsc h ra n k  hei 37 °C in k u b ie r t. D ie p a ren te ra le  V erab re ich u n g  erfo lg te  
in  d ie Schw anz- oder eine M esen te ria lvene, die B auchhöh le  oder die M u sk u la tu r  
des H in te rsch en k e ls  d er V ersuchstiere .

D ie ü b rigen  speziellen  V ersuchsbed ingungen , die insbesondere  eine V er
m in d e ru n g  der W id e rs tan d sfäh ig k e it des W irts tie res  bezw eck ten  (H y d ro c o r ti
so n -B eh an d lu n g , R ö n tg e n b e s tra h lu n g , M eth io n in -H a lb m an g e ld iä t m it  A th io - 
n in -Z u g ab e  etc .) sind bei den e n tsp re c h e n d en  V ersuchen angegeben .

Abb. 1. N ach oraler Infektion  m it Eimeria stiedai  im  R attenkot gefuhdene O oeysten . G lyze
rin-Anreicherung, 500 X

Versuch 1

U m  h erau szu fin d en , w as m it a r tf re m d e n  O oeysten  n ach  o ra le r A ufnahriie  
b e i R a t te n  geschieh t, in fiz ie rten  w ir m it der S ch lundsonde zwei ju n g e  R a tte n  
v o n  Ca. 150 g K ö rpergew ich t m it 5 — 6 M illionen, e tw a zu 70%  sp o ru lie rte r  
O o ey sten  von  D arm kokzid ien  des K an in ch en s . Die T iere w u rd en  m it H ib e rn a l 
b e tä u b t ,  u m  eine bessere E in fü h ru n g  d e r Sonde zu erm öglichen . D ie R a tte n  
w a re n  e tw a  zwei W ochen  v o rh e r e n tm ilz t w orden.

A m  folgenden  T age zeigte die K o tu n te rsu c h u n g  m itte ls  G ly z e rin -F lo ta 
tio n sv e rfa h re n , daß  die v o rh e r kokzid iosefre ien  R a tte n  aussch ließ lich  n ich t 
o d e r in k o m p le tt sp o ru lie rte  O o eysten  m it dem  K o t aussch ieden  (A bb. 1).
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M ikroskopisch k o n n ten  w ir n eb en  völlig  in ta k te n  O ocysten  au ch  solche b eo b 
ac h te n , deren  H üllen  m eh r oder w eniger beschäd ig t w a ren . L eere O ocysten- 
h ü llen  k o n n te n  w ir n u r  v e re in ze lt sehen. In  keinem  F alle  sah en  w ir in fek tio n s
fäh ig e , vo ll spo ru lie rte  O ocysten  im  K o t, ein Zeichen d a fü r , d aß  im  D arm  
dieses fü r die K okzid ien  a r tf re m d e n  W irtes  eine E x c y s ta tio n  s ta ttg e fu n d e n  
h a t te .  S p ä te re  U n te rsu ch u n g en  ze ig ten , d aß  in  den g eb räu ch lich en  F lo ta tio n s 
m ed ien  wie G lyzerin , k o n z e n tr ie r te r  Z ucker- oder K o chsa lz lö sung  die leeren  
O ocystenhü llen  im  allgem einen n ic h t an  die O berfläche k o m m en  (Schrecke, 
1969), ih r F eh len  also m e th o d isch  b ed in g t w ar.

M it dem  gleichen R e s u lta t  h ab en  w ir den V ersuch  m it  anderen , te ils 
e n tm ilz te n , teils n ich t e n tm ilz tc n  R a tte n  m it und  ohne N ark o se  u n d  m it K ü k en  
m it D arm - u n d  L eberkokzid ien  des K an inchens w iederho lt.

D as w eitere  Schicksal d er aus den  O ocysten  im  D a rm  d e r  R a tte  fre ige
w ord en en  S porozoiten  w u rd e  h isto log isch  verfo lg t. H ie rzu  w u rd en  R a tte n  
v o n  d er e rs ten  S tunde  n ach  d er o ra len  In fek tio n  an bis zu m  fü n fte n  T ag  in  
2 4 -stü n d ig en  A b stän d en  g e tö te t. B ei d er m ikroskopischen  U n te rsu ch u n g  von  
D a rm a b s tr ic h e n  aus 4 — 5 v e rsch ied en en  D a rm a b sc h n itte n  k o n n te n  w ir n u r  
O ocysten , O ocystenhüllen  u n d  freie  S porocysten , ab e r k e in e  Sporozoiten  
fin d en . B ei der h isto log ischen  U n te rsu ch u n g  sahen w ir in  d e r D arm sch le im 
h a u t  einer einzigen R a tte , die am  e rs ten  T ag  nach  der In fe k tio n  g e tö te t w o r
d en  w ar, einige, sich m it H ä m a to x y lin  tie fb la u  färbende , zw ischen  den E p ith e l
zellen  der D a rm zo tten  liegende G ebilde, die keine b esondere  S tru k tu r  a u f
w iesen. F ü r  eine von  uns v e rm u te te  p a ra s itä re  N a tu r  d ieser G ebilde sp rach  
zu sä tz lich  eine ausgedehn te  E osinoph ilie  an  den e n tsp rech en d en  S tellen in  
d e r D arm w and .

In  den histo log ischen  P rä p a ra te n  der Leber von  m it E im eria  stiedai 
in fiz ie rten  R a tte n  w aren  keine H inw eise a u f  einen p a ra s itä re n  B efa ll zu finden .

Versuch 2

U m  die V erm u tu n g  zu  ü b e rp rü fe n , ob die schon v o n  e iner In fek tio n  
aus den O ocystenhü llen  b e fre ite n  S porozo iten  von  E im eria  stiedai in  einem  
a r tfre m d e n  W irt le ich te r vom  D a rm  in die L eber gelangen k ö n n te n , in fiz ierten  
w ir v ie r junge  R a tte n  oral m it in  v itro  ex cy stie rten  S tied a i-O ocysten . D urch  
die h isto log ische U n te rsu ch u n g  d e r am  12., 14., 17. u n d  18. T ag  nach  der 
In fe k tio n  g e tö te ten  R a tte n  k o n n te n  w ir lediglich festste llen , d aß  die L eber
kokz id ien  des K an inchens au ch  m it d ieser M ethode n ic h t a u f  R a tte n  ü b e r
t r a g b a r  w aren.

Versuch 3

In  v itro  ex cy stie rte  E im eria  stiedai-O ocysten  w u rd en  zwei R a tte n  
in tra p e rito n e a l e ingesp ritz t. A n d e r L eberoberfläche der am  16. Tag n ach  
d e r In fek tio n  g e tö te ten  R a t te n  w aren  nade lstichg roße , m a n ch m a l auch etw as
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Abb. 2. R attenleber m it Eimeria stiedai-O ocysten unter der G lissonschen Kapsel nach  
intraperitonealer Infektion . H aem .-Eos., 350 x

Abb. 3. O ocystenreste und nekrotische Herde in der Leber einer R a tte  nach intraperitonealer
Infektion. H aem .-E os., 200 x
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größere, g rauw eiße  K n ö tch en  zu sehen. B ei d er h isto log ischen  U n te rsu ch u n g  
zeigte es sich , d aß  die K n ö tch en  d irek t u n te r  d er G lissonschen K apsel lagen , 
die an  d iesen  S tellen  v e rd ic k t w ar. Sie b e s ta n d e n  aus H au fen  sp o ru lie rte r 
u n d  n ic h t sp o ru lie rte r  O ocysten , leeren  O ocysten h ü llen , sowie aus e n tz ü n d 
lichen Z elle lem en ten  und  D e tr itu s  (A bb. 2). E in  G ran u lo zy ten  e n th a lte n d e r  
en tzü n d lich e r H o f um gab die O ocysten . In  den  h isto log ischen  P rä p a ra te n  
w ar keine A n d e u tu n g  einer A nsied lung  oder W eite ren tw ick lu n g  d er K okzid ien  
in der L eber zu  finden .

Die T a tsa c h e , daß  die O ocysten  p assiv  aus der B auchhöh le  in  die L eber 
gelangen k ö n n en , w urde schon im  e rs ten  T eil d ieser U n te rsu ch u n g en  n a c h  
in tra p e rito n e a le r  In jek tio n  a rtsp ez ifisch er K okzid ienoocysten  festg este llt 
( P e l l é r d y , 1969), je tz t  jedoch  m it dem  U n te rsch ied , d aß  sie sich im  n ich t 
spezifischen W ir t  (R a tte )  n ic h t w e ite ren tw ick e lten . E ine  E rk lä ru n g  d afü r, 
wie die O ocysten  aus der B auchhöh le  d u rch  die G lissonsche K apse l h in d u rch  
in  die L eber g e lan g t sind , kön n en  w ir n ich t geben . In  an d eren  O rganen  (Lunge 
Milz, N iere) w a ren  keine K okzid ien  zu fin d en .

Bei e iner W iederho lung  dieses V ersuches v e rw en d e ten  w ir zwei R a tte n , 
die am  4. u n d  18. T ag  nach  d er In fek tio n  g e tö te t  w urden . A uch  h ier k o n n ten  
w ir die oben  e rw äh n ten  K n ö tch en  in v e rsch ied en er Z ahl u n d  A usdehnung  
sehen. Sie lag en  w ieder u n te r  d er L eb erk ap se l, u n d  b e s ta n d e n  aus m ehr oder 
w eniger u n v e rä n d e r te n  O ocysten , leeren  O ocystenhü llen , D e tritu se lem en ten  
u n d  w aren  m it einem  aus L eu k o zy ten , L y m p h o z y te n , E osinoph ilen  un d , bei 
der sp ä te r  g e tö te te n  R a tte , einem  auch  aus b indegew ebigen  E lem en ten  b e s te 
henden  H o f u m g eb en  (A bb. 3).

Versuch 4

Z ehn ju n g e  R a tte n  w u rd en  in tra v e n ö s  (Schw anzvene) m it ex cy stie rten  
O ocysten  von  E im eria  stiedai in fiz ie rt. D ie In je k tio n  m u ß te  m ög lichst langsam  
erfolgen, u m  ein, d u rch  die in  g roßer M enge in  das B lu tg e fäß sy stem  gelangen
den  O ocysten  v e ru rsach te s  L ungenödem  (A bb. 4) zu v erm eid en . T ro tz  aller 
V orsich t v e re n d e te n  einige R a tte n  w äh ren d  u n d  n a c h  der In je k tio n . B ei d er h is 
to log ischen  U n te rsu ch u n g  s te llte n  w ir m assive  V erlegungen v ieler L ungen
k ap illa rg e fäß e  d u rch  zahlreiche K okzid ien  (ex cy stie rte  u n d  n ic h t ex cy stie rte  
O ocysten  b zw . -hü llen) fest.

Die ü b e rleb en d en  T iere w urden  zw ischen  dem  3. u n d  14. T ag  p ost 
in fec tionem  (p. i.) g e tö te t. N eben  der m akroskop ischen  U n te rsu ch u n g  w urde  
bei allen T ieren  eine histo logische U n te rsu ch u n g  u n te r  besonderer B erücksich 
tig u n g  der p a ren ch y m a tö sen  O rgane L eber, L unge, H erz, Milz u n d  N ieren  
d u rch g efü h rt. In  den L u n g en k ap illa ren  fan d e n  w ir regelm äßig  steckengeb lie 
bene O ocysten  u n d  leere O ocystenhü llen , die v o n  einem  en tzü n d lich en  H o f 
m it G ran u lo zy ten , R iesenzellen etc . um geben  w aren . A ußerdem  sahen  w ir
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g rö ß ere  u n d  k le inere  a te le k ta tisc h e  u n d  em physem atose  B ezirke im  m ik ro 
sk o p isch en  Bild.

In  einem  F a lle  fan d e n  w ir eine e in g ed rü ck te  O ocyste im  B lu t d er linken  
H erzk am m er. Alle a n d e ren  O rgane w aren  frei von  O ocysten .

Abb. 4. Lunge einer, während der intravenösen Injektion verendeten R atte. K apillarver
legungen  durch O ocysten, atelektatische Lungenbezirke, benachbarte Em physem e, F lüssig

keitsaustritt. H aem .-E os., 400 X

Versuch 5

N ach L ap aro to m ie  in jiz ie rten  w ir zwei R a tte n  e tw a 1 m l des aus in 
v i t ro  ex cy stie rten  S tied a i-O ocysten  besteh en d en  In fek tio n sm a te ria ls  a u f  
m eh re re  S tellen  v e r te i l t  d irek t in  die L eber. Bei den am  14. u n d  17. T ag  n ach  
d e r O p era tio n  g e tö te te n  R a tte n  ze ig ten  sich sow ohl an  der O berfläche  als 
a u c h  a u f  den an ge leg ten  S c h n ittf lä c h e n  im  In n e ren  der L ebern  s te c k n a d e l
k o p fg ro ß e  w eißg raune  K n ö tch en . D ie K n ö tc h e n  b e s ta n d e n  m ik roskop isch  aus 
sp o ru lie rte n  u n d  n ic h t sp o ru lie rten  O ocysten , leeren  O ocystenhü llen , Sporo- 
c y s te n  u n d  im  D e tr itu s  aus M assen v o n  G ran u lo zy ten  (A bb. 5a). N eben  
F ib ro b la s te n  fie len  au ch  sich m it H ä m a to x y lin  tie fb la u  an fä rb en d e , m eist 
ru n d e , etw a leberzellkerng roße G ebilde auf, deren  Id e n t i tä t  w ir n ic h t ganz 
s ich e r b estim m en  k o n n te n . M öglicherw eise h an d e lte  es sich bei diesen G ebilden 
u m  aus v e rsp ü rten  O ocysten  in  v itro  ex cy stie rte , in jiz ie rte  S porozo iten  k u rz  
v o r  oder n ach  ih rem  A bste rb en  (A bb. 5b). A nzeichen fü r  eine A nsied lung  
o d e r W eite ren tw ick lu n g  der K o kzid ien  feh lten  auch  bei diesen R a tte n .

Versuch 6

Zwei ju n g e , sp len ek to m ie rte  R a t te n  w u rd en  in  d er zw eiten  W oche n ach  
d e r O pera tion  m it E n tw ick lu n g ss tad ien  von  E im eria  stiedai aus d e r K a n in 
ch en leb er in fiz ie rt. I n  Q u e tsc h p rä p a ra te n  der L eber des am  15. T ag  p . i.

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



ÜBERTRA G UN G SV ERSU CH E VON K O K ZID IEN 2 5 9

Abb. 5 a. O ocystenreste, G ranulozyten, D etritusm asse und nekrotisierendes Lebergewebe 
in  der Leber des gleichen Tieres. H aem .-Eos., 350 X

Abb. 5 b. O ocystenreste und parasitenverdächtige Gebilde (Sporozoiten ?) in  der Rattenleber  
nach Infektion  direkt in die Leber. H aem .-E os., 1000 X

g e tö te te n  D o n o r-K an in ch en s sahen  w ir m ikroskopisch  n eb e n  fre ien  M erozoiten 
zah lre iche, 16 — 20 M erozoiten  e n th a lte n d e  Schizonten , d e ren  m assenhaftes 
V orkom m en im  L ebergew ebe auch  h isto log isch  b e s tä tig t w u rd e  (A bb. 6). D as 
In fe k tio n sm a te ria l w urde  d u rch  A bschaben  von der L eb er u n d  V erd ü n n en  
in  an g ew ärm te r physio log ischer K ochsalzlösung  m it an sch ließ en d er F iltra tio n  
d u rch  M ull gew onnen. E in e r  R a t te  w urde  diese Suspension  n a c h  L ap aro to m ie  
in  eine M esenteria lvene (A bb. 7), d e r an d eren  d irek t in  das Lebergew ebe 
in jiz ie rt. A m  6. Tage n a c h  d er zw eiten  O pera tion  w u rd en  die T iere  g e tö te t. 
B ei d er h isto log ischen  U n te rsu ch u n g  fan d en  w ir einige läng liche , sich m it 
M allory tie fb lau  fä rb en d e  G ebilde. D iese F o rm en , die v e rm u tlic h  den  in jiz ie rten
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Abb. 6. Leber des zur M erozoiten-G ewinnung benutzten D onor-K aninchens am 15. Tag
nach der Infektion . H aem .-E os., 300 X

Abb. 7. In jek tion  intra venam  m esenterialem . Geringgradig vergrößert

M erozoiten en tsp ra c h e n  (A bb. 8), w iesen keine b eso n d ere  S tru k tu r  a u f  u n d  
w aren  n u r  w enig  g rö ß er als die K ern e  norm aler L eberzellen . W ie bei den an d e 
re n  F ällen  b eh e rrsc h te  au ch  h ie r  eine en tzünd liche  G ew ebsreak tion  (A bb. 9) 
d a s  h istologische B ild , v o r a llem  an  den S tellen , an  den en  das In fe k tio n s 
m a te r ia l d irek t in  das L ebergew ebe e ingesp ritz t w o rd en  w ar. Die läng lichen , 
sich  m it M allory d u n k e lb lau  fä rb en d en  s tru k tu rlo se n  G ebilde, die sche inbar 
d en  zug ru n d eg eh en d en  M erozo iten  en tsp rach en , k a m e n  n a tü rlic h  auch  an  
diesen S tellen  in  u n te rsc h ie d lic h e r Z ahl vor.
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Abb. 8. Merozoiten (?) v o n  Eimeria sliedai in einer R attenleber am 6. Tag nach der intra  
venösen Infektion m it E ntw icklungsstadien von  Eimeria stiedai. Mallory, 1000 x

Abb. 9. E ntzündungserscheinungen nach direkter Injektion  in  die Leber. Sechster Tag p. i.
H aem .-Eos., 200 x

Versuch  7

Sechs 150 — 200 g schw eren R a tte n  w u rd en  11 T age lang  täg lich  3,7 bis 
4 m g H y d ro co rtiso n  su b c u ta n  v e ra b re ich t. U m  ev en tu e llen  u n erw ü n sch ten  
bak te rie llen  In fe k tio n e n  w ährend  der B eh an d lu n g  vo rzubeugen , in jiz ie rten
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w ir gleichzeitig  je d e r  R a t te  täg lich  3000 I. E . Penicillin  u n d  0,02 g S tre p to 
m y c in  su b cu tan . A nsch ließend  in fiz ie rten  w ir drei R a tte n  o ra l m it großen 
M engen  von D arm - u n d  L eb erk o k z id ien o o cy sten  des K an in ch en s . D en  drei 
re s tlic h e n  R a tte n  w u rd en  e x cy s tie rte  E im eria  s tied a i-0 o cy sten  (O ocysten , 
S p o ro cy sten  und  Sporozo iten ) in  die M esenteria lvene in jiz ie rt.

D ie Tiere der e rs te n  G ruppe w u rd en  am  2., 4. u n d  6. T ag  n a c h  der 
In fe k tio n  g e tö te t, v o n  d er zw eiten  G ru p p e  s ta rb  ein T ier am  e rs te n  T ag  p . i., 
d ie  b e id en  überleb en d en  T iere  w u rd en  m it R ü ck sich t a u f  die län g ere  E n t 
w ick lungsze it von  E im eria  stiedai am  13. u n d  18. T ag  nach  d er In fe k tio n  g e tö 
t e t  u n d  u n te rsu ch t. Im  Je ju n u m  d e r ora l in fiz ierten , am  zw eiten  T ag  p . i. 
g e tö te te n  R a tte  fan d e n  w ir bei d er h isto log ischen  U n te rsu ch u n g  (wie in  V er
su ch  1) vere inzelt S po rozo iten  in te rz e llu lä r  zw ischen den E p ith e lze llen  liegend. 
W e d e r bei dieser R a t te  noch  in  D a rm  u n d  L eber der b e id en  a n d e ren  oral 
in f iz ie r te n  T iere fan d en  w ir Zeichen, die a u f  eine K o k z id ienansied lung  h in d e u 
te te n .

B ei den R a tte n  d er in trav en ö s  in fiz ie rten  G ruppe s te llte n  w ir bei der 
S e k tio n  u n d  h isto log ischen  U n te rsu c h u n g  im  Lebergew ebe n u r  zah lre ich e , aus 
O o cy sten , O ocystenhü llen , S p o ro cy sten  und  D e tr itu sm a te r ia l b e s teh en d e  
K n ö tc h e n  fest, die v o n  dem  schon w ied erh o lt besch riebenen , en tzü n d lich en  
H o f  um geben  w aren .

V ersuch 8

U m  die W id e rs ta n d sk ra f t d er R a t te n  m it einem  a n d e ren  V erfah ren  zu 
sch w äch en , se tz ten  w ir zw anzig 10 — 20 W ochen a lte  w eib liche R a t te n  d e r 
E in w irk u n g  von R ö n tg e n s tra h le n  aus (480 R ; 20 m A , 200 k W , 0,5 cu  F ilte r , 
17,93 R /m in , J/2 S tu n d e ). Am Tage n a c h  d er B estrah lu n g  w u rd e n  die R a tte n  
in  fü n f  G ruppen  zu je  v ie r T ieren  e in g e te ilt.

In  G ruppe 1 b ek am en  die T iere  ora l m ehrere  M illionen sp o ru lie rte r  
E im e r ia  stiedai-O ocysten . Die v ie r  R a t te n  der G ruppe 2 e rh ie lte n  o ra l 
d ie  gleiche Menge eines G em isches v e rsch ied en er D arm k o k z id ien o o cy sten  des 
K an in ch en s . In  G ru p p e  3 w urde  d en  T ieren  o ra l ein G em isch v o n  L eb e r
u n d  D arm k o k zid ien o o cy sten  des K an in ch en s  app liz iert. D ie R a t te n  in  G ruppe 
4 b ek a m e n  nach  der ü b lich en  L ap a ro to m ie  in  v itro  ex cy stie rte  E im eria  stiedai- 
O o cy sten  in  eine M esen teria lvene  in jiz ie r t u n d  die v ier T iere  d er G ru p p e  5 
b lieb en  als b e s tra h lte , n ic h t in fiz ie rte  K o n tro lltie re  zu rück .

D ie R a tte n  w u rd en  vom  2. b is 18. T ag  nach  der In fe k tio n  g e tö te t. 
D ie  U n te rsu ch u n g sm eth o d en  u n d  e rh a lte n e n  B efunde glichen d en en  der v o r
h e rg eh en d en  V ersuche, so d aß  sich eine eingehende S ch ilderung  derselben  
e rü b r ig t. In  den D ärm en  der R a tte n  fa n d  keine K o k zid ien an sied lu n g  s ta t t .  
I n  d en  L ebern  der T iere  aus G ruppe  4 w u rd en  bei den zu e rs t g e tö te te n  T ieren  
n u r  d ie  in  den K ap illa rg e fäß en  (und  deren  U m gebung) stecken g eb lieb en en
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O ocysten , bei den n äch sten  a llm äh lich  die schon besch riebenen  E n tzü n d u n g s- 
erscheinungen  und  bei den z u le tz t g e tö te te n  R a tte n  schließlich  auch  die Z ell
ty p e n  (H istio cy ten , E p ith e lo idze llen , R iesenzellen), die bei der E n tfe rn u n g  von  
F re m d k ö rp e rn  aus dem  O rgan ism us eine R olle spielen, b eo b ach te t.

Z usam m enfassend  lä ß t sich sagen , d aß  w ir auch  bei den R a tte n , deren  
allgem eine W id e rs ta n d sk ra ft en tw ed er d u rch  H y d ro co rtiso n g ab en  oder d u rch  
R ö n tg e n b e s tra h lu n g  v e rm in d e rt w orden  w ar, keine Zeichen fests te llen  k o n n 
te n , die a u f  eine A nsied lung  a rtf re m d e r  K okzid ien  h in d e u te te n .

Versuch 9

E in en  anderen  W eg, d er von  den b ish e r b e n u tz te n  V erfah ren  p rinzip ie ll 
abw ich , b e n u tz te n  w ir bei dem  V ersuch , die allgem eine W id e rs tan d sfäh ig k e it 
der R a t te n  ü b er die N ah ru n g  zu beein flussen .

U m  den  endogenen E iw eißstoffw echsel u n d  d am it auch  die B ild u n g  d er 
Im m u n g lo b u lin e  zu beein flussen , h ie lten  w ir V e rsu ch sra tten  a u f  e iner M eth io 
n in -H a lb m an g e ld iä t m it A th ion in -Z u g ab e  (62%  K a rto ffe ls tä rk e , 8 %  Casein, 
3%  B ierhefe , 46%  P u d e rzu ck e r, 8 %  L eim , 4 1 %  V itam in e  u n d  M in era l
sa lzzu sa tz , 10%  F e tte  u n d  0 ,3 %  Ä th io n in ). Zw ölf e tw a  150 g schw ere R a t te n  
w u rd en  m indestens zwei W ochen  lan g  a u f  d ieser D iä t geha lten . D ie In fe k tio n  
erfo lg te  zu  einem  Z e itp u n k t, an  dem  sich die e rs ten  A usw irkungen  d er M angel
d iä t (M a ttig k e it, G le ichgü ltigkeit, A p p e titlo sig k e it)  zeig ten . Sechs R a t te n  
w u rd en  m it spo ru lie rten  E im eria  stieda i-O ocysten , die anderen  sechs T iere  
m it sp o ru lie rten  O ocysten  v o n  D arm k o k z id ien  des K an inchens o ra l in fiz ie rt.

In n e rh a lb  von  20 B eo b ach tu n g stag en  k o n n te n  im  K o t, abgesehen  von  
den b e id en  ersten  T agen  n ach  d er In fe k tio n , keine O ocysten  von  K a n in c h e n 
k okzid ien  b e o b ach te t w erden . A uch  bei d er h isto log ischen  U n te rsu ch u n g  d er 
zu u n te rsch ied lich en  Z eiten  n a c h  der In fe k tio n  g e tö te ten , von  der D iä t vö llig  
e rsch ö p ften  T iere w aren  w eder im  D arm  noch  in  d er L eb er Z eichen  eines 
B efalls m it diesen K an in ch en k o k z id ien  zu sehen.

Versuch 10

M ehrere M illionen e x cy s tie rte r  E im eria  stiedai-O ocysten  w u rd en  zwei 
ju n g e n  M eerschw einchen in tra c a rd ia l in jiz ie rt. A m  15. d arau ffo lg en d en  T ag  
k o n n te n  w ir w eder bei d er S ek tion  noch  bei d e r ansch ließenden  h isto log ischen  
K o n tro lle  d e r/e in z e ln en  O rgane a u f  eine K o k z id ienansied lung  h inw eisende 
V erän d eru n g en  festste llen . Lediglich  in  den  L ungen  fan d en  w ir an  m eh re ren  
S tellen  d u rch  O ocysten  v e ru rsa c h te  G efäßverlegungen  m it den R esten  einer 
en tzü n d lich en  G ew ebsreaktion  (A bb. 10). D as E rgebn is dieses V ersuches ze ig t, 
d aß  sich au ch  beim  M eerschw einchen d ire k t in  den  B lu tk re is la u f a p p liz ie rte  
L eberk o k z id ien  des K an in ch en s n ic h t w e ite ren tw ick eln  können .
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V ersuch 11

D a das K a n in ch en  (O rdo Lagom orpha) m it d er R a tte  u n d  dem  M eer
schw einchen  (O rdo R odentia) n ach  der d e rze it gü ltig en  zoologischen S y stem a tik  
v o n  S im pso n  (1945) n u r  sehr w eitläu fig  v e rw a n d t is t, h ab en  w ir bei w eite ren  
V ersu ch en  solche T ie re  v e rw en d e t, die m ite in a n d e r  in  zoologisch n ä h e re r  V er
w a n d ts c h a f t  s tehen .

Abb. 10. Eimeria stiedai-O ocysten in der Lunge eines M eerschweinchens am  15. Tag 
nach intracardialer Injektion . H aem .-E os. 200 x

E in e  G ruppe v o n  zw anzig frisch  gesch lü p ften  T ru th ü h n e rn  w urde  in  
e in e r  d e ra r t  s te rilen  U m gebung  g eh a lten , d aß  eine in te rk u rre n te  K o k zid ien 
in fe k tio n  ausgeschlossen  w ar. W äh ren d  d er e rs te n  n eun  L ebenstage  e rh ie lten  
d ie  T ie re  täg lich  2 m g H y d ro co rtiso n  su b c u ta n . A m  9. T ag  w ar eine deu tlich e  
W irk u n g  der C o rtisongaben  festzu ste llen , d e r einige T iere sogar erlagen. D ie 
ü b e rle b e n d e n  K ü k e n  w u rd en  an  diesem  T ag  o ra l m it einer M illion gu t sporu lier- 
t e r  E im eria  tenella-O ocysten , die aus H ü h n e rk ü k e n  gew onnen w orden  
w a re n , in fiz iert. B is zum  d r it te n  T ag  n a c h  d e r In fek tio n  schieden die T ru th ü h 
n e r  d a ra u fh in  im  K o t leere O ocystenhü llen  u n d  n ich t vo ll sp o ru lie rte  E im eria  
tenella -O ocysten  aus. W eitere  täg lich e  K o tu n te rsu c h u n g e n  bis zum  9. T ag  
p . i. ze ig ten  keine O ocy sten  m ehr. E benso  b lieb en  die sp ä te ren  S ek tionsbefunde  
u n d  h isto log ischen  K o n tro llen  n eg a tiv .
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Als E rgebn is b le ib t fe s tz u h a lte n , d aß  E im eria  tenella  a u f  die n äh e t 
v e rw a n d te n  u n d  du rch  H y d ro co rtiso n -B eh an d lu n g  g esch w äch ten  T ru th ü h n e r 
n ich t ü b e r tra g b a r  ist.

Versuch 12

Bei d iesem  V ersuch h a n d e lt es sich  im  P rinz ip  u m  eine W iederho lung  
des V ersuches 11 m it an d eren  R ez ip ien ten , P e rlh ü h n e rn . D ie sieben  Tage 
a lte n  Vögel w urden  ebenfalls n eu n  T age lang , d iesm al m it sich  tä g lic h  s te ig ern 
den  D osen von  anfangs 2,5 b is sch ließ lich  10 m g H y d ro c o rtiso n  su b c u ta n  
b eh an d e lt. A nschließend b ek am en  die s ta rk  geschw äch ten  T iere  ora l je  5 
M illionen E im eria  tenella-O ocysten . A uch  in  diesem  V ersuch  t r a te n  zum  
In fe k tio n sz e itp u n k t die e rs ten  T odesfälle  auf. Die A u sw ertu n g  d er V ersuchser
gebnisse n ach  den in  V ersuch  11 gesch ild erten  K rite rien  zeig te , d aß  E im eria  
tenella u n te r  den v e rw en d e ten  V ersuchsbed ingungen  au ch  a u f  das P e rlh u h n  
n ic h t ü b e r tra g b a r  ist.

Versuch 13

Die U b ertrag u n g sv ersu ch e  bei M e th io n in -H a lb m an g e ld iä t m it 0 ,36%  
Ä th io n in -Z u sa tz  w urden  u n te r  d ense lben  V ersuchsbed ingungen  w ie in  V er
such  9 bei zoologisch n ä h e r  v e rw a n d te n  T ieren  w iederho lt.

J e  zw anzig  ju n g e , kokzid ienfre ie  P erl- u n d  T ru th ü h n e r  w u rd en  nach  
m eh rtäg ig e r M angeld iät m it e in er M illion in fek tio n sfäh ig er E im eria  tenella- 
O ocysten  in fiz ie rt.

A uch  h ie r zeig ten  die V ersuchsergebn isse  an  H a n d  d er S ek tionen  u n d  
h isto log ischen  K o n tro llen , d aß  d er V ersuch  einer In fe k tio n  v o n  in  ih re r  W id er
s tan d sfäh ig k e it d u rch  eine A m inosäu re-M angeld iät gesch w äch ten  P e rlh ü h n e rn  
u n d  T ru th ü h n e rn  m it einer K o k z id ie n a rt des H au sh u h n es  erfolglos geblie
b en  w ar.

D iskussion

D as Ziel u nsere r V ersuche w ar, festzuste llen , ob sich  a r tfre m d e  K okzi
d ien  bei o ra le r oder nach  p a re n te ra le r  A p p lik a tio n  in  n o rm a le n  oder in  ih re r 
W id ers tan d sfäh ig k e it g eschw äch ten , n ic h t spezifischen W irte n  ansiedeln  
können .

Die e rs ten  V ersuche ze ig ten , d aß  im  D arm  auch  die O o cysten  d er a r t 
frem den  K o k z id ien arten  ex cy stie ren  k ö n n en . Gleiche E rgeb n isse  k o n n te n  auch  
bei anderen  T ie ra rten  u n d  m it a n d e ren  K o k z id ien arten  e rz ie lt w erden  (L otze
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e t  a l., 1961; L otze u n d  L e e k , 1963; Sp i n d l e r , 1965; Ma r q u a r d t , 1966). 
D ie in  vivo e x c y s tie r te n  S porozo iten  en tw ickeln  sich  je d o c h  nach  un seren  
U n te rsu ch u n g en  n ic h t  w eite r, sondern  k ö n n en  h ö ch sten s  noch  zw ischen die 
E p ith e lze llen  e in d rin g en .

Im  Laufe d e r fo lgenden  U n te rsu ch u n g en  w u rd en  u n te r  versch iedenen  
B ed ingungen  in  v i tro  e x c y s tie r te  O ocysten  bzw . die aus den  O ocysten  fre ig e 
w ordenen  E n d s ta d ie n  d er S po ru la tio n , die S p orozo iten , d e r L eberkokzid ien  
des K an inchens in  die Schw anzvene oder in  eine d er M esen te ria lvenen , w e ite r
h in  in  die B au ch h ö h le  o d er d ire k t in  das L ebergew ebe ju n g e r  R a tte n  in jiz ie rt. 
D iese B em ühungen  b lieb en  ebenso erfolglos w ie die d arau ffo lg en d en  V ersuche, 
in  denen  w ir m it en d o g en en  E n tw ick lu n g ss tad ien  (M erozoiten  u n d  S chizonten) 
v o n  E im eria  stiedai die In d iffe ren z  des n ich t spezifischen  W irtes zu d u rc h 
b rech en  suchten . D ie s te ts  n eg a tiv en  E rgebnisse  bei p a re n te ra le r  V erab re ichung  
ließ en  uns zu d er S ch luß fo lgerung  kom m en, d aß  die die In v a s io n  v e rh in d e rn 
d en  B arrieren  im  F a lle  d er L eberkokzid iose des K a n in c h e n s  n ich t im  D arm  
d e r R a tte  zu suchen  sin d , sondern  daß  als U rsache  d er S p e z if itä t dieser K o k zi
d ien  auch an d ere  F a k to re n  eine en tscheidende R olle sp ielen .

Im  folgenden v e rsu c h te n  w ir die a llgem eine W id e rs tan d sfäh ig k e it u n d  
d a m it auch die u n b e k a n n te n  A bw ehrm echan ism en  d e r R a tte n  m itte ls  v e r 
sch iedener M ethoden  zu  v erm in d ern .

Ü ber die F o lgen  einer Splenektom ie  w issen w ir, d aß  n ach  der O p era tio n  
die n a tü rlich e  R esis ten z , also im  G runde genom m en die S p ez ifitä t, b e e in flu ß t 
w ird . Es ist u n te r  an d e rem  n ic h t u n b e k a n n t, d aß  sich  in  e n tm ilz te n  M enschen 
d e r sonst a r tfre m d e  P a ra s i t  Babesia bovis an siedeln  u n d  v erm eh ren  k an n  
(S krabalo  u n d  D e a n o v i c , 1957). In  einem  an d eren  F a ll k o n n te  Babesia bovis 
u n te r  V erlust ih re r  S p e z if itä t a u f  einen en tm ilz ten  S ch im p an sen  ü b e rtra g e n  
w erden  (Ga r n h a m  u n d  B r a y , 1959). Ma y e r  (1966) b e r ic h te t  ü b e r die e rh ö h te  
E m p fin d lich k e it e n tm ilz te r  H a m ste r  gegenüber T rypanosom a equiperdum . 
Ä hnliches w urde be i serologischen A rbeiten  in  dem  B u d a p e s te r  In s t i tu t  b e o b 
a c h te t:  Zur A n tig en g ew in n u n g  dienende T ry p an o so m en stäm m e  (T ry p a n o 
som a lew isi)  v e rm e h r te n  sich in  en tm ilz ten  H u n d e n  w esen tlich  besser als in  
n ic h t operierten  (n ich t v e rö ffen tlich t). U nsere  n e g a tiv e n  Ü b ertrag u n g sv er- 
suche stehen  in gew isser Ü bere in stim m u n g  m it den  erfo lg losen  V ersuchen  von  
R ose  (1968), ü b e r  die Splenek tom ie  bei K ü k en  in  das Im m u n itä tsg esch eh en  
d er E im eria  tenella-In fe k tio n  einzugreifen.

Die W irk u n g  v o n  H y d ro co rtiso n  sowie von  R ö n tg e n s tra h le n  a u f  das 
Im m u n itä tsg esch eh en  is t b e k a n n t, so daß  a u f  eine D a rs te llu n g  der d a rü b e r v o r
liegenden  L ite ra tu r  v e rz ic h te t w erden k an n . In  u n se ren  V ersuchen zeig te 
sich  w eder hei o ra le r  noch  bei p a re n te ra le r  In fe k tio n  m it n ic h t spezifischen 
K okzid ien  eine A b sch w äch u n g  d er v o rh an d en en  R esis ten z .

N icht d u rch  A k tiv itä tsm in d e ru n g  oder S ch äd ig u n g  d er körpere igenen  
Im m u n zen tren  so n d e rn  d u rch  eine V erh inderung  d er B ild u n g  von  Im m u n 
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sto ffen  d u rc h  m an g e lh a fte  Z ufuh r d er d azu  b e n ö tig te n  B au ste in e  u n d  z u s ä tz 
liche G abe eines A n tim e tab o liten  v e rsu c h te n  w ir m it d er M eth io n in -H a lb m an 
g eld iä t m it Ä th io n in zu sa tz  in  den Im m u n itä tsm e c h a n ism u s  einzugreifen . 
A th io n in  is t  als M eth ion in -A n tagon ist b e k a n n t. D u rch  seine Z ugabe so llte  
bei g leichzeitig  v e rm in d ertem  M eth ion in -A ngebo t die E iw eißb ildung  (u n d  
d am it au ch  die B ildung  der Im m u n g lo b u lin e) b ee in flu ß t w erden.

F rü h e r  d u rch g e fü h rte  V ersuche h a t te n  gezeigt, d aß  R a tte n , die a u f  
einer so lchen D iä t geh a lten  w urden , k lin isch  m an ifest an  norm alerw eise  n u r  
la te n t  v o rh a n d e n e r  L ep tosp irose u n d  L iste rio se  e rk ra n k te n  (B ertÓK, 1964). 
Bei den K o k z id io seü b ertrag u n g sv ersu ch en  zeig te  sich jed o ch  auch  h ie r ke in  
E rfolg .

Alle d iese V ersuche b e s tä tig te n  die b isherige  A uffassung , daß  die a r t 
b e s tim m te  In d iffe ren z  eines W irts tie res  gegen einen P a ra s ite n  v e rm u tlic h  in  
keinem  Z u sam m en h an g  m it irgendeiner A r t d er n a tü rlic h e n  oder e rw o rb en en  
Im m u n itä t  s te h t.

L e tz te n  E n d es  hab en  die d u rc h g e fü h rte n  U n te rsu ch u n g en  ausnahm slos 
— w enn au ch  v o n  d er n eg a tiv en  Seite h e r  — die strenge  A rtsp e z if itä t e in iger, 
in  w a rm b lü tig en  T ieren  sch m aro tzen d er E im eria -A rten  b e s tä tig t. O bzw ar 
w ir ü b er die N a tu r  dieser S p ez ifitä t n ic h ts  N äheres w issen, b ek rä ftig en  die 
n eg a tiv en  E rgebn isse  un serer U b e rtrag u n g sv e rsu ch e  die A nschauung , d aß  die 
S p ez if itä t d e r K okzid ien  n ich t m it dem  V o rh an d en se in  oder dem  M angel 
einer A g g ress iv itä t oder W id e rs tan d sfäh ig k e it seitens des P a ra s ite n  o d er des 
W irtes zu  e rk lä ren  ist.

D esw egen m üssen  w ir uns auch  h e u te  noch  m it Sa n d g r o u n d ’s (1929)  
zw ar in  den  E in ze lh e iten  im m er noch  n ic h t g ek lä rten  ab e r tro tz d e m  g ü ltig en  
D efin itio n  b eg nügen , n ach  der die n a tü r lic h e  R esistenz  »is believed  to  be 
sim ply  a m a tte r  o f species in c o m p a ta b ility  p ro te c tin g  an  an im al only  a g a in s t 
th o se  p a ra s ite s  th a t  requ ire  specific co n d itio n s for th e ir  developm ent d iffe r
ing  from  th o se  possessed b y  th e  n a tu ra lly  n o n  specific host«.

ZUSAM M EN FA SSU NG

E xcystierte  und nicht excystierte sporulierte O ocysten von  Darm - und Leberkokzidien  
des K aninchens wurden oral und parenteral auf R a tten  und parenteral auf M eerschweinchen  
übertragen. E ine E xcystierung findet im  D arm kanal des nicht spezifischen W irtes (R a tte )  
statt. E ine Ansiedlung und W eiterentwicklung konnte jedoch in  keinem  Falle gefunden wer
den, auch nicht bei Tieren, deren W iderstandskraft durch E ntm ilzung, H ydrocortisongabe, 
R öntgenbestrahlung bzw. M ethionin-H albm angeldiät m it Athionin-Zusatz verm indert worden  
war oder nach parenteraler Infektion m it E ntw icklungsstadien  (M erozoiten) der K okzidien. 
Das gleiche Ergebnis beobachteten wir nach der In fek tion  m it Eimeria tenella (H aushuhn) bei 
Truthühnern und Perlhühnern, denen H ydrocortison verabreicht worden war oder die au f der 
gleichen M angeldiät gehalten worden waren wie die R atten . Die stets negativen Ergebnisse  
dieser Übetragungsversuche bestätigen einm al die auch heute noch m anchm al bezw eifelte  
strenge Spezifizität der Eimerien, zum anderen w eisen sie darauf hin, daß diese Spezifiz ität 
verm utlich n icht durch im m unologische M echanism en bedingt ist.
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ENZYME-DIAGNOSTIC STUDIES OF BLOOD FROM 
GEESE AND DUCKS HEALTHY AND WITH LIVER
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D epartm ent and Clinic o f Internal M edicine (Head: Z. H o rv á th ),
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(R eceived February 7, 1969)

E nzym e assays h av e  been  increasing ly  used in v e te r in a ry  m edicine, 
p a rtic u la r ly  for th e  d iagnosis o f h e p a tic  diseases. In  th e  case o f p o u ltry  th e  
sm all am o u n t of b lood  req u ired  for enzym e assay  p re se n ts  an  ad d itio n a l 
ad v an tag e .

In  w a te r  fowls d ie ta ry  e rro r, fa tte n in g  an d  ce rta in  th e ra p e u tic  p rocedures 
— in ducks also v ira l h e p a titis  — m ay  cause liver im p a irm e n t. F u r th e r  to  
th is , liver te s ts  m ay  be used  also fo r ex p e rim en ta l p u rp o ses . B u t th e  re le v a n t 
li te ra ry  d a ta  h av e  been  p a r t ly  u n sa tis fa c to ry , p a r tly  c o n tro v e rs ia l, n o t only  
in  respect o f w a te r  fowls, b u t  also fo r p o u ltry  in  general. T h erefo re , it  seem ed 
to  be w orthw hile  to  com pare  th e  re su lts  o f some enzym e-d iag n o stic  m ethods 
in  no rm al an d  d iseased  geese an d  ducks.

In  th e  p re sen t s tu d y  th e  fo u r b lood  enzym es m ost ex ten s iv e ly  used  in  
th e  diagnosis o f p o u ltry  d iseases, w ere exam ined . O u t of th e m  g lu tam ic  acid 
p y ru v a te  tran sam in ase  (G PT) is an  u n ilo cu la r enzym e p re se n t in  th e  c y to 
p lasm s of liv er cells. G lu tam ic  acid  oxalic  acetic  acid  tra n sa m in a se  (GOT) 
rep resen ts  a g roup  of isoenzym es, a p p ro x im a te ly  h a lf  o f th e m  lo ca tin g  in  th e  
cy to p lasm , th e  re s t in  th e  m ito ch o n d ria  of liv e r cells. A ldolase (A LD ) is p re sen t 
n o t only in th e  liv er cells, b u t, in  ap p ro x im a te ly  sim ilar co n c e n tra tio n , also 
in  th e  m uscles an d  k id n ey s. W hile th e  above th re e  enzym es are  fo rm ed  in  
th e  liver cells an d  p la y  a role in  th e ir  m etab o lism  (ce llu la r enzym es), th e  
fo u r th  enzym e in q u estio n , a lka line  p h o sp h a ta se  (A P), is an  ex c re to ry  enzym e 
w hich  is secre ted  th ro u g h  th e  liv er cells from  blood  to  b ile .

H ep a tic  in ju ry  is follow ed b y  a rise o f th e  serum  levels o f cellu lar en 
zym es, as th e  cell m em b ran e  becom es perm eab le , enab ling  th e  passage  o f th e  
enzym es in to  th e  in te rs t i t ia l  space an d  th e re fro m  in to  th e  b lood . Ow ing to  
d is tu rb an ce  o f th e  liv e r’s ex c re to ry  fu n c tio n , also th e  serum  levels o f ex c re to ry  
enzym es te n d  to  rise .

W ith  a m ild  degree o f p a ren ch y m a l cell in ju ry , f ir s t  o f  a ll th e  cy top lasm ic  
enzym e a c tiv ity  (G PT) te n d s  to  rise. In c reased  ac tiv itie s  o f  m ito ch o n d riu m - 
b o u n d  (GOT) an d  s till m ore of ex c re to ry  (A P) enzym es in d ic a te  a severe 
liv e r im p a irm en t, u su a lly  associa ted  w ith  lysis of p a ren ch y m a l cells. R ise of
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th e  A LD  level is less specific , as a s im ila r increase m a y  ta k e  p lace also w ith  
m u scu la r and  re n a l diseases.

Based on the availab le  literary data, the results o f enzym e assays in  the blood o f vari
ous dom estic fowls are sum m arized as follow s. Co r n e liu s  et al. (1959) give the GOT level 
o f healthy chicks as 370 +  186 //g/m l of pyruvate and claim th a t in th is particular species no 
GPT activ ity  was dem onstrable. McDa n ie l  and Ch u t e  (1961) m easured 154 +  27 K arm en  
u n its o f GOT and 14 +  7 Sigm a-Frankel un its o f GPT in the sera o f 10-week old chickens. 
K olb  (1962) gives the GOT o f hens as 270 +  186 Sigm a-Frankel un its , whereas their GPT as 0. 
In chickens infected w ith  Pasteurella, Ma g l io n e  (1962) noted exclu sive ly  rise o f GOT. Gr ü n , 
G ü r t l e r  and K olb (1963) have described the GOT activities o f  chickens, geese, ducks and 
turkeys as 188.2 +  34, 157.7 +  54.3, 58.0 +  17.6 and 377.4 +  15.9 K arm en units, respectively. 
For comparison, let us refer to the GOT levels o f  the horse and dog, w hich have been found  
to  be 165 +  33.8 and 26.0 +  9.5 Karmen units, respectively. Ge s s l e r  (1963) has reported a very  
lo w , hardly m easurable GPT activ ity  in hens. The GÓT, A P and A L D  activities o f blood  
from  13-week old chickens were given by T e t t e n b o r n  (1964) as 56.8 +  14.6 m U/m l, 32.7 +  
11.0 Bessey-Lowry u n its and 10.1 +  1.6 m U/m l, respectively. T r a u t sc h o ld  and W e r l e  (1966) 
found no dem onstrable G PT activ ity  in the blood of hens. H ombach  (1967) reported a variation  
o f chicken serum GPT betw een  0.5 and 5.5 W roblew sky units and noted  a considerable rise 
o f a ctiv ity  on poisoning w ith  CC14. According to  Sl e sin g e r  (1967), the GOT, GPT and AP  
values of blood from  h ea lth y  hens correspond to 2.9 +  16 m U /m l, 0.45 +  0.03 KA units and 
0.45 +  0.03 KA un its, respectively . According to  our own as y e t  unpublished findings, the  
GOT, GPT and A L D  activ ities o f chicken blood are 9 6 .1 + 2 4 .7  I .U ., 1.6 +  1.2 I.U . and 
6.25 +  1.17 m U/m l, respectively .

E x p erim en ta l

E nzym e a c t iv i ty  w as m easured  in  b lood  p lasm a o b ta in e d  from  heparin ized  
b lo o d  b y  c e n tr ifu g a tio n . B lood sam ples o f 3 —4 m l w ere u su a lly  ta k e n  from  
th e  w ing vein  in  th e  m o rn in g  hours; sam ples from  sm all b ird s  w ere o b ta in ed  
b y  card iac  p u n c tu re . E n zy m e assays w ere carried  o u t w ith in  th e  f irs t h o u r 
a f te r  w ith d raw al o f  th e  sam ple.

A ssays w ere m ad e  accord ing  to  B o eh rin g er’s B iochem ica l T est C om bina
tio n s , w ith  th e  m o d ific a tio n  th a t  th e  te m p e ra tu re  o f in c u b a tio n  was a d ju s te d  
to  41 °C to  su it th e  b o d y  te m p e ra tu re  of ducks an d  geese ( H om bach , 1967).

F irs t of all th e  n o rm a l values w ere assessed. T he G P T  an d  GOT ac tiv itie s  
w ere  m easured  in  b lo o d  sam ples from  90 h e a lth y  geese m a in ta in e d  u n d e r 
d iffe ren t, b u t sa tis fa c to ry , cond itions o f m an ag em en t a n d  feeding. In  sam ples 
from  30 b irds also th e  A LD  and  A P ac tiv itie s  w ere d e te rm in e d  (T able I).

B irds in  g roup  I  received  a fte r  g raz ing  for 6 — 7 h ours m aize grains 
ad lib itum . G roups I I  a n d  I I I  h ad  been  g razed  p rev io u sly , b u t  as th e  ex p e ri
m e n t fell in  th e  p e r io d  o f fa tte n in g , b y  th a t  tim e  th e y  received  exclusively  
m aize  for 2 —4 d ay s.

In  group I I I ,  a ssay s w ere re p e a te d  a few day s b efo re  th e  te rm in a tio n  
o f th e  fa tte n in g  p e rio d . A t th a t  tim e  th e  G PT  a c tiv i ty  show ed h a rd ly  an y  
ch an g e  (2.2 +  2.0), w hereas th e  GOT a c tiv ity  fell s ig n ifican tly  (2.5 +  2). I t  
shou ld  be n o ted  t h a t  on ly  p a r t  of th e  p lasm a  o b ta in e d  from  th e  fa tte n e d  
geese was su itab le  fo r  ex am in a tio n , as in  m an y  cases th e  h igh  lip id  co n te n t 
m ad e  th e  p lasm a c ream y .
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Table I

Normal GOT, GPT, ALD and A P values o f geese

Group
No. N

Age
(month)

W eight
(k8)

GOT
I.U./ml

G PT
I.U ./m l

ALD
mU/ml

ЛР
mU/m l

i 30 7 5 —6 15.8zL 6.0 3 .9 ± 3 4 .9 ± 3 .1 —

Limits: 10 — 27 1 8 2.9—8.8

и 30 6 - 7 5.5—6.2 13.2zb 4.0 3 .0 ± 3 .0 — 3 1 .3 ±  9.9
Limits: 2 —26 0.7 14 — 47

h i 30 5 - 6 5 - 6 . 2 1 4 .3 b  5 to k H- to о —
Limits: 6 — 31 1 — 6 —

F in a lly , sam ples from  a group of 20 geese, w ith  supposed  liver im p a irm e n t 
owing to  in a p p ro p ria te  cond itions of m an ag em en t an d  feeding, were exam ined  
and  a rise o f G P T  to  an  average  2 0 .8 ^ 8  w as found .

In  th e  second p a r t  o f th e  ex p erim en ts  a t te m p t  w as m ade to  a rtific ia lly  
induce liv er im p a irm en t in  16 geese, 6‘—7 m o n th s  old, fed  goose feed an d  
m aize. T h e ir enzym e ac tiv itie s  an d  blood  su g a r levels w ere m easured  a t  reg u la r  
in te rv a ls . Seven ex p e rim en ta l groups w ere fo rm ed  an d  tre a te d  o ra lly  on one 
or m ore occasions w ith  0.3, 0.5 or 1.0 m l/kg  b o d y  w eigh t o f CC14 or 30.0, 
40.0, 7.0 or 4.0  m g of e lem en ta ry  p hosphorus. In  som e cases th e  sm aller doses 
of p h o sphorus w ere given to  b ird s  p rev io u sly  tr e a te d  w ith  CC14. CC14 w as 
m ixed w ith  an  eq u a l vo lum e of edible oil an d  a d m in is te re d  th ro u g h  a ru b b e r  
tu b e  in se rted  on a sy ringe, w hereas p h o sp h o ru s w as ad m in is te red  in  g e la tin  
capsule in to  th e  oesophagus or p ro v en tricu lu s  o f th e  b ird s . T he w eights of th e  
tre a te d  b ird s , d a te s  an d  doses of CC14 an d  p h o sp h o ru s  tre a tm e n t, da tes o f b lood  
sam pling , re su lts  o f enzym e assays an d , in  som e cases, th e  b rie f d escrip tions 
of gross and  m icroscopic find ings are su m m arized  in  T ab le  I I .

GOT an d  G P T  a c tiv itie s  w ere d e te rm in ed  also in  th e  blood p lasm a from  
50 h e a lth y  duck lings, 12 — 30 days old. In  th is  species, th e  no rm al m ean  v a lu e  
o f GOT a c tiv ity  was 1 0 .1 ^ 4 .2  I.U . (6.1 — 16.7 I .U .) , w hereas th a t  of G P T  
a c tiv ity  5 .1 ^ 2 .8  I .U . (3.8 — 9.3 I.U .). In  v ira l duck lin g  h e p a titis  a considerab le  
rise of tra n sa m in a se  a c tiv ity  was found. In  a g roup  o f 15 b irds a rtific ia lly  in 
fec ted  w ith  d u ck ling  h e p a titis  v iru s th e  m ean  va lu es  o f G PT and  GOT w ere 
6 0 .8 ± 2 4 .2  I .U . (2 8 .2 -9 0 .8  I.U .) and  1 0 8 .8 ± 1 6 .4  T.U. (7 8 .2 -1 3 8 .8  I .U .).

R esults

B ased  on assays in  p lasm a  from  90 h e a lth y  geese, no rm al GOT w as 
found  to  be 1 4 .4 ^ 5 .0  I .U ., w hereas n o rm al G P T  3 .1 ^ 2 .9  I .U . N orm al A LD  
an d  A P a c tiv itie s  assessed in  p lasm a from  30 h e a lth y  b ird s  were in  a v e r
age 4 .9 ^ 3 . !  m U  an d  3 1 .3 ^ 9 .0  m U , resp ec tiv e ly .
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Table II

Data of geese treated w ith carbon

Goose

D ate of treatm ent

Oral trea tm en t

Fate of bird D ate of testing
No. Weight Chemical Dose

l . 6.0 1. 1 0 . -  5. 10. CCI, 5 x  1.8 1. 10.
ml 2.

3.
5.

8. 10 CCI, 1.8 ml Died on
P 30 mg 9. 10

1. 10 5. 10. CC14 5x 1 .5
ml 1.10

2.
2. 5.0

14. 1 0 . -1 5 .  10. P 2 X 7 mg Died on
3.
5.

16. 10. 15.
О

, 
d1d

CCI, 5 X 1.5 1. 10.
ml 2.

3. 5.0 3.
5.

8. 10. CCI, 1.5 ml Died on
P 40 mg 9. 10.

1. 1 0 , -  5. 10. CCI, 5 x 1 .5 1. 10.
ml 2.

4. 5.0 3.
Died on 5.

14. 1 0 . -1 5 .  10. P 2 x 7  mg 16. 10. 15.

1. 10.— 5. 10. CCI, 5 x 3 .0 1. 10.
ml 2.

5. 6.0

8. 10. CCI, 3.0 ml Died on

3.
5.

P 1 40 mg 9. 10.

1. 1 0 . -  5. 10. CCI, 5 x 3 .0 1. 10.
ml 2.

6. 6.0 3.
Died on 5.

14. 1 0 .-1 5 .  10. P 2 x 7  mg 16. 10. 15.

1. 10. 5. 10. CCI, 5 x 2 .5 1. 10.
ml 2.

7. 5.0 3.
8. 10. CCI, 2.6 ml Died on 5.

P 40 mg 9. 10.

1. JO. -  5. 10. CCI, 5 X 2.5 1.10.
ml 2.

8. 5.0 3.
5.

8. 10. CCI, 2.2 ml Survived by i6 .
l .  и . 17.
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tetrachloride and phosphorus

Plasma levels of
Sugar Post mortem findings

GOT
I.U.

GPT
I.U.

Aldolase
mU/ml

mg/100 ml (gross and microscopic)

10.5 6.5 8.55
I

138 The pericardium contained 3 —4 m l, the abdominal
11.5 8.5 7.87 100 cavity  2 — 3 ml, of a serous flu id  w ith occasional
10.0 9.5 — fibrin filam ents. The contents o f  proventriculus

6.0 4.74 105 and stom ach were dilute and o f garlic-like odour. 
Four birds (Nos 1, 3, 4, 6) had lesions indicative  
of more or less severe m yocardial degeneration 
and small intestinal catarrh; nearly all birds had 
lung oedema. The livers, generally hyperaemic and10.0 3.65 121

9.0 4.5 4.05 99 slightly swollen, were friable; h’vers from birds
9.0 3.0 Nos 2, 4, 5, 6 and 7, contained fa t palpable in
9.5 4.0 4.10 110 cross-section. The rest (Nos 1, 3, 4 and 7) had con

spicuously hyperaemic livers.
9.0 3.0 2.70 —

__________
(Livers: distinct hyperaemia and sporadic haemor

rhages. The parenchymal cells w ith  generally in-
4.0 4.83 121 tact nuclei contained fat droplets. In the livers

10.5 5.0 2.07 89 from birds Nos 2 and 5, approxim ately 30% of the
14.5 liver cells had broken or shrunken nuclei.)

9.5 2.0 4.10 97

6.0 4.5 5.35 121
8.0 5.5 4.27 105
7.5 6.5 — —
7.5 6.5 2.19 119

10.5 6.5 2.47 —

10.5 2.0 3.65 128
14.5 3.5 2.81 100
12.0 3.5 — —
12.0 1.0 2.36 118

14.0 2.5 2.47 118
13.0 3.5 2.47 107

14.0 2.0 1.85 116
13.0 3.5 2.58 —

13.0 1.0 1.99 132
12.5 2.5 1.18 95
14.0 4.5 — —
10.0 2.0 2.36 118

13.0 2.5 4.38 123
10.0 4.5 2.02 119
14.5 1.5 — —
10.5 3.0 4.10 118
11.0 9.5 — 136
13.0 3.5 3.80 151
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Table II (continued)

Goose Oral trea tm en t

D ate of trea tm en t F ate  of bird Date of testing
No. Weight Chemical Dose

О1О c c i4 4 x 4 .5 1. 10.
ml 2.

9. 4.5 Died during heart 3.
puncture on 8. 10

1. 10 .— 5. 10. CCI, 5 X 5.0 1. 10.
ml 2.

10. 5.0 3.
5.

14. 10. 15. 10. 1> 2 X 7 mg Died on 16.
18. 10. 17.

28. 10. p 4.0 mg 28. 10.
30. p 4.0 mg
31. p 4.0 mg 1. 11.

11. 5.5 4. 11. p 4.0 mg Sym ptom -free by
31. 1. 1969 6.

28. 10. p 4.0 mg 28. 10.
30. p 4.0 mg Sym ptom -free by 1. 11.

12. 5.8 4. 11. p 4.0 mg 31. 1. 1969 6 .

28. 10. p 4.0 mg 28. 10.
13. 5.0 30. p 4.0 mg Sym ptom -free by 1. 11.

4. 11. p 4.0 mg 31. 1. 1969 6.

4. 11. CCI, 5.5 ml 28. 10.
14. 5.5 5. 11.

K illed on
5. 11.

4. 11. CCI, 6.0 ml 28. 10.
15. 6.0 5. 11.

Sym ptom -free by 15.
25. 11. 24.

1. 10. 8. 10. CCI, 6 x 2 .5 28. 10.
ml

16. 5.0 28. 10. p 4.0 mg
29. 10. p 4.0 mg Died on 30. 10.
31. 10. p 4.0 mg l .  и .

In  several-w eeks o ld  ducklings average  GOT a n d  G PT  ac tiv itie s  w ere 
1 0 .1 ± 4 .2  and  5.1 ^ 2 .8 ,  re spec tive ly , as ca lcu la ted  fro m  m easu rem en ts  in  
p la sm a  from  50 h e a lth y  b irds.

In  th e  group o f  fa tte n e d  geese, enzym e a c tiv itie s  w ere n o t in d ica tiv e  
o f  liver-cell d e s tru c tio n . In  co n tra s t, w hile th e  G PT  a c tiv i ty  rem ained  essenti-
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Plasma levels of
Sugar Post m ortem  findings

GOT GPT Aldolase
m g/100 ml (gross and microscopic)

I.U. I.U. mU/ml

11.5 2.5 5.28 124 Acute cardiac dilatation, lung oedema, cardiac
14.5 4.5 3.48 101 haemorrhages (suffocation).
10.5 4.5

Cardiac dilatation, signs of myocardial and renal 
degeneration. Liver capsule slightly wrinkled. 
Cross-section of liver ochre yellow, feels fatty .5.5 1.85 112

9.5 4.0 1.46 112 (The parenchymal columns lost definition: 70—80%
8.0 4.0 of the cells showed ly tic  or disintegrated nuclei.

12.0 5.5 2.94 102 Many fat droplets of variable size were apparent
115.0 200.0 — 52 in the liver cells.)

42.5 48.0 21.20 73

11.5 3.5 1.85 95
52.5 8.0 — 70

8.5 1 . 0 9.90 73

10.0 5.0 2.47 105
55.0 13.0 — 107

7.5 5.5 5.17 69

9.0 8.0 1.85 95
90.0 14.0 — 65

8.5 5.5 8.55 78

14.5 3.0 — 126 Liver slightly hvperaem ic, otherwise negative.
18.0 6.0 3.80 67 (A few large fat droplets are deposited in the in 

tact liver cells.)

3.5 3.5 ___ 105
14.0 6.5 3.80 123

— — 2.00 102
2.0 2.0 2.19 —

2.0 2.5 ___ 102 Acute cardiac dilatation, lung oedema, m yocardial
and renal degeneration. Liver: ochre yellow and 
friable.

95.0 80.0 73 (N ucleus shrunken or disappeared in approxim ately  
half o f the liver cells. Deposition of m any fat 
droplets o f variable size in the liver cells.)

ally  unch an g ed , th e  GOT a c tiv ity  fell co nsiderab ly , from  th e  in itia l 14 .34-5  
L U . to  2 .5 ± 2 .0  I .U .

The lack  o f increase  of tra n sa m in a se  a c tiv ity  w as supposed ly  due  to  
th e  non -n ecro b io tic  n a tu re  of th e  liv er changes associa ted  w ith  fa tte n in g . 

A m o d era te  increase  o f G PT  to  2 0 .8 ^ 9  I .U . w as fo u n d  in  te m p o ra rily
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in a p p ro p r ia te ly  fed a n d  m anaged  geese. A considerab le  rise o f a c tiv ity , 
so m etim es 10—20fold, w as m easu red  in  ducklings w ith  v ira l h e p a titis .

T h e  10 geese t r e a te d  o ra lly  fo r 5 d ay s  w ith  0.3 —1.0 m l/kg  o f CC14 show ed 
no  m an ifest clinical sy m p to m s. A ccord ing ly , n e ith e r  th e ir  GOT, n o r G P T  
levels d iffered  s ig n if ican tly  from  th e  n o rm a l. A LD  did  n o t n o ta b ly  change 
e ith e r . T here  was a s lig h t decrease o f th e  b lood-sugar level.

F o u r  (Nos 1, 3, 5 a n d  7) o f th e  ab o v e  10 geese w hich, in  a d d itio n  to  t r e a t 
m e n t w ith  CC14 on 6 occasions received  2 hou rs  a fte r th e  la s t dose also 3 0 —40 
m g  o f phosphorus, d ied  in  9 —16 h o u rs . O n p o st m o rtem  ex am in a tio n  th e se  
b ird s  show ed lesions in d ic a tiv e  o f p h o sp h o ru s  poisoning.

T h e  3 b irds (N os 2 , 4 an d  6) w hich  received  7 m g ph o sp h o ru s each  on 
th e  1 4 th  and  15th  d a y s  o f th e  e x p e rim en t d ied  o v ern ig h t follow ing th e  a d m in 
is t r a t io n  of th e  second  P -dose. D u rin g  th e  24 hours follow ing th e  f irs t P -dose  
n o  n o ta b le  change w as d em o n strab le  in  th e  b lood of th e se  b ird s  b y  enzym e- 
d iag n o stic  te s ts . M icroscopic e x a m in a tio n  o f th e  livers from  b ird s  N os 2 an d  
4 show ed  d is tinc t h y p e ra e m ia , sm all haem o rrh ag es an d  deposition  o f m ore 
o r less sm all fa t d ro p le ts  in  th e  o therw ise  in ta c t  p a ren ch y m a l cells. B u t goose 
N o . 10, tre a te d  p re v io u s ly  on 5 occasions w ith  1 m l/kg o f CC1S, show ed on th e  
d a y  follow ing th e  a d m in is tra tio n  o f 2 X  7 m g P  a con sid erab ly  increase  o f 
b o th  GOT (115 I .U .) a n d  G PT (200 I.U .) . On th e  d ay  p reced ing  d e a th  th ese  
v a lu e s  fell to  a p p ro x im a te ly  o n e -th ird  or o ne-fou rth , b u t  s till w ere a p p ro x i
m a te ly  ten fo ld  of th e  in itia l va lues. S im u ltan eo u sly  also th e  A LD  level in 
c rea sed  to  a p p ro x im a te ly  ten fo ld  (21.2 m U /m l). In  th is  p a r tic u la r  b ird , p o s t 
m o rte m  ex am in a tio n  rev ea led , in  a d d itio n  to  ren a l an d  m y o card ia l d eg en era
tio n , a necrobio tic  f a t  in f iltra tio n  in v o lv in g  ap p ro x im a te ly  70%  of th e  liv er 
cells.

B ird  No. 8, g iv en  a to ta l  dose o f 15.0 m l CC14 on 6 occasions, su rv iv ed  
t r e a tm e n t .  B ird  N o. 9, also tre a te d  exclusively  w ith  CC14, d ied  on th e  8 th  d ay  
o f  th e  experim en t d u rin g  card iac  p u n c tu re , w ith  sy m p to m s o f ca rd iac  s ta n d 
s till.

T h e  th ree  b ird s  (N os 11, 12, 13) g iven  exclusively  ph o sp h o ru s in  4 m g 
doses on  th ree  or fo u r  occasions over a perio d  of 8 d ay s, su rv iv ed  tr e a tm e n t 
a n d  show ed no c lin ica l signs fór 3 m o n th s  follow ing th e  la s t  P  dose. I n  th e se  
cases, th e re  was a te m p o ra ry  5 — lO fold increase of GOT (on th e  5 th  day) 
a n d  an  a p p ro x im a te ly  2fold increase  o f G PT . T here w as also a sim u ltan eo u s 
2 — 4fo ld  rise of A L D  a c tiv ity . B loo d -su g ar level show ed no sign ifican t a l te r 
a tio n .

B u t goose N o. 16, t r e a te d  20 d ay s  p rio r to  th e  f ir s t  p h o sphorus dose 
w ith  0.5 m l/kg of CC14 fo r  6 su b seq u en t d ay s  died on th e  ap p lica tio n  of 3 X 4 m g 
o f p hosphorus. T h e  G O T an d  G PT  levels m easu red  on th e  d ay  p reced in g  
d e a th  w ere also in  th is  case consp icuously  h igh, ab o u t 40fold. Gross lesions 
o f  th e  liver were o f th e  fa t-d e g e n era tio n  ty p e ; m icroscopically  sim ple d eg en er
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a tio n  w as seen in  a p p ro x im a te ly  one h a lf  o f th e  liv e r p a ren ch y m a , while 
necro b io tic  fa t  in filtra tio n  in  th e  re s t.

To check w h e th e r a single large dose (1 m l/kg) o f  CC14 w ould  cause a 
liver lesion and  if  i t  w ou ld , of w h a t ty p e , tw o b ird s  (N os 14 an d  15) were 
t r e a te d  accord ingly . O ne o f  th e m  (No. 14), n o t show ing a n y  clin ical sy m p to m s, 
was k illed  on th e  2nd  d a y  a fte r  t r e a tm e n t and  p o s t m o rtem  find ings were 
essen tia lly  nega tive . M icroscopic ex am in a tio n  of th e  liv e r show ed m o d era te  
h y p e raem ia  and  sim ple f a t  in filtra tio n  a p p a re n t as th e  dep o sitio n  of large fa t 
d ro p le ts . T he o th e r b ird  (N o. 15), observed  during  th e  2 0 -day  perio d  following 
th e  CC14 tre a tm e n t, d id  n o t  show a n y  sy m ptom . O n th e  d ay  follow ing th e  
a d m in is tra tio n  of CC14, b o th  b ird s show ed a m o d era te  te m p o ra ry  rise  of GOT 
and  G P T  levels.

T h e  resu lts  p e rm it th e  conclusion  th a t  th e  rise  o f p lasm a  GOT, GPT 
and  A L D  levels is a re liab le  in d ic a to r  of th e  sev e rity  o f liv er lesions also in  
w a te r  fowds.

Acknowledgements. The authors are indebted to Dr. M. Gü n t h e r  for organizing the blood 
sam plings, and to Mr. B. B o r s i, for excellent technical assistance.

SUMM ARY

In  blood plasm a from  healthy geese, norm al GOT, GPT, aldolase and alkaline phospha
tase activ ities were assessed as 14.4 +  5.0 I .U ., 3.1 +  2.9 Í.U ., 4.9 +  3.1 m U  and 31.2 +  9.0 m U, 
respectively.

Norm al GOT and GPT activities o f healthy day-old ducklings were found to be 
1 0 .1 + 4 .2  I.U . and 5 .1 +  2.8 I .U ., respectively.

No rise of GPT activ ity , bu t fall o f GOT activ ity  was found in the plasm a of geese by  
the end of the fattening period.

A  notable rise o f GOT, GPT and aldolase activities, essen tia lly  in parallel w ith  the 
degree o f dam age, was dem onstrated on artificially  induced liver im pairm ent. A notable  
increase o f transam inase a c tiv ity  was found in ducklings w ith  v iral hepatitis.
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A vian  en cep h a lo m y elitis  (AE) is a v ira l disease ch a rac te rized  b y  a ta x ia , 
inco o rd in a tio n  of th e  m o v em en ts , p a ra ly sis , and  tre m o r , especially  of th e  
neck an d  head  (F ig . 1).

T he disease occurs in  ch icks 1 to  6 weeks of age, a n d  p h e a sa n ts  ( M a t h e y , 

1955) are  also su scep tib le . D ucklings, y o ung  tu rk e y s , pigeons an d  guinea- 
fowls can  be in fec ted  ex p e rim e n ta lly  on ly  ( v a n  R o e k e l , 1959; B u r t s c h e r , 

1961; G r o t h  an d  G r e u e l , 1961; F a n k h a u s e r  an d  K l i n g e r , 1961).

The disease was first described in a prelim inary report by J o n e s  (1 9 3 2 ) in the U nited  
States o f America as an encephalom yelitis o f chicks. Later on ( J o n e s , 1 9 3 4 ), a detailed descrip
tion was given and, because trem or o f the head and neck was a prom inent sym ptom , the d is
ease was called epidem ic trem or.

In 1938— 39, v a n  R o e k e l  and his coworkers observed ataxia  as first sym ptom , w hich  
was followed by tremor in som e o f the infected birds. Therefore th ey  suggested to call the  
disease infectious AE. In 1939, the Committee o f the Poultry D iseases Nom enclature of the 
AVMA designated the disease A E .

H istopathological lesions o f the disease were studied in detail b y  J u n g h e r r  (1939), 
O l i t s k y  (1939), J u n g h e r r  and M i n a r d  (1942) and F r i t z s c h e  (1952).

A E  has been diagnosed in England ( M a r k s o n  and B l a x i a n d , 1955— 58), Sweden  
( L i n d g r e n  et al., 1957), France ( B n i O N  et al., 1959), Denm ark ( B a d s t u e  and V e l l i n g , 1959), 
Austria ( B u r t s c h e r , 1960, 1961), Ita ly  ( Q u a g l i o  and P e t e k , 1961) and Poland ( M a r e k  and 
R o s z k o w s z k y , 1966), and more or less detailed descriptions of the histopathological lesions 
have been given.

In H ungary, infectious A E  had not been observed un til 1966 ( D e r z s y , 1966). The 
disease was first established by the end of 1967 in the Central V eterinary Institute (C s o n t o s  
et al., 1968). Chickens were su bm itted  from 6 different farms at nearly the same tim e. The 
chickens, having been hatched in  and distributed from the sam e hatchery, clinically showed  
principally ataxia. The central nervous system s (CNS) of the birds were exam ined h isto
logically. In m ost o f  them  sim ilar histopathological lesions were found.

In  th is  p a p e r th e  h isto p a th o lo g ica l lesions c h a ra c te r is tic  of th e  disease 
observed  in  H u n g a ry  are  d e a lt  w ith .

M ateria ls and  m ethods

F o rty -sev en  n a tu ra l ly  in fec ted  chicks, 2 to  5 w eeks o f age, were s tu d ied . 
T he ch icks were p a r t ly  su b m itte d  to  th is  In s t i tu te ,  p a r t ly  collected from  
th e  field .
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In  add ition , 18 chicks w ere in o cu la ted  ex p erim en ta lly  a t  10 day s of 
ag e . T he CNS a n d  v iscera l o rgans o f th ese  chicks w ere in v e s tig a te d  a t 
4 t o  5 weeks of age. C hickens w ere in o cu la ted  in tra c e reb ra lly  w ith  th e  b ra in  
su sp en sio n  of sp o n tan eo u sly  in fec ted  b ird s.

Sam ples w ere ta k e n  from  th e  sam e regions of d iffe ren t o rgans of n a tu ra lly  
a n d  ex p erim en ta lly  in fec ted  ch ickens, w hich were k illed  in  extrem is. The 
o rg a n s  were fixed  in  10%  fo rm alin , an d  a fte r  3 or 4 d ay s  th e  f ix a tiv e  was 
re p la c e d  by  a 4 %  n e u tra l  fo rm alin .

F ig .  1. Infected chicken as sitting on the hip jo in t

Specim ens in  f ro n ta l  p lan es w ere excised from  th e  fo re -b ra in  in  tw o  sites: 
o n e  from  th e  ce reb ra l hem ispheres 5 m m  before th e  ch iasm a an d  a n o th e r a t  th e  
f ro n ta l  p lane of th e  ch iasm a; from  th e  m id -h ra in  th e  o p tic  lobe an d  cereb ral 
p edunc les; from  th e  h in d -b ra in  th re e  or fo u r sites o f th e  m edu lla  an d  cere 
b e llu m . From  th e  sp in a l co rd  tw o  specim ens were ta k e n  from  th e  cervical, 
a n d  one from  th e  th o ra c ic  segm en ts; from  th e  cervical an d  lu m b o -sac ra l en la rg e 
m e n ts  a t th ree  s ite s  each. T he schedule  o f tak in g  specim ens is il lu s tra te d  in  
F ig . 2. In  ad d itio n , th e  b ra c h ia l a n d  sc ia tic  nerves w ere exam ined .

Of the  v isce ra l o rgans specim ens ta k e n  from  th e  liv e r, p an c reas , g izzard , 
p ro v en tricu lu s  a n d  h e a r t  m uscle  w ere exam ined .

The fixed  specim ens w ere em bedded  in  p a ra ffin .
The fo llow ing s ta in in g  m e th o d s  w ere used: P . M ay er’s acid  h a e m a la u n - 

o r D elafield’s h aem a to x y lin -eo s in  m e th o d , N issl’s m e th o d  m odified b y  W o ig h t’
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W oelcke’s m e th o d , B ielschow sky’s an d  P en fie ld ’s silver im p reg n a tio n  m e th o d s  
as w ell as C a ja l’s sub lim ate-go ld  m e th o d , an d  s ta in in g  w ith  S udan  I I I .

Results

N o specific lesions recognizable  to  th e  n ak ed  eye w ere found  a t  p o s t 
m o rte m  ex am in a tio n s . B acterio log ical re su lts  were also nega tive .

In  each  o f th e  CNS specim ens n o n -su p p u ra tiv e  ly m p h o cy tic  en cep h a lo 
m y e litis  w as seen, un iform  in  c h a ra c te r  an d  localiza tion . T he lesions con fined  
p rin c ip a lly  to  th e  grey  m a tte r  an d  c e r ta in  p red ilec tio n  s ites of th e  CNS.

Fig. 2. Sagitta l section of a normal chicken brain. Sites investigated  are illustrated, x  95

T h e p red ilec tio n  sites are  as follows. (1) In  th e  cerebellum  th e  m o lecu la r 
la y e r, P u rk in je  cells’ lay er an d  o u te r  an d  inner ce reb e llar nuclei. Lesions 
in  th e  la t te r  ones w ere m ore p re d o m in a n t. (2) In  th e  m ed u lla  th e  v e s tib u la r  
nucleus, vagus nucleus, cochlear n u c leu s , re tic u la r  fo rm a tio n , rap h e , an d  m o to r  
n ucle i o f  th e  n e rv u s trigem inus. S ensory  nuclei of th e  trig em in u s , v e s tib u la r  
gang lion  an d  th e  superio r o liva nucleus are  seldom  affec ted . In  th e  fac ia l 
nuc leu s, “ co rner nu c leu s”  ( E c k k e r n , K r a u s e , 1922), ab d u cen s nucleus a n d  
hypog lossa l nucleus lesions can  he fo u n d  on ly  occasionally . (3) In  th e  m esen 
cep h a lo n  an d  d iencephalon  lesions a re  com m on in  th e  la te ra l  m esencephalic  
nuc leu s, less com m on in  th e  tro c h le a r  nucleus. D orsa l nucleus, ocu lom otor 
nucleus an d  ovoid nucleus are ra re ly  a ffec ted . Changes in  th e  ectom am m illaris 
nucleus, red  nucleus, is thm us nucleus an d  op tic  t r a c t  w ere observed  occasion 
ally .
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Lesions in  th e  op tic  lobe con fine  to  th e  deep m e d u lla ry  zone ra th e r  
th a n  to  corpus p o sticu m . In  th e  in te rm e d ia te  zone changes can  be observed 
o n ly  occasionally .

(4) In  th e  ce reb ra l hem ispheres lesions of th e  n e o s tr ia tu m  and  h y p e r
s tr ia tu m  p re d o m in a te , while th e  a rc h is tr ia tu m , p a le o s tr ia tu m , neopallium ,

Fig. 3. Part o f cerebellar folia. Several degenerated ganglion cells in the Purkinje cell layer, 
focal glia cell proliferations in both the Purkinje cells’- and m olecular layers. H aem atoxylin-

eosin stain ing, x 95

h ip p o cam p u s an d  p a rah ip p o cam p u s are  ra re ly  affected . Lesions in  th e  choroid  
p lex u s  were seen in  tw o cases.

The grey  m a tte r  o f th e  sp in a l co rd  w as affected  in  all cases. Lesions 
w ere m ost p ro m in e n t in th e  v e n tra l  h o rn s of th e  cerv ical an d  lum bo-sacral 
en la rg em en ts .

The m ost p ronounced  lesions in  th e  CNS of chickens in fec ted  w ith  A E 
ca n  be found  in  th e  m olecular la y e r  an d  P u rk in je  cells’ la y e r  of th e  cerebellum  
(F igs 3, 4, 5).

The lesions o f  th e  P u rk in je  cells a re  ch a rac te ris tic . S ingle cells or g roups 
o f  cells show d eg en era tio n  of v a ria b le  degree or necrosis; neu ro n o p h ag ia  of 
P u rk in je  cells also  occurs (Fig. 3). Tw o ty p e s  of d egenera tions in  the  P u rk in je  
cells have been  observed : p yknosis  (F igs 3, 4, 7) an d  c e n tra l ch rom ato lysis 
(F igs 5, 6). P y k n o sis  occurs m ost com m only . The d eg en era ted  cells are sh ru n k -
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en an d  s ta in ed  deep ly . The nucleus, ly ing  cen tra lly , ap p ears  hom ogeneous 
or o f g ra n u la r  s tru c tu re , fa in t in  ou tlin e . T h e  su rro u n d in g  cy top lasm  show s 
ch ro m ato lysis  or has deeply  sta in ed , ro u g h ly  g ra n u la r  N issl’s bodies. In  m o st 
o f th e  c o n tra c te d  ganglion cells th e  nuclei c a n n o t he d istingu ished  from  th e  
rough  N issl’s g ranu les. Such p y k n o tic  P u rk in je  cells are visib le even a t  low

Fig. 4. P art o f  the cerebellar grey m atter. 
Degeneration of the Purkinje cells and glia  

proliferations. H aem atoxylin-eosin. X 240

Fig. 5. P art o f the Purkinje-cell layer and  
m olecular layer. Degenerated Purkinje cells 
and focal glia proliferation. H aem atoxylin- 

eosin. X 600

m ag n ifica tion . In  th e  nerve  cells show ing c e n tra l  ch rom ato lysis th e  n u c le i 
are en larged , fa in t in  o u tline  an d  som etim es eccen tric , an d  th e  su rro u n d in g  
cy top lasm  is free o f N issl’s granules, w hich  a re  d isp laced  to  th e  p e rip h e ry  
of th e  cell. S uch  P u rk in je  cells are s ta in ed  less in ten se ly  (Figs 5, 6). The c y to 
p lasm  o f th e  n ecro tized  nerve  cells is hom ogeneous, s tru c tu re less  an d  is s ta in e d  
ligh t ac idoph il. T he nucleus can n o t be d istin g u ish ed .

T he c lim bing  fib res, th e  fibres arising  from  th e  b a sk e t cells and  su rro u n d 
ing th e  cy to p lasm  o f th e  P u rk in je  cells, an d  th e  cy top lasm ic  and  axonal po le  
of th e  ganglion  cells are swollen. This is c learly  d e m o n s tra te d  b y  B ielschow sky’s 
m ethod  in  b o th  ty p e s  o f degenerations as w ell as in  necrosis (Figs 8, 9). 
F ra g m e n ta tio n  an d  d is in teg ra tio n  of d en d rite s  o f  th e  b a sk e t cells can  also 
be observed . In  th e  affec ted  P u rk in je  cells f a t  g ranu les or d rop le ts  c a n n o t
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Fig. 6. Part o f the cerebellar Purkinje-cell 
layer. Central chrom atolysis. H aem atoxylin- 

eosin. X 1400

Fig. 7. Part o f the cerebellar Purkinje-cell 
layer. Early neuronophagia around the pyk- 
notic  ganglion cells. H aem alaun-eosin sta in 

ing. X 1400

Fig. 8. Part o f the cerebellar grey m atter. Sw elling of the synaptic nerve fibres around 
affected Purkinje cells. B ielschow sky’s silver im pregnation. X 240
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Fig. 9. Part o f Fig. 8. x  1400

be d e m o n s tra te d  w ith  S u d an  I I I  s ta in ing . N ervous tissu e  a ro u n d  th e  affected  
ganglion cells shows v a c u o la tio n  possib ly  due to  oedem a (F igs 4, 5). N eurono- 
phag ia  occurs com m only . N euroglia cells en te r  th e  cy to p lasm  o f th e  P u rk in je  
cells (F ig. 7), an d  P u rk in je  cells are rep laced  b y  foci o f glia cells. Foci of glia 
cells can  also be fo u n d  in  th e  m iddle p a r t  o f th e  m o lecu la r lay e r (Figs 3, 4, 5). 
In  some cases n u c lea r f ra g m e n ta tio n  of glia cells can  be seen.

As show n b y  C a ja l’s s u b lim a te —gold an d  P en fie ld ’s silver im p reg n a tio n  
m ethods glia foci co nsist p rin c ip a lly  o f fib rous a s tro c y te s ; m icroglia cells (oli- 
godendroglia an d  H o r te g a ’s glia cells) are sm all in  n u m b e r (Figs 10, 12). 
S ta ined  b y  C aja l’s m e th o d , m arked  th ick en in g  an d  p ro life ra tio n  o f fib res of 
fibrous astro cy te s  can  be  recognized. In  some areas fib res  p ro jec t from  th e  
g ranu la r lay e r in to  th e  m o lecu lar layer and  u sua lly  reach  th e  m eninges (fibrous 
gliosis) (F igs 10, 11).

In  th e  cerebe llar g rey  m a tte r  p eriv ascu la r ce llu la r in f iltra tio n  of som e 
post- an d  p recap illa ry  vessels can  he seen. U sually  cuffings are  found  e ith e r 
betw een th e  P u rk in je  cells or in  th e  m olecular lay e r. In  th e  g ra n u la r  lay er 
or in th e  p ia  m a te r  th e y  can  be found  only occasionally .

T he v ascu la r a n d  p e riv ascu la r in filtra tio n s  are  u su a lly  2 to  3 layers 
deep all a ro u n d  th e  cap illa ries. The in filtra tin g  cells consist m ostly  of ly m p h o 
cytes, w hile ly m p h o b la s ts , h istiocy tes and  p lasm a cells are  sm all in num ber.
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Fig. 10. Part of cerebellar folia. Fibrous gliosis in  the cerebellar grey m atter. Cajal’s subli
m ate—gold im pregnation. X 25

Fig.  11. Part o f Fig. 10. Proliferation and  
sw ellin g  of the fibrous astrocyte  fibres. Ca- 

ja l’s sublim ate-gold im pregnation. x 6 0 0

Fig. 12. P art o f the cerebellar grey m atter. 
Proliferation of the Oligodendroglia and Hor- 
tega’s glia cells in  the affected areas. Pen- 

field ’s silver im pregnation , x  240
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Fig. 13. Part o f cross-sectioned m edulla. Glio
sis and nerve-cell lesions in  the vagus nu
clear group. H aem alaun-eosin staining, x  95

Irre g u la r  focal p e riv a sc u la r  in filtra tio n  can occasionally  be seen. E n d o th e lia l 
cells o f th e  affected  cap illa ries show  sligh t d eg en era tio n  an d  m o d era te  p ro lif
e ra tion .

Glioses an d  p e riv a sc u la r  in filtra tio n s  in  th e  cerebellar g rey  m a tte r  show  
“ flam e-like p ro jec tio n s”  w hich  ex ten d  from  th e  g ran u la r  lay e r in to  th e  m olec
u la r  la y e r  (Figs 3, 4 , 5).

H isto log ical lesions in  th e  nuclei of th e  cerebellum  a n d  those  of th e  
m ed u lla  an d  m id -b ra in  show  sim ilar fea tu res  a n d  a re  d iscussed  to g e th er.

T hree  d ifferen t k in d s  of lesions can be fo u n d  in  th e  m en tio n ed  nu c lear 
g roups: d egenera tion  o r necrosis o f v a ry in g  degree in  th e  ganglion  cells, glia 
p ro life ra tio n , an d  v a sc u la r  an d  p eriv ascu la r in f iltra tio n s  (F igs 13, 14, 15).

D egenera tion  o f  th e  n eu ro n s appears m o s tly  as c e n tra l ch rom ato lysis, 
an d  on ly  few  p y k n o tic  gang lion  cells can  be seen (Figs 13, 14, 15).

T he cy top lasm  o f th e  d eg en era ted  nerv e  cells show ing c e n tra l ch ro m ato 
lysis co n ta in  vacuoles o f  v a ria b le  size.

B o th  changes resem ble  th o se  observed  in  th e  P u rk in je  cells. No fa t  
d rop le ts  can  be d e m o n s tra te d  in  th e  affected  n e rv e  cells.
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Fig. 14. Part o f the m edulla. Vascular and 
perivascular infiltration of a precapillary v e s
sel. Lum en has disappeared. Degenerated  
nerve cells near to the vessel. Haemalaun- 

eosin staining. x 2 4 0
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In  th e  affec ted  nuclei m a in ly  focal glia p ro lifera tions develop , rep lac ing  
th e  n ec ro tized  n eu rons (n eu ro n o p h ag ia ) o r th e  affected  nervous tissu e  (Figs 
13, 15).

W ith  C ajal’s or P en fie ld ’s im p re g n a tio n  i t  was rev ea led  th a t  b o th  m acro- 
a n d  m icroglia  cells ta k e  p a r t  in  th e  g lia  p ro lifera tion . O f th e  m acrog lia  cells

Fig. 15. Part o f the m id-brain sectioned frontally . Nerve cell degenerations and glia prolifera
tions in  the affected nuclear groups. Haem alaun-eosin staining. X 95

f ib ro u s  as tro cy te s  p ro life ra te . T he f ib re s  o f th e  a s tro cy tes  increase in  n u m b er 
a n d  th ickness, so in th e  foci o f g lia  cells a dense n e tw o rk  of th e  fib res  of 
a s tro c y te s  can  be d e m o n s tra te d  w ith  C aja l’s su b lim a te —gold im p reg n a tio n  
m e th o d  (fib rous gliosis). B y using  P e n fie ld ’s m ethod  i t  can be recognized  th a t  
p r in c ip a lly  o ligodendroglia cells p ro life ra te  in these areas o f th e  affec ted  nuclei.

T he lesions in  th e  cap illa ries  in  th e  affected  g roups of n ucle i differ 
f ro m  th o se  o f th e  cerebellar g rey  m a tte r  in  m ore fre q u e n t occurrence o f focal 
in f il tra tio n s  o f th e  vessels’ w all (F ig . 14), and  in  th a t  co ronary-like  th ick en in g  
o f  th e  a s tro cy te s  a ro u n d  som e cap illa rie s  can  be observed . T rac ts  o f dem yeli- 
n a te d  fib res w ere com m only  seen n e a r  th e  affected  g roups of neu rons.

In  th e  op tic  lobes, a t  th e  sites re fe rred  to , in a d d itio n  to  th e  a fo re -m en 
tio n e d  nerve  cell d egenera tions focal gliosis and  an in ten siv e  p e riv a scu la r in f i l t ra 
t io n  can  be seen.

A t th e  p red ilec tio n  sites o f th e  cerebral hem ispheres h is to p a th o lo g ica l 
lesions inc lude  p e riv ascu la r in f il tra tio n s  of vary ing  d e p th  of th e  lay e rs . Cuff-
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ings a re  u su a lly  u n ila te ra l an d  m u ltilay e red ; in  som e cases in f iltra tio n  is 
u n ifo rm  all a ro u n d  th e  vessels. T h e  lum ina  o f th e  b lood vessels w ith  m assive 
cu ffin g s becom e narrow , fissu re-like , even occluded. B lood vessels are  som e
tim e s  un recogn izab le , for red  b lo o d  cells in  th e  lu m in a  can  be seen on ly  
occasionally . W ith  C aja l’s m e th o d  fib rous gliosis a ro u n d  sev era l b lood  vessels

Fig. 16. Focal proliferation of the fibrous astrocytes in the affected areas o f the cerebral 
hem ispheres. Coronary-like proliferation around a larger blood vessel. Cajal’s sublim ate— gold

im pregnation. X  240

can  b e  d e m o n s tra te d , sim ilar to  th o se  found  in  th e  a ffec ted  n u c le i (F ig. 16). 
T h e  p e riv a sc u la r  in filtra tio n s  in  th e  cereb ral hem ispheres a re  a sy m m etrica l. 
In  a d d itio n , m o d era te  p ro life ra tio n  o f m icroglia cells n e a r  th e  d eg en era ted  
n e rv e  cells are seldom  found  in  th e  hem ispheres (Fig. 17).

I n  th e  grey  m a tte r  o f th e  sp in a l cord  lesions can be seen in  a lm ost ev e ry  
a rea  o f  th e  d ifferen t segm ents. N ev erth e les , th e  cerv ical a n d  lum bo-sacra l 
en la rg em en ts  are invo lved  m o st fre q u e n tly  an d  m ost m ark ed ly . Lesions in  
th e  v e n tr a l  horns an d  in  areas a d ja c e n t to  th e  cen tra l c an a l a re  m ore p ro 
n o u n c e d  an d  m ore com m on th a n  th o se  found in th e  dorsal ho rn s (Figs 18, 19). 
C hanges are  u su a lly  sy m m etric , occasionally  asym m etric . T h e  lesions a long  
the  reg ions of th e  cerv ical an d  lum b o -sacra l en largem en ts a re  v a riab le  in  
in te n s i ty  and d is trib u tio n .
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Fig. 17. Proliferation o f the microglia cells (H ortega’s and oligodendroglia) in the affected  
areas of the cerebral hemispheres. P enfield’s silver im pregnation. X 600

Fig. 18. Part of ventral horns of the cervical enlargem ent. D egeneration of nerve cells and 
glia proliferation in the grey m atter. D em yelinization of the m yelinated  nerve fibres in the 

ventra l funiculi. H aem atoxylin-eosin. x  240
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Fig. 19. Left side of the lum bo-sacral enlargem ent. Cuffing, glia proliferation and degenera' 
tion of cells in  the ventral horns. N issl’s staining. X 95

Fig. 20. Part o f the ventral horns of the lum bo-sacral enlargement. Lesions seen in  Fig. 19.
H aem alaun-eosin staining. X 240
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The c h a ra c te ris tic  lesions in  th e  sp in a l cord are  d eg en era tio n  an d  necrosis 
o f nerve  cells fo llow ed b y  neu ro n o p h ag ia  an d  glia p ro life ra tio n , an d  p e r i
v a sc u la r  in f iltra tio n . T h e  in filtra tin g  cells are ly m p h o cy te s  (Figs 19, 20). 
D eg en era tio n  of th e  n e rv e  cells includes c e n tra l ch ro m ato ly sis  and  vacuo la - 
t io n  of th e  cy to p la sm . Shrinkage an d  p yknosis  of n eu ro n s are seen less fre-

Fig. 21. Part o f the v en tra l horns of the lum bo-sacral enlargem ent. Normal and affected  
m otor nerve cells. B ielschow sky’s silver im pregnation. X 600

q u en tly . B o th  ty p e s  o f  degenera tions resem ble th o se  found  in  th e  b ra in . 
L arge  m o to r n e rv e  cells o f th e  v e n tra l h o rn s a re  u su a lly  affected . H om ogeneous, 
u n ifo rm ly  s ta in ed  n e c ro tiz e d  nerve cells a re  com m on. I n  sections im p reg n a ted  
w ith  B ielschow sky’s m e th o d  d ifferen t s ilv er-b in d in g  c a p a c ity  of th e  a ffec ted  
cy to p lasm  can w ell be  d em o n stra ted . In  such  cases th e  d eg en era ted  n e rv e  
cells change e ith e r  to  hom ogeneous, s tru c tu re le ss , b lack -s ta in ed  e lem en ts , 
or th e  cy top lasm  o f th e  necro tized  n e rv e  cells becom e u n ab le  to  b in d  silver, 
th e re fo re  th e  c y to p la sm  is lig h t, s tru c tu re le ss  a n d  th e  nucleus c a n n o t be 
d isting u ish ed  (F ig . 21). M arked th ic k e n in g  an d  f ra g m e n ta tio n  of th e  sy n a p tic  
perice llu la r nerve  f ib re s  can  also be d e m o n s tra te d . As a consequence, n eu ro n o 
p h ag ia  v a ry in g  in  s e v e r ity  can also be  found . In  ad d itio n , focal as w ell as 
diffuse glia p ro life ra tio n s  in  th e  horns are  observed . F ib ro u s  a s tro cy te s  an d  
m icroglia cells can  b e  fo u n d  in  a p p ro x im a te ly  eq u a l n u m b er. In  som e b ird s  
p ro life ra tio n  o f m ic ro g lia  cells is m ore p ron o u n ced .

W ith  C aja l’s su b lim a te —gold m e th o d  i t  can  be d e m o n s tra te d  t h a t  som e 
d eg en era ted  n e rv e  cells in  th e  v e n tra l h o rn s b o th  o f th e  cerv ical an d  lu m b o 
sac ra l en la rg em en ts  a re  su rrounded  b y  a b u n d a n t, b ru sh -lik e  fib res o u tg ro w n  
from  th e  cy to p lasm  o f  som e of th e  m acrog lia  cells (fib rous gliosis). I n  gen
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eral, p ro life ra tio n  a n d  th ick en in g  of th e  m acro g lia  fib res are  s trik in g  ev e ry 
w here.

B y  W oelcke’s m e th o d  m arked  d em y e lin iza tio n  of th e  m y e lin a ted  n e rv e  
fib res o f th e  v e n tra l  fun icu li can be d e m o n s tra te d  th ro u g h o u t th e  sp in a l 
w h ite  m a tte r  (F ig . 18). Such  changes in  som e o f th e  fib res o f th e  la te ra l an d  
do rsa l fun icu li can  he fo u n d  occasionally.

In  som e b ird s  sm aller or la rger foci co n sisting  of lym p h o cy tes  a n d  a 
few h is tio cy tes  are  seen in  th e  in te rv e r te b ra l ganglions o f th e  cerv ical an d  
lum bo-sacra l en la rg em en ts , m ostly  a t  th e  p e r ip h e ry  of th e  ganglions. In  th e  
affec ted  areas d eg en e ra ted  ganglion cells can  b e  recognized . T he lesions inc lude  
ce n tra l ch ro m ato ly sis  o f va riab le  degree. P ro life ra tin g  sa te llite  cells e n te r  
th e  d is in teg ra ted  n e rv e  cells and  n eu ro n o p h ag ia  develops.

In  th e  p e rip h e ra l nerves of th e  in v e s tig a te d  b ird s  ce llu lar in filtra tio n s  
w ere n o t found . In  som e o f th e  m y elina ted  n e rv e  fib res degenera tions v a ry in g  
in  sev erity , d em y e lin iza tio n , axonal d e g en e ra tio n  an d  fra g m e n ta tio n  w ere 
observed . N e u tra l f a t  in  th e  m yelin  sh e a th  o f  th e  dem y e lin a ted  nerve  fib res  
could  nev er be d e m o n s tra te d  w ith  S u d an  I I I  s ta in ing .

I  h av e  h a d  th e  o p p o r tu n ity  to  in v e s tig a te  CNS of fo u r chickens w hich  
su rv iv ed  th e  o n se t o f disease b y  one an d  a h a lf  to  tw o m o n th s. T he b ird s  
show ed e ith e r som e o f th e  ch a rac te ris tic  sy m p to m s: trem o r, in coo rd ina tion  of 
m ovem ents or p a ra ly s is . In  th e  cerebellum  o f th e  in fec ted  b ird s  d isappearance  
of th e  P u rk in je  cells a t  som e sites was th e  m o s t s trik in g  lesion. M any of th e  
P u rk in je  cells show ed pyknosis. C entral ch ro m ato ly s is  o f th e  nerve  cells w as 
n o t a com m on fe a tu re . Cuffings h ad  re d u c e d  in  n u m b er an d  changed  in  
ch a ra c te r . V ascu la r in f iltra tio n  was rep laced  b y  p ro life ra tio n  of th e  a d v e n titia l 
glia cells. In  som e o f th e  b ird s in tensive  focal glia p ro life ra tio n  could s till 
be  observed. T he lesions w ere observed a t  th e  p red ilec tio n  sites of th e  b ra in  
an d  sp inal cord .

D em y elin iza tio n  in  th e  p e riphera l n e rv e  fib res  w as com m only found . 
In  th e  m yelin  s h e a th  o f th e  periphera l n e rv es  o f som e b ird s  also n e u tra l f a t  
could be d e m o n s tra te d  b y  s ta in in g  w ith  S u d a n  I I I .

M ost of th e  a u th o rs  ( J o n e s , 1954; J u n g h e r r , 1939 ,1942 , 1953; O l i t s k y , 

1939; F r i t z s c h e , 1952; M a r i c s o n  and  B l a x l a n d , 1955, 1958; L i n d g r e n  e t 
ah , 1957; v a n  R o e k e l , 1959) dealing  w ith  A E  h av e  s ta te d  t h a t  ly m p h o cy tic  
in f iltra tio n  c h a ra c te ris tic  o f th e  disease can  be  found  also in  some of th e  
organs o f th e  in fec ted  b ird s . T herefore liv er, g izzard , p ro v en tricu lu s , pan creas  
an d  h e a r t  specim ens w ere s tu d ied  from  m o st o f  th e  b ird s. L ym pho id  in f i l t ra 
tio n s  in  th e  liv er, m uscle  lay e r of th e  g izzard  a n d  p ro v en tricu lu s , an d  p ancreas 
w ere found  in  82, 41, 78 an d  80%  of th e  cases, re sp ec tiv e ly  (F ig. 22). M ost 
o f th e  in f iltra tin g  cells w ere lym phocy tes w ith  a few  ly m p h o b lasts  am ong 
th e m . U sually , th e  in f il tra tio n  was of focal c h a ra c te r . Two ty p e s  of in f il tra 
tions w ere observed  in  th e  pan creas: (1) ro u n d -sh a p e d  in f iltra tio n  d em arca ted
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b y  a th in  lay e r o f fib rous tissue , a n d  (2) in filtra tio n  irreg u la r in  o u tlin es , 
w ith o u t sh a rp  d em arca tio n  zones. In f i l t ra t io n  in  th e  h e a r t  w as fo u n d  in  61%  
o f th e  cases. M ost o f th e  in f iltra tin g  cells w ere eosinophils (F ig. 23).

T h e  lesions in  th e  CNS of e x p e rim e n ta l b irds in o cu la ted  in tra c e re b ra lly  
w ith  th e  in fec tiv e  b ra in  suspension  w ere  sim ilar to  tho se  fo u n d  in  th e  sp o n ta -

Fig. 22. Part o f the gizzard. Focal lym phoid  infiltration in the muscular layer. H aem atoxy
lin-eosin . X 95

neous cases. L esions, m ore p ro n o u n ced  th a n  in  th e  n a tu ra l  d isease, cou ld  be 
d e m o n s tra te d  a t  th e  ch a rac te ris tic  sites. T he p e riv ascu la r in f iltra tio n s  were 
m ore  in ten s iv e  an d  m ore m assive. T h e  in te n s ity  of th e  lesions in c reased  w ith  
th e  p assage  n u m b er. Some cuffings p e n e tra te d  deep ly  in to  th e  w h ite  m a tte r . 
T h e  clin ical sy m p to m s of the  e x p e rim en ta l infection  closely resem b led  those  
o f  th e  sp o n tan eo u s  cases.
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F i g . 2 3 . P art o f  th e  m y o ca rd iu m . In filtr a tin g  eosin op h il ce lls  b e tw e e n  m uscle  fibres.
H aem alaun-eosin. X 1400

D iscussion

The v iru s o f A E induces n o n -su p p u ra tiv e  ly m p h o cy tic  encephalom yelitis  
in  th e  in fected  b ird s . M ostly  th e  grey  m a tte r  is inv o lv ed , a n d  th e  m ost in te n 
sive and  ch a rac te ris tic  lesions can be fo u n d  a t th e  p red ilec tio n  sites.

M any a u th o rs  ( J o n e s , 1934; J u n g h e r r , 1953; F e i b e l  e t ah , 1952; 
F r i t z s c h e , 1952; M a r k s o n  an d  B l a x l a n d , 1958; G r o t h  a n d  G r e u e l , 1961; 
S c h n e i d e r , 1964; M a y o r , 1968) h av e  reco rded  p re d ile c tio n  sites w hich  are 
rou g h ly  com parab le  w ith  th o se  fo u n d  in  th e  stud ies d esc rib ed  here. Lesions 
in  th e  cerebellum  are  em phasized  b y  m o st of th e  a u th o rs .

As for th e  m ost fre q u e n tly  a ffec ted  cerebral n u c le i, eccen tric  n uc lear 
d isp lacem en t in  th e  large  n e rv e  cells of th e  re ticu la r  n u c leu s  w as considered  
ch a rac te ris tic  of th e  d isease b y  J u n g h e r r  (1953). M a a s  an d  H e l m b o l d t  

(1962) s ta te d  th a t  focal or diffuse gliosis in  th e  d e n ta te  a n d  ovoid  nuclei are 
ch a rac te ris tic  of A E . M a y o r  (1968) called  a tte n tio n  to  th e  ovoid nucleus a t 
th e  m ost affec ted  site . A ccord ing  to  L i n d g r e n  e t al. (1957) p red ilec tio n  
sites in th e  b ra in  stem  c a n n o t be d is tingu ished .

B ased on th e  s tu d ies  p u b lish ed  here , am ong nuclei o f th e  cerebellum , 
m edu lla  ob lo n g a ta  an d  m id -b ra in  som e w ere affected  m ore  fre q u e n tly , o th ers  
ra re ly , or n o t a t  all. T he m o st a ffec ted  g roups of nuclei h a v e  been  lis ted  above.
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T h e  m ost c h a ra c te r is tic  lesions w ere fo u n d  in  th e  ce reb e lla r g rev  m a tte r . 
T h e  ch a rac te ris tic  lesions in  th e  cerebellum  call th e  a t te n t io n  to  th e  d is
ease.

F lam e-like p ro jec tio n s  from  th e  g ran u la r  lay e r in to  th e  m olecu lar lay e r 
m a y  be considered  s ig n ifican t lesions ( J u n g h e r r , 1953). T hese  are re su lted  
fro m  p ro life ra tio n  m a in ly  of f ib ro u s  as tro cy te s  an d  ly m p h o c y tic  cuffings th a t  
rep lace  d is in te g ra te d  P u rk in je  cells.

U nlike m y  ow n o b se rv a tio n s  t h a t  glioses are  re su lte d  fro m  th e  p ro life r
a tio n  m ostly  o f f ib ro u s  a s tro c y te s  (fib rous gliosis) M a r k s o n  an d  B l a x l a n d  
(1958) considered  th e m  o f m icrog lia l o rig in  (m icrogliosis).

F lam e-like p ro jec tio n s  in  th e  m olecu lar lay e r w ere f i r s t  observed  b y  
J u n g h e r r  (1953), a n d  la te r  b y  o th ers  (L in d g r e n  e t ah , 1957; B u r t s c h e r , 
1960—61). D eg en e ra tio n  of v a ry in g  degree an d  necrosis o f  th e  P u rk in je  cells 
a re  also s trik in g . A ta x ia  as c lin ical sy m p to m  o f th e  d isease  is ascribab le  to  
th e  affection  of th e se  cells. Sw elling  dem o n strab le  w ith  B ie lschow sky’s m eth o d  
o f th e  clim bing fib re s  a ro u n d  th e  a ffec ted  P u rk in je  cells, a n d  th a t  o f th e  
sy n a p tic  fib re  n e tw o rk  of th e  b a sk e t cells a ro u n d  th e  n ec to rized  P u rk in je  
cells m igh t be  co nsidered  c h a ra c te ris tic , to o  (Figs 8, 9).

In  F u l t o n ’s (1938) op in ion , tre m o r in  m an  is re su lte d  fro m  th e  a ffec tion  
o f  th e  cerebellar n uc le i. I t  is p resu m ed  th a t  tre m o r, one o f th e  clin ica l sym p to m s 
in  th e  exam ined  ch ickens, m ig h t be tra c e d  b ack  to  th e  lesions fo u n d  in  th e  cer
ebellar nuclei.

F laccid  p a ra ly s is  o f th e  h in d  lim bs is w ell ex p la in ed  b y  th e  severe lesions 
in  th e  m o to r n e rv e  cells of th e  v e n tra l  horns or th e  lu m b o -sa c ra l en largem en ts 
(M a n n in g e r  a n d  M ócsY, 1965).

The lesions in  th e  gang lion  cells an d  in  th e  m o to r  n e rv e  cells of th e  
sp in a l cord are  o f s im ila r c h a ra c te r . U nlike th e  P u rk in je  cells, lesions in  th ese  
n e rv e  cells are ch a ra c te riz e d  b y  ce n tra l ch rom ato lysis  a n d  v a c u o la tio n  ra th e r  
th a n  pyknosis.

A t th e  m e n tio n e d  s ite s  f ib ro u s  g liosis c a n  b e  o b s e rv e d . C o ro n a ry -lik e  
p ro life ra tio n  o f  t h e  g lia  cells a ro u n d  som e b lo o d  v esse ls  d e s c r ib e d  b y  J u n g h e r r  
andM iN AR D  (1942), L in d g r e n  e t  a h , (1957) a n d  K ö h l e r  (1964) h as  also  b e e n  
c o n f irm e d  in  t h e  p r e s e n t  s tu d ie s .  H o r te g a ’s m ic ro g lia  ce lls  se em e d  to  h a v e  
p ro life ra te d  in  th e  a f fe c te d  a re a s  m a in ly  in  th e  c e re b ru m .

A ffection  o f  th e  ce reb ru m  is ch a rac te rized  b y  p e r iv a sc u la r  an d  v ascu la r 
in filtra tio n s . D eg en era tio n  o f th e  n e rv e  cells or sligh t gliosis is seldom  observed .

D em yelin iza tion  o f som e p e rip h e ra l n e rv e  fib res h a d  p re su m ab ly  re su lted  
fro m  th e  d eg en e ra tio n  an d  necrosis o f m o to r nerve  cells. D em yelin iza tion  
o f  th e  sciatic  a n d  p e rip h e ra l nerv e  fib res , described  b y  J u n g h e r r  (1939) 
a n d  M a r k s o n  a n d  B l a x l a n d  (1958), w as also observed .

A ccording to  B u r t s c h e r  (1961), w ho also reco rd ed  changes in  th e  
p erip h era l n e rv es , th e  lesions are  ch a rac te rized  b y  sw elling  of th e  m yelin
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s h e a th .  O l it s k y  (1939) a n d  L in d g r e n  e t  a l. (1957) d id  n o t  fo u n d  d em y e lin iz a -  
t io n  o f  th e  re fe r re d  n e rv e s .

I r id o c y c l i t is  a n d  c a ta r a c t ,  o b se rv e d  b y  F e ib e l  e t  a l. (1952), P e c k h a m  
(1957) a n d  B r id g e s  e t  al. (1958), w ere  n o t  seen  b y  m e in  a n y  o f t h e  b ird s  
in fe c te d  w ith  A E .

Lesions in  th e  v isce ra l organs m ay  be considered  o f d iagnostic  va lu e  
if  th e  ch a rac te ris tic  lesions in  th e  CNS are  p resen t. A ccord ing  to  J u n g h e r r  
an d  M in a r d  (1942) a n d  J u n g h e r r  (1953) ly m pho id  in f iltra tio n s  in  th e  m uscle 
lay e r o f th e  g izzard  an d  p ro v en tricu lu s  are  of d iagnostic  v a lu e , since these  
are  n o t observed  in  o rgans o f th e  n o rm a l b ird s. In f il tra tio n s  in  th e  h e a r t  
m uscle w ere observed  b y  J o n e s  (1934) an d  B u r t s c h e r  (1960), to o , w ho 
considered  th e  lesions as ch ron ic  m y o card itis  an d  focal m y o ca rd itis , resp ec
tiv e ly . B u r t s c h e r  (1960) observed  pseudo-eosinophil cell in f iltra tio n s  in  th e  
m y o card iu m . In  m y  cases o n ly  eosinophils associa ted  w ith  m on o n u clear cells 
w ere fo und . The in filtra tio n s  betw een  th e  m yocard ia l m uscle  fib res consist 
o f th is  ty p e  of cells a lm o st exclusively .

Differential diagnosis

A E  shou ld  be d iffe re n tia ted  from  N ew castle  d isease, encephalom alacia  
of v a rio u s origins, M arek’s fow l p ara ly sis , o rn ithosis , toxop lasm osis an d  m yco
p lasm osis.

A long w ith  o th e r m e th o d s (post m o rtem  e x am in a tio n , serological, 
bac te rio lo g ica l an d  v iro log ica l in v es tig a tio n s , an d  e x p e rim e n ta l inocu la tion ) 
h is to p a th o lo g ica l lesions are v e ry  useful in  d iffe ren tia tin g  A E  from  th e  diseases 
lis te d  before.

SUMMARY

In the grey m atter o f the CNS of birds infected  w ith AE non-suppurative lym phocytic  
encephalom yelitis develops. The lesions are m ost pronounced at the predilection sites. Of the  
predilection sites the m olecular layer and Purkinje-cell layer of the cerebellum  should first 
be m entioned, then certain groups o f  nuclei in  the cerebellum , m edulla oblongata and m id
brain, deep m edullary zone o f the optic lobe, neostriatum  and hyperstriatum  of the cerebral 
hem ispheres, and cervical and lum bo-sacral enlargem ents o f the spinal cord.

The lesions include a lterative , productive and inflam m atory processes. The a lterative  
process consists o f pyknotic degeneration, central chrom atolysis, vacuolation  and necrosis 
o f the affected ganglion cells. The productive process results in  focal, som etim es diffuse, pro
liferation, m ostly  o f fibrous astrocytes and occasionally microglia cells. In flam m atory process 
includes lym phocytic vascular and perivascular infiltrations. Cuffings are uniform  or un i
lateral and form  m ono- or m ultiple layers around blood vessels. O cclusion of the lum ina of 
blood vessels is common.

The three types o f processes show varying in tensity  at the predilection sites. In  the  
cerebellum , alterative and productive processes predom inate. In  the affected  nuclei o f the  
cerebellum , m edulla oblongata and m id-brain as w ell as in the op tic  lobe alterative, pro
ductive and inflam m atory processes participate in  similar proportions. In  the cerebral h e 
m ispheres inflam m ation predom inates, other processes can be found on ly  occasionally. Like in
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th e  cerebellum, in the grey m atter  o f the spinal cord alterative and productive processes are 
prom inent. Marked in flam m atory  processes can be found in  som e birds after a long per
sistence of the disease. In  th e  m edulla, mid-brain, and ventral horns of the spinal cord the  
les ion s are sym m etric, in  th e  cerebral hemispheres th ey  are m ostly  asym m etric. Cellular in fil
tration s cannot he found in  peripheral nerves.
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E x p erim  rn ta l in fec tion  w ith  rabies fix e d  v iruses has been ex ten siv e ly  
d ea lt w ith  in  the  lite ra tu re .

M any data have been available also on H ő g y e s’ fixed  strain of rabies virus (1886, 
1888, 1897), which has been used in H ungary as vaccine strain since 1890. E xperim ental 
infections w ith  the strain have been performed on rabbits (H ő g y es , 1886, 1888, 1897; A u je s z - 
k y  and K e r b l e r , 1932), sheep (K e r b l e r , 1930), albino rats (A u je s z k y , Csontos and B u zn a , 
1924) and albino m ice (Alm á ssy  and Szabó-Szű cs , 1956). Nevertheless, relatively little  
interest has been attached to the pathology of the experim ental infections; H őgyes conducted  
relevant exam inations on rabbits (1886, 1888, 1897) and K e r b l e r  (1930) on sheep.

The present studies o f the effect o f H ő gyes’ fix ed  rabies virus strain on m onkeys were 
prom pted firstly  by the need for more detailed inform ation on the strain’s pathogenicity for 
various anim al species, secondly by the recent use o f  m onkeys as highly susceptible experi
m ental animals for the safety testing of rabies vaccines (S el im o v  and A k sen o v a , 1966) as w ell 
as for the production o f rabies antisera (An d er so n  and S g o u r is , 1966), in spite o f the fact, 
th at inform ation has been scanty  on both natural (S c h m u t t e r , 1914; B o u lg er , 1966) and  
artificial rabies infection of m onkeys (L e v a d it i, N ic o la u  and Sch o en , 1924, 1926; H u rst  
and P a w a n , 1931; N ic o la u , Ma th is  and Co n s t a n tin esc u , 1933).

W ith  these  fa c ts  in  m ind  i t  seem ed to  be w orth w h ile  to  closer exam ine 
th e  effect o f ex p e rim en ta l in fection  of H o g y e s ’ fix e d  s tra in  of rabies v iru s  in  
m onkeys. T he p re se n t p a p e r  is a rep o rt o f c lin ica l sym p to m s induced  b y  th e  
in tra c e reb ra l in fec tion .

Materials and m ethods

E xperim en ta l an im als. R hesus m onkeys ( M acaca m ula tta) im p o rted  
from  In d ia  w ere u sed  th ro u g h o u t. E x c lu siv e ly  th e  an im als w hich p ro v ed  
h e a lth y  th ro u g h o u t a m ore th a n  6-week o b se rv a tio n  period  w ere inc luded  
in  th e  experim en t.

V irus. H ő g y e s ’ fixed  v iru s s tra in  from  th e  2194 th  passage in  ra b b it  
b ra in  w as k in d ly  su p p lied  from  th e  P h y lax ia  S ta te  V accine In s t i tu te , B u d a 
p est. T he freeze-d ried  pow dered  ra b b it b ra in  w as m ad e  up  to  a 1%  suspension  
in d istilled  w a te r. 0.2 m l o f th is  suspension w as in je c te d  in to  th e  left th a la m u s  
of five rhesus m onkeys each. T he v irus c o n te n t o f th e  inocu lum  was 10е/ g as 
expressed  in  te rm s  o f in tra c e reb ra l L D 50 fo r th e  m ouse.
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Inocula tion  procedure. T he m o n k ey s w ere n arco tized  w ith  h e x o b a rb ita l  
(“ In tra n a rc o n ” ). T he to p  o f th e  sk u ll w as dep ila ted  an d  a hole was 
d riv e n  w ith  a d e n ta l b u r  in to  th e  sk u ll b o n e  a t  3 m m  d istance  to  th e  ju n c tio n  
o f th e  co ronal an d  sa g itta l su tu re  (b reg m a). T h ro u g h  th is  hole th e  v iru s  su s
p en sio n  w as in jec ted  in to  th e  le f t th a la m u s , w ith  a 2.5 cm  long need le  held  
v e r tic a lly  to  th e  p lane  o f th e  sk u ll to p .

Observation. T he in o cu la ted  m o n k ey s w ere in itia lly  in sp ec ted  once d a ily ; 
on th e  onset o f sym p to m s th e y  w ere in sp ec ted  th ree  tim es da ily  a n d  la te r  in 
ev e ry  h o u r.

R esu lts

1. R hesus m onkey  No. 66/1967, $, 1-year old. B ody  w e ig h t: 2750 g. 
B asic  b eh av io u r c h a rac te ris tic : subm issive .

T h e  an im al w as sy m p to m -free  fo r 4 days follow ing th e  in tra c e re b ra l 
in o cu la tio n . O n th e  5 th  d ay  it  ap p ea red  listless an d  som nolen t. On s tim u la tio n  
b y  b low ing  an d  c lapp ing  hands i t  tu rn e d  aggressive. I t  assum ed a d e sp e ra te , 
a n g ry  co u n ten an ce , g round  his te e th  a n d  cried  in  a shrill voice. I t s  eyes w ere 
te a r fu l, th e  pup ils  d ila ted , an d  i t  sh u n n e d  lig h t. I ts  m ovem ents w ere s ta g g e r
ing  a n d  in co o rd in a ted . A fte r cry in g  fo r a long tim e  i t  fell asleep. T h e  h in d  
e x tre m itie s  o f th e  sleeping an im al assu m ed  a rig id  sp astic  p o s tu re  a n d  a t 
tim es  a sh o rt-w av e  tre m o r shook th e  b o d y . O n th e  6 th  d ay  th e  a n im a l was 
fo u n d  ly ing  on its  side, w ith  eyes h a lf  open , and  a p p a re n tly  d ifficu lt re sp ira 
tio n . O n sound  s tim u li (slam m ing o f th e  door, c lapping  of han d s) i t  s ta r tle d , 
its  re sp ira tio n  becam e qu icker an d  i t  m ad e  kick ing  m ovem ents w ith  th e  legs. 
T h e  sam e a fte rn o o n  i t  w as fo u n d  in  a co m ato u s s ta te ;  re sp ira tio n  w as su p e r
fic ia l. B y  th e  7 th  d ay  o p is th o to n u s developed  and  th e  an im al su n k  in to  deep 
com a so th a t  i t  no longer re sp o n d ed  even  to  p a in  stim uli. I t  su rv iv ed  in  th is  
s ta te  fo r 3 ad d itio n a l days and  died  on th e  10 th  d ay  a fte r  in o cu la tio n , w ith o u t 
a n y  change o f cond ition .

2. R hesus m onkey  No. 67/1967, <J, 1-year old. B ody  w eig h t: 2300 g. 
B asic  b eh av io u r c h a rac te ris tic : subm issive .

T he an im al w as sym ptom -free  fo r 3 day s following in tra c e re b ra l in o cu la 
tio n . O n th e  4 th  d a y  i t  w as s lig h tly  lis tless. I ts  o rig inal t im id ity  v an ish ed  
and  it show ed in te re s t for th e  su rro u n d in g s , b u t its  co u n ten an ce  rem ain ed  
scared  a n d  its  b eh av io u r ten d ed  to  becom e aggressive. I ts  pup ils  w ere d ila ted  
an d  p rio r  to  closer in spec tion  i t  la y  on one side. B eing a roused , i t  w alked  
a ro u n d  w ith  a staggering  g a it, w ith  a co u n ten an ce  w hich seem ed ex trem e ly  
sad , q u ee r an d  d istressed . B y  th e  f if th  d a y  th e  com atous s ta te  h a d  a lread y  
se t in , w ith  som etim es f its  o f convu lsion  d u ring  w hich th e  an im a l g ro u n d  
its  te e th , gave d istressed  groans a n d  its  ex trem ities m ade k ick in g  forced
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m ovem ents. On th e  6 th  d ay  i t  w as s till unconscious a n d  la y  w ith  h ead  b e n t 
b ack w ard , b ack  in c u rv a te d  an d  ex trem itie s  rig id ly  s tre tc h e d . I ts  re sp ira tio n  
w as qu ick  an d  superfic ia l, its  eyes w ere h a lf  open a n d  th e  pup ils  te n d e d  to  
co n stric t. On th e  7 th  d ay  its  s ta te  w as unchanged . O n th e  8 th  d ay  we 
succeeded in  a rousing  i t  from  th e  com a b y  s tim u la tio n : i t  slow ly opened its  
eyes, its  look w as clear b u t  i t  could  n o t m ove. S h ortly  a f te rw a rd s  convulsions 
se t in ; th e n  th e  an im al fell in to  deep unconsciousness a n d  d ied  on th e  n e x t 
(9 tli) day.

3. R hesus m on k ey  No. 68/1967, d1, 1-year old. B o d y  w eigh t: 2300 g. 
B asic b eh av io u r c h a ra c te ris tic : aggressive.

T he an im al w as sy m ptom -free  fo r th re e  days a fte r  in tra c e re b ra l ino cu la 
tio n . On th e  4 th  d a y  i t  la y  in a queer curled  position . O n app roach ing  it ,  it  
ap p eared  nervous an d  ir r ita b le , b re a th e d  qu ick ly  an d  w a tc h e d  angrily . On 
blow ing  and  c lapp ing  of h an d s i t  shook  its  cage and , s tre tc h in g  its  an te rio r  
e x tre m ity  th ro u g h  th e  w ire g ra te , m ade a tte m p ts  to  g ra sp  ou r dress an d  
g ro u n d  its  te e th . T hen , ex h au sted , i t  w ithd rew  in to  a c o rn e r of th e  cage; 
in  th e  afte rnoon  w e fo u n d  i t  s till lean ing  aga in st th e  cage w ire  in  an  a p p a re n tly  
d izzy  s ta te . On th e  f if th  d ay  in  th e  m orn in g  it  sq u a tte d  g ro an in g  in  one corner 
o f th e  cage an d  p erfo rm ed  queer k ick in g  forced m o v em en ts  w ith  th e  r ig h t 
a n te r io r  e x trem ity . I t  b re a th e d  qu ick ly  an d  loudly , a n d  w ith  obvious pa in . 
I t s  look was sad  a n d  d istressed  an d  its  pupils ten d ed  to  co n stric t. I t  held  
th e  ta i l  in  a s tra ig h t rig id  position . I n  th e  a fternoon  i t  la y  cu rled , w ith  th e  
h ead  h idden , an d  g roaned  w ith  a d is to rted  cou n ten an ce . All fists w ere 
clenched  and  th e  a n te rio r  ex trem itie s  m ade m ovem ents. C om a se t in  b y  th e  
6 th  day . The an im al la y  in  a d izzy  s ta te , w ith  th e  legs r ig id ly  s tre tch ed  an d  
th e  arm s crossed above th e  chest. T he ta i l  w as rig id ly  s tre tc h e d  b ack w ard  
in  a banner-like  fash ion  an d  occasionally  perform ed sp a s tic  tw irling  m o v e
m en ts . On sound  s tim u lu s, th e  an im al g roaned  p a in fu lly  a n d  k icked  co n v u l
s ive ly  w ith  th e  legs. O n th e  7 th  d a y  we failed  to  arouse i t  fro m  th e  com atous 
s ta te . I t  su rv ived  fo r a n o th e r tw o  d ays an d  fina lly  d ied  on  th e  11th  day .

4. R hesus m o n k ey  No. 69/1967, $, 1 .5-year old. B o d y  w eigh t: 2600 g. 
B asic b ehav iou r c h a ra c te ris tic : subm issive.

T hree days e lapsed  w ith o u t sy m p to m s, b u t  on th e  4 th  d a y  th e  an im a l’s 
b eh av io u r changed  m ark ed ly : its  t im id ity  van ished  a n d  i t  becam e ir r ita b le  
w ith  a ten d en cy  fo r aggressiv ity . In  th e  a fternoon  i t  b e h a v e d  aggressively  
w ith o u t p reced ing  s tim u la tio n . G rind ing  its  te e th , i t  shook  th e  cage and  m ade 
a t te m p ts  to  b ite  o r sc ra tch  th e  persons com ing closer. B y  th e  5 th  d ay  i t  
becam e listless a n d  so m no len t an d  in  th e  a fternoon  i t  w as q u ite  stupo rous. 
I t  lay  unconsciously  in  com atous s ta te  w ith  convulsively  clenched  fists  an d  
som etim es groaned  in  low to n es. I t  could n o t be roused  b y  so u n d  stim ulus, b u t  
on touch in g  it  g ro an ed  p a in fu lly  an d  fell in to  generalized  convulsions. A t 
th e  m orning  in sp ec tio n  on th e  6 th  d ay  i t  h ad  a d ifficu lt, s te rto ro u s  b re a th ,
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th e  eyes were h a lf  open , legs s tre tc h e d  an d  arm s b e n t a t  th e  elbow. In  th e  
a fte rn o o n  i t  w as in  com a. On th e  7 th  d ay  its  s ta te  was u n ch an g ed , w ith  occa
sio n a l grinding of te e th . I t  d ied  on th e  8 th  day.

5. R hesus m o n k ey  No. 70/1967, $, 1-year old. B o d y  w eight: 2700 g. 
B asic  b ehav iou r c h a ra c te r is tic : subm issive.

No sym ptom s o ccu rred  th ro u g h  3 days a fte r in tra c e re b ra l inocu la tion . 
I n  th e  m orning of th e  4 th  d ay  th e  o rig inally  tim id  an im a l assum ed  a vicious 
cou n ten an ce , h ad  an  an g ry  look an d  b eh av ed  aggressively. I t  paced  nervously  
u p  an d  down his cage, w ith  a som ew hat u n ce rta in  g a it. B y  th e  a fternoon  it  
becam e som nolen t a n d  lean ed  ag a in st th e  cage wire in  a sq u a ttin g  position . 
I t  w as roused b y  th e  sou n d  o f th e  opening  door, and  s ta r te d  to  pace to  and  
fro  again  w ith  an  an g ry , b u t  d istressed  coun tenance  a n d  d ila ted  pupils. 
A t th e  m orning in sp ec tio n  on th e  5 th  d ay  i t  was found  ly in g  on its  side, w ith  
th e  knees d raw n u p . I t s  fis ts  w ere clenched  an d  som etim es sp astic  convulsions 
p assed  th ro u g h  its  b o d y . D uring  th e  convulsive fits  i t  tw irle d  th e  ta il. I ts  
re sp ira tio n  was d ifficu lt an d  p a in fu l an d  i t  trem b led  on so u n d  stim uli. B y th e  
a fte rn o o n  i t  fell in  a co m ato u s s ta te . O n th e  m orn ing  o f  th e  6 th  day  it  was 
unconscious b u t  sa liv a te d  p rofusely . In sp ira tio n  of th e  sa liva  occasionally  
e lic ited  a m oist cough. Coma p e rs is ted  d u rin g  th e  7 th  d a y  an d  sa liva tion  
becam e foam y. R e sp ira tio n  w as superfic ia l. The an im al w as found  dead  on 
th e  8 th  day

S um m ary  of c lin ical sym ptom s

The disease cau sed  in  m onkeys b y  in tra c e reb ra l in fec tio n  w ith  fixed  
rab ies  v irus could  be  d iv id ed  sim ilarly  to  th e  disease cau sed  b y  rab ies s tre e t 
v iru s  in to  th ree  fa ir ly  w ell-defineable stages: th e  p re lim in a ry  (prodrom al) 
s tag e , th e  e x c ita tio n  (furious) stage  an d  th e  fina l (p a ra ly tic ) s tage. Sym ptom s 
se t on a fte r a la te n c y  o f 3 —4 days.

The p re lim in a ry  stage  was m ark ed  b y  th e  ch an g e  o f th e  m o nkeys’ 
p e rso n a lity  p a tte rn .  A nim als of basica lly  subm issive b e h a v io u r  charac teris tic  
f ir s t  showed psy ch ic  h y p eraesth esia , th e n  tu rn e d  aggressive, w hereas th e  
basica lly  aggressive an im als becam e increasing ly  irr ita b le , a n d  fina lly  vicious.

The b eh av io u r change w as follow ed b y  th e  p h ase  o f  ex c ita tio n  w hen 
th e  anim als ap p ea red  p a r tic u la r ly  scared  an d  d istressed  (d y sth y m ia ). T heir 
coun tenance  w as sad  b u t  ang ry , th e  pu p ils  were d ila ted  a n d  on com ing closer 
to  th e  cage, th e y  im m ed ia te ly  a tte m p te d  a vicious a t ta c k :  w ith  ruffled  hairs , 
th e y  shook th e  cage w ires an d  reach ing  th ro u g h  th e  cage b a rs  m ade a tte m p t 
to  sc ra tch  th e  p e rso n  ap p roach ing . T he f its  o f vice a sso c ia ted  w ith  desp era te  
cry ing , grind ing  o f te e th , an d  d y spnoea ; afterw ards th e  an im als sank  b ack  
ex h au sted  in to  a so m no len t s ta te  an d  fu r th e r  stim uli w ere  needed to  elicit 
a n o th e r  fit.
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T h ere  was a conspicuous increase o f reflex  ex c itab ility . Ow ing to  lig h t 
se n s itiv ity , th e  m onkeys drew hack  in to  th e  d a rk e s t co rner of th e  cage an d  
tu rn e d  th e ir  hacks to  th e  w indow . In  sp ite  o f th is , th e re  w as copious lac rim a- 
tio n . O n sound  stim u li, as loud voice, c lap p in g  of hands and  closing o f th e  
door th e  an im als sh ra n k  back  (h y p eracu sia , acuphob ia) and  a sh o rt-w av e  
tre m o r shook th e ir  bodies. T hey  resp o n d ed  w ith  trem o r and  convulsions also 
on b low ing  (hyperalgesia , aerophob ia).

In  th e  in te rv a ls  betw een  th e  fits  o f ex c ita tio n  th e  m onkeys w ere depressed  
and  s tu p o ro u s  ( in te rp a ro x y sm al depression).

T he ex c ita tio n  p h ase  involved  n o t on ly  increased  vice and  ir r i ta b ili ty , 
h u t  also a m otoric  restlessness: th e  an im als paced  to  and  fro in  th e  cage, 
perfo rm ed  aim less m ovem ents w ith  th e  ex trem itie s , w alked  ro u n d , ju m p e d  
ag a in s t th e  cage b a rs  w ith o u t any  obv ious reason . M otoric restlessness w as 
soon follow ed b y  u n c e r ta in ty  of m o vem en ts an d  staggering  gait.

T he change of re sp ira tio n  ra te  m an ifes ted  itse lf  soon: b re a th in g  becam e 
q u ick er an d  obviously  pain fu l. W ith  th e  progression  o f th e  process, re s p ira 
tio n  te n d e d  to  becom e m ore and  m ore superfic ia l w ith  sh o rte r  or longer p au ses  
of increasing  frequency . In  such cases, ju s t  like a fte r  th e  p aro x y sm al f its , 
th e  an im als show ed signs of pa in fu l dysp n o ea  an d  su ffocation : th e ir  fe a tu re s  
d is to rte d , th e ir  eyes p ro tru d e d , th e  re sp ira to ry  m uscles m oved  in  a d y spnoea l 
fash ion  an d  th e  m onkeys firs t k e p t k ick ing , th e n  lay  p ro s tra te .

T he phase of ex c ita tio n  lasted  on ly  a few hours, th e n  a s ta te  of com a 
set in  g rad u a lly . D urin g  th e  fina l s tag e  drousiness, som nolence and  com a 
developed . T he an im als lay  in  a p o s tu re  q u ite  d iffe ren t from  th a t  o f n o rm a l 
sleeping s ta te :  th e  b o d y  w as curled  u p , th e  knees w ere d raw n  u p , th e  h a n d  
and  foo t jo in ts  w ere convulsively  b e n t an d  th e  fis ts  clenched. T he head  b e n t 
fo rw ard  an d  th e  ta il  w as convulsively  d raw n  h ack . In  o th e r  cases o p is th o to n u s  
set in : th e  an im als la y  w ith  head  b e n t do rsa lly , b ack  in c u rv a te d , ex trem itie s  
rig id ly  s tre tc h e d  b u t  fis ts  clenched an d  th e  ta i l  held  rig id ly  in  a s tra ig h t 
position  like a b an n er.

T rem or, je rk s  an d  convulsions w ere observed  in  all cases. T rem or b eg u n  
a t th e  head  and  g rad u a lly  w ent th ro u g h  th e  w hole body . M uscular f ib rilla tio n  
w as seen b o th  in  th e  face and  ex trem itie s . C onvulsive co n trac tio n s  p a r t ly  
of flexo r, p a r tly  of te n so r m uscles, re su lted  in  clenching  th e  fis ts , b e n t o r 
d raw n  p o s tu re  of th e  ex trem ities , th a t  is, in o p is th o to n u s. F orced  m o vem en ts 
m an ifested  them selves e ith e r b y  c ircu la r g a it, fo rw ard  je rk s , or b y  k ick ing  
m otions, g rind ing  of te e th , tw irling  o f ta il  a n d  generalized  convulsions. T he 
ton ic-clon ic  seizures w ere read ily  e lic ited  b y  sound  or p a in  stim uli.

T he voice o f th e  m onkeys f irs t becam e p ecu lia rly  sh rill th e n  g rad u a lly  
died  dow n to  a p a in fu l, low groan. S a liv a tio n  w as observed  in  only one case 
and  even th e n  only on th e  s ix th  p o stin fec tio n  day . T he saliva w as in sp ired  
and caused  a pa in fu l, m oist cough.
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The sh o rt e x c ita tio n  phase w as fo llow ed b y  a com atous s ta te  in  a con
sp icuously  ra p id  succession on th e  5 th  to  6 th  d ay . Once in th is  s ta te , th e  a n i
m als  w ere rou sed  w ith  d ifficu lty  b u t  re sp o n d ed  to  p a in  or sound  s tim u li w ith  
ton ic -c lon ic  sp asm s, g rind ing  of te e th  a n d  convu lsive tw irlin g  of th e  ta il.

T he co m ato u s s ta te  lasted  re la tiv e ly  long, som etim es even for 5 day s 
a n d  th e  anim als d ied  b y  th e  8 th  to  10 th  d a y  w ith o u t regain ing  consciousness.

N ecropsy find ings

P o st m o rtem  find ings rev ea led  in  one case h y p o s ta tic  p n eu m o n ia , in 
tw o  cases signs o f  u r in a ry -b la d d e r p a ra ly s is , an d  in  every  case cereb ral h y p er- 
aem ia  and  p e te c h ia l haem orrhages in  th e  b ra in  stem .

The b ra in  an d  spinal cord w ere re se rv ed  for h isto log ical ex am in a tio n .

D iscussion

A m ong m o nkeys, n a tu ra l rab ies seem s to  be ex trem ely  ra re ; in  th e  
l i te ra tu re  only tw o  case rep o rts  are  av a ilab le  (Schmutter, 1914; B oulger , 
1966). In fo rm a tio n  is also scan ty  on e x p e rim e n ta l in fection  of m onkeys w ith  
s tre e t  rabies v iru s , a lth o u g h  th e ir  su sc e p tib ility  w as d em o n stra ted  b y  Ma r x  
a lre a d y  in  1900. A ction and  H arvey  (1913) m a in ta in ed  th e  rab ies v iru s  in  
m o n k ey  passages. L evaditi, N icolau an d  Schoen stu d ied  th e  su scep tib ility  
o f  v a rious sim ian  species (M acacus s in ic u s , M . cynomolgus, M . callithrix, 
Cercocebus fu lig in o su s , Papio m orm on , Troglodytes n iger). N icolau , Mathis 
a n d  Constantines с и  (1933) in o cu la ted  m onkeys w ith  th e  Oulo F a to  s tra in , 
w h ile  H urst a n d  P aw an  (1931) w ith  a v a m p ir  s tra in  from  T rin id ad  an d  
u n ifo rm ly  d e m o n s tra te d  a g rea te r su sc e p tib ility  to  rab ies of m onkeys th a n  
o f  ra b b its .

D a ta  on m o n k ey  experim en ts w ith  fix ed  rab ies v iru s  are  s till m ore 
scarce . The ab o v e -c ited  au tho rs p e rfo rm ed  such  ex perim en ts for com parison  
to  th e  effect o f s tre e t  rabies v iru s  w ith o u t giv ing an y  de ta ils  on th e  clin ical 
m an ife s ta tio n . Ma r x  (1900) in o cu la ted  P a s te u r ’s fixed  rab ies v iru s  s tra in  
in to  th e  su b cu tan eo u s  connective tissu e  a n d  m uscles of m onkeys. Lamb and  
McK endrick  (1909) rep o rted  th e  decrease  of p a th o g en ic ity  for th e  r a b b it  
o f  a fixed  rab ies  v iru s  s tra in  ca rried  th ro u g h  m onkey  passages. H urst an d  
P aw an  (1931) in o cu la ted  rhesus m onkeys w ith  fixed  rab ies v iru s  to  com pare  
its  effect to  th a t  o f th e  v am p ir s tra in  from  T rin id ad , b u t  th e y  p re sen ted  no 
d e ta ile d  clinical d a ta .

T hus th e  re su lts  ob ta ined  on m o nkeys w ith  fixed  rab ies v iru s s tra in s  
o f  various orig in , be ing  scan ty  an d  in c o n s is te n t, are no t su ited  to  d raw  an 
u n eq u iv o ca l conclusion  on th e  e x p e rim e n ta l in fec tion  o f m onkeys w ith  
f ix e d  rabies v iru s.
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In this laboratory, m onkeys were infected intracerebraDv w ith HŐGYES, 
fixed  rabies virus strain  w ith  the primary aim to stu d y  the associated neurol
ogical sym ptom s.

T he disease becam e  m anifest on th e  4 th  or 5 th  p o stin o cu la tio n  d ay . 
T he f ir s t  sign, th e  ch an g e  o f “ p e rsona lity  p a t te rn ”  w as e v a lu a te d  in  com parison 
to  th e  ca tegory  o f th e  an im al’s basic  b eh av io u r c h a ra c te ris tic , social an d  
in te rp e rso n a l b e h a v io u r, etc., as e s tab lished  d u rin g  th e  p re -ex p erim en ta l 
o b se rv a tio n  period. P o s tu la te s  to  th is  end  have  been  e la b o ra te d  b y  N orkinA 
(1960) an d  Mirsky  (1960). W e have a d o p ted  Mir sk y ’s ru les as th e y  seem ed 
m ore sim ple, an d  h a v e  accord ingly  estab lished  th a t  th e  b asica lly  subm issive 
an im als tu rn e d  aggressive, w hereas th e  basica lly  aggressive an im als v icious, 
as th e  f irs t m a n ife s ta tio n  of th e  disease. In  th is  re sp ec t, H őgyes’ s ta te 
m en t (1894) th a t  “ th e  in te n s ity  and m an ifesta tio n  of p e rso n a lity  change obv ious
ly  depends largely  on th e  p a tie n t’s psychic  c o n s titu tio n ”  seem s to  app ly  also 
to  m onkeys.

T he fac t th a t  fix ed  rab ies v iru s  caused a ty p ic a l fu rious condition  on 
in tra c e reb ra l in o cu la tio n  in to  m onkeys w as n o t su rp ris in g , considering th a t  
th e  increased  se n s itiv ity  o f  m onkeys to  rab ies v iru s , p a r tic u la r ly  if  adm in istered  
in trace reb ra lly , h a d  b een  a lread y  n o ted  b y  Levaditi e t al. (1926) and  H urst 
an d  Paw an  (1931). F u r th e r  to  th is , A ujeszky  an d  K erbler  (1932) fo u n d  
th a t  in  ra b b its , fu rio u s rab ies could be induced  b y  fix e d  rab ies  v irus if  th e  
su b d u ra lly  a d m in is te red  v iru s  dose was reduced .

In  th e  cond ition  elic ited  in m onkeys by  H ő g yes’ fix ed  rabies v iru s , 
th e  p h ase  of ex c ita tio n  la s te d  only a few hours, b u t  th e  co m ato u s phase p ro 
longed to  3 — 5 days. T h is  phenom enon  w as n o ticed  b y  H őgyes him self (1897), 
who h a d  found th a t  ag o n y  had  lasted  longer on in o cu la tio n  w ith  fixed  th a n  
w ith  s tre e t rabies v iru s  s tra in .

T he in te rp re ta tio n  o f  th e  o th e r neurological sy m p to m s observed  w arran ts  
d e ta iled  neu roh isto log ica l studies.

SUMMARY

Rhesus monkeys were infected intracerebrally w ith  H ő g y e s’ fix ed  rabies virus strain  
which has been regularly used  in Hungary for prophylactic and postinfectious vaccination  
since 1890. M anifest rabies w as developed by the m onkeys after 3— 4 days of latency and  
the anim als died on the 8 th — 11th postinfection day. During the pathological course the ani
mals underw ent all known stages o f rabies.

D etailed description is g iven  of the clinical m anifestation in all the fiv e  infected anim als 
and correlating it  w ith  the neurological observations, a com prehensive sum m ary is presented  
of the sym ptom atology o f the disease caused in m onkeys by intracerebral infection w ith  
H ő g y es’ fixed  rabies virus strain.
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ZUM SAUERSTOFFVERBRAUCH DER KOKZIDIEN- 
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(Eingegangen am 28. Februar 1969)

Im  Z usam m enhang  m it der In ten s iv ie ru n g  b iochem ischer F o rsch u n g s
a rb e ite n  au f dem  G ebiet der P arasito lo g ie  in den vergangenen  J a h re n  ist w ieder 
eine F rag e  in den B lick p u n k t g e rü ck t, die auch fü r die P rax is  von  B ed eu tu n g  
is t: d ie des S au ersto ffverb rauches von  O ocysten  w ährend  ih re r  S p oru la tion .

Schon P f e if f e r  (1892) betonte, daß eine Sporulation von O ocysten der K aninchen
kokzidien nur stattfind et, wenn Luftsauerstoff freien Zutritt hat. Ch e is s in  (1935) bestätigte  
diesen Befund im Rahm en seiner weitreichenden Untersuchungen m it Eimeria  stiedai und  
E. magna  ebenso wie L apage  (1940), H e n r y  (1931) und Go od rich  (1944).

Eingehendere Untersuchungen über die Höhe des Sauerstoffverbrauches nicht sporu- 
lierter und sporulierter O ocysten von Eimeria tenella führten Sm ith  und H e r r ic k  (1944) durch, 
während W ilso n  und F a ir b a ir n  (1961) erstm als den Sauerstoffverbrauch von Eimeria acer- 
v u l in a -0 оcysten  während der Sporulation verfolgten. Neuere U ntersuchungen über den 
Sauerstoffbedarf von  Sporozoiten während ihrer E xcystation  wurden von  V e t t e r l in g  (1968) 
durchgeführt. Alle Autoren (bis auf V e t t e r l in g , der auf diese Frage n icht einging) kamen  
übereinstim m end zu dem  Ergebnis, daß eine Sporulation der K okzidien-O ocysten nur bei 
Anw esenheit von Sauerstoff möglich ist.

Anders lautende Hinweise haben sich in ihrer Mehrzahl als Irrtümer erwiesen. So zitiert 
P e l l é r d y  (1965), neben der M itteilung eigener Ergebnisse, Untersuchungen von  H e n r y  (1931) 
und L a pa g e  (1940) über Sporulation unter anaeroben Verhältnissen, was aber auf einer F eh l
interpretation beruht, die durch starke K ürzungen des ursprünglichen M anuskripts en tstan
den ist. Dem  bei D unca n  (1959) gegebenen H inweis (p. 195) auf Go o d rich  (1944) »Goodrich  
(1944) felt that oxygen was not essential for sporulation« dürfte ein M ißverständnis der Worte 
»but oxygen does not seem to be necîssary« — gem eint hat Go odrich  (1944) eine zusätzliche  
Sauerstoffapplikation — zugrundeliegen.

Bisher nicht widerlegt oder widerrufen sind die Befunde von H e n r y  (1931), daß Eimeria  
scabra — im  Gegensatz zu anderen E im eria -Arten — offensichtlich in der Lage ist »without 
access to a large am ount of oxygen« zu sporulieren, von D uncan  (1959), daß eine Sporulation  
der O ocysten von Eimeria labbeana, wenn auch nur zu einem geringen P rozentsatz, anaerob 
erfolgen kann, sowie von P e l l é r d y  (1965), der in Anlehnung an H en r y s  (1931) U nter
suchungsm ethoden bei einigen H austierkokzidien-O ocysten auch eine Sporulation ohne Sauer
stoffzufuhr feststellte.

Mit Rücksicht darauf, daß die A ngaben der erwähnten Autoren über den Sauerstoff
bedarf der sporulierenden O ocysten n icht übereinstim m en sowie auf die T atsache, daß die 
O ocysten einiger Kokzidienarten (z. B. ein Teil der bei Fischen vorkom m enden Kokzidien) 
innerhalb des Organismus auch unter verm utlich  anaeroben Bedingungen sporulieren können, 
führten wir Untersuchungen an Eimeria stiedai und einem Gemisch verschiedener Darm 
kokzidien des Kaninchens durch.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 19 (3), pp. 307—310 (1969)

M aterial und  M ethodik

In  einem  e rsten  V ersuch w u rd en  in zwei E x sik k a to ren  je  zwei P e tr i
schalen  m it O ocysten  beider K o k z id ien arten  in zw eip rozen tiger K alium -
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b ich ro m atlö su n g  g e s te llt , eine d r it te  P e trisch a le  m it O ocysten  d ien te  jew eils 
als K on tro lle  u n d  w u rd e  u n te r  den im  L ab o r üb lichen  S poru la tionsbed ingungen  
m it freiem  L u f tz u tr i t t  au fb ew ah rt.

E in  E x s ik k a to r  w urde täg lich  m it reinem  S tick sto ff, der andere  m it 
re in em  K ohlend ioxyd  d u rch sp ü lt u n d  d an ach  s te ts  w ieder lu ftd ic h t versch los
sen . N ach  3 x 2 4  S tu n d e n  w urde d e r V ersuch  b e e n d e t. A n H an d  eines von  
P e llé rd y  (K otlán  u n d  P e l l é r d y , 1934) a u sg e a rb e ite te n  S poru la tionsindexes 
w u rd e  bei V ersuchsende im  F alle  d e r E im eria  s iied a i-O o cy sten k u ltu r der 
S p o ru la tio n sg rad  e x a k t  bestim m t, w ä h re n d  er bei dem  G em isch von  D arm - 
kokz id ienoocysten  n u r  geschä tz t w u rd e .

A u f G rund d e r in  diesem  V ersuch  e rh a lten en  E rgebn isse  w urde  zu r B e
s tim m u n g  der H öhe des S au ersto ffverb rauches einer R e in k u ltu r  von E im eria  
stied a i-O ocysten  w ä h re n d  der S p o ru la tio n  d ieser in  d re i w eiteren  V ersuchen  
m it einem  W a rb u rg -A p p a ra t gem essen. Im  A nsch luß  an  die S poru la tio n  
ließ en  w ir zusätz lich  d en  K eim gehalt d e r P ro b en  b estim m en .

D ie V ersu ch sd au er b e tru g  in a llen  V ersuchen  3 x 2 4  S tu n d en . D ie O ocy
s te n  w urden  der G allenb lase  in fiz ie rte r K an in ch en  en tn o m m en  u n d  in  zw ei
p ro zen tig e r  K a liu m b ich ro m atlö su n g  geha lten . D ie T e m p e ra tu r  des W asser
b ad es  b e tru g  in d en  beiden  H a u p tv e rsu c h e n  25 °C. A lle E rgebn isse  w u rd en  
a u f  jtil v e rb ra u c h ten  S auerstoffes p ro  100 000 O ocysten  um gerechnet.*

E in  V orversuch  bei 31 °C m it M ateria l, dessen H e rk u n ft n ich t e indeu tig  
d e f in ie r t w ar, d ie n te  zu nächst n u r  d e r E rm ittlu n g  d er zu verw endenden  
o p tim a le n  O ocystenm enge.

D ie O ocysten  fü r  V ersuch 3 s ta m m te n  alle v o n  einem  s ta rk  in fiz ie rten  
V ersu ch stie r, das e tw a  24 S tu n d en  v o r  dem  A n se tzen  des V ersuches g e tö te t 
w o rd en  w ar. Bis V ersuchsbeg inn  w u rd e n  die O ocysten  n a c h  dem  A usw aschen 
im  K ü h lsch ran k  b e i e tw a  4 °C a u fb e w a h rt. D as V ersu ch sm ate ria l fü r  V ersuch  
4 w u rd e  durch  M ischen des G allenb lasen inhaltes m eh re re r  schw ächer in fiz ie r
t e r  T iere  gew onnen u n d  etw a 48 S tu n d e n  n ach  d e r S ch lach tu n g  der T iere 
v e rw en d e t.

E rgebn isse

Im  ersten  V ersu ch  b e tru g  d er S p o ru la tio n s in d ex  (M axim um  bei v o ll
s tä n d ig e r  S p o ru la tio n  a lle r e in h u n d e rt au sg ezäh lten  O ocysten  =  400) bei der 
u n te r  L u f tz u tr i t t  g eh a lten en  P robe v o n  E im eria  stiedai 321. D ie V erg leichs
w e rte  fü r  die u n te r  S tic k s to ff  geh a lten e  P ro b e  w aren  11, fü r  die K o h len d io x y d 
p ro b e  10. E ine äh n lich e , w enn auch  w egen des A rtengem isches n ich t au szäh l
b a re  R ela tio n  ließ  sich  fü r  die O ocysten  der D arm k o k z id ien  festste llen . Die 
ansch ließende A u fb ew ah ru n g  der zu v o r n u r  u n te r  S tic k s to ff  u n d  K oh lend ioxyd

* B ei allen A uszählungen und der B estim m ung des Sporulationsindexes wurden offen
sichtlich  taube, nicht sporulationsfähige O ocysten  nicht berücksichtigt.
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g eha ltenen  P e tr isc h a le n  u n te r  L u f tz u tr i t t  e rgab  in n e rh a lb  w eite re r drei T age 
eine norm ale  S p o ru la tio n  der in ihnen e n th a lte n e n  O ocysten .

Im  zw eiten  V ersuch  v e rb ra u c h ten  1 M illion O ocysten  bei 31 °C e tw a 
400 [Л 0 , .

Als E rg eb n is  des d r it te n  V ersuches, in  dem  zwei versch iedene O ocysten- 
k o n zen tra tio n en  gem essen w urden  (a) 6 G efäße m it 130 000 O ocysten, b) 6 
G efäße m it 47 000 O ocysten), e rh ielten  w ir fo lgenden  S au ersto ffv e rb rau ch :

a) G efäß N r. 1 2 3 4 5 6
]Л 0 2 33,5 30,7 31,2 28,3 38,5 40,6
M itte lw ert ±  s 3 3 ,8 ± 4 ,8  Ц1 0 2

b) G efäß N r. 7 8 9 10 11 12
/Д Oa 27,3 31,3 29,5 28,7 30,6 33,8
M itte lw ert ±  s 3 0 ,2 ± 2 ,3  [Л 0 2

D er S p o ru la tio n sin d ex  aus je  einem  G efäß b e id e r M eßserien b e tru g  395. Bei 
d er b ak te rio log ischen  U n te rsu ch u n g  w u rd en  in  G efäß N r 5, 7 u n d  8 jew eils 
»einige w enige K olon ien  von  E . coli« fe s tg es te llt, die ü b rig en  Gefäße w aren  
keim frei.

Im  v ie rte n  V ersuch , in  dem  elf G efäße m it jew eils 100 000 O ocysten  ange
se tz t w orden  w aren , b e tru g  der S au ersto ffv e rb rau ch :

G efäß N r. 1 2 3 4 5 6 7 8 9 10 11
/Л 0 2 36,9 42,0 43,1 30,3 46,8 40,1 39,3 41,1 38,4 37,3 38,8
M itte lw ert ^  s 3 9 ,5 ^ 4 ,0  [Л 0 2.

D er S p o ru la tio n sin d ex  aus drei G efäßen b e tru g  396, 397 u n d  399. Bei d er 
b ak te rio log ischen  U n te rsu ch u n g  w urden  n u r  in  G efäß N r. 10 »einige w enige 
K olonien  von  E . coli« gefunden , die restlichen  G efäße w aren  w iederum  keim frei.

E ine G egenüberste llung  der abso lu ten  M eßergebnisse (n ich t au f 100 000 
O ocysten  bezogen) d er zwei M eßserien a) u n d  b) in  V ersuch  3 ergab bei einem  
V erh ä ltn is  der in  d en  beid en  Serien v e rw en d e ten  O ocysten  v o n  a : b  =  1 : 2,8 
eine en tsp rechende  R e la tio n  von  1 : 2,5 fü r  den  S au ersto ffv erb rau ch .

D a die S au ersto ffv e rb rau ch sw erte  fü r  die G efäße, bei denen  anschließend  
ein geringer K e im g eh a lt festg este llt w orden  w ar, n ic h t w esen tlich  über dem  
allgem einen D u rc h sc h n itt lagen , in  d re i F ä llen  sogar d a ru n te r , is t d ieser 
K eim g eh alt fü r den  S au ersto ffv e rb rau ch  o ffensich tlich  ohne B ed eu tu n g , zum al 
eine n ach träg lich e  V erun re in igung  der P ro b en  n ic h t ganz sicher ausgeschlossen 
w erden  kan n .

Ob es sich  bei dem  U ntersch ied  im  S au e rs to ffv e rb rau ch  zw ischen V er
such  3 u n d  4 u m  eine im  B ereich  der m eth o d isch en  F eh le rb re ite  liegende 
D ifferenz h a n d e lt oder ob d ieser U n tersch ied  d u rch  das an d ersa rtig e  U n ter-
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su c h u n g sg u t (andere T iere , an d ere  E n tn a h m e z e it p o st m o rtem , versch ieden  
lan g e  A ufbew ahrungszeiten ) b e d in g t is t, k ann  a u f  G ru n d  d er b isherigen  
B e fu n d e  noch n ich t en tsch ied en  w erd en .

D iskussion

D ie erzielten E rgebn isse  u n se re r  U n tersuchungen  stim m en  m it denen 
d e r m e is ten  oben z itie r te n  A u to ren  ü bere in . Bei einer n ach träg lich en  Ü b e r
p rü fu n g  der V ersuchsbed ingungen  v o n  H e n r y  (1931) u n d  P e l l é r d y  (1965) 
k ö n n en  w ir annehm en, d aß  die ir r tü m lic h e n  Schlußfo lgerungen  v e rm u tlic h  d a 
d u rc h  b ed in g t w aren, d aß  der S p o ru la tio n sv e rlau f se inerze it u n te r  h e rm etisch  
abgesch lossenen  D eckg läsern  b e o b a c h te t w urde, ab er a u f  G ru n d  einer v e r
m u tlic h  zu geringen O ocystenzah l die F lüssigkeit u n te r  dem  D eckglas noch 
g en ü g en d  S auersto ff e n th ie lt, u m  eine S poru la tion  d er O ocysten  zu erm ög
lich en . Ob diese E rk lä ru n g  a llerd ings auch  fü r die E rgebn isse  von  D u n c a n  
(1959) zu tr iff t, m uß  offengelassen w erden .

M essungen des w äh ren d  d e r gesam ten  S poru la tio n sze it v e rb ra u c h ten  
S au ersto ffes  w urden b ish e r n ich t d u rc h g e fü h rt. E ine übersch läg ige B erechnung  
dieses W ertes is t n u r  aus den A n g ab en  bei W il so n  u n d  F a i r b a i r n  (1961) 
fü r  E im eria  acervulina  m öglich, w obei sich  bei einer angenom m enen  M eßdauer 
v o n  72 S tu n d en  ein M ax im a lv e rb rau ch  von 7,2 /Л 0 2 fü r 100 000 O ocysten  
e rg eb en  w ürde. Ob diese A bw eichung von  den eigenen R e su lta te n  a u f  einem  
m e th o d isch en  Feh ler b e ru h t oder a r tb e d in g t is t, m uß  den  E rgebn issen  w eiterer 
U n te rsu ch u n g en  ü berlassen  b leiben .

ZUSAMMENFASSUNG

E ine Sporulation von  Darm- und G aliengangskokzidien-O ocysten des K aninchens 
f in d e t nur bei Luftzutritt, n icht dagegen bei Begasung m it S tickstoff und K ohlendioxyd statt. 
Der Sauerstoffbedarf für eine vollständige Sporulation von 100 000 Eimeria stiedai-O ocysten  
lieg t zw ischen 30,2 +  2,3 und 39,5 +  4,0 ,ul 0 2.
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I n  H u n g ary , th e  m ost im p o r ta n t horse disease is equine rh in o p n eu m o n i- 
tis , w h ich  has caused  severe econom ic losses am ong horse s to ck s in c lud ing  
race  h o rse  studs.

The viral abortion of mares was described first by D im ock  and E d w a r d s  (1933). 
Subsequently  Ma n n in g e r  and Csontos (1941) and Ma n n in g e r  (1949) dem onstrated the 
id en tity  o f  the causative virus w ith the agent o f the disease known as catarrhal equine in flu 
enza. In  1956, S ovinova  et al. isolated from  an acute respiratory disease o f horses an agent 
which proved to be an influenze A virus (M yx o v iru s) .  Thenceforth the designation  “ equine 
influenza”  has been applied to the disease due to influenza virus, and on the suggestion  of 
D oll (1959) the condition formerly known as catarrhal equine influenza or viral abortion of 
mares has been named “ equine rhinopneum onitis” . In the m eantim e also its agent has been  
isolated in tissue culture and on the basis o f its properties has been classified into  the Herpes
virus group (R andall  et ah, 1953; Mo re  and R a n d a ll , 1958; Ar h elg a r , D a r l in g t o n  and 
R a n d a l l , 1963). In 1963 P lum m er  and W a te r so n  isolated another herpesvirus strain (L K  
virus) from  the respiratory tract of a horse w ith  rhinitis. B ut com parative studies have proved  
the n on -id en tity  of this strain, and of another herpesvirus strain isolated later, w ith  the agent 
of equine rhinopneum onitis (K a rpas, 1966).

Thus the three respiratory viruses isolated  from horses have been, on the basis o f  their 
different serological and other properties, classified as serotypes Herpes equi 1 (rhinopneum o
nitis v irus). Herpes equi 2 (P lum m er  and W a t e r s o n ’s strain LK) and H erpes equi 3 (K a r
pa s’ strain). The present studies are concerned w ith  the occurrence and properties o f Herpes 
equi 1 am ong horses in  Hungary.

E quine rhinopneum onitis (type 1 H erpes equi infection) still presents a great problem  
in countries w ith large horse stocks, as e.g. in  Poland, France, Denm ark and in the U nited  
States. In Denm ark, recent serological screening has shown neutralizing antibodies to rhino
pneum onitis virus in the sera of 80% of horses above 2 years old (R a sm u ssen , 1968). Two years 
earlier the sam e author (R asm u ssen , 1966) has reported the isolation of 26 virus strains from  
the organs of horse foetuses and a few  days old foals as well as from the nasal discharge of 
foals and horses with rhinitis. In H ungary, no recent data have been available on the incidence  
o f the disease. According to earlier studies (B a rth a  and F e h é r , 1954), in  a stud 50%  o f the 
pregnant mares and 70%  o f non-pregnant and transposed mares had specific antibodies, as 
dem onstrated by com plem ent fixation (CF). In  a race horse stud, where infection  was detected  
by serological screening (CF), but no isolation  of the infected mares was possible, 75%  of the 
mares had aborted. Screening by CF in itia ted  by the Central Veterinary In stitu te  (V iz y , 
1959— 60) revealed a 9— 40%  incidence of rhinopneum onitis, primarily in south-eastern and 
northern Hungary.

V iru s strains. T he s tra in s iso la ted  b y  us have  o rig ina ted  fro m  several 
s tu d  fa rm s. W e succeeded in  iso la tin g  th e  ag en t of b o th  form s o f rh in o p n e u 
m o n itis : 4 s tra in s  (D , VM h2, R and  M h) w ere o b ta in ed  from  th e  n a sa l d ischarge  
o f  a fo a l an d  from  fo e ta l lung. One s tra in  (Y) w as iso la ted  m ore th a n  one
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y e a r  earlier from  a freeze-d ried  an tig en  p re p a re d  from  th e  lung of a foal in  
th e  u su a l w ay. S tra in  H U  w as iso la ted  b y  us sev era l years  ago an d  has been 
m a in ta in e d  in  tissu e  c u ltu re  ever since. F o r co m p ariso n , th e  reference s tra in s  
K y  — D and  E R P V , a n d  th e  s tra in  E A /S kov l. iso la ted  in  D enm ark  w ere used.

E xam ination of cytopathic effect in tissue culture

V irus iso la tio n  w as m ade in  m o n o lay er c u ltu re s  o f ca lf k id n ey  ep ith e lia l 
cells. As an  ino cu lu m , th e  su p e rn a ta n ts  of a 10%  suspension  of te s t  m a te ria l 
w ere used  a fte r  t r e a tm e n t  w ith  penicillin , s tre p to m y c in  an d  m y c o s ta tin . 
Specific  c y to p a th ic  e ffec t (C PE ) developed  b y  th e  5 th  to  8 th  day , in  th e  form  
o f foci of v a riab le  size. Cell d e s tru c tio n  m an ife s ted  itse lf  b y  ro u n d in g  off, 
d eg en era tio n  an d  d e ta c h m e n t of th e  ep ith e lia l cells. C PE  ap p eared  a lread y  
in  th e  f irs t passage. D ue  to  th e  ex tension  of th e  c y to p a th ic  foci, la ttic e s  a p p e a r
ed  b y  th e  4 th  to  5 th  d a y , th e ir  n u m b er an d  size te n d e d  to  increase.

Cellular d am ag e  w as b es t visib le a t  th e  b o rd e r  of n o rm al and  d e s tru c te d  
tissu e . Coverslip c u ltu re s  w ere fixed  in  m e th a n o l a n d  s ta in ed  w ith  h aem a to x y - 
lin  an d  eosin. T h e  n u c le i o ften  sw elled even  on  to  th e  double of th e  n o rm a l 
size an d  w ith in  th e m  b asoph ilic  ch ro m atin  g ran u les  w ere seen, w hich in  a la te r  
p h ase  a rranged  ch ie fly  along th e  nu c lea r m em b ran e . T he nucleoli h a d  e ith e r  
d isap p ea red  or fa llen  a p a r t  and  assum ed  a p e rip h e ra l location . T he cen tre  
o f  th e  nucleus w as o fte n  free o f c h ro m a tin ; th e  nuc leop lasm  was seen in  th e  
c e n tra l  p a r t  of th e  n u c leu s , an d  to w a rd  th e  cell m em b ran e  i t  was su rro u n d ed  
b y  a clear zone (halo ). O ften  th e  n u c lea r m em b ran e  itse lf  h ad  d isap p eared  an d  
c h ro m a tin  g ranu les in  chain-like a rra n g e m en ts  w ere  seen in  its  p lace. L a te r  
on  th e  dam aged  n u c leu s  sh ru n k  to  less th a n  th e  n o rm a l size w ith  som etim es 
p e rin u c lea r co n d en sa tio n , som etim es fa lling  a p a r t  o f th e  im paired  cy to p lasm . 
I n  fu r th e r  passages th e  focal C PE  w as a p p a re n t  a lread y  on th e  3 rd  d ay , 
p a r tic u la r ly  in  th e  case o f th e  reference s tra in s  K y —D and  E R P V , w h ich  
h a d  been  tra n sfe rre d  to  ca lf  k id n ey  ep ith e lia l cell c u ltu re  to  enable com parison .

C PE a p p ea red  earlie r an d  in  a m ore severe  fo rm  w ith  th e  re ference  
s tra in s  and  one o f o u r iso la tes as co m p ared  to  th e  re s t. The nu c lear changes 
w ere consisten t w ith  th o se  caused  b y  ag en ts  belong ing  to  th e  H erpesvirus  
g roup .

N eutra liza tion  tests. Tw o reference s tra in s  a n d  4 of our iso lates w ere com 
p a re d  in  th e  v iru s  n e u tra liz a tio n  te s t , u sing  h y p e rim m u n e  E R P V  serum  p re 
p a re d  in  ra b b it  a n d  sera  from  3 a b o rte d  m ares from  one an d  th e  sam e s tu d . 
I t  shou ld  be m en tio n ed  th a t  s tra in  D w as iso la te d  from  th e  ab o rted  foal o f 
one o f th e  th re e  m ares . T he im m une sera  w ere u sed  in  d ilu tions from  1 : 4 to  
1 : 128. F rom  th e  v iru s  s tra in s  grow n in  ca lf  k id n e y  ep ith e lia l cells, 100 —10000 
T C ID 5u/m l am o u n ts  w ere  added  to  equal am o u n ts  o f in a c tiv a te d  serum . T he
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seru m -v iru s  m ix tu re  w as in cu b a ted  fo r 2 h ou rs a t  37 °C, an d  su b seq u en tly  
0.2 — 0.3 m l am o u n ts  o f  each m ix tu re  w ere in o cu la ted  in to  3 or 4 tu b e  cu ltu res  
of ca lf k id n ey  ep ith e lia l cells. F in a l read in g  o f th e  n e u tra liz a tio n  te s t  was done 
an d  th e  presence o r absence of C PE  w as ju d g e d  8 —10 day s la te r.

T he h y p e rim m u n e  E R P V  ra b b it  an tise ru m  n eu tra lized  n o t only th e  
hom ologous s tra in , b u t  also th e  s tra in  K y —D (T able  I). Y e t i t  fa iled  to  n e u tra 
lize even in  1 : 4 d ilu tio n  th e  calf h e rpesv irus s tra in  В — 53 used  as con tro l. 
Sera from  th e  3 a b o rte d  m ares n eu tra lized  th e  hom ologous D s tra in  and  th e  
E R P V  reference s tra in . The m are serum  D — 3 did  n o t n eu tra liz e  th e  ca lf 
h e rpesv irus s tra in  В — 53. A ccording to  th e  cross n e u tra liz a tio n  te s ts  w ith  
th e  reference s tra in  th e  iso lates belonged to  serogroup  H erpes equi 1.

V irus titres. T h e  stra in s E R P V , H u  an d  R  in o cu la ted  in to  calf k id n ey  
m ono layer cu ltu res  in  a 10 “ 1 or 1 0 -2 d ilu tio n  p ro d u ced  to ta l  cell d estru c tio n  
b y  th e  7 th  to  10 th  d a y  an d  th e ir  t i tre s  v a ried  from  1 0 _4'° to  10 ~4'5. The re m a in 
ing  s tra in s  h ad  so m ew h at lower t i tre s , in  th e  ran g e  from  1 0 -3 '5 to  10_4'°. 
N o n o tab le  t i t r e  rise  occurred  a fte r  25 — 30 passages in  ca lf  k id n ey  ep ith e lia l 
cell cu ltu res.

Some ph ysica l and  chemical properties o f  the stra ins. C erta in  physical an d  
chem ical p ro p ertie s  o f  th e  s tra in s  E R P V , E A /S kovl. an d  our six  isolates w ere 
de te rm in ed  and co m p ared  (Table I I ) .  As herpesv iruses in  g enera l all of th e m  
show ed sen sitiv ity  to  chloroform  an d  to  p H  3.0, an d  in  MMgCl2 so lu tion  
th e y  w ere u n s tab le  even  a t  37 °C. T ry p sin  re s is tan ce  v a ried  w ith  th e  s tra in . 
O nly  th e  s tra in s  E A /S k o v l., V an d  V M h2 w ere sensitive  to  exposu re  to  0 .25%  
try p s in  a t  37 °C fo r one hour, w hereas th e  re s t show ed a t i t r e  decrease of on ly  
1.0 or 0.5 log o rd er as com pared  to  th e  con tro ls . O n exposure  to  0 .5%  try p s in , 
s tra in s  H u  an d  R  w ere  defin ite ly , s tra in  D sligh tly , re s is ta n t w hile th e  re m a in 
ing  five  s tra in s  w ere  d is tin c tly  sensitive. R esis tan ce  w as considerab ly  low er 
to  exposure a t 50 °C fo r one hour. E x c e p t for tw o  cu ltu res , one in o cu la ted  
w ith  u n d ilu ted , th e  o th e r  w ith  1 : 10 d ilu ted  H u  s tra in , no  v ira l g ro w th  
w h a te v e r w as d em o n strab le  in  th e  tu b e s  in o cu la ted . R esis tan ce  to  30- or 15- 
m in u te  h e a t exposu re  w as show n besides H u  also b y  R , w hereas all th e  o th e r  
s tra in s  w ere sen sitiv e  to  sh o rt h e a t exposure as well.

S tra in s  D , V  a n d  M h were in o cu la ted  to  ca lf  k id n ey  ep ith e lia l cell cu ltu res 
p re tre a te d  w ith  50 jMg/ml of 5-iodo-2’-d eo xyurid ine  (ID U ). N o C PE  developed 
d u rin g  a 7 — 10-day  perio d  of o b serva tion . T h is im plies t h a t  ID U  in h ib ited  
th e  g row th  of th e  ex am in ed  th ree  v iru s  s tra in s , w hich  acco rd ing ly  are D N A  
viruses.

T he s tra in s  cou ld  be sto red  w ith o u t loss o f  a c tiv ity  a t  — 10 to  —15 °C 
fo r 12 — 14 m o n th s  a n d  a t  -)-4 °C fo r 5 —7 m o n th s.
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Table I

Results of virus neutralization test with the isolates and reference rhinopneumonitis virus strains, using rabbit hyperimmune serum and
convalescent horse sera

Virus neutralization test
\  irus

Serum (100-1000 Rem ark
TCID50/ml)

1 : 4 1 : 8 1 :1 6  1 : 32 1 : 64 1 : 128

Rabbit hyperimmune ERPV Reference strain
E R PV  serum — — — K y-D Reference strain (K entucky, USA), 

ham ster-adapted
_ — — — — — D Isolate from foetal lung
— — — — — — V Freeze-dried antigen from foetal hm
— — — — — О Mh Isolate from nasal discharge of foal
_ — — — — о VMh., Isolate from foetal lung

+  +  + +  +  + +  +  + +  +  + +  +  + о В-53 Herpesvirus isolated from calf
П.1* — — — — о D
D.2 — — — — — о D
Mare serum (strain D iso

lated from lung of her 
aborted foal)

о E R PV

D.3 — — _ — — о D
D.3 +  +  + +  +  + +  +  + +  +  + +  +  + о B-53

E xplanation: — Virus neutralized, no CPE apparent; +  +  +  No neutralization, CPE apparent; О  N ot tested; * Sera (D .l,  D .2, D.3) 
from aborted mares (stock D)
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Table II

Comparison of some physical and chem ical properties of reference and newly-isolated  
Herpes equi 1 (rhinopneum onitis) virus strains

Strain Titre
ID U

(50y/ml)

Resistance to

Chloroform

Trypsin 50 °С for

pH 3.0

MMgCL

0.25% 0.50%
60 30 15

37 °C 50 °C
minutes

ERPY 10-4-O О О Ю - з - о 10 _ _ _ _ _ __
E A / S k o v l . 1 0 - 4 ° О — — — — — — — —

H u 1 0 -4 -5 о — 1 0 -4 -0 1 0 - 3 - 5 i o ± i o ± i o ± — — —

R 1 0 -4 -5 о — 1 0 -4 -0 Ю - з - о — 1 0 ± 1 0  ± — — —

D 1 0 -4 -0 DNA — Ю - 3 - 5 Ю - з - о — — — — — —

V 1 0 - 3 - 5 DNA — 10 10 — — — — — —

M h 1 0 -4 -0 DNA — Ю - з - о Ю - 1 - 5 — — — — —

V.M h2 1 0 -3 -5
— 10 — — — — — —

ISO
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N
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U
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O
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M

O
N

ITIS V
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Discussion

F rom  b o th  m a n ife s ta tio n s  of enzoo tic  equine rh in o p n eu m o n itis  (v iral 
equ ine  ab o rtion ; c a ta r rh a l  equine in fluenza) v iru s s tra in s  were iso la ted  in 
th e  f irs t passage in  p r im a ry  m onolayer cu ltu res  o f c a lf  k id n e y  ep ithe lia l cells. 
T h e  iso lations w ere m a d e  chiefly  from  th e  lungs o f a b o r te d  foals, h u t  also 
fro m  th e  nasa l d isch arg e  o f a foal w ith  rh in itis . Iso la tio n  from  foetuses w as 
in  every  case a t te m p te d  from  th e  lungs as, accord ing  to  R a s m u s s e n  (1966), 
v iru s  co n cen tra tio n  is h ig h e r in  th e  lungs th a n  in  th e  sp leen , liver or tra c h e a l 
m ucosa , in  succession. T h e  iso lates, like th e  references s tra in s  h ad  m o d era te  or 
m ed iu m  high ti tre s  (1 0 ~ 3'° to  10~4'5). R a s m u s s e n  (1966) h as  rep o rted  som e
w h a t h igher t i t r e  v a lu e s  in  hom ologous tissu e , th a t  is, in  p rim a ry  foal k id n ey  
ep ith e lia l cell cu ltu re s . I n  ra b b it  k id n e y  ep ithe lia l cell cu ltu res  th e  equ ine 
herpesv iruses reach ed  t i t r e s  of 10“ 6'0 to  10~7'0 (T is c h e n d o r f  e t ah, 1967); 
t i t r e  values of 10 ~7'5 a n d  s till h igher w ere rep o rted  w ith  a h a m ste r-a d a p ted  
s tra in  (RAC — H) in  p ig  k id n ey  ep ith e lia l cell c u ltu re  (M a y r  e t ah , 1968). 
I n  his stud ies on th e  s t r a in  EA /Skovl., R a s m u s s e n  (1966) found  titre s  of 10~4'5 
in  foal k idney  cells, 10 ~ 5'5 in  p ig  k id n e y  cells, an d  10 ~ 3'5, th e  low est, in  ca lf 
k id n ey  cells. In  th e  fo a l an d  pig cells, th e  t i tre  re m a in e d  unchanged  du ring  
th e  serial tran sfe rs , w h ereas  in  th e  ca lf  cells it  fell to  10 ~2'3 in  th e  course of 
10 passages. In  ou r h a n d s , th e  sam e s tra in s  reached  a 1 0 _4'° t i t re  in  fu r th e r  
tra n s fe rs  in calf cells.

In  th e  calf k id n e y  ep ith e lia l cell c id tu re  th e  C PE  o f th e  iso lates m an ifested  
i tse lf  f irs t b y  nu c lea r changes and  su b seq u en tly  b y  focal d e s tru c tio n . In  general, 
th e  C PE  resem bled t h a t  o f  herpesv iruses. T he ty p e  o f  n u c le a r  change, g row th  
in h ib itio n  by  50 fig /m l o f  ID U , an d  th e  resu lts  o f cross n e u tra liza tio n  te s ts  
w ith  th e  isolates a n d  reference s tra in s  h av e  u n eq u iv o ca lly  show n th a t  our 
iso la tes are of th e  H e rp e s  equi 1 se ro ty p e , like th e  re fe ren ce  s tra in s  from  th e  
U .S .A . and  D en m ark .

T he exam ined  p h y s ica l and  chem ical p ro p erties  o f  th e  reference s tra in s  
a n d  th e  isolates w ere n o t  fu lly  un ifo rm . On 1-hour h e a t  exposure a t  50 °C 
all s tra in s  te s ted , e x c e p t th e  H u  s tra in  orig inally  o f  1 0 _4'5 t i t re , show ed a 
g ro w th  ab ility  in p a r t  o f  th e  cu ltu res to  w hich i t  w as in o cu la ted , e ith e r u n 
d ilu ted  or in 1 : 10 d ilu tio n . R esistance  to  h ea t t r e a tm e n t  a t  50 °C for 15 or 
30 m inu tes was show n in  add ition  to  th e  H u  s tra in  also  b y  th e  R s tra in  up  
to  1 : 10 d ilu tion . R esis tan ce  to  try p s in  was in  g en era l m ore p ronounced . 
S en sitiv ity  to  0 .25%  try p s in  was show n only  b y  s tra in s  E A /S kovl., У  and  
VM h2, w hereas to  0 .5 %  try p s in  only  s tra in s  H u  a n d  R  w ere fu lly , an d  D 
an d  Mh p artia lly , re s is ta n t .

In  th e  equine a b o rtio n  form  o f rh in o p n eu m o n itis , d iagnosis is based  
on gross lesions o f th e  fo e tu s , and is com plem en ted  b y  th e  d em o n stra tio n  of 
CF an tibod ies in  co n v a le scen t serum  from  th e  m o th e r. T h e  re sp ira to ry  m ani-
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fe s ta tio n  o f th e  disease is less read ily  d iffe re n tia ted , as in fec tion  w ith  M yxo viru s  
in fluenzae  equi A —1 a n d  A —2, p a ra in flu e n za  В v iru s an d  rh inov iruses cause  
essen tia lly  s im ila r c lin ical sym ptom s. T h u s  th e  d iagnostic  d iffe ren tia tio n  o f 
re sp ira to ry  rh in o p n eu m o n itis  is exclusively  b y  v iru s iso la tio n  or b y  d em o n 
s tra tio n  o f  a sig n ifican t rise of specific  a n tib o d y  level in  th e  convalescen t 
serum . As th e  CF an tib o d ies  often  d isa p p e a r  from  th e  se ru m  in  3 — 5 m o n th s , 
screen ing  shou ld  be p re fe ren tia lly  m ad e  b y  th e  v iru s  n e u tra liz a tio n  te s t ,  
p a r tic u la r ly  in  th e  case o f aged conva lescen ts. T his te s t  m ay  enable  th e  d e m o n 
s tra tio n  o f  in fec tio n  fo r several years.

SUM M ARY

Isolation  of equine rhinopneum onitis v irus in  tissue culture is reported. In cross neutral
ization tests the isolates were identified as belonging to Herpes equi typ e  1. Some physical 
and chem ical properties o f the exam ined strains deviated  from those typ ical of the H erpes
virus group. V ariation was particularly great in  respect o f trypsin resistance.
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PROPOSAL FOR SUBGROUPING OF BOVINE 
ADENOVIRUSES
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D epartm ent o f  Epizootiology (H ead: J .  M észá ro s) 
of the U n iversity  o f Veterinary Sciences, B udapest

(R eceived April 10, 1969)

In  the past decade several authors reported on the isolation of bovine adenoviruses. 
Six serotypes have been established so far. Serotypes 1 and 2 (K l e in  et ah, 1959; 1960), and 
serotype 3 (D a r b y sh ir e  et ah, 1965) were isolated in bovine k idney cell cultures, whereas sero
types 4 and 5 (B artha  and A l d á s y , 1966), serotype 6 (R o n d h u is , 1968), the untyped  A ustra
lian strain designated B IL  (Co l e , 1967) and the Japanese strain designated N agano (Tanaka  
et ah, 1968) and Fukuroi ( I n a b a  et ah, 1968) could be isolated in bovine testicle  cell cultures 
only.

All th e  adenoviruses iso la ted  from  th e  bov ines so fa r  possess th e  four 
m ain  p ro p e rtie s  suggested  b y  th e  P ro v is io n a l C om m ittee  o f  N om encla tu re  
of V iruses (P aris , 1965) as ch a rac te ris tic  o f all ad enov iruses, viz ., th e  v irion

1. co n ta in s  DNA,
2. is o f  cubic sy m m e try ,
3. h as  no ou te r envelope  (peplos), and  th e
4. tr ia n g u la tio n  n u m b e r is 25, accord ingly , th e  capsid  com prises 252 

capsom eres.
S everal fu r th e r  fe a tu re s  earlier considered c h a ra c te ris tic  of adenoviruses 

have been  found  lack ing  in  som e adenov irus s tra in s  ex am in ed  recen tly .
As to  th e  biological an d  physico-chem ical p ro p ertie s , th e  s tra in  differences 

am ong bov ine  adenov iruses a re  m ore p ronounced  th a n  th o se  am ong ad en o 
v iruses iso la ted  from  o th e r  hosts. S tra in s  belonging to  se ro ty p e  1, 2 an d  3 
possess th e  com m on so luble  an tigen  p re se n t also in  th e  h u m a n  s tra in s  of 
adenoviruses. These bo v in e  s tra in s  give com plete cross re a c tio n  in  CF te s t  
w ith  th e  an tise ra  p re p a re d  w ith  h u m an  adenov irus s tra in s  an d  vice versa. 
T he bov ine  s tra in s  be long ing  to  ty p es 4 an d  5, an d  s tra in s  desig n a ted  B IL , 
N agano an d  F u kuro i, on th e  o th e r h an d , share  only  tra c e s  of th e  com m on 
soluble an tig en  of h u m a n  adenov iruses.

F u r th e r  differences b e tw een  ty p es 1, 2 an d  3 on th e  one h a n d  an d  ty p es 
4, 5 an d  s tra in s  B IL , N ag an o  and  F u k u ro i on th e  o th e r  ex is t in  resp ec t of 
h ea t res is tan ce , form ers b e in g  com pletely  in a c tiv a te d , la t te rs  only  reduced  
in  in fec tiv ity , a t 56 °C in  30 m inu tes.

T ypes 1, 2 and  3 re p lic a te  in  bov ine  k id n ey  an d  te s tic le  cell cu ltu res, 
and  occasionally  in  k id n e y  cell cu ltu res o f o th e r an im a l species, too . Con-
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Table I

Comparison based on som e properties o f the two subgroups o f bovine adenoviruses

Properties Subgroup 1 Subgroup 2

Cross reaction between

bovine antigen/hum an type sera +  +  +  + ±
human antigen/bovine type sera + + + + +

Resistance at 56 °C for 30 min. no yes
Replication in tissue cultures of

bovine kidney yes no

bovine testicle yes yes

Inclusion body single, irregular m ultiple, regular
in shape in shape

Adaptability to tissue cultures readily after a series of 

passages

Note: +  +  +  +  com plete reaction; +  weak reaction; ;; reaction in traces

verse ly , types 4, 5 a n d  6 (and  s tra in s  B IL , N agano, F u k u ro i) do n o t m u ltip ly  
in  bovine k idney  cell cu ltu re s , b u t  can  read ily  be p ro p a g a te d  in  bovine te s 
tic le  cell cu ltures a n d  in  bovine fo e ta l lung  cell cu ltu res. T h is fe a tu re  is essential 
in  iso la ting  s tra in s , fo r iso la tion  of th e se  ty p es of bovine adenov iruses in  bovine 
k id n e y  cell cu ltu res  fails.

C haracteristic  difference can  be observed  also in  th e  c y to p a th ic  effect 
b e tw een  the tw o su b g ro u p s. W hile th e  m em bers of ty p e s  1, 2 an d  3 induce 
u su a lly  a single n u c le a r  inclusion  irreg u la r  in  shape, tho se  o f ty p es  4, 5 and  6 
(an d  stra ins N agano  an d  F u k u ro i) form  m ain ly  m u ltip le  inclusions w hich 
a re  c ircu lar in shape  an d  sharp  in  ou tline .

U sually  s tra in s  belonging  to  th e  ty p es  1, 2 an d  3 can  read ily  be iso la ted  
in  th e  firs t passage, w hereas th e  iso la tion  of th e  s tra in s  o f ty p e s  4, 5 (and  
s tra in s  iso lated  in  A u stra lia  an d  J a p a n )  requ ire  severa l b lind  passages in 
tissu e  cu ltures o f b o v in e  testic le .

Based on th e  o u tlin ed  fea tu re s  d iv id ing  o f th e  bov ine  adenov iruses is 
suggested . The f irs t  subgroup  is p roposed  to  include th e  bov ine  adenoviruses 
w h ich  (a) possess th e  soluble an tig en  com m on w ith  th o se  o f th e  h u m an  s tra in s, 
(b) are in a c tiv a ted  a t  56 °C in  30 m in u tes , (c) read ily  rep lica te  in  bovine 
k id n e y  cell cu ltu res , (d) form  in tra n u c le a r  inclusions irreg u la r  in  shape, and 
(e) are  read ily  iso la ted  in  th e  f irs t passage. The second su bgroup  w ould  include 
s tra in s  w hich (a) h a v e  soluble an tig e n  com m on w ith  th e  h u m a n  s tra in s  in 
tra c e s  only, (b) are  p a r tia lly  in a c tiv a te d  a t  56 °C in  30 m in u tes , (c) fail to  
p ro p a g a te  in bov ine  k id n ey  cell cu ltu res , (d) form  m u ltip le  in tra n u c le a r
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inclusions reg u la r  in  shape, an d  (e) w hose iso la tion  in te s tic le  cell cu ltu re s  
u sua lly  needs a series of b lind  passages.

T he f irs t  subgroup  of bovine adenov iruses is in  every  respect m ore  
closely re la te d  to  h u m an  adenoviruses th a n  to  m em bers of th e  second s u b 
group. S tra in s  proposed  to  belonging to  th e  second subgroup , again , h a v e  
certa in  p ro p e rtie s  sim ilar to  tho se  of av ian  adenov iruses.

B ased on th e  p roperties o u tlined  above all s tra in s  o f bovine adenov iruses 
iso la ted  so fa r  can  be classified in to  th e  tw o  proposed  subgroups. T h u s  th e  
s tra in s  be long ing  to  ty p es 1, 2 and  3, can  be classified  in to  subgroup  1, w hereas 
th e  m em bers o f ty p es  4, 5 and  6 (as well as s tra in s  B IL , N agano and  F u k u ro i)  
in to  su b g ro u p  2.

SUMM ARY

Based on som e properties, dividing of bovine adenoviruses is suggested. The strains 
in subgroup 1 possess soluble antigen com m on w ith  hum an adenoviruses, are in activa ted  
at 56 °C in 30 m inutes, readily replicate in bovine k idney tissue cultures, form single nuclear  
inclusions irregular in shape and are readily isolated in the first passage.

The strains belonging to subgroup 2 would include strains which have only traces 
of the soluble antigen common with the hum an strains, are partially inactivated at 56 °C in  
30 m inutes, do not replicate in tissue cultures o f bovine kidney, form m ultiple nuclear in c lu 
sions regular in shape and usually can be isolated after a series o f blind passages only.
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Since th e  use of tissu e  cu ltu res  becam e com m on in  th e  v iro logy , a v a r ie ty  
o f v iruses, am ong th em  adenov iruses, h av e  been iso la ted  fro m  u n in o cu la ted  
tissu e  cu ltu res. E v en  th e  f irs t h u m a n  adenov irus s tra in  w as iso la ted  from  
u n in o cu la ted  tissue cu ltu res  p rep a red  from  surgically  rem o v ed  adenoids an d  
tonsils  ( R o w e  e t ah, 1956). Iso la tio n  of av ian  adenoviruses fro m  tissue  cu ltu res 
o f chick em bryo  organs w as also re p o rte d  (Y a t e s  et ah , 1962). M ore recen tly , 
in fec tion  w ith  adenov irus o f sw ine k id n ey  tissue  cu ltu res w as observed  (M a h n e l  
an d  B ib r a c k , 1966). R ecen tly , th e  iso la tion  of a bovine ad en o v iru s  s tra in  from  
ca lf te s tic le  cell cu ltu re  w as re p o rte d  ( R o n d h u is , 1968).

In  th is  p ap e r th e  iso la tio n  o f  ty p e  4 bovine aden o v iru s  from  cell cu ltu res 
o f  ca lf  testic les  is p resen ted .

Materials and methods

Cell cu ltu res w ere p re p a re d  from  testic les of calves 4 to  8 weeks of age 
as described  in  a prev ious p a p e r  (Â l d Âs y  e t ah , 1965). T estic le s  w ere b ro u g h t 
from  a b a tto ir . As th e  cell sh ee t h a d  becom e con flu en t — u su a lly  on th e  3 rd  
d a y  — th e  g row th  m edium  w as rep laced  b y  H an k s’ so lu tio n  en riched  w ith  
0 .5 %  lac ta lb u m in  h y d ro ly sa te . B efore chang ing  th e  m ed iu m  th e  cu ltu res w ere 
checked  fo r com plete  o u tg ro w th  an d  q u a lity  of cells. W h en  c y to p a th ic  (CP) 
changes h a d  appeared , th e  m a in ten an ce  flu ids of th e  re sp ec tiv e  cu ltu res 
w ere su b in ocu la ted . C hloroform  resis tan ce  of th e  iso lates w as te s te d  accord ing  
to  Bügel an d  M ayer’s m eth o d . T he iso la ted  s tra in s  w ere ty p e d  in  n e u tra liz a tio n  
te s ts , using  type-specific  sera  of ty p e s  1, 2, 3, 4 an d  5. R e a d in g  w as m ade on 
th e  7 th  d ay  following inocu la tio n .

Results

Since 1960 ca lf te s tic le  tissu e  cu ltu res  have  been p re p a re d  in  ou r In s t i tu te  
u su a lly  tw ice a week. In  each  lo t 1 to  5 testic les are u sed . D u rin g  th is  period  
th e  CP effect ch a rac te ris tic  o f adenov iruses (round ing  o f cells, an d  nu c lea r
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inclusions) was o b serv ed  in  5 of th e  series. S im ilar CP changes developed 
fo llow ing sub inocu la tio n  o f th e  s tra in s  in to  in ta c t tu b e  cu ltu res .

In  one case all tis su e  cu ltu res o f  th e  series show ed  th e  ch a rac te ris tic  
CP changes in 2 to  3 d a y s  follow ing th e  rep lacem en t o f  th e  g row th  m edium . 
In  tw o  series c h a ra c te r is tic  CP effect could  be observed  in  10%  of th e  cu ltu res 
on ly , how ever, an  a d d itio n a l 10%  o f th e  cu ltu res p ro v ed  to  be infected  on 
th e  7 th  d ay  follow ing rep lacem en t, an d  in  som e of th e  a p p a re n tly  in ta c t cell 
cu ltu re s  inclusion b od ies could  be d e te c te d  in  th e  cells w h en  sta ined .

In  tw o cases th e  p ro p o rtio n  o f th e  in fected  tissu e  cu ltu res  am oun ted  
to  5 %  only.

T he isolates p ro v e d  to  be ch lo ro fo rm -stab le . B ased  on th is  p ro p e rty  
a n d  th e  ch a rac te ris tic  n u c le a r  inclusions, v iru s  n e u tra liz a tio n  te s ts  were accom 
p lish ed  w ith  th e  kn o w n  5 type-specific  an tise ra . O f th e  5 sera  no b u t ty p e  4 
n eu tra lized  th e  iso la tes , in d ica ting  th a t  all th e  5 s tra in s  belonged to  ty p e  4 
o f  bov ine  adenoviruses.

Discussion

Iso la tion  of b o v in e  adenov iruses from  u n in o cu la ted  tissu e  cu ltures has 
n o t been  rep o rted  as y e t .  As our experiences show, in fec tio n  w ith  adenoviruses 
o f  tissu e  cu ltures, p a r tic u la r ly  tho se  p re p a re d  from  ca lf te s tic le , m ust be ta k e n  
in to  accoun t. As i t  w as show n earlie r (A l d a sy  e t al., 1965) adenoviruses 
cou ld  be iso lated  from  various organs o f th e  a ffec ted  or su rv ived  an im als 
fo r a long period o f tim e . In  th e  v iraem ic  stage th e  v iru s  m ay  invade th e  
te s tic le s , too. On p re p a rin g  tissue cu ltu res , th e  v iru s  re ta in s  its  in fec tiv ity , 
a n d  m ultip lies in  th e  suscep tib le  cells. CP changes asso c ia ted  w ith  th e  v ira l 
rep lica tio n  m ay f irs t  be  observed  as early  as on th e  5 th  or 6 th  day  of in c u b a 
tio n , b u t  in  some c u ltu re s  n o t u n til  th e  7 th  to  10th day .

CP changes can  u su a lly  be d e tec ted  in u n s ta in e d  cu ltu res . H ow ever, 
d e tec tio n  of th e  n u c le a r  inclusions need  s ta in ed  p re p a ra tio n s . I f  ch a rac te ris tic  
changes are revealed  even  in  a sm all p ro p o rtio n  of th e  tis su e  cu ltu res, th e  w hole 
series m u st be d iscard ed . T h a t is th e  reason  w hy all th e  tu b e s  m u st he checked 
u n d e r  m icroscope b efo re  th e ir  use, an d  ad d itio n a l o b se rv a tio n  of some p re p a ra 
tio n s is s trongly  ad v ised . Since th e  f irs t  CP changes can  be found  as la te  as 
on th e  5 th  to  10th d a y  of cu ltu rin g  “ in b o rn ”  in fec ted  cells, use of a t least 
10%  of the  u n in o cu la ted  tu b es m u st he left as co n tro l. O n w orking w ith  
bo v in e  adenoviruses re su lts  m u st n o t be accepted  un less such  contro ls have  
b een  used.

No doub t th a t  in  th e  m en tio n ed  cases th e  v iru s  w as h arb o u red  b y  th e  
tes tic le s  used for th e  p re p a ra tio n  of tissu e  cu ltu res, fo r iso la tio n  of th e  v iru s 
from  an y  of th e  m ed ia  used  for cu ltu rin g  testic le  tis su e  failed.
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As to  our p re se n t experiences, s tra in s  be longing  to  sero types 4 an d  5 
are d ifficu lt to  a d a p t  to  testic le  cells. In  tu rn ,  aden o v iru s  ty p e  4 could read ily  
b y  iso la ted  in  tissu e  cu ltu res  p rep a red  from  in fec ted  testic les. I t  is n o t su rp r is 
ing  th a t  ty p e  4 s tra in s  were iso la ted , because th is  ty p e  of th e  bovine ad en o 
v iruses h ad  p ro v ed  to  be th e  m ost d is tr ib u te d  in  H u n g a ry  (Aldasy  e t ah , 1965).

A ccording to  o u r observations iso la tion  of adenov iruses from  a herd  
m u s t be checked b y  using  double contro ls. O n th e  one h an d , tissue  cu ltu res  
used  for iso lation  m u s t be checked as described  afore, on th e  o th e r h an d , 
v iro logical resu lts  m u s t be confirm ed b y  n e u tra liz a tio n  te s ts  perfo rm ed  w ith  
p a ired  sera  of th e  su spec ted  anim als.

SUMMARY

Isolation of bovine adenoviruses from uninoculated bovine testicle tissue cultures are 
reported. The isolates belonged to the serotype 4. On isolating bovine adenoviruses use of 
proper controls is advised.
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BIBLIOGRAPH! A

L atjtié, R.: L a maladie d 'A u jeszky. Les m aladies animales à virus. Collection de m o n o 
graphies. L’Expansion Editeur, Paris 6e . 1969. 226 p. 54 fig.

Like the previously appeared three volum es (on African sw ine fever, rinderpest and 
infectious anaem ia of horses) o f th is series on virus diseases o f anim als in French, data on  
A ujeszky’s disease are com piled on the basis o f the international literature.

The introduction deals w ith  the nom enclature, im portance, h istory , geographic distri
bution and epizootiological features o f  the disease. The m aterial is d iv ided  into 5 parts, dealing 
w ith (I) the properties o f the virus, (II) clinical sym ptom s and pathological lesions, (III) diag
nosis and prognosis, (IV) aetiology and pathogenesis, and (V) prevention , treatm ent and 
transm ission to man of the disease.

In addition to a well-com piled review  on the literature concerning the m ost im portant 
questions of this entity , the author stresses in  part IV epizootiological and pathogenetic  
problems which, despite the huge am ount of experim ental and em piric inform ation published  
since the discovery o f the disease as an independent entity b y  A u j e s z k y  in  190 2 , are not 
solved yet. Such questions which w ait for a proper answer have to  ind icate  the source of infec
tion  in sporadic cases o f the disease in  seem ingly isolated herds, th e  tim e of virus shedding  
by infected animals, the causes o f great variab ility  in  the epizootic characters o f the disease 
in  various countries, etc. A nyw ay an increase o f the number o f v iro logically  confirm ed cases 
of the disease in countries w ith  rare occurrence of the infection, and th e  ever increasing im por
tance of it  in those countries o f  Central and South-E ast Europe, S ou th  America, etc., where 
the disease is prevalent, justifies the author’s opinion to qualify i t  as an emerging disease 
(“ maladie d’avenir” ). It is to be welcom ed that, despite A ujeszky’s disease has not played  
an im portant role in France till now , th is m onography appeared in  a m ore volum inous size 
than the formerly published volum es o f this series. I t  is a particular pleasure to find th a t the  
author used w ith  aim  at com pleteness also the literature published in  various sm all languages 
of Central Europe. In  this w ay the m onography contains a practically  com plete bibliography  
(72 4  references) on the disease w ith  an objective and proper sy stem atica l arrangement of the 
huge m aterial. There are only a few  insign ificant errors, resulted probably from the use of  
summaries or abstracts in  world languages m issing noteworthy d ata  o f  som e papers. I t  is not 
the author who has to  be blam ed for such m inute inexactnesses, b u t i t  should be rem inding  
for research workers to add to their papers summaries in w o r ll lan gu ages, equivalent to the 
well-com piled abstracts containing all im portant data of the work.

T. Sz e n t - I v á n y i

W a l k e r , Warren, F.: A  Study o f the Cat. 181 pages, 64 figures. W. B. Saunders Co. 
Philadelphia and London, 1967.

The book has been written for undergraduates in biology and zoology, who have special 
interest for m am m alian m orphology and the hum an organism. The author’s aim was to enable 
a general study of m am m alian anatom y on a single model. For th is purpose, the cat was 
chosen because it  has m any structural and m orphological features in  com m on w ith  both  m an  
and other m am m als and it is easier available for dissection than m ost usefu l dom estic anim als.

The present volum e is based on the chapter dealing w ith  m am m als in  the author’s 
previous book on vertebrate anatom y and contains m any additional inform ation. E ssen tia lly ,
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it  is a textbook which follow s the system  o f com parative anatom y, w ith  brief reference to the 
phylogenesis, ontogenesis and functional role o f the individual organs. The morphological 
descriptions conform w ith  the stratigraphic system  of dissection.

The book is d iv ided  into 9 chapters and Addenda giving instructions in anatomical 
term inology and dissection  techniques. A selected list o f references and subject index are 
appended.

The individual chapters deal w ith  the following topics:
1. Evolution and external anatom y o f m am m als as a sum m ary o f  vertebrate evolution. 

In the second part the structure and appendages of the skin and the anatom ical regions are 
described.

2. The axial and visceral skeleton.
3. Bones of the extrem ities w ith  indications of their evolution.
4. The muscular system  is discussed in a grouping which seems a b it unusual in relation 

to our school of thought. The description o f muscle evolution and general m yology is followed 
by the discussion o f the m uscles o f the posterior trunk in epaxial and hypaxial grouping. 
M uscles before and behind the hyoid bone are described as “ hypobranchial” , whereas the  
m asticator muscles as “ brachiom eric” .

5. The sense organs.
6. The nervous system . Though this chapter is the m ost detailed  part of the book, 

the reader misses the description of the m ost im portant cerebral nuclei.
7. The coelom and the d igestive and respiratory system s.
8. The circulatory system .
9. The excretory and reproductive system s.
The most im portant technical term s are used in phonetic spelling according to the Paris 

Nom enclature (1955). The book does not disclose novel aspects o f com parative anatom y and 
naturally cannot satisfy  the relevant requirem ents o f  biological, m edical and veterinary  
research.

Gy . F eh é r
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VARIA

N E W  DO CUM ENTARY SERVICES

provided b y  the Food and Agriculture O rganization of the U nited Nations, Rom e (Ita ly )
The w ealth of technical, econom ic and social inform ation, contained in som e 25,000  

publications and documents produced by FAO since its  creation in  1945, is now readily available  
through the services provided by the F A O  Docum entation Centre.

— Published indexes (m onthly “ Current In d ex” — since January 1967 — and retro
spective “ Special Indexes” — for the period 1945 — 1966) permit the selection of docum ents  
of interest in the fields o f agriculture, fisheries, forestry, nutrition, rural econom y, e tc ., through  
thousands o f subject m atter, author and title  references in each field.

— A  “ Question and Answer” service provides, on request, ad hoc bibliographies on 
specific subjects.

— D ocum ents of interest can be obtained in  original form (printed or m im eographed) 
or, if  out o f stock, in the form of photocopies or m icrofiches.

— The “ Current Index” is sent, free o f charge, on request. D etails on other services 
(R etrospective Indexes, “ Question and Answer” service, Reproduction Services) will be 
obtained b y  writing to the:

FAO D ocum entation Centre (Ref. P. 69) 
FAO Headquarters 
Via Term e di Caracalla 
00100-R om e-Italy

M I T T E I L U N G

T IE R Ä R Z T L IC H E  H OCHSCH ULE D E R  U N IV E R SIT Ä T  T U R IN

Feierliche Begehung des zweihundertjährigen Jubiläum s
B ei Anlaß des zweihundertjährigen Jub iläum s der Tierärztlichen Hochschule Turins 

(die erste unter den italienischen tierärztlichen F akultäten  und die vierte der W elt), wird 
seitens des R ektorats der U niversität und des O rganisations-K om itees der Feierlichkeiten das 
Program m  der festlichen Veranstaltungen vorbereitet, die am 2. Oktober 1969 in Turin s ta t t 
finden werden.

A llen tierärztlichen Fakultäten in Italien  und im Ausland wird in Kürze die form elle  
Einladung für die Bestim m ung der offiziellen Delegierten sowie das ausführliche Program m  
der Ceremonien und V eranstaltungen überm ittelt.

P .S . W egen etwaiger Auskünfte wende m an sich b itte an den Sekretär des O rganisations- 
K om itees Herrn Prof. Bruno M icheletto, F acoltä di Medicina Veterinaria, via N izza 52, 
10126 Torino.
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РЕЗЮМЕ

ЭКСПЕРИМЕНТАЛЬНОЕ ИЗУЧЕНИЕ АНТИГЕННЫХ 
СВОЙСТВ БИОПЛАСТ-ПРЕПАРАТОВ

И. Х О РВ А Т, К . Ш О М О Д Ь В А Р И , 

П . ШОМОШ и я. Ш У Р Я Н

Авторы имплантировали в подкожную клетчатку и брюшную полость кроликов, 
дальше, в полость костей морской свинки и собаки температурой необработанные био- 
пластовые пластинки из фибрина крупного рогатого скота и человека и температурой 
обработанные и необработанные биопластовые гвозди. Методами агар-жель-диффузии 
и анафилаксии изучались антигенные свойства биопластов. Обнаружено, что под воз
действием температурой необработанных бычьих и человечьих биопластов появляется в 
сыворотке кролика и собаки антиген, преципитирующий не только гомологический, но 
и гетерологический фибриноген млекопитающих (последний не высоким титром). В мор
ской свинке от биопласта из температурой обработанного бычьего фибриногена нет обра
зования антител.

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ХИРУРГИЧЕСКОГО 
ШОВНОГО МАТЕРИАЛА С ОСОБЫМ ВНИМАНИЕМ 

НА НИТЬ ИЗ ПОЛИЭСТЕРА

Б . К О В А Ч  А. и К . Ш О М О Д Ь В А Р И

Во вступлении описываются свойства нити из полиэстера (фабрика Рико), потом 
детально излагаются результаты данных клиники и гистологии многочисленных сравни
тельных исследований на разном шовном материале, наложенном на подкожную клет
чатку и мышцу у лошади и собаки. Следили за судьбой кетгут, шелковой нити и поли
эстеровой нити.

За время наблюдения в 120 дней обнаружено, что около кетгут имелась наиболее 
энергичная тканевая реакция. Около шелковой нити имелась по качеству подобная, но 
по размеру меньшая воспалительная зона и хорошо отграниченная соединительнотканевая 
капсула. Зато полиэстер окружился соединительнотканевыми волокнами незначительной 
толщины, тесно взаимосвязанными с нитью. Около кетгут и шелковой нити наблюдали 
иногда в тканевой реакции микроскопического размера абсцессы. Таких изменений около 
полиэстера никогда не наблюдали.

На основании данных исследований авторы пришли к заключению, что полиэстер 
не раздражает ткани и он организируется организмом при наличии слабой реакции. 
Считают возможным, что полиэстер через некоторое время совсем рассосается, поэтому он 
очень удобен для наложения швов в глубине тканей.
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ВЛИЯНИЕ МАТЕРИНСКОГО МУЦИН-ГЛОБУЛИНА 
ЯИЧНОГО БЕЛКА НА РЕЗИСТЕНТНОСТЬ 

ПОТОМСТВА ПОСЛЕ ВЫЛУПЛЕН ИЯ
Ю. П А В Е Л  и  к. П Е Т Е Р С О Н

Изучен эффект муцин-глобулинов яичного белка на резистентность потомства у 
породы Нью-гемпшир. Обнаружено, что генотип материнского муцин-глобулина сказы
вается на развитии эмбриона. Наибольшая смертность наблюдалась у потомства дигете- 
розиготных несушек. Поскольку отклонения, вызванные материнским генотипом появ
ляются относительно редко, авторы приходят к заключению, согласно которому естест
венный отбор под влиянием разных условий изменяется.

Пуллороз, как фактор естественного отбора, выравнивает отклонения, обусловлен
ные материнским генотипом. Обнаружена разница в оплодотворяемости и эмбриональ
ной смертности между гомозиготными и гетерозиготными несушками. Оплодотворяе- 
мость у гетерозиготных несушек была выше (локус G3), при этом и эмбриональная смерт
ность была тоже выше у потомства гетерозиготных матерей (локус 0 2).

ДАННЫЕ К ПАТОГЕНЕЗУ ВИРУСНОГО ГЕПАТИТА УТОК
П. К А П П , Ф . К А Р Ш А И  и И . В Е Й Н Е Р

Среди уток 3—4-недельного возраста авторами наблюдался вирусный гепатит, 
вызывающий большие потери. Патолого-анатомические и гистологические изменения в 
павших утках не отличались от изменений, имеющихся в павших от вирусного гепатита 
дневных утят. Авторы предполагали, что недоброкачественный корм мог вызвать у утят 3— 
4-недельного возраста повреждения, благодаря которым вирусный гепатит появился в 
такой тяжелой форме. Свое предположение они доказали экспериментально.

У утят 3-недельного возраста, кормившихся недоброкачественным кормом и экс
периментально зараженных вирусом гепатита им удалось вызвать тяжелое заболевание; 
у утят же 4-недельного возраста доброкачественно протекающее заболевание. Контроль
ные животные такого же возраста, зараженные вирусом, но не поедавшие недоброкачест
венного корма, бессимптонно выживали. На основании своих данных авторы приходят 
к заключению, согласно которому тяжесть течения болезни кроме возраста и других 
факторов зависит и от состояния печеночных клеток в момент заражения, связанного с 
условиями кормления. Поэтому подчеркивают значение факторов кормления в профилак
тике заболевания.

КОЛЛОИДНЫЕ РЕАКЦИИ С ЦЕРЕБРОСПИНАЛЬНОЙ ЖИДКОСТЬЮ
Л О Ш АДИ

Р. Л И П П М А Н Н

Ради уточнения ликворного синдрома у здоровых и больных болезнью Борна, 
внутренным гидрокефаллом и гепатоцеребральным синдромом лошадей, докладывается 
о результатах 133 мастичных и золотых проб. При изучении ликвора здоровых лошадей 
мастичной пробой получается от середины влево нисходящая, плоская кривая, золотой 
пробой — слабое изменение краски в середине ряда разбавления, или от середины нисхо
дящие, плоские кривые.4У болеющих болезнью Борна при изучении ликвора мастичной 
пробой — получены отчасти нормальные кривые, но большей частью глубокие, от сере
дины влево нисходящие кривые, тогда как при изучении золотой пробой — получаются, 
как правило, плоские, или умеренно глубокие средние кривые. При гидрокефалле и гепа- 
тоцеребральном синдроме получены кривые, подобные таковым у здоровых лошадей.

Согласно результатам исследований мастичную пробу в форме мастикс-лумботест 
можно считать наиболее надежной для коллоидно-химического изучения цереброспи
нальной жидкости. Она представляет собой ценный дополнительный метод к количест
венному определению белка.

Докладываются и оцениваются данные по количественному определению белка 
в церебральной жидкости.
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ПРЕДЛОЖЕНИЕ НА ПОДРАЗДЕЛЕНИЕ БЫЧЬИХ АДЕНОВИРУСОВ
А. Б А Р Т А

На основании определенных свойств ставится предложение на подразделение бы
чьих аденовирусов. Штаммы подгруппы 1 содержат растворимый с человечьими адено
вирусами антиген, инактивируются при температуре 56 °С в течение 30 минут, дружно 
размножаются в тканевых культурах из бычьей почки, образуют единое ядерное вклю
чение неправильной формы и легко изолируются в первом пассаже.

Штаммы подгруппы 2 содержат только в следах растворимого, общего с чело
вечьими аденовирусами антигена, только частью инактивируются при температуре 56 °С, 
не размножаются в тканевых культурах из бычьей почки, образуют множественные, 
правильной формы ядерные включения и изолируются только после серии слепых пас
сажей.

ИЗОЛЯЦИЯ БЫЧЬИХ АДЕНОВИРУСОВ ИЗ ТКАНЕВЫХ 
КУЛЬТУР ИЗ ТЕЛЯЧЬИХ СЕМЕННИКОВ

А. Б А Р Т А  и Л . ЧОНТОШ

Докладывается о изоляции бычьих аденовирусов из инокулированной тканевой 
культуры из телячьего семенника. Изоляты принадлежали к серотипу 4. При изоляции 
бычьих аденовирусов рекомендуется применение и других контрольных мероприятий.
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ИЗУЧЕНИЕ ОБМЕНА ВЕЩЕСТВ У ГЕЛЬМИНТОВ
I. ИЗУЧЕНИЕ ОБМЕНА ВИТАМИНА А 

У  ASCARIS SUUM

Ш. Ю ХАС и Ш. Б А Б О Ш

Данные исследований in vitro на самках A. suum разрешают заключить о следую
щем.

Нематоды принимают из среды витамин А.
Поступивший в организм нематоды витамин хранится в органах гельминта в до

вольно постоянном процентном распределении.
Нет взаимосвязи между содержанием витамина А и содержанием жира в отдель

ных органах.
Поступивший в организм нематоды витамин А в обмене веществ используется 

червьем.
Каротиноиды не сказываются на обмене витамина А червья. Оливковое масло в 

значительной мере ускоряет поступление в нематоду и использование ею витамина А.

ЭКСПЕРИМЕНТЫ ПО ЗАРАЖЕНИЮ КОКЦИДИЯМИ 
НЕСПЕЦИФИЧЕСКИХ ХОЗЯЕВ ЧЕРЕЗ 

РОТ И ПАРЭНТЕРАЛЬНЫМ ПУТЕМ

Л . П Е Л Л Е Р Д И  и У . Д Ю Р Р

Эксцистированными и нетронутыми спорулированными ооцистами кишечных и 
печеночных кокцидий через рот и парэнтерально заражались крысы, парэнтерально же 
заражались морские свинки. В кишечнике неспецифического хозяина наступает эксци- 
стирование ооцист. Но поселения паразита после введения через рот и его дальнейшего 
развития никогда не наблюдались, даже у животных, сопротивляемость которых снизили 
путем удаления селезенки, дачи гидрокортизона, облучения рэнтгеном, содержания на 
полуголодной диете метионина с добавкой этионина, или после парэнтерального зараже
ния стадиями развития (мерозоиты) кокцидий. Такие же наблюдения сделаны при зара
жении индеек и цесарок видом Eimeria tenella, которых тоже обрабатывали гидрокорти
зоном или содержали на такой же дефицитной диете, как и крыс. Эти неудачи перекрест
ного заражения являются новым доказательством еще и в настоящее время оспариваемой 
строгой специфичности аймерий к хозяевам с одной стороны и указывают на то, что эта 
специфичность вероятно не связана с иммунологическими механизмами с другой.

ЭНЗИМОДИАГНОСТИЧЕСКИЕ ИССЛЕДОВАНИЯ 
С КРОВЬЮ ЗДОРОВЫХ И СТРАДАЮЩИХ 
ДИСТРОФИЕЙ ПЕЧЕНИ ГУСЕЙ И УТОК

Й. Б О К О Р И  и Ф . К А РШ А И

Авторами изучена энзимная активность сыворотки здоровых гусей на разные 
энзимы. Получены следующие показатели: глутаминовокислая -щавелевокислая транс- 
аминаза (ГЩТ) — 14,4 +  5,0 ME, глутаминовокислыйпируват-трансаминаза (ГПТ) — 
3,1 +  2,9 ME, алдолаза (АЛД) — 4,9 +  3,1 f i E ,  щелочная фосфатаза (ЩФ) — 31,2 +  9,0 ц Е .

У суточных утят изучение энзимной активности крови дало следующие результаты: 
ГЩТ — 10,1 ±  4,2 ME, ГПТ — 5,1 ±  2,8 ME.

Не обнаружено повышения активности ГПТ у гусей к концу форсированного от
корма, больше того, имелось понижение активности ГЩТ.

При поражениях печени соответственно тяжести процесса наблюдалось сущест
венное повышение активности ГПТ, ГЩТ и АЛД. Сильно повысилась трансаминазная 
активность у уток при вирусном гепатите.
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ПАТОГИСТОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ПРИ 
ЭНКЕФАЛО-МИЭЛИТЕ ЦЫПЛЯТ В ВЕНГРИИ 

Г. М А Л И К

В сером веществе центральной нервной системы при энкефало-миэлите цыплят 
возникает негнойное, лимфоцитарное воспаление. Изменения наиболее выражены на 
некоторых, так наз. предилекционных местах. Среди этих мест на первом месте стоят 
слой клеток Пуркине и молекулярный слой мозжечка, дальше, некоторые ядерные скоп
ления мозжечка, продолговатого и среднего мозгов, глубокий слой зрительной доли, 
неостриатум и гипостриатум мозга и шейное и крестцовое вздутия спинного мозга.

В изменениях наблюдаются алтеративные, продуктивные и воспалительные про
цессы. Алтеративные изменения характеризуются пикнотическим перерождением ганг- 
лионных клеток, центральным тигролизом, вакуольным перерождением или некрозом 
ганглионных клеток. Для продуктивных процессов характерно разрастание особенно 
волокнистых астроцитов и отчасти микроглии. Воспалительные изменения представ
лены в виде клеточной инфильтрации лимфоцитами стенки и окресностй мелких крове
носных сосудов. Муфты около кровеносных сосудов или симметрические, или односто
ронние, одно- или несколькоядерные, часто закупорывают просвет кровеносного сосуда.

На указанных местах эти три формы изменений представлены не в одинаковой сте
пени. В мозжечке превалируют алтеративные и продуктивные процессы, воспалительные 
очаги имеются только в незначительном количестве. В затронутых ядрах мозжечка, про
долговатого и среднего мозгов, дальше, зрительной доли эти три формы изменений име
ются в равной степени. В большом мозге доминируют воспалительные процессы. В сером 
веществе спинного мозга, подобно мозжечку, имеют место главным образом алтеративные 
и продуктивные процессы. Здесь воспалительные процессы наблюдаются у животных 
с длительным течением болезни. В продолговатом и среднем мозгах и рогах спинного 
мозга изменения имеются обычно симметрически, но в полушариях они ассиметричны. 
В периферических нервах клеточной инфильтрации нет.

ИЗУЧЕНИЕ ЭКСПЕРИМЕНТАЛЬНОГО ЗАРАЖЕНИЯ 
ВИРУСОМ-ФИКС (ХЕДЕШ) ОБЕЗЬЯН РЕЗУС

Д . КА РА ССО Н

Автором заражались в мозг обезьяны резус вирусом-фикс бешенства (Хедеш), 
применяющимся для профилактических и после-инфекционных прививок. Обезьяны 
после 3—4 дней инкубации стали показывать клинические признаки болезни и к 8. — 11. 
дням после инфекции погибли. Заболевшие обезьяны показывали все стадии бешенства.

Детально описывается клиническое течение болезни и, резюмируя нейрологиче- 
ские наблюдения на пяти животных, дается синтез клинической картины бешенства 
обезьян резус, зараженных в мозг вирусом-фикс Хедеш.

К ПОТРЕБНОСТИ В КИСЛОРОДЕ ООЦИСТ КОКЦИДИЙ ПРИ 
СПОРУЛЯЦИИ

У , Д Ю Р Р  и Л . П Е Л Л Е Р Д И

Ооцисты кишечных и печеночных кокцидий кролика спорулируют только при 
наличии воздуха. Нет споруляции в атмосфере азота и двуокиси углерода. Потребность в 
кислороде до полной споруляции 100 000 ооцист Eimeria stiedai колеблется в пределах 
30,2 ±  2,3 и 39,5 ±  4,0 /«1 0 2.

ИЗОЛИРОВАНИЕ ВОЗБУДИТЕЛЯ РИНОПНЕЙМОНИТА 
ЛОШАДЕЙ И ИЗУЧЕНИЕ СВОЙСТВ ИЗОЛИРОВАННЫХ 

ШТАММОВ
Й. Р О М В А Р И , Б .  ТО Т и Л . В И ЗИ

Описывается изолирование вируса ринопнеймонита лошадей в тканевой культуре. 
Изолированные вирусные штаммы сравнивались в перекрестной-нейтрализационной 
пробе с референтными штаммами и антисывороткой. Доказано, что изолированные штаммы 
тождественны с серотипом equi herpes-1. Часть изолированных штаммов по некоторым 
физико-химическим свойствам отличалась от таковых из группы херпес. Бросается в 
глаза разница в резистентности к трипсину между штаммами.
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STUDIES ON THE THYMUS OF THE NIUE TEUEOST 
FISH, CUARIAS UAZERA C. AND V.

By

W . R iz k a l l a

Radioisotope L aboratory (H ead: Gy . P e t h e s , A ss. Prof.), D epartm ent of Physiology  
(Head: Professor À .  K e m é n y ) U niversity  o f Veterinary Science, Budapest

(R eceived Ju ly  6, 1967)

Historical

Sta n n iu s  (1850) w as the first to m ake a survey upon the thym u s o f fishes. Later on  
Ma u r e r  (1886) studied the histogenesis and grow th of the thym us. B e a r d  (1903) elaborated  
a theory that the thym u s is the original source of lym phocytes in  the body o f fish. This view  
has been abandoned, since subsequent authors proved that lym phocytes appear in  the embryo 
before the thym us is d ifferentiated .

H amar (1909) published an extensive  work on the developm ental anatom y of the  
thym u s of different species o f  teleost fishes. R o m ieu  and J u l l ie n  (1941) and J u l l ie n  (1942) 
gave short notes on the relation  betw een the thym us and the lym phoid head kidney in teleost 
fishes. A l  H u ssa in i and R izk a lla  (1957) described the topographical anatom y, histology and 
age involution of the th ym u s in  the ciclilid fish , Tilap ia  nilotica.

M aterials and  m ethods

Specim ens o f Clarias lazera ran g in g  from  1 0 0 — 1050 m m  in  len g th  w ere 
k illed , th e  th y m u s w as carefu lly  rem oved  an d  fixed . B o u in ’s, 5%  form ol, 10%  
fo rm ol, C arnoy’s and  M axim ow -Z enker’s fo rm ol flu ids w ere used  as f ix a tiv e . 
S eria l sections of 6 ц  th ick n ess  w ere p re p a re d  a fte r th e  m a te r ia l  h ad  been de
h y d ra te d , cleared a n d  em bedded  in  th e  u su a l w ay. T he sec tions were sta in ed  
w ith  D elafie ld’s, H e id e n h a in ’s, H a rr is ’ h aem ato x y lin  an d  co u n te rs ta in e d  w ith  
eosin or orange G. F o r verify in g  th e  co nnective  tissue  fib res  th e  sections w ere 
s ta in e d  w ith  Y erhoeff’s h aem a to x y lin - v a n  Gieson an d  M allo ry ’s tr ip p le  sta in . 
T he te s t  fo r m ucin  w as carried  o u t b y  s ta in in g  w ith  M ay er’s m ucicarm ine,
0.2%  aqueous to lu id in e  b lue  an d  aqueous so lu tions of to lu id in e  b lue 1: 25 000  
or 1: 28 000 (H e m p l e m a n n , 1940).

T he to p o g ra p h y  o f th e  th y m u s  an d  th e  re la tio n  b e tw een  i t  an d  th e  ly m 
p h o id  h ead  k id n ey  w ere s tu d ied  in  specim ens rang ing  fro m  9 —47 m m  in 
len g th . T he specim ens w ere fixed  in  B o u in ’s flu id , d e h y d ra te d  an d  cleared as 
u su a l. P ara ffin  em b ed d in g  to o k  place in  vacuo. Serial tra n sv e rse , fro n ta l and  
lo n g itu d in a l sections o f  6 —7 [л th ick n ess  w ere p rep a red  a n d  sta in ed  w ith  
D elafie ld ’s h aem ato x y lin -eo sin .
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Observations

I .  Topographical anatom y

L ike in m ost o th e r  v e r te b ra te s , in  Clarias lazera th e  th y m u s  is a p a ired  
sy m m e tr ic a l s tru c tu re . A ccord ing  to  th e  d o rso -v en tra l f la tte n in g  and  e x p a n 
sion  o f  th e  head reg ion  o f  th e  fish , th e  b ran ch ia l c av ity *  is v e ry  m uch  e x 
te n d e d . Inside th e  sk u ll, on  each side, a n d  beh ind  th e  tru e  gills, an  a ir-ch am b er is

Fig. 1. Ventral view of a dissected  Clarias lazera 50 mm long, showing the position of the  
th y m u s in relation to the neighbouring organs. X5. Symbols: a .b .ch , air-breathing chamber; 
a .b .or , air-breathing organ; b.cp, blood capillary; b.cv, branchial cavity; b .v , blood  
v esse l; c .dé, cell débris; c .S , corpuscle o f  Stannius; c.t, connective tissue; c.t.c, connec
tiv e  tissu e  cell; c.t.cp , connective  tissue capsule; c.t.f, connective tissue fibres; ct, cortex; 
c y .s , cy stic  space; dg.a, degenerating area; gl, gill; hr, heart; in. m u, intracellular mucus;
l .  e .k .lb , left embedded k id ney  lobe; l.e .lv .lb , left lobe of head kidney; lym , lym phocytes;
m . k , m edian kidney; m e, m acrophage; m d, medulla; m i.d. m itotic  division; m u.cy , 
m ucous cyst; my.c, m yoid  cell; o,oesophagus; p.ad.g, position of adrenal gland; p .f, pec
toral fin ; p .t, pronephric tubule; ph .rt.c , phagocytic reticular cell; pig.c, pigm ent cell; 
p y .a , pyknotic area; p y .th m . pyknotic thym ocyte; r.b.c, red blood corpuscle; r.lb.h.k, right 
lobe o f  head kidney; rt. c, reticular cell; st.m , striated muscle; sw. bd, sw im  bladder; sw .bd.cp , 
sw im  bladder capsule; thb , thym oblast; thm , thym ocyte; thy .g , thym u s gland; v.zn , ventral

zone; v a .g , vagus ganglion; va. n, vagus nerve; vc , vacuole

* For convenience o f descriptive purposes the “ branchial ca v ity ”  is used here to desig
n ate  the whole cavity containing both true gills and accessory air-breathing arborescent or
gans, the former being located  in the “ gill-cham ber” and the latter in the “ air-chamber” .
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lo c a te d  in  w hich tw o  h igh ly  v ascu la r accessory  a ir-b re a th in g  a rbo rescen t 
o rg an s are  found . T h e  th y m u s  is som ew hat sh ifted  b ack w ard s  from  its  com 
m on position , w hich is d irec tly  b eh in d  th e  gills, an d  com es to  lie beh ind  th e  
w ell-developed accessory  a ir-b rea th in g  a rb o rescen t o rgans (F ig. 1). In  o u r 
b e s t know ledge, such  a pecu lia r position  of th e  th y m u s  h as  n o t been described 
in  te leo s t fishes.

O n each side, th e  th y m u s  is loca ted  in  th e  p o s te rio r  co n cav ity  of th e  air- 
ch am b er, and  acqu ires its  general ou tline from  th e  p o sitio n  i t  occupies in  re 
la tio n  to  th e  a d ja c e n t o rgans. In  general ou tlin e , th e  th y m u s  resem bles a re 
to r t .  I ts  body , a red d ish  sheet-like s tru c tu re  w hich  f i ts  in to  th e  poste rio r con
c a v ity  of th e  a ir-ch am b er, has an  an te rio r  concave su rface  an d  a po ste rio r 
convex  one. The p o s te rio r  su rface o f th e  bo d y  o f th e  th y m u s  lies ju s t  in  f ro n t 
o f th e  capsule of th e  a ir-b lad d e r. T he lim b of th e  r e to r t  ex ten d s forw ards an d  
la te ra lw ard s  along th e  o u te r  side o f th e  a ir-ch am b er, u p  to  th e  g ill-cham ber
(F ig . 1).

I I .  H istological structure

T he th y m u s ap p e a rs  to  be m ain ly  form ed o f d eep ly -s ta in in g  cells (F ig . 
2), w h ich  are re fe rred  to  as th y m o cy tes . B o th  co llagenous an d  fine re ticu la r  
conn ec tiv e  tissue fib res  a re  sc a tte re d  all over its  su b s ta n c e . T he w hole th y m u s  
is enveloped  b y  a  th in  connective  tissue capsu le , in  w hich  th y m o cy tes  a re  
occasionally  seen em b ed d ed . M ost p ro b ab ly , such  cells em ig ra te  to  th e  capsu le  
from  th e  m ain  m ass o f th e  th y m u s  substance .

T he th y m u s in  9 m m  long specim ens is in  close con n ec tio n  w ith  th e  rich ly  
v a sc u la r  ep ithe lia l w all enclosing th e  accessory  a ir-b re a th in g  a rbo rescen t 
o rgans. F rom  th is  ep ith e lia l w all num erous b lood  capilla ries p e n e tra te  th e  
co nnective  tissue capsu le  o f th e  th y m u s, in v ad in g  i ts  in n e r substance . T he 
th y m u s  in  such a sm all specim en appears as a ly m p h o id  organ  w ith o u t an y  
reg iona l d iffe ren tia tio n  (F ig . 2). H ow ever, in  specim ens o f 12 —15 m m  len g th  
an  ev idence of d iffe ren tia tio n  can be observed, as th e  th y m u s  shows a v e n tra l 
d eep ly -sta in ing  zone (co rtex ) an d  a dorsal lig h tly -s ta in in g  zone (m edulla) 
(F igs 3 and  4). In  a 17 m m  long specim en an  a d d itio n a l th ird  zone (v en tra l 
zone) can  h a rd ly  be d iffe re n tia ted  (Fig. 5), b u t in  la rg e r specim ens all th re e  
zones can  be easily  d e te c te d  (F ig. 6). The zonal d iffe re n tia tio n  of th e  th y m u s  
p e rs is ts  till th e  fish  reaches a b o u t 150 m m  in  le n g th , th e n  d isappears, due to  
th e  in v o lu tio n a ry  p rocesses in  th e  th y m u s.

In  a w ell-d iffe ren tia ted  th y m u s , th e re  is a v e n tra l  zone ly ing  close to  th e  
e p ith e lia l wall enclosing th e  accessory  a ir-b rea th in g  a rb o rescen t organs. This 
zone is a re la tive ly  n a rro w  s tra n d  of cells, m ostly  com posed  of lig h tly -s ta in in g  
th y m o b la s ts  w hich p re su m ab ly  will give rise to  th e  th y m o c y te s . T he m iddle  
zone has a deep ly -s ta in in g  ap p earan ce  as i t  is m o s tly  com posed of closely
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Fig. 2. Transversal section of Clarias lazera  9 m m  long, showing the thym u s and its con
n ectio n  w ith the head kidney through a tr ia l o f  lym phocytes. X 80. The sym bols see on page 332

t h y . g  v e . g  p . r  r . l b . h .k

Fig. 3. Transversal section of Clarias lazera 12 mm long, showing the cortical and medullary 
zones o f the thym us. X 75. The sym bols see on page 332

p a c k e d  th y m o cy tes , th u s  obscu rin g  th e  re ticu lu m  in  w hich th e y  a re  held . This 
m id d le  zone is s im ilar to  th e  c o rtic a l reg ion  of th e  th y m u s  o f h ig h e r v e r te 
b ra te s .  F ina lly , th e  th ird , m ost d o rsa l zone, appears lig h t as in  th is  region th e  
d eep ly -s ta in in g  th y m o c y te s  a re  less in  n u m b er, while th e  re tic u la r  cells fo rm 
in g  th e  re ticu lu m  are  m ore co nsp icuous. This th ird  zone is analogous to  th e  
m e d u lla ry  region o f th e  th y m u s  o f  h ig h e r v e rte b ra tes . I t  is w o r th y  o f  m en tion  
t h a t  th e re  is no sh a rp  d e m a rc a tio n  be tw een  th e  th re e  th y m ic  zones (Figs 5 
a n d  6).
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D uring  th e  v igorous g row th  o f th e  th y m u s  in  sm all specim ens, e m ig ra 
tio n  of th y m o c y te s  w as n o ticed . T he em ig ra tin g  cells a re  p re sen t e ith e r  in  a 
sm all n u m b e r o r in  considerab le n u m b ers  in  th e  conn ec tiv e  tissu e  ly ing  d o rsa l 
to  th e  th y m u s  (F igs 2 —4). T his ea rly  em ig ra tio n  o f  cells from  th e  th y m u s  
su b stan ce  could  b e  considered e ith e r  as a n o rm a l co n tin u o u s process or as a 
fray in g  ou t o f th e  o rg an  in  th e  course o f its  h istogenesis.

t h y .  g  a . b . c h

s  w.
b d

I y m
m d

c t

m . k

Fig. 4. L ongitudinal section  of Clarias lazera 15 m m  long, showing the fusion of the thym u s  
w ith the hom o-lateral lobe of head kidney. x 7 0 . The sym bols see on page 332

The th y m o c y te s  are  sm all, ro u n d ed , d eep ly -s ta in in g  cells, qu ite  s im ila r 
to  th e  ly m p h o cy tes . T h e ir  nucleus is la rge  an d  su rro u n d ed  b y  a th in  sh ee t o f 
n o n -g ran u la r c y to p la sm . T he ch ro m atin  g ranu les a re  a b u n d a n t an d  sc a tte re d  
all over th e  n u c leo p lasm , th u s  g iv ing  a d a rk  t i n t  to  th e  w hole nucleus (F ig .
7).

T h y m o b las ts  a re  p resen t th ro u g h o u t th e  th y m u s  su b stan ce , m ost a b u n 
d a n tly  in  th e  v e n tr a l  zone. These cells are  la rg e r a n d  lig h tly -s ta in in g  as com 
p a red  w ith  th e  th y m o c a te s  (Fig. 5). T he v igorous g ro w th  o f th e  th y m u s  in  th e  
ea rly  stages is p re su m a b ly  in te rp re te d  b y  th e  m ito tic  a c t iv i ty  o f these  th y m o 
b la s ts , giving rise  to  th e  sm aller th y m o cy te s  c h a ra c te r is tic  o f th e  th y m u s.

A m ong th e  th y m o c y te s  th e re  are  lig h tly -s ta in in g  re tic u la r  cells an d  large  
cells of irreg u la r fo rm s. T he outline o f th e se  cells is so m ew hat in d is tin c t an d
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m d

C t

I/. z n

Fig. 6. Section of the thym u s of Clarias lazera  42 mm long, showing the three zones o f the  
thym u s. X 700. The sym bols see on page 332

i ts  cy to p lasm  is d raw n  o u t in to  ir re g u la r  p ro longations w hich anasto m o se  w ith  
s im ila r  processes o f neighbouring  cells. A ccordingly , a re tic u la r  sy n c y tia l sys
te m  is form ed w ith  th y m o cy te s  in  th e  m eshes (Figs 5 an d  7).

T he re ticu la r  cells are u sua lly  la rg e r an d  m ore a b u n d a n t in  th e  m ed u lla ry  
zone th a n  elsew here in  th e  th y m u s . O n th e  c o n tra ry , in  th e  co rtica l zone i t  is

Fig.  5 . Drawing of a section  of the thym us o f  Clarias lazera 17 m m  long, show ing its zone 
differentiation and its structure. The sym bols see on page 332
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so m ew h at d ifficu lt to  follow  th e  re tic u la r  cells an d  th e ir  p ro top lasm ic  p rocesses 
as th e  su rro u n d in g  th y m o cy te s  are  closely p acked  a ro u n d  th em . T h e  f in e ly  
g ra n u la r  cy to p lasm  of th e  re ticu la r  cell s ta in s  lig h tly  w ith  eosin, and  o ccasion 
a lly  co n ta in s  vacuoles. T he nucleus is la rge , ab o u t th re e  tim es as la rg e  as 
th e  th y m o c y te  nucleus. T he ch ro m atin  granu les are few  an d  are m o stly  co n 
fin ed  to  th e  n u c lea r m em brane (Figs 5 an d  7).

Fig. 7. Drawing of a section of the thym us of Clarias lazera 100 m m  long, showing the stru c
ture o f the thym us. The sym bols see on page 332

Some of th e  re tic u la r  cells seem  to  be p h ag o cy tic , w ith  cy to p lasm ic  
processes te n d in g  to  re tra c t .  M ost p ro b a b ly , th e  p h ag o cy tic  re ticu la r cells 
feed  on th y m o c y te s  as th e ir  cy top lasm  co n ta in s  foreign nucle i sim ilar in  s ta in 
in g  p ro p ertie s  to  tho se  of th e  th y m o cy te s  (F ig. 7).

Some of th e  re tic u la r  cells are  fu r th e r  d iffe ren tia ted  as th e y  grow  in  
size an d  becom e oval or ro u n d ed  in  shape . T he cy to p lasm  displays co n cen 
tr ic a lly  a rran g ed  fib rillae  w hich rem in d  o f th o se  of th e  m uscle fibres, th u s  th e se  
cells are  re fe rred  to  as m yoid  cells. Such cells, few  in  n u m b er, are fo u n d  a ll 
o v e r th e  th y m u s  su b stan ce , th e  superfic ia l lay e r of th e  m edu lla ry  zone b e in g  
m o st a b u n d a n t (F ig. 7).

M acrophages are  of freq u en t occurrence in  th e  m ed u lla ry  and  v e n tra l  
zones of th e  th y m u s , ju s t  u n d e rn e a th  th e  connective tissu e  capsule. T h ese
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cells a re  ro u n d ed  an d  th e ir  cy to p lasm  show s num erous, v e ry  sm all vacuo les. 
T h e  n uc leus is m o stly  eccen tric  in  p o s itio n , a n d  th e  g rea t n u m b e r of c h ro m a tin  
g ra n u le s  g iv ing  i t  a d a rk ly -s ta in in g  a p p e a ra n c e  (Fig. 7).

C ystic  spaces o f vario u s shap es a re  sca tte red  th ro u g h o u t th e  w hole 
th y m u s  su b stan ce , regard less th e  age o f  th e  fish  (Figs 5, 7 an d  8). P a ra lle l 
w ith  th e  age o f th e  fish  th ese  spaces in c re a se  in  n u m b er a n d  size a n d  becom e 
m o re  irre g u la r  in  oixtline. In  th e  th y m u s  o f  sm all specim ens th e  cystic  spaces 
a re  sp h erica l, v e ry  sm all, an d  th e ir  lu m in a  are  em p ty  (F ig . 5). O n th e  o th e r  
h a n d , in  th e  th y m u s  o f  large specim ens th e  lu m in a  of th e  cy stic  spaces co n ta in  
d e g e n e ra ted  n ucle i o f  b o th  th y m o c y te s  a n d  re ticu la r cells, i.e ., cell déb ris  or 
g ra n u la r  d e tr i tu s  (F ig . 7).

M ucous cy s ts , m o stly  lined  w ith  re t ic u la r  cells are  fo u n d  in  th e  th y m u s , 
irre sp e c tiv e  o f th e  age o f th e  fish . T h e  c o n ta in e d  m ucus s ta in s  b r ig h t red  an d  
a p p e a rs  f ro th y  w ith  M ayer’s m u c ica rm in e . I n  ad d itio n , la rg e  o r sm all a m o u n ts  
o f  m u cu s occur in  th e  cy to p lasm  o f som e reticular^'cells (F igs 5, 7 an d  8).

À
I I I .  Age involution

A ctu a l in v o lu tio n  appears in  th e  th y m u s  of specim ens o f a b o u t 150 m m  
lo n g , an d  th e se  in v o lu tio n a ry  changes becom e m ore p ro n o u n ced  w ith  th e  in 
c rease  o f age. W h en  a c tu a l in v o lu tio n  ta k e s  place th e  zonal d iffe ren tia tio n  of 
th e  th y m u s  becom es in d is tin c t a n d  e v e n tu a lly  d isap p ears . M oreover, th e  
su rro u n d in g  collagenous connective  tis su e  capsule shows a rem ark ab le  increase  
in  th ick n ess  an d  becom es hya lin e  in  ap p e a ra n ce  (Figs 8 —10). Also, th e  co n 
n e c tiv e  tissu e  fib res  in  th e  th y m u s  su b s ta n c e  increase in  a m o u n t, p a r tic u la r ly  
in  th e  su b cap su la r  region.

T he th y m o c y te s  sh rin k  an d  a p p e a r  as v e ry  d eep ly -s ta in in g  cells, an d  
su c h  p y k n o tic  th y m o c y te s  m ay  be  co n sid ered  to  have reach ed  th e  a d u lt co n 
d itio n  or th e  la s t  s tag e  o f  th e ir  life sp a n . L a te r  on, th e  th y m u s  su b stan ce  b e 
com es loose, as th e  p y k n o tic  a reas o f  th y m o cy te s  show  d is in teg ra tio n  an d  
d e g en e ra tio n . A ccord ing ly , th e re  is an  in c rease  in  th e  n u m b e r o f th e  irreg u la rly - 
sh a p e d  cystic  spaces. Som e cystic  spaces co n ta in  cellu lar deb ris , w hile o th e rs  
a p p e a r  c lear, in d ic a tin g  th a t  th e  g ra n u la r  d e tr itu s  found  in  th e ir  lu m in a  has 
b e e n  com ple te ly  ab so rb ed  (F ig . 8).

B eside th e  p rocess of necrob iosis in  th e  th y m u s su b stan ce , th e  m ito tic  
a c t iv i ty  of th e  th y m u s  cells seem s to  cease com pletely . M oreover, em ig ra ted  
th y m o c y te s  are  seen in  th e  n e ig h b o u rin g  connective tissu e  (F ig . 9); m ost p ro b 
a b ly  th e  em ig ra tin g  cells h av e  a neg lig ib le  effect on th e  in v o lu tio n  of th e  t h y 
m u s  as th e y  occu r in  m o d era te  n u m b e rs .

As th e  in v o lu tio n  p roceeds, th e  o v e ra ll reduc tion  in  th e  size of th e  th y m u s  
becom es clear. M oreover, a v igorous in f il tra tio n  of co nnective  tissu e  sep a ra te s  
th e  th y m u s  from  th e  a d ja c e n t m uscles (F igs 9 and  10). I n  specim ens a b o u t
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t h y . g  

d g .  a

Fig. 8. Section of the th y m u s of Clarias lazera 200 m m  long, show ing degenerated areas o f  
thym ocytes, cystic  spaces and m ucous cysts. X l5 0 . The sym bols see on page 332

c t . c p  

p y  ■ t h m

s t - m

Pig-c

c  y . s  

d g . a

Fig. 9. Section of the th y m u s o f Clarias lazera 400 m m  long. R eduction  in size o f the thym us, 
degenerated areas and a v ery  th ick  connective tissue capsule. X 335. The symbols see on

page 332

650 m m  in  len g th , th e  th y m u s  is v e ry  reduced , i t  consists o f a narrow  s tra n d  
of cells, and  th e  co n n ec tiv e  tissue  capsule becom es se p a ra te d  from  th e  su bstance  
of th e  th y m u s (F ig . 10). Ju d g in g  from  th e  a c tiv ity  o f th e  in v o lu tio n ary  p ro 
cess reducing  th e  th y m u s  to  a m icroscopical v estige , one m u st expect th e  
com plete  d isap p ea ran ce  o f th e  th y m u s in  la rg e r specim ens. This is tru e  as in  
specim ens of ab o u t 1050 m m  long th e  th y m u s  is to ta l ly  ab sen t.
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I V .  T he  relation between the thym us and  head kidney

D u rin g  th e  v igorous g row th  o f th e  th y m u s , in sm all specim ens o f Clarias 
lazera, d u e  to  th e  m u ltip lica tio n  o f i ts  cells and  consequen tly  its  zonal d iffer
e n tia t io n , an o th e r g ro w th  of a s im ila r  n a tu re  takes p lace in  its  n e ig h b o u r
h o o d . I t  is th e  g row th  o f  th e  ly m p h o id  h ead  k idney  or th e  p ro n ep h ro s.

I n  sm all specim ens o f Clarias a re la tio n  exists b e tw een  th e  th y m u s  and  
th e  lo b e  o f th e  head  k id n e y  of th e  co rresp o n d in g  side. T his is m an ifested  b y  a 
d ire c t c o n tin u ity  b e tw een  these  o rg an s th ro u g h  an in f iltra tio n  o f ce llu lar ele-

s t m

Fig. 10.’ Section of the thym u s of Clarias lazera 650 mm long, showing its reduction to a v e s
tig e , degenerated areas and a very thick connective tissue capsule. x 8 0 . The sym bols see

on page 332

m e n ts  as well as co n n ec tiv e  and  v a sc u la r  tissues w hich a p p e a r  to  be w ith d raw n  
fro m  one organ to  th e  o th e r. E m b e d d e d  in  th is  co nnective  tissu e  num ero u s 
ly m p h o c y te s  are d isposed  in  t r a c ts  o r s tra n d s  un itin g  th e  tw o  organs (F ig . 2). 
I n  som e instances, how ever, th e  h e a d  k id n ey  and th e  th y m u s  are  com plete ly  
fu sed  so th a t  a t th e  p o in t of fusion one can n o t d istingu ish  th e  cells be longing  
to  e i th e r  organ. T his is because no  m orphological d ifference could  be  n o ticed  
b e tw e e n  th e  th y m o cy te s  of th e  th y m u s  an d  th e  ly m p h o cy tes  o f th e  h ead  k id 
n e y . N um erous b lood  capillaries e x te n d  betw een  th e  tw o o rgans, m ak in g  th e  
fu s io n  m ore e lab o ra te  (F ig . 4). T h e  h e a d  k idney , how ever, is ch a rac te rized  b y  
i t s  d eg en era tin g  p ro n ep h ric  tu b u le s  a n d  its  rich  v ascu la riza tio n  com parab le  
to  t h a t  of th e  th y m u s  (Figs 2 — 4), w hile th e  th y m u s is ch a rac te rized  b y  its  
c y s tic  spaces and  m ucous cysts.
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Discussion

T h e th y m u s  o f C larias is sh ifted  fa r  p o ste rio rly  from  th e  p o sitio n  th e  
th y m u s  u su a lly  occupies in  te leo s ts , n am ely  ju s t  p o s te rio r  to  th e  gills, in a s 
m u ch  as th a t  th e  rem oval o f th e  opercu lum  reveals th e  o rgan  c learly  (Sal- 
k in d , 1915). H ow ever, in  som e te leo sts  th e  th y m u s  is p a r t ly  concealed  b y  th e  
d o rsa l m u scu la tu re  in  th e  b ra n c h ia l region (D e a n e sl y , 1927; H a fter , 1952 
a n d  A l -H ussaini an d  R izkalla, 1957). T he rem o v al o f th e  o p ercu lu m  in  
C larias does n o t expose th e  th y m u s ; in  o rd er to  fin d  i t  th e  p e c to ra l a rc h  as 
w ell as th e  accessory  a ir-b re a th in g  a rb o rescen t o rgans shou ld  be rem o v ed . 
A ccord ing ly , Sa lk in d ’s gen era liza tio n  (1915) is n o t ju s tif ia b le  as th e  th y m u s  
o f te leo s ts  shows d ifferen t co n d itio n s, v a ry in g  from  co m ple te ly  e x te rn a l to  
e n tire ly  h id d en ; in te rm e d ia te  cases h av e  also been re p o rte d .

I n  a w ell-d iffe ren tia ted  th y m u s  o f C larias, th re e  d is tin c t zones can  be 
i l lu s tra te d : a v e n tra l zone, a m idd le  co rtex  an d  a dorsa l m edu lla . T h is is s im ilar 
to  t h a t  rep o rted  b y  H ammar (1909) an d  H after  (1952) in  th e  th y m u s  of som e 
te leo s ts . In  m ost te leo s t fishes, how ever, tw o zones (co rtex  an d  m edu lla) can  
o n ly  be d istingu ished  in  th e  th y m u s  (cf. Le ie , 1933; von  H ag en , 1936; R o- 
MiEU an d  J u llien , 1941 an d  A l-H u ssa in i an d  R izkalla , 1957).

I t  is w o rth y  of m en tio n  th a t  th e  m am m alian  th y m u s  is ch a rac te rized  
b y  co n cen trica lly  hyalin ized  H assa ll’s corpuscles, a rran g ed  a b o u t cores of 
n u c le a r  débris. H ammar (1909) s ta te d  t h a t  in  th e  th y m u s  o f te leo sts  s tru c tu re s  
co m p arab le  to  tru e  H assa ll’s corpuscles occur b u t  ra re ly . M oreover, H assa ll’s 
corpuscles are fre q u e n tly  seen in  th e  th y m u s  o f m am m als, less o ften  in  th o se  
o f  b ird s  an d  still m ore ra re ly  in  th e  th y m u s  of fishes (B l in , 1951). G enera lly , 
h y p e rtro p h ie d  re tic u la r  cells, co n cen tric  com plexes of re tic u la r  an d  m yoid  
or m ucous cells an d  m u ltice llu la r m ucous g lands h av e  been  described  in  fishes 
to  b e a r  s im ila rity  to  H assa ll’s corpuscles (Le ie , 1933; La g abrielle , 1936; 
von H ag en , 1936 an d  H after , 1952). I t  seem s, how ever, th a t  in  th e  th y m u s  
o f C larias th e  large  m yoid  cells w ith  th e ir  co n cen trica lly  a rran g ed  fib rillae  
a re  th e  n ea re s t s tru c tu re s  to  H assa ll’s corpuscles.

T h ere  is a w ide v a r ia tio n , ex is tin g  in  th e  d iffe ren t species o f te leo s ts , 
concern ing  th e  tim e  a t  w hich a c tu a l in v o lu tio n  of th e  th y m u s  beg ins. I t  is 
obv ious th a t  th e  red u c tio n  of th e  th y m u s  o f C larias does n o t  coincide w ith  
sex u a l m a tu r ity , as ac tu a l in v o lu tio n  s ta r ts  in  th e  th y m u s  o f specim ens a b o u t 
150 m m  long, w hich are  s till sex u a lly  im m a tu re . Salk ind  (1915), D e a n e s 
ly  (1927) and  von  H agen  (1936) cam e to  th e  sam e resu lts  fo r som e te le o s t 
fishes. On th e  c o n tra ry , accord ing  to  H ammar (1909), Leie  (1933 a n d  1934), 
H a fter  (1952) an d  Al-H u ssa in i an d  R izkalla (1957) th e  th y m u s  in v o lu tio n  
is co rre la ted  w ith  sexual m a tu r i ty .

T h e  in v o lu tio n a ry  process in  th e  th y m u s  of C larias is ach ieved  m ain ly  
b y  an  overall red u c tio n  in  its  size. T h is is accom plished  b y  an  increase  in  th e
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n u m b e r o f p y k n o tic  th y m o c y te s  an d  in  tu r n  o f d eg en era tin g  areas due th e  
d is in te g ra tio n  o f su ch  p y k n o tic  cells. L e i e  (1933), H a f t e r  (1952) an d  A l - 

H u s s a i n i  an d  R i z k a l l a  (1957) a rriv ed  a t  fin d in g s sim ilar to  tho se  recorded  
in  th is  in v es tig a tio n . O n th e  o th e r h a n d , M a u r e r  (1886), H a m m a r  (1909), 
D e a n e s l y  (1927) a n d  H i l l  (1935) concluded  th a t  th e  th y m u s  in v o lu tio n  is 
la rg e ly  effected  b y  th e  em ig ra tio n  o f th y m o c y te s  ra th e r  th a n  th e  degenera tion  
of su ch  cells w ith in  th e  th y m u s  su b stan ce .

A com plete absence  o f th e  th y m u s  in  aged  fishes, as has been recorded  
for C larias, has a lre a d y  been  rep o rted  fo r som e te leo sts  b y  M a u r e r  (1886), 
D e a n e s l y  (1927) a n d  L e i e  (1934). A ccord ing ly , H a m m a r ’s conclusion (1909) 
th a t  th e  th y m u s  n e v e r d isap p ears  in  aged fishes has no ju s tif ic a tio n  to  be  gener
alized . O n th e  o th e r  h a n d , e ith e r m icroscopic vestiges or reduced  th y m u s , 
w hich  cou ld  be seen w ith  th e  n ak e d  eye, a re  observed  th ro u g h o u t th e  w hole 
life o f  som e te leo st fishes ( D e a n e s l y , 1927; L e i e , 1933; H a f t e r , 1952 an d  
A l - H u s s a i n i  an d  R i z k a l l a , 1957).

SUM M ARY

1. The thym us o f Clarias has been shifted backwards for som e distance from its  com mon  
position , which is im m ediately  behind the gills, and com es to lie behind the accessory air- 
breathing arborescent organs.

2. In sm all specim ens, 9 mm long, the thym us does not show any regional differentia
tion. A n evidence of its  differentiation into cortical and m edullary zones is first observed in  
specim ens 12— 15 mm long. A n additional third zone (ventral zone) is differentiated in speci
m ens 17 up to 150 m m  long. The thym us in larger specim ens undergoes involutionary changes, 
which proceed until the thym u s entirely disappears.

3. The bulk o f the thym u s substance consists m ainly of deeply-staining thym ocytes, 
am ong w hich there are reticular cells forming a reticulum . Some reticular cells seem  to be 
phagocytic , while others are further differentiated into m yoid cells.

4. The thym us is characterized by the presence o f cystic  spaces w hich increase in  num 
ber and size as the fish  increases in age. These spaces ind icate degenerating areas o f  the th y 
mus substance. Moreover, cysts o f different size, filled  w ith  m ucus, are found in the thym us, 
regardless the age of the fish .

5. During the histogenesis o f the thym us, in  early stages, there is a connection betw een  
the th ym u s and the lym phoid  head kidney through trails o f lym phocytes. M oreover, a com plete 
fusion o f  the two organs is also encountered.
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H istorical

Sm all encapsulated grandular bodies, partly  embedded in the posterior portions o f the  
kid neys, known as corpuscles o f Stannius, were described in some fishes by S t a n n i u s  (1839), 
who suggested on a m orphological basis, th a t these bodies may represent the adrenal gland  
o f  fishes. C o l l i n g e  (1897) and V i n c e n t  (1897, 1898a and 1898b) came to  the conclusion th a t  
the corpuscles o f Stannius represent the adrenal cortex. These authors claim ed th a t the m edul 
lary  portion of the adrenal gland is absent in te leosts.

G ia c o m in i  (1902, 1908a, 1908b and 1910) was the first to  discover the chrom affin tissue  
or adrenal m edulla in  teleosts, which is represented b y  groups of cells associated w ith  the adre
nal cortical tissue. B oth  tissues are found in the lym phoid  head kidney. G i a c o m i n i  referred to 
the adrenal cortex as the “ anterior interrenal tissu e” , while he referred to the corpuscles of 
Stannius as the “ posterior interrenal organs”  due to the hom ology o f the la tter  organs to the  
adrenal cortical tissue.

Later on G i a c o m in i  (1911a, 1911b and 1911c), R a m a l k o  (1921 and 1923), V i n c e n t  and 
C u r t i s  (1927a and 1927b), A b o i m  (1946) and R a s q u i n  (1951) came to the conclusion th a t the  
corpuscles o f Stannius bear no relationship to  the adrenal cortical tissue, bu t the true hom o
logue o f this tissue is the “ anterior interrenal tissu e” . On the contrary, D i a m a r e  (1933) and 
Ca l l a m a n d  (1943) claim ed that the corpuscles o f  Stannius have a cortical function and the  
adrenal cortex o f teleosts is represented exclu sive ly  by these bodies.

Material and methods

A d u lt specim ens of Clarias lazera  w ere k illed, and  th e  r ig h t lobes o f th e  
h e a d  k idneys w ith  p a r ts  o f th e  p o s te rio r  ca rd in a l veins w ere rem o v ed  qu ick ly  
a n d  carefu lly . A lso, th e  corpuscles o f  S tan n iu s  w ith  p a r ts  o f  th e  su rro u n d in g  
re n a l tissu e  w ere dissected . T he m a te ria ls  w ere fixed in  Z en k er’s fo rm ol flu id , 
d e h y d ra te d , c leared  an d  em bedded  as u su a l. Serial sections o f 6 ц  th ick n ess  
w ere p rep ared  an d  sta in ed  w ith  D ela fie ld ’s haem atoxy lin -eosin .

F o r d em o n stra tin g  m ito ch o n d ria  a n d  f a t  droplets th e  m a te r ia l w as fix ed  
in  R e g a u d ’s flu id  and  p o stch ro rn a ted  w ith  4 %  po tassium  d ich ro m a te  fo r a 
w eek a t  37° C. Serial p ara ffin  sec tions o f 4 —5 ц  th ickness w ere p re p a re d , an d  
s ta in e d  w ith  e ith e r  H eid en h a in ’s iro n  h aem a to x y lin  (m ito ch o n d ria ) o r S udan  
B lack  В (fat).
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Гог d e m o n s tra tin g  ascorbic acid g ran u les , th e  m a te r ia l was fixed  in  
acid  silver n itra te  so lu tio n . Serial p a ra ffin  sections o f 5 ц  th ickness w ere p re 
p a re d  an d  sta in ed  w ith  D elafie ld ’s haem ato x y lin -eo sin .

Observations

I .  A drenal g land

In  specim ens p re se rv e d  in  10%  fo rm alin  th e  a d re n a l tissue  could be  o b 
served  b y  n aked  eye. I t  form s a ring  an d  com ple te ly  su rro u n d s th e  a n te rio r  
p a r t  o f th e  po ste rio r c a rd in a l vein  in  th e  reg ion  w here i t  passes th ro u g h  th e  
r ig h t lobe of th e  h e a d  k id n e y . The ad ren a l tissu e , b e ing  fo rm ed  of a re la tiv e ly  
co m p ac t tissue fa in t g re y  in  colour, can  be d iffe re n tia ted  from  th e  su rround ing  
tissu e  o f th e  head  k id n e y  w hich is d a rk  b row nish  in  co lour. M icroscopically, 
th e  ad ren a l g land is com posed  of th e  in te rre n a l tissue ,*  fo rm ing  th e  m a jo r 
p a r t  of th e  g land , to  wTiich sca tte red  g roups of ch ro m affin  tissue (ad ren a l 
m edu lla) are asso c ia ted  (F igs 1 and  2).

A . Interrenal tissue

This g lan d u la r tis su e  is form ed of ep ith e lia l co rds, each  being one-cell 
th ic k  or m ore, se p a ra te d  b y  very  sm all b lood  cap illa ries (F ig . 2). A n e tw o rk  
o f th e se  capillaries o p en s in  th e  poste rio r ca rd in a l ve in . T h e  in te rren a l tissu e  
lies in  close co n tac t w ith  th e  head  k id n ey  (F ig . 1). T he la t te r  is read ily  recog
n ized  as i t  is m ade up  o f  a de licate  re ticu lu m , enclosing closely packed ly m p h o 
cy tes  in  its  m eshes. N e ith e r  th e  k idney  tu b u le s  n o r th e  M alpighian  corpuscles 
are  rep resen ted  in  th e  h e a d  k idney , w hich is ch a rac te rized  b y  its  a b u n d a n t 
v ascu la riza tio n  (F ig . 1).

T he cells o f th e  in te r re n a l tissue possess d is tin c t cell outlines, m o stly  
po lygonal or ro u n d ed , less freq u en tly  e lo n g a ted  w ith  th e ir  long axes p e r
p en d icu la r to  th e  b lo o d  capillaries. The cy to p lasm  is u n ifo rm ly  finely  g ra n u 
lar, an d  th e  nuclei a re  c e n tra l in position . T he c h ro m a tin  granules are a b u n 
d a n t an d  sca tte red  e v en ly  th ro u g h o u t th e  nucleop lasm  (F ig . 2). The m ito ch o n 
d ria  ap p e a r as v e ry  m in u te  granules sc a tte re d  u n ifo rm ly  all over th e  c y to 
p lasm .

A m ong th e  cells o f th e  in te rren a l tissu e  som e are free of fa t d ro p le ts , 
o th ers  co n ta in  l i ttle  f a t ,  a n d  still o thers, m a in ly  th o se  in  th e  close p ro x im ity  
o f th e  poste rio r c a rd in a l ve in  show' a hom ogeneous b lack  colour, in d ica tin g  
th a t  g rea t am o u n ts  o f  f a t  d rop le ts are u n ifo rm ly  d is tr ib u te d  in  th e ir  c y to 
p lasm  (Fig. 3).

* The cortical tissue o f  the adrenal gland is referred to as the interrenal tissue instead of 
the “ anterior interrenal tissu e”  o f G i a c o m in i . The first designation dism isses any idea about the  
existence of a posterior organ.
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Fig. 1. A section of the adrenal gland o f Clarias lazera , Interrenal and chrom affin tissues, the  
posterior cardinal vein and the lym phoid  tissue of the head kidney. x l l O .  Symbols: b.cp, 
blood capillary; b .v , blood vessel; c .t , connective tissue; c.t.cp , connective  tissue capsule; 
ch .t, chrom affin tissue; f. dr, fat droplets; h.k, head kidney; in. t ,  interrenal tissue; lb  

lobule; lym . t, lym phoid  tissue; p .c .vn . posterior cardinal vein

Fig. 3. A  section of the adrenal gland o f Clarias lazera. Interrenal tissue cells with variable 
fa t content. x 3 2 0 . For the sym bols see Fig. 1
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T he ascorbic ac id  re a c tio n  was po sitiv e  in  g roups o f  cells sca tte re d  all 
o v e r th e  in te rren a l tissu e . In  a d d itio n , m a n y  b lack  g ran u les  in d ica tin g  ascor
b ic  ac id  w ere seen in sid e  th e  lum ina  o f th e  blood vessels as well as in  th e ir  
co n n ec tiv e  tissue a d v e n titia .

B . C hrom affin  tissue

T his g lan d u la r tissu e  is rep re sen ted  b y  groups of cells w h ich  are sc a tte re d  
a ll o v e r th e  in te rre n a l tissu e . T he ch rom affin  cells s ta in  f a in tly  as th e ir  cy to 
p lasm s have a w eak  a ff in ity  fo r acid dyes (Figs 1 an d  2). T h e  cell ou tlines are 
m o s tly  in d is tin c t an d  so th e  ch rom affin  cell g roups a p p e a r  like sy n cy tia l areas. 
T h e  cy to p lasm  is fin e ly  g ra n u la r  an d  are  m o stly  confined  to  th e  nu c lea r m em 
b ra n e . T he nuclei o f th e  ch rom affin  cells a re  s ligh tly  la rg e r th a n  those  of th e  
in te r re n a l tissue cells (F ig . 2).

I I .  Corpuscles o f  S tann ius

T he corpuscles o f S tan n iu s  occur fa ir ly  c o n s ta n tly  in  th e  po ste rio r th ird  
o f  th e  m edian  k id n ey . T h e y  are  p a r tia lly  em bedded  in  th e  substance  of th e  
v e n tra l  surface of th e  k id n e y  and  do n o t p ro je c t ap p re c ia b ly  from  th is  surface. 
T h e re  are  3 to  7 corpuscles o f  S tan n iu s  in  an  ad u lt specim en . T h ey  are  m o stly  
ro u n d e d , w h itish , fa tty -lo o k in g , b u t  o f h a rd  te x tu re , ra n g in g  from  0.5 to  1.5 
m m  in  d iam eter. T he su rface  o f som e corpuscles is m arb led  w ith  v e ry  fine  blood 
cap illa ries .

E ach  corpuscle o f S tan n iu s  is fo rm ed  o f ep ithe lia l lobu les w hich are  sep
a ra te d  from  one a n o th e r  b y  rich ly  v ascu la r  connective  tissu e  sep ta  (Figs 4 
a n d  5). The la t te r  a p p e a r  as trab ecu lae  o f va riab le  th ic k n e ss  issu ing  from  th e  
con n ec tiv e  tissue capsule  t h a t  su rro u n d s th e  corpuscle. A  considerab le  n u m b e r 
o f  p ig m en t cells a re  occasionally  found  in  b o th  th e  co n n ec tiv e  tissue  capsule 
a n d  th e  in te rlo b u la r  co n n ec tiv e  tissue  se p ta . In  th e  m a jo r ity  o f in stan ces  th e re  
is a local increase in  th e  a m o u n t of th e  re n a l lym pho id  tis su e  in  close co n tac t 
w ith  th e  connective tissu e  capsule of th e  corpuscle (F ig . 5).

T he lobules of th e  corpuscle of S tan n iu s  are fo rm ed  o f closely-packed 
cells w hich su rro u n d  n u m ero u s b lood  capillaries (F ig . 5). T h e  cells, m o stly  
in d is tin c t in  ou tline , a p p e a r  to  be m ore or less ro u n d ed  o r  po lygonal in  shape. 
A ll th e  cells show cy to p lasm ic  g ran u la tio n  va riab le  fro m  one cell to  a n o th e r, 
m o s t p ro b ab ly  d epend ing  on th e  sec re to ry  phase  o f th e  cell. The nuclei are 
p ro m in e n t and  in ten se ly -s ta in ed , show ing a b u n d a n t c h ro m a tin  granules s c a t
te re d  all over th e  nuc leo p lasm . Some nucle i ap p ear as d eep ly -s ta in in g  spheres 
w h ich  m ay  in d ica te  p y k n o tic  changes.

Some corpuscles o f S tan n iu s  have  th e  ap p earan ce  o f  c losely-packed  ac i
n a r-lik e  lobules w hich  a re  se p a ra te d  b y  v e ry  th in  co n n ec tiv e  tissu e  sep ta  (Fig.

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



STUDIES ON T H E  A D REN A L GLANDS 3 4 7

Fig. 4. A section of a corpuscle o f Stannins o f Clarias lazera. N um erous lobules bounded b y  a 
richly vascular connective tissue. X 100. The sym bols see on page 345

Fig. 5. A section of a corpuscle o f Stannius o f Clarias lazera. Lobules o f com pact epithelia l 
cells and num erous blood capillaries. x 5 0 0 . The sym bols see on page 345

Fig. 6. A section o f a corpuscle o f Stannius o f Clarias lazera. Acinar-like arranged cells. X 580.
The sym bols see on page 345

b . c p
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6). T h e  acin i are  m o stly  filled  up  w ith  cells an d  s trik in g ly  suggestive  o f  secre
to r y  g lan d s. T he p e rip h e ra l cells o f th e  ac in i a re  e longated  a n d  th e ir  nucle i a re  
m o s tly  ap ica l in  p o sitio n . O n th e  o th e r  h a n d , th e  cen tra l cells a re  ro u n d ed  o r  
p o ly g o n a l w ith  c e n tra lly  lo ca ted  n uc le i. O ccasionally , in  th e  cen tres o f such  
ac in i th e re  are  m a n y  d eg en e ra tin g  cells, frag m en ted  nuclei a n d  shreds of p ro 
to p la sm . M ost p ro b a b ly , th e  c e n tra l cells undergo  rap id  p o s tm o rte m  d egen 
e ra t iv e  changes.

M itochondria  a p p e a r  as n u m ero u s  cy top lasm ic  g ran u les , m o stly  accu 
m u la tin g  a ro u n d  th e  nucleus. T he m ito ch o n d ria l granules in  th e  cells o f th e  
co rp u sc les  of S tan n iu s  are  m ore consp icuous th a n  th o se  o f th e  in te rre n a l 
t is s u e  cells. F a t  could  n o t be  d e te c te d  in  th e  cells of th e  corpuscles of S ta n n iu s .

Discussion

I .  A d ren a l g land

T h e ad ren a l g land  o f h ig h er v e r te b ra te s  is form ed o f tw o  closely assoc ia ted  
co m p o n e n ts , an  o u te r  ad ren a l c o rtex  a n d  an  in n er ad ren a l m edu lla . In  fishes, 
h o w ev e r, th e  tw o  com ponen ts are  u su a lly  sep a ra ted , th e  a d re n a l co rtex  being  
re p re se n te d  b y  th e  in te rre n a l tissu e , w hile  th e  ad renal m ed u lla  b y  th e  su p ra 
re n a l  bodies or ch rom affin  tissue .

S everal a u th o rs  h av e  com e to  th e  conclusion th a t  th e  “ a n te rio r  in te r 
re n a l  tis su e ”  in  te leo s t fishes is com posed o f ep ithe lia l cells w hich , how ever, do 
n o t  fo rm  a large co m p ac t o rgan  or an  in d iv id u a lized  s tru c tu re . T hus, th e  “ a n 
te r io r  in te rre n a l tis su e ”  m ay  be a rran g ed  in  a single or d o u b le  lay er o f cells, 
c lo se ly  associa ted  w ith  th e  ca rd in a l ve in s  or th e ir  b ran ch es  inside th e  h ead  
k id n e y  (R a m a l k o , 1923 an d  R a s q u in , 1951). Som etim es, th e  “ an te rio r  in te r 
re n a l  tis su e ”  is rep re sen ted  b y  en c a p su la te d  solid or ho llow  m asses o f cells 
w id e ly  sc a tte re d  th ro u g h o u t th e  su b s ta n c e  o f th e  head  k id n e y  (G ia c o m in i , 
1910; Co m o l l i, 1913; V in c e n t  an d  C u r t is , 1927a; B a e c k e r , 1928; A b o im , 
1946 a n d  B o b in , 1949), w hereas th e  ch ro m affin  tissue e ith e r  lies be tw een  th e  
“ a n te r io r  in te rren a l tis su e ”  an d  th e  w alls o f th e  card inal v e in s , o r is re p re se n t
ed  b y  sc a tte re d  cells w ith in  th e  in d iv id u a l groups fo rm ing  th e  “ a n te r io r  in 
te r r e n a l  tissu e” . In  c o n tra s t to  all o th e r  te leo s t fishes exam in ed , in  C larias 
th e  tw o  com ponen ts of th e  ad ren a l g land  are closely a sso c ia ted  w ith  each  
o th e r ,  rep resen tin g  a large and  m ore in d iv id u a lized  o rg an , resem bling  th e  a d 
re n a l  g land  of h ig h er v e r te b ra te s .

I I .  Corpuscles o f  S ta n n iu s

G a r r e t t  (1942) suggested  th a t  in  te le o s t fishes, in  gen era l, th e  corpuscles 
o f  S ta n n iu s  occur as a single p a ir . H ow ever, Clarias has o f  th e  corpuscles m ore  
t h a n  tw o , ran g in g  from  3 to  7 in  n u m b e r in  th e  specim ens d issec ted .
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H isto log ica lly , th e  corpuscles of S tan n iu s  in  Glorias ap p ear to  be  v a r i 
ab le as to  th e ir  in te rlo b u la r  connective tissu e , v a sc u la r  elem ents an d  th e  a r 
ran g em en t o f th e  ep ith e lia l cells in  th em . T h u s, th e  corpuscles are fo rm ed  o f  
e ith e r  rich ly  v a sc u la r  ep ith e lia l m asses or o f c lose ly -packed  sm all a c in a r-lik e  
lobules. P e t t it  (1910), R a m a lk o  (1921), V in c e n t  an d  Cu r t is  (1927a), G a r 
r e t t  (1942) a n d  B o b in  (1949) recorded  on ly  th e  a c in a r a rran g em en t o f  th e  
cells in  th e  corpuscles of S tan n iu s  of sem e te le o s t fishes, w hile A b o im  (1946) 
s ta te d  th a t  th e  corpuscles in  te leosts are fo rm ed  of ep ith e lia l s tran d s , s e p a ra te d  
b y  rich ly  v a sc u la r  connective  tissue se p ta . R a s q u in  (1951) described  b o th  
ep ithe lia l cords an d  acin i in  th e  corpuscles.

In  fac t, th e  corpuscles of S tan n iu s  are  th e  le a s t un d ersto o d  o rg an s o f  
te leost fishes. H ow ever, th e re  is a w idesp read  te n d e n c y  to  hom ologize th e se  
organs, in  s tru c tu re  and  fu n c tio n , w ith  th e  a d re n a l co rtex  of v e r te b ra te s . 
D ia m a r e  (1933) an d  B o b in  (1949) d e m o n s tra te d  th e  p resence of lip id  d ro p le ts  
in  th e  corpuscles of S tan n iu s  of some te leo s t fishes, s im ila r to  w h a t h a v e  b een  
recorded  fo r th e  co rtica l tissu e  of h igher v e r te b ra te s . M oreover, Ca l l a m a n d  
(1943) reco rd ed  th a t  th e  e x tra c ts  of th e  corpuscles of S tann ius in d ic a te  th e  
presence of a co rtic a l horm one.

The m icroscopic  s tru c tu re  (a rran g em en t o f cells an d  th e ir  cy to p lasm ic  
inclusions) o f th e  corpuscles of S tann ius in  Clarias is n o t  in  h arm o n y  w ith  w h a t 
is a lm ost u n iv e rsa lly  recognized as ty p ic a l fo r a co rtic a l o r in te rren a l tis su e . 
A ccord ingly , one can  conclude th a t  th e  corpuscles o f S tan n iu s  rep resen t h ig h ly  
o rganized  ep ith e lia l o rgans w hich are sh a rp ly  m ark ed  o ff from  th e  ren a l tis su e  
in  w hich th e y  a re  em bedded . As these  corpuscles a re  r ich ly  vascu larized , th e y  
m ay  be reg a rd ed  as an  endocrine organ  th e  fu n c tio n  o f w hich is s till obscure . 
On th e  o th e r h a n d , th e  in te rre n a l tissue  of Clarias p ro v ed  to  be analogous to  
th e  ad ren a l c o rte x  of o th e r  v e rte b ra te s .

SUMMARY

1. In Clarias lazera the adrenal gland is represented b y  a h igh ly organized com pact 
tissue, surrounding the anterior part o f the posterior cardinal vein , where it  penetrates the  
right lobe o f the head kidney.

2. The adrenal gland is com posed of interrenal tissue, form ing the major part o f  the  
gland, to which scattered groups of chrom affin tissue are associated.

3. The interrenal tissue is formed of cellular bands o f  glandular cells, separated b y  
blood capillaries. The cells contain ascorbic acid and variable am ounts o f fat.

4. The scattered groups o f chrom affin tissue show  w eak affin ity  for acid dyes. The 
chrom affin cells are m ostly  rounded, and larger than the interrenal cells; their contours are 
ill-defined.

5. The corpuscles o f Stannius are represented by 3 to 7 sm all, rounded bodies, scattered  
on, and partially  em bedded in, the ventral surfaces o f the posterior third of the m edian  
kidney.

6. The corpuscles, each being enveloped w ith  a connective tissue capsule, are com posed  
o f epithelial lobules, w hich latter are separated b y  richly vascular connective tissue septa.

7. The corpuscles o f Stannius are highly organized ep ithelia l organs which are sharply  
marked off from  the renal tissue in  which they are em bedded. T hey m ay represent an endocrine  
organ whose role is  still obscure.
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SOME OBSERVATIONS ON THE HISTOCHEMICAL 
FEATURES OF DEVELOPING FOLLICLE AND CORPUS 

LUTEUM IN THE CAT AND DOG OVARY
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S a r d u l  S . G u r a y a

Departm ent o f Zoology, U n iversity  o f Udaipur, Udaipur, R ajasthan , India  

(R eceived  April 2, 1968)

Introduction

A fter o v u la tio n , th e  cells o f  m em b ran a  g ranu losa  show  h y p e rtro p h y , 
ch ie fly  due to  increase  in  c y to p la sm , an d  becom e lu te a l cells w hich secre te  
p rog este ro n e .

This is the usual even t in  all m am m als (B ra m bell , 1956; E c k s t e in , 1962; A m oroso  
and F in n , 1962). Our knowledge is m eagre about the nature of com plex cytoplasm ic processes 
w hich  occur during the transform ation (or lutein ization) o f granulosa cells into  luteal cells. 
H ow ever, recent electron-m icroscopic stu d ies have revealed the developm ent of abundant 
sm ooth-surfaced (or agranular) endoplasm ic reticulum  coincident w ith  the lutein ization  (Y a 
m ad a  and I sh ik a w a , 1960; E n d e r s , 1962; Gr e e n  and Ma qu eo , 1965; B l a n c h e t t e , 1966a, 
b). The detailed histochem ical nature of lip id  inclusion droplets w hich are form ed in the lu tea l 
cells (Y amada  and I s h ik a w a , 1960; E n d e r s , 1962; Gr e e n  and Ma q u e o , 1965; B l a n c h e t t e , 
1966a, b) is not known. In this paper the histochem ical features o f  the develop ing follicle and  
corpus luteum  in the ovaries o f cat and dog will be described. The present study  forms a part 
o f histochem ical studies on the granulosa and theca interna during follicular developm ent, 
o vu la tion , and corpus luteum  form ation and regression in  the ovaries o f  the American opos
sum , rabbit and m an (G u r a y a , 1968).

M aterials and methods

O varies o f sexua lly  m a tu re  d om estic  ca ts  and  dogs w ere used. Follicles 
w ere  s tu d ied  in  estro u s an d  p re g n a n t ca ts  an d  p seu d o p reg n an t dogs. C orpora 
lu te a  w ere s tu d ied  in  10 p seu d o p re g n a n t dogs and  7 p re g n a n t ca ts . The u te ru s  
in  dogs show ed a p ro g es ta tio n a l en d o m etriu m . T he ca ts  w ere e ith e r  in  ea rly  
s tag es  (th ree), o r in  la te r  stages (four), of p reg n an cy  as d e te rm in ed  a p p ro x i
m a te ly  b y  th e  d ev e lo p m en t an d  size o f  foetuses. T he f ix a tiv e s  a n d  h istochem i
cal tech n iq u es used  have  been  re p o rte d  p rev iously  (G u r a y a , 1965, 1966; 
G u r a y a  an d  G r e e n w a l d , 1964a, b ; G u r a y a , 1965).
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R esults

H istochem ical fea tu res  o f  developing fo llicles. T he  g ra im losa  cells o f n o r
m a l grow ing follicles are  sm all (Figs 1 — 5). Sudanoph ilic  lip id  bodies are sparse
ly  d is tr ib u te d  am ong th e  g ranu losa  cells (Figs 1 — 5). T h e y  consist of phos
pho lip id s  (G u r a y a  an d  G r e e n w a l d , 1964b; G u r a y a , 1967b). T he cy top lasm  of

Fig. 1. Part of large prsantral follicle o f dog ovary, showing sparsely scattered lipid bodies 
(L ) am ong the granulosa cells. The Golgi zone (GZ) of granulosa cells colours very feebly. For

m aldehyde calcium , fo llow ed by dichrom ate calcium , Sudan black B. (x 9 9 0 )

g ran u lo sa  cells is rich  in  R N A  as dete rm in ed  by  th e  s tro n g ly  positive  reaction  
in  th e  m e th y l g reen -p y ro n in e  techn ique  to g e th e r  w ith  a n eg a tiv e  reaction  in 
th e  co n tro l sections t r e a te d  w ith  ribonucléase. In  th e  f in a l stages of follicular 
g ro w th , th e  granu losa cells form  a re la tiv e ly  th in  la y e r, called m em brana 
g ran u lo sa  (Figs 4, 5). T h e  th e c a  in te rn a  o f th e  grow ing follicle consists o f s tro 
m a l e lem ents w hich do n o t  show  m uch cy top lasm ic  d iffe ren tia tio n . Some sparse
ly  s c a tte re d  lipid b od ies are  seen w hich in  th e ir  h is to ch em ica l reac tions
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Fig. 2. Part o f a sm all antral follicle of dog ovary , showing sparsely scattered lipid bodies (L) 
am ong the granulosa cells, which also show feeb ly sudanophilic Golgi zone (GZ). Strom al 
elem ents o f theca interna contain some sparsely scattered lipid granules. Technique as in  F ig . 1

( X 450)

Fig. 3 . Part o f a sm all antral follicle o f estrous cat ovary, showing sparsely scattered lip id  
bodies (L) among the granulosa cells. Theca interna shows some cells filled  w ith coarse, sudano

philic lipid bodies. Technique as in  Fig. 1 ( x 4 4 0 )
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resem b le  those  of th e  m e m b ra n a  g ran u lo sa . T h ey  also consists  o f p h o sp h o 
lip id s . H ow ever, th e  th e c a  in te rn a  in  th e  g row ing  follicle o f c a t o v a ry  con ta in s 
h y p e rtro p h ie d  cells filled  w ith  coarse, su d an o p h ilic  lip id  bod ies (Figs 3 —5) 
w h ich  consist of p h o sp h o lip id s , trig ly ce rid e s  an d  cho lestero l or cholesterol 
e s te rs  (G u r a y a , 1967a).

Fig. 4. P art o f an estrous ca t ovary, showing the m em brana granulosa (MG) of large antral 
fo llic les. Theca interna o f th ese  follicles contains cells filled  w ith sudanophilic lipid bodies. The 
cells filled  w ith  sudanophilic lip ids are also seen in  the ovarian strom a. Technique as in  F ig. 1

( X 84)

Histochem ical fea tu re s  o f  corpus lu teum  : As com pared  w ith  th e  o rig inal 
g ran u lo sa  cells (Figs 1 — 5), th e  lu te a l cells a re  h y p e rtro p h ied  g lan d u la r tis su e  
(F igs 6, 7), w hich is w ell vascu la rized . E a c h  cell has a large v esicu la r nucleus. 
T h e  m o s t strik ing  a n d  s ig n if ican t change d u rin g  th e  tra n s fo rm a tio n  of g ra n u 
lo sa  cells in to  lu tea l cells is th e  fo rm a tio n  of a diffusely d is tr ib u te d  sudano-
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ph ilic  su b stan ce  th ro u g h o u t th e  cy to p la sm  of th e  la t te r  (F igs 6, 7). T he S udan  
b lack -p o sitiv e  reac tio n  o f  th e  cy to p lasm  is nega tive  in  m a te r ia l  f ix ed  in  w eak 
B ouin  so lu tio n  an d  e x tra c ta b le  w ith  h o t p y rid in e , in d ic a tin g  th a t  th e  cy top lasm  
o f lu te a l cells has S u d an  b lack  В -p o sitive  lipids w hich  a re  n o t  seen in  th e  cy-

Fig. 5. P arts o f two large antral follicles o f estrous cat ovary, showing sparsely scattered lipid  
bodies (L) am ong the granulosa cells which show  feeb ly sudanophilic G olgi zone (GZ). Theca 
interna contains cells filled w ith  sudanophilic lip id  droplets. Technique as in  F ig. 1 ( x 5 6 0 )

to p la sm  o f granu losa cells ex cep t fo r a sm all zone (p ro b a b ly  th e  Golgi zone) 
ly in g  a d ja c e n t to  th e  n u c le a r  envelope (F igs 1 — 5). T he d iffuse lip ids o f lu tea l 
cells seem  to  be lip o p ro te in s  as th e y  gave neg a tiv e  reac tio n s  w ith  o th e r his- 
to ch em ica l techn iques fo r th e  d e m o n s tra tio n  of tr ig ly ce rid e s , phospho lip ids, 
an d  cho lestero l or cho lestero l esters  (G tjraya , 1968, 1966, 1967a,b). H ow 
ever, th e  en tire  cy to p lasm  gave a p o sitiv e  reac tio n  in  th e  period ic  acid 
Sch iff (PA S) te s t ;  th e  d is tr ib u tio n  of th e  P A S -positive su b s ta n c e  w as th e  sam e
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as t h a t  of th e  S udan  b lack -p o sitiv e  sub stan ce . T he P A S -p o sitiv e  reac tio n  con
t in u e d  to  persist in  th e  co n tro l sections tre a te d  for a c e ty la tio n , show ing th a t  
th e  PA S-positive re a c tio n  of th e  cy to p lasm  in th e  lu te a l cells w as m ain ly  due 
to  th e  diffuse lip id  c o m p o n en t w hich  d isappeared  a f te r  p y rid in e  ex trac tio n s . 
B esides th e  diffuse lip o p ro te in s  som e lipid inclusions of v a ria b le  size developed

Fig. 6. Part o f corpus lu teu m  of pseudopregnant dog ovary, show ing the developm ent o f  
diffuse, sudanophilic lip ids and lipid bodies in the cytoplasm  of lu teal cells. The vesicular nucle

us (N ) does not show lipids. Technique as in Fig. 1 ( X 168)

in  th e  cytoplasm  o f lu te a l  cells (Figs 6, 7). T heir n u m b e r also v a ried  in  d ifferen t 
lu te a l  cells. C om pared w ith  th e  lip id  bodies of m em b ran a  g ranu losa  th e y  s ta in 
ed  less in tensely  w ith  acid  h a e m a tin , in d ica tin g  a d iffe ren t n a tu re  of th e ir  
phospho lip ids. Som e lip id  inclusions of lu tea l cells s ta in e d  p in k  in  Nile b lue, 
a n d  orange-red  in  red  S u d an  dyes, in d ica tin g  trig ly cerid es  in  a d d itio n  to  p h o s
p h o lip id s. No cho leste ro l o r cho lestero l esters d em o n strab le  w ith  h istochem ical 
tech n iq u es  were p re se n t in  th e  lip id  inclusions of lu te a l cells.

The strom al e lem en ts , w hich  are a p p a re n tly  d eriv ed  from  th e  th eca  in 
te rn a  and  th eca  e x te rn a , are  o f sm all size (Figs 7 — 9). T h ey  d id  n o t develop 
th e  diffuse lip o p ro te in s  fo rm ed  in  th e  lu tea l cells of g ran u lo sa  cell origin. T he
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h y p e rtro p h ied  th eca l cells filled  w ith  lip id  d rop le ts  could  n o t he d istingu ished  
in  th e  corpora lu tea  of th e  c a t ovary .

R egression of th e  co rpus lu teu m  was g rad u a lly  cha rac terized  b y  th e  
sto rage  o f coarse, sudan o p h ilic  d rop le ts  in  th e  c y to p la sm  o f lu tea l cells (Figs 
8, 9). D uring  regression  th e  lu tea l cell m ass also developed  sudanophob ic

Fig. 7. D etails o f Fig. 6 showing diffuse sudanophilic lipids and lip id  bodies in the cytoplasm  
o f luteal cells (arrows). The Golgi zone (GZ) is also seen. The vesicular nucleus (N ) does not show  

lip ids. Technique as in Fig. 1 ( X  560)

vacuoles of va riab le  size. T h e  lip id  inclusions s ta in ed  p in k  in  Nile b lue, and  
o range-red  in  red  S udan  d y es, in d ica tin g  trig lycerides. In  la te r  stages o f r e 
gression, th e  lip id  inclusions, to o , were S chu ltz-positive  an d  developed choles
te ro l or cholesterol este rs . T h ey  s ta in ed  m od era te ly  in  acid  h aem a tin  to g e th e r  
w ith  a neg a tiv e  reac tio n  in  th e  con tro l m a te ria l fix ed  in  w eak B ouin  so lu tion  
an d  were e x tra c te d  w ith  h o t  py rid in e , th u s  d e m o n s tra tin g  some phospholi-
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p ids in  regressing  lu te a l cells. T he increase  in  th e  a m o u n t of coarse lip id  in 
clusion d rop le ts  co rresponded  to  th e  decrease in  a m o u n t o f diffuse lip o p ro te in s  
w hich w ere p re se n t in  ab u n d an ce  in  earlie r stages. In  th e  f in a l stages o f  re 
gression (Fig. 10) th e  lip ids consisted  m ain ly  of trig ly cerid es  and  cho lestero l o r

Fig. 10. Corpus albicans from  the dog ovary show ing the accum ulation of sudanophilic lip ids.
Technique as in  Fig. 1. ( x 6 6 )

cho lestero l es te rs ; som e p ig m en t, p e rh a p s  lipofuscin , developed  sim u ltan eo u sly  
in  th e  lip id  d ro p le ts  as show n b y  its  re s is tan ce  to  f a t  so lven ts. T he cy to p lasm ic  
b asoph ilic  su b stan ce , due  to  R N A , w as n o t rem oved  in  th e  con tro l sec tions 
t r e a te d  w ith  ribonucléase . The resid u a l lu te a l cells filled  w ith  coarse lip id  d ro p 
le ts  p e rs is t in  th e  o v a rian  s tro m a  fo r sev era l m o n ths (F ig . 10).

D iscussion

T he a b u n d a n t cy top lasm ic  R N A  in  th e  g ranu losa  cells of develop ing  
follicles m ay  be due  to  th e  p resence of ribosom es or R N P  p artic les as su g g es t
ed b y  e lec tro n  m icroscopic  s tud ies (B l a n c h e t t e , 1966); th e y  h av e  been  
asso c ia ted  w ith  th e  p ro te in  sy n th es is  d u rin g  fo llicu la r g row th . T h e  l i
p id  bod ies co n sisting  o f p h ospho lip id s in v a ria b ly  occur in  th e  g ran u lo sa  
a n d  oocy te  of develop ing  follicles in  th e  ovaries o f d iffe ren t m am m als
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(G u r a y a , 1968) T h e  diffuse lip o p ro te in s  w ere n o t p re se n t in  th e  c y to 
p la sm  o f th e  g ran u lo sa  cells d u rin g  fo llicu la r deve lo p m en t, p reo v u la to ry  
sw elling  phase an d  o v u la tio n  in  opossum , r a b b it  and  m an  (G u r a y a , 1968a, 
b ,c ). I n  th e  r a b b it  o v a ry , th e  d ev e lo p m en t of diffuse lip o p ro te in s  was f irs t  
seen  in  th e  m em b ran a  g ranulosa cells o f  n e w ly -ru p tu red  follicles, w hich w ere 
b e in g  v ascu larized  s im u ltan eo u sly  (see F ig . 2 in  Gu r a y a , 1968). H ow ever, 
th e y  w ere  n o t o b serv ed  in  th e  m e m b ra n a  g ranu losa  cells o f  n e w ly -ru p tu red  
fo llicles in  th e  h u m a n  o v ary , w hich w as s till devoid  of b lood  v a sc u la r ity  (see 
F igs 3, 4 in  Gu r a y a , 1968). T he d iffuse lipop ro te in s  a c tu a lly  s ta r te d  th e ir  
d ev e lo p m e n t along w ith  th e  b lood v a sc u la r ity  o f m em b ran a  g ranu losa . F ro m  
th e se  ob se rv a tio n s, i t  is qu ite  clear t h a t  v a scu la riza tio n  is th e  k ey  to  th is  cy 
to p la sm ic  change (dev e lo p m en t o f d iffuse lipopro te ins) w hich  occurs d u rin g  
th e  tra n s fo rm a tio n  o f  g ranu losa  cells in to  lu te a l cells; th e  la t te r  w ere also h y 
p e r tro p h ie d  sim u ltan eo u sly . The h y p e r tro p h y  or lu te in iza tio n  o f th e  g ranu losa  
cells d u rin g  th e  co rp u s lu teu m  fo rm a tio n  w as accom pan ied  b y  th e  deve lopm en t 
o f  d iffu se  lip o p ro te in s  th ro u g h o u t th e  cy to p la sm , a fea tu re  w hich , so fa r, has 
b een  overlooked . T h e  deve lopm en t o f d iffuse lipop ro te in s th ro u g h o u t th e  
c y to p la sm  of h y p e rtro p h ie d  ste ro id  cells m a y  serve as a u sefu l h istochem ical 
fe a tu re  o f these  cells.

W h a t is th e  fu n c tio n a l sign ificance o f d iffuse lipop ro te in s  w h ich  are fo rm 
ed in v a ria b ly  in  th e  cy top lasm  o f lu te a l cells in  th e  ovaries o f m am m als ? 
T h e  cy to p lasm  of o v a ria n  and  te s tic u la r  in te rs ti t ia l  g land  cells is also rich  in  
d iffu se  lipop ro te in s  (G u r a y a , 1966; 1967a,b ,c , 1968). T h e  ap p earan ce  o f 
d iffu se  lipop ro te in s in  th e  cy top lasm  o f s te ro id  cells m ay  ho ld  a clue to  co n tro l 
m ech an ism s in th e  b io syn thesis  o f  s te ro id  horm ones. I t  is w ell e s tab lished  
t h a t  th e  lu tea l cells as w ell as th e  o th e r  s te ro id  cells, inc lud ing  th o se  in th e  a d 
re n a l  co rtex , show  a b u n d a n t sm o o th -su rfaced  (or ag ran u la r) endop lasm ic re 
tic u lu m , w hich is d ispersed  th ro u g h o u t th e  cy top lasm  (Y a m a d a  and  I s h i- 
k a w a , I960; E n d e r s , 1962; G r e e n  a n d  Ma q u e o , 1965; B l a n c h e t t e , 
1966a, b ; M u t a , 1958; Ch r is t e n s e n , 1965; Ze l a n d e r , 1959). T he diffuse 
lip o p ro te in s  d e m o n s tra te d  h is to ch em ica lly  a p p a re n tly  d erive  from  th e  e x te n 
s iv e ly  developed a g ra n u la r  en d o p lasm ic  re ticu lu m  w hich  a c ts  as a site  
o f  enzym es in v o lved  in  th e  p ro d u c tio n  o f ste ro id  horm ones (Ch r is t e n s e n , 
1965; Ch r is t e n s e n  an d  F a w c e t t , 1966). T he sca rc ity  o f d iffuse lip o 
p ro te in s  or sm o o th -su rfaced  en d o p lasm ic  re ticu lu m  (B jo r ic m a n , 1962; 
B l a n c h e t t e , 1966) in  th e  g ranu losa  cells o f developing follicles as well as 
p re o v u la to ry  follicles suggests th a t  th e y  are  p ro b ab ly  n o t a d a p te d  to  th e  sy n 
th e s is  o f  stero id  h o rm ones. B u t th e  in  vitro  ex p erim en ta l s tu d ies  have  im p li
c a te d  th e  g ranu losa  cells of develop ing  follicles in  stero idogenesis (R y a n  an d  
S h o r t , 1965; R y a n  a n d  P etr o , 1966).

T h e  cy to p lasm  o f lu te a l cells, w h ich  a re  well knowui to  syn thesize  s te ro id  
h o rm o n es , co n ta in ed  lip id  inclusion bod ies consisting  of e ith e r  phospho lip ids,
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or p hospho lip id s an d  trig lycerides (G u r a y a , 1968). B l a n c h e t te  (1966) 
has s ta te d  th a t  th e  s tru c tu ra l re la tio n sh ip s  b e tw een  th e  Jipid inclusion  b od ies 
and  sm o o th  m em b ran o u s com ponen ts o f th e  cy to p lasm , w hich v a ry  d u rin g  
life sp an  o f th e  lu te in  cell, fav o u r th e  p o ss ib ility  th a t  an in te ra c tio n  b e tw een  
these  tw o  cell com ponen ts resu lts  in  s te ro id  h io syn theses; th e  lip id  d ro p le ts  
are  p recu rso r m a te r ia l s to red  w ith in  th e  cell. I t  can  now  be s ta te d  safe ly  t h a t  
b o th  th e  lip id  inclusions and  th e  diffuse lip o p ro te in s  d em o n stra ted  in  th e  
lu te a l cells o f th is  s tu d y  are associa ted  w ith  th e  syn thesis  o f stero id  h o rm o n es. 
B o th  co m p o n en ts  are  lacking in  th e  cy to p la sm  of u n v ascu la rized  g ra n u 
losa cells d u ring  th e  fo llicu lar g row th , an d  p re o v u la to ry  swelling period .

W ith  th e  regression  of th e  corpus lu te u m , th e  lu te a l cells re ta in  th e  coarse  
lip id  inclusions w hich  consist of e ith e r  phospho lip id s and  trig ly ce rid es  or 
tr ig lycerides, cho lestero l or cholestero l esters  an d  som e phospho lip ids. S im ila r 
lip ids are  also s to red  a b u n d a n tly  in  th e  reg ressing  corpora lu te a  o f o p o s
sum , ro d en ts  an d  m an  (B l a n c h e t t e , 1966; G u r a y a , 1968; G u r a y a  a n d  
Gr e e n w a l d , 1965; Cl a e sso n  an d  H il l ä r p , 1948). I t  is genera lly  b e liev ed  
th a t  w hen  ste ro id a l lip ids are a ccu m u la ted  a b u n d a n tly  in s te ro id -p ro d u c in g  
cells, ho rm one sto rage  is tak in g  p lace, an d  w hen  th e  am o u n t decreases, h o r 
m one is re leased  (G u r a y a , 1966). I t  can  now  be added  th a t  th e  lu te a l cells 
d u rin g  th e  la te r  s tages of p regnancy  in  c a t beg in  to  store  horm one p re c u rso r  
(s te ro id a l lip ids) (F igs 8, 9) ra th e r  th a n  secre te  horm one and  th e  h o rm o n e  
secre tion  occurs in  th o se  lu tea l cells w hich  show  no accu m u la tio n  o r co arse  
lip id  inc lusions. T he p resen t h istochem ical o b se rv a tio n s  are in close a g reem en t 
w ith  th e  p rev ious physio logical o b se rv a tio n s  (G r o ss , 1962) w hich h av e  show n 
th a t  rem o v a l of b o th  ovaries in la te r  s tages o f p reg n an cy  in ca ts  w as fo llow ed 
b y  n o rm a l p a r tu r i t io n  a t  te rm  (64 d ay s), a lth o u g h  spay ing  a t  46 d ays or e a r 
lier reg u la rly  in te r ru p te d  p regnancy . S to rag e  phases for S chu ltz -p o sitiv e  m a 
te r ia l d u rin g  th e  lu te in  cell cycle of th e  r a b b i t  h av e  also been d e m o n s tra te d  
(Cl a e sso n  an d  H il l ä r p , 1948) to  occur d u rin g  th e  second th ird  o f p re g n a n c y  
an d  p o s t p a r tu m . T he changes in  th e  m e tab o lism  o f s tero idal lip id s re f le c t 
ce rta in  a lte ra tio n s  in  th e  g onado trop ins. T h is leads to  th e  s to rage  o f h o rm o n e  
p recu rso r (lipid inclusions). The g o n ad o tro p in s  of p i tu i ta ry  and  p la c e n ta  o rig in  
are now  well know n to  influence stero idogenesis  or lip id  m etabo lism  in  th e  
d iffe ren t co m p a rtm e n ts  of m am m alian  o v a ry  (G u r a y a , 1966; G u r a y a  a n d  
Gr e e n w a l d , 1964a,b; G u r a y a , 1967a,b ; G u r a y a  an d  Gr e e n w a l d , 1965; 
Cl a e sso n  an d  H il l ä r p , 1948; Sa v a r d  et a l., 1965; Cl a e sso n  et al., 1948; 
G u r a y a , 1967 c,d).

In  th e  la te  co rpus lu teu m  fu n c tio n , th e  cy to p lasm  of lu te a l cells a p 
p a re n tly  undergoes som e d rastic  physicochem ica l changes as suggested  b y  th e  
decrease in  th e  a m o u n t of diffuse lip o p ro te in s  an d  th e  accu m u la tio n  o f lip id  
inclusion  bodies o f v a riab le  size a n d  cy to ch em ica l n a tu re  (Figs 8 — 10). I t  
ap p ears  t h a t  som e o f th e  lip id  inclusions a re  a c tu a lly  derived  from  th e  d iffu se
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lip o p ro te in s  b y  som e patho log ica l ch an g e , since th e  decrease in  a m o u n t o f 
d iffu se  lip o p ro te in s  is co n co m itan t w ith  th e  increase  in  th e  a m o u n t o f som e 
co arse  lip id  bodies co n sisting  of tr ig ly c e rid e s , cholestero l o r its  e s te rs , p ig m e n t 
a n d  som e p h o sp h o lip id s . In  e lec tron -m icroscop ica l stud ies B l a n c h e t t e  (1966) 
h a s  also described  som e inclusion bodies in  th e  regressing  lu tea l cells o f  r a b b it  
c o rp u s  lu te u m , w h ich  are  derived  from  th e  a g ra n u la r  endoplasm ic re tic u lu m ; 
th e  la t te r ,  w hich  is decreased  in  a m o u n t co rresp o n d in g ly , is c o n s titu te d  b y  th e  
d iffu se  lip o p ro te in s  o f  th is  s tu d y .

SUM M ARY

The histochem ical features o f developing fo llicle  and corpus luteum  in cat and dog o v a 
ries have  been studied . The granulosa cells o f develop ing follicles show abundant cytoplasm ic  
R N A . Some lipid bodies consisting of phospholip ids are sparsely distributed am ong the granu
losa  cells. The m ost conspicuous histochem ical change involved  in the differentiation (or lu- 
te in ization ) o f the granulosa follicle cell in to  a lu tea l cell is the developm ent of abundant diffuse  
lipoproteins throughout the cytoplasm . Lipid bodies consisting o f either phospholip ids or 
phospholip ids and triglycerides are also form ed in  the cytoplasm  o f luteal cells. B oth  the lipid  
inclusions and the d iffuse lipoproteins are apparently  associated w ith  the synthesis o f  steroid  
horm ones.

The strom al e lem en ts o f theca interna contain  som e sparsely scattered phospholip id  
bod ies. H ow ever, the hypertrophied cells seen in  th e  theca interna of cat ovary are filled  w ith  
coarse lip id bodies consisting  of phospholipids, cholesterol or cholesterol esters and tr ig lyc
erides. T hey could n o t be distinguished in  the corpus luteum .

W ith the regression o f luteal cells, coarse lip id  inclusions consisting o f either phospholi
p ids and triglycerides, or phospholipids, triglycerides and cholesterol or cholesterol esters accu
m ulate  abundantly in  the cytoplasm . Some p igm ent, perhaps lipofuscin, is also form ed in  the  
later  stages o f corpus lu teu m  regression. The increase in  am ount o f coarse lip id inclusions is 
concom itant w ith  the decrease in am ount of d iffuse lipoproteins, suggesting th a t the former 
m ay be formed from  the la tter  by some pathological change. The regressing lu teal cells filled  
w ith  coarse lip id bodies persist in the ovarian strom a for m onths.
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T he general use o f a rtif ic ia l in sem in a tio n  (A .I.) d ire c te d  th e  a tte n tio n  
of m a n y  in v estig a to rs  to  s tu d y  th e  sp erm ato zo a-p ro d u c in g  cap ac ity  o f bulls. 
T he q u a n tita tiv e  d e te rm in a tio n s  of sp erm ato zo a  p ro d u ced , is o f g rea t im p o r
ta n c e  as regards o f th e  in te n s iv e  u tiliza tio n  of bu lls a t  A .I . C entres. In  re la tio n  
to  th e  E u ro p ean  c a tt le , su ch  in v es tig a tio n s  h av e  a lre a d y  been  carried  o u t. 
T here  is no in fo rm atio n  h o w ev er in  connection  w ith  b u ffa lo , w hich occupies a 
p a r tic u la r  position  in  th e  d a iry  in d u s try  o f E g y p t.

A ccordingly , a t te m p ts  w ere m ade to  es tab lish  co rre la tio n s  betw een  th e  
to ta l  n u m b er of sp e rm ato zo a  p re sen t in  th e  d iffe ren t reg ions o f th e  ep id idym is, 
th e  w eigh t of th e  ep id id y m is an d  th e  w eigh t o f th e  te s tic le .

W ith the exception o f E l  A zab and Osm an’s work (in press) on the m orphological charac
ters o f epididym al sperm atozoa o f  buffalo, the available literature lacks inform ation on this 
subject. In  connection o f cattle  how ever, a num ber o f reports are at our disposal (B r a n t o n , 
1946; B ia lly  and Sm it h , 1956, 1958; Orta v an t , 1956, 1959; Al m q u is t , A m ann  and O’D e l l , 
1958; Sa l isb u r y  and Va n  D e m a r k , 1961).

Material and methods

M ale buffaloes, in c lu d in g  14 1.5 years  old an d  9 2.5 years  old an im als, 
w ere stu d ied . A fte r s lau g h te rin g , th e  testic les  an d  ep id id y m id es o f each  an i
m al w ere rem oved to g e th e r . A fte r th e  d is ju n c tio n  o f ep id id y m is, th e  head , 
b o d y  an d  ta il  of each  one w ere  sep a ra ted  an d  w eighed to  th e  n ea re s t 10 m g. 
T h e  volum es were also d e te rm in e d  b y  w a te r  d isp lacem en t to  th e  n ea rest 1/10 
o f m l. T he n u m b er of sp e rm a to zo a  was d e te rm in ed  in  c y to m e te r . T he m a te ria l 
w as p rev iously  m a ce ra ted  in  saline, using  an  e lec tro m ix er, a n d  s ta in ed  w ith  a 
3 %  so lu tion  of w ate r-so lub le  eosin. To 5 m l o f th is  flu id  3 d ro p s o f sodium  h y 
d rox ide  (2% ) and  2 d rops o f  th e  eosin so lu tion  w ere ad d ed  d u rin g  g en tly  shak ing . 
T he s ta tis t ic a l  analysis o f th e  o b ta in ed  d a ta  was p e rfo rm ed  b y  m ethods de
scrib ed  b y  Snedecar  (1956).
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R esults

T he resu lts o b ta in e d  are  p re se n te d  in  Tables 1 — 8.

Table 1

W eights and volum es o f  different regions of the ep id idym is

Regions of the 
epididymis

1.5 years age group 2.5 years age group

Mean
St. dev.

± Min. Max. Mean
S t. dev.

± Min. Max.

H ead (caput)

w eight (g) 4.650 1.320 2.350 7.750 6.080 1.080 4.800 8.450

volum e (ml) 4.5 1.3 2.3 7.7 5.9 1.2 4.7 8.2

B od y  (corpus)

w eight (g) 2.430 0.690 1.300 3.600 2.630 0.610 1.500 3.500

volum e (ml) 2.3 0.7 1.1 3.5 2.5 0.6 1.3 3.3

Tail (cauda)

w eight (g) 3.160 0.970 1.200 4.500 3.450 0.410 2.980 4.300

volum e (ml) 3.0 1.0 1.1 4.4 3.2 0.4 2.8 4.1

Table 2

T ota l w eight o f  the epididym is and testicle

1.5 years age group 2.5 years age group

Organ
Mean ± Min. Max. Mean ± Min. Max.

Epididym is 10.240 2.190 6.400 14.120 12.160 2.570 9.700 14.950

T estis 94.280 22.1 62.000 140.000 109.110 12.510 90.000 129.000

Table 3

Percentage participation  of the three regions 
in  the to ta l w eight o f the epididym is

Region of the epi
didym is

1.5 years age group
%

2.5 years age group
%

Head 45.4 50.1

Body 23.7 21.6

Tail 30.9 28.3

Total 100.0 100.0
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Table 4

Num bers of sperm atozoa ( X 106) present in  the d ifferent regions 
o f the epididym is

Region of the epididymis

1.5 years age group 2.5 years age group

Mean
S t. dev.

±
M ini
m um

M axi
m um Mean

St. dev.
±

Mini
mum

M axi
m um

Head:

sperm/ml 308 142 129 662 315 135 149 510
sperm/g 293 131 125 574 307 133 144 507

Body:

sperm/ml 393 145 135 746 436 244 163 793
sperm/g 366 125 124 631 409 229 143 762

Tail:

sperm/ml 835 625 216 2,606 810 255 316 1,084
sperm/g 777 580 211 2,389 763 238 295 1,004

Table 5

T otal numbers o f sperm atozoa ( X 10e) present in  d ifferent regions 
o f the epididym is

Region of the  epididymis

1.5 years age group 2.5 years age group

Mean St. dev.
M ini
m um

M axi
m um Mean St. dev.

Mini
mum

M axi
m um

Head 1,298 531 664 2,310 1,827 712 744 2,754

Body 873 415 311 1,849 1,149 803 214 2,577
Tail 2,139 981 630 4,406 2,457 1,140 885 3,794

T otal 4,310 1,420 2,035 7,327 5,433 2,334 1,849 8,953

Table 6

Sperm atozoa present in  different regions of the epididym is, 
per cent o f  the to ta l sperm count

Region of the 
epididymis

P e r c e n t a g e s  i n

1.5 years age group 2.5 years age group

Head 30.116 33.628

Body 20.255 21.148
Tail 49.629 45.224

Total 100.000 100.000
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Table 7

Sim ple correlations

1.5 y e a rs  age g ro u p  + 2.5 y e a rs  age group*

r  = P R e su lts r  = P R esu lts

Total sperm count 
X  T otal weight o f

epididym is

Total sperm count 
X  T otal weight o f

+  0.973 < 0 .1 % H ighly  sig
nificant

+ 0 .8 8 4 < 0 .2 7 % H ighly sig
nificant

testis

Total weight o f  ep i
d idym is
X  T otal weight o f

+  0.654 < 5 % significant +  0.65 > 5 % not sig
nificant

testicle + 0 .6 5 1 <  5% significant + 0 .6 7 0 > 5 % not signif
icant

+n =  14; *n =  9

T otal num ber о sperm atozoa ( x  109) present in  each region  
of the epididym is o f  cattle  and buffalo

R e g io n  o f  th e  
ep id id y m is

A lm q u ist В I ALLY a n d
O r ta v a n t  (1959) P re se n t  w o rk

(1956*) Sm ith  (1956*)
2 y e a rs 2 years ; 1.5 y e a rs 2.5 y ea rs

H ead 20.3 — 14.3 12.0 1.298 1.827

B ody 4.8 — 5.2 4.5 0.873 1.149

Tail 37.3 18.0 13.8 24.1 2.139 2.457

* for the com bined right and left regions o f the epididym is.

D iscussion

I t  is well k n o w n  th a t  th e  ep id id y m is p lays an  im p o r ta n t  role in  th e  m a 
tu r a t io n  an d  p re se rv a tio n  of sp e rm a to zo a .

O n th e  b a s is  o f  th e  a b o v e -m e n tio n e d  d a ta ,  i t  c a n  b e  p o in te d  o u t  t h a t  in  
m a tu r e  b u ffa lo  th e  t o t a l  w e ig h t o f  b o th  o f  th e  ep id id y m is  a n d  te s tic le  is m a r k 
e d ly  sm a lle r  t h a n  th e  c o rre sp o n d in g  d a t a  re c o rd e d  fo r  t h e  b u ll  b y  A s d e l l  
(1955) a n d  A b d e l - R a o u f  (1960).

I t  has been  fo u n d  th a t  th e  h e a d  m akes th e  larg est p a r t ,  w hile th e  b o d y  
th e  sm allest p a r t  o f th e  to ta l  ep id id y m a l w eigh t, th e  ta il  b e ing  betw een  th em  
in  size. T he v a lu e  o f th e se  re su lts  lies in  th e  fac t th a t  th e  to ta l  n u m b e r of 
sp e rm a to zo a  co u n ted  in  each reg ion  o f th e  epididym is is v a riab le  (T able 6), 
e spec ia lly  w ith  re g a rd  to  th e  h ead  an d  ta i l  regions, a la rge  p ercen tag e  of sp e r
m a to z o a  being  p re se n t in  th e  la s t one. M oreover, th e  n u m b e r o f sp erm ato zo a
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c o u n ted  p e r g ram  o f tissu e  in  th e  h e a d  reg ion  is m uch  less th a n  th a t  c o u n te d  
in  th e  ta il . A ccord ing ly  i t  can  be co n c lu d ed  th a t  th e  size o f th e  ep id id y m al tu b e  
a n d  co n seq u en tly  th e  sperm  reserve  m a rk e d ly  increases from  th e  h e a d  to  th e  
ta i l  reg ion  of th e  ep id idym is. T his can  be  su p p o rted  b y  th e  fin d in g s o f  O s m a n  
a n d  F a h m y  (1969) in  buffalo an d  O r t a v a n t  (1959) in  th e  bu ll.

R egard ing  th e  to ta l  n u m b er o f  sp e rm a to zo a  p re se n t in  each  reg io n  o f 
th e  ep id idym is in  p e r  cen t of th e  to ta l  sp e rm  co u n t, ou r re su lts  a re  closely  sim 
ila r  to  th o se  reco rd ed  for th e  hu ll b y  B ia l l y  an d  Sm it h  (1958). W ith  th e  a d 
v an ce  o f  age, th e  ev er increasing  w e ig h t o f  th e  te s tic le , th e  ev er grow ing  o f  th e  
ep id idym is and  th e  con tin u a lly  in c rea s in g  n u m b e r of sp erm ato zo o n  p ro d u c tio n  
allow  us to  conclude th a t  b o th  of th e se  g lands reach  th e ir  fu ll fu n c tio n  b y  th e  
age o f  2.5 years.

T h e  to ta l  n u m b e r  of sp e rm ato zo a  in  th e  ep id idym is is, in  bu ffa lo , m u ch  
low er th a n  th o se  recorded  for th e  b u ll b y  O r t a v a n t  (1956), v a n  D e m a r k  
(1956) an d  Sa l is b u r y  and  v a n  D e m a r k  (1961). F rom  T ab le  8 i t  can  b e  co n 
c luded  th a t  th e  re p ro d u c tiv e  c a p a c ity  o f  buffa lo  bu ll is m u ch  less th a n  th a t  
o f th e  bu ll. T herefo re  i t  is o f im p o r ta n c e  to  avo id  ex ten siv e  use o f  bu ffa lo  
b u ll fo r  b reed in g  an d  never use th is  a n im a l in  ro u tin e  A .I. te c h n iq u e  as th e  
b u ll is u sed . N a tu ra lly , from  th e  re su lts  o f th is  s tu d y , th e  e x p e rim e n t of 
B o y d  an d  v a n  D e m a r k  (1956) c a n n o t b e  m ade fo r th e  buffa lo  hu ll.

O ur fin d in g s a re  in  accord w ith  th e  re su lts  o f som e in v e s tig a tio n s  co n 
cern in g  th e  sem en ch a rac te ris tic  o f  b u ffa lo . P r a b h u  an d  S h a r m a  (1953) 
in d ic a te d  th a t  i t  is undesirab le  to  ta k e  m ore  th a n  2 e jacu la tes  a t  a tim e  from  
th ese  an im als . M oreover, Sa y e d  an d  O l o u f a  (1957) fo u n d  th a t  th e re  is a h ig h ly  
s ig n ifican t d ifference in  th e  c o n c e n tra tio n  o f th e  sem en am ong  bu ffa lo  b u lls  
from  w hich  sem en w as collected once e v e ry  w eek, an d  th o se  from  w hich  col
lec tio n  w as done once every  o th e r d a y  ( th re e  tim es a w eek), fo r 13 w eeks. T h e  
p re se n t re su lts  seem  to  be also in  acco rd  w ith  th e  fin d in g  o f  H a f e z  an d  D a r - 
w is h  (1956).

In  th e  p re se n t w ork  a g rea t in d iv id u a l v a ria tio n  w ith in  each  age g roup  
w as m e t w ith , especia lly  w ith  reg a rd  to  th e  to ta l  n u m b er o f sp e rm ato zo a . S im 
ila r f in d in g s w ere reco rded  p rev io u sly  b y  M a h m o u d  (1949) on  bu ffa lo  sem en.

O n th e  basis o f  th e  s ta tis tic a l an a ly s is  o f th e  p re se n t d a ta , th e  re su lts  
h av e  rev ea led  th a t  th e  re la tio n  b e tw een  th e  to ta l  sperm  co u n t in  th e  e p id id y 
m is a n d  th e  to ta l  w eig h t of th is  o rg an  is h ig h ly  sig n ifican t w ith in  b o th  age 
g roups (T able 7). T h is ind ica tes th a t  in  n o rm a l an im al one m a y  ex p ec t a la rg e  
n u m b e r of sp e rm ato zo a , if  th e  c lin ica l e x a m in a tio n  show s large  ep id id y m a l 
size. I t  m a y  be n o te d  th a t  O sm a n  (1965) fo u n d  no  m ark ed  d ifference b e tw een  
th e  re su lts  of c lin ical an d  ana to m ica l m easu rem en ts  of th e  b u ffa lo ’s e p id id y 
m is. F o r  th e  bu ll A l m q u is t , A m a n n  a n d  O ’D e l l  (1958) an d  B ia l l y  an d  S m it h  
(1958) re p o rte d  t h a t  no  sign ifican t c o rre la tio n  w as found  b e tw een  th e  e x t r a 
g o n ad a l reserves an d  ep id idym al w eig h t.
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R egard ing  th e  r e la tio n  betw een  th e  te s tic le  an d  ep id idym is an d  be tw een  
th e  to ta l  sperm  c o u n t a n d  th e  w eight o f th e  te s tic le , th e  p re se n t resu lts  lead  
us to  conclude th a t ,  a t  e a rly  ages, th e  fa c to rs  con tro llin g  th e  g row th  an d  fu n c 
tio n  o f  th e  te s tic le  a n d  epididym is m ay  b e  lim ited  an d  n e a rly  regu lar. T hese 
fac to rs  seem ed to  be  th e  g row th -accele ra ting  fac to rs  m en tio n ed  p rev iously  b y  
B r o o k s  an d  V in c e t t  (1950) for th e  live w e ig h t genera lly . W ith  th e  ad v an ce  o f  
age o th e r  v a riab le  fa c to rs  m ay  g rea tly  a ffec t th is  re la tio n . I t  is generally  a c 
cep ted  th a t  if  e ja c u la tio n  does n o t occur, th e se  sp e rm ato zo a  undergo  liq u e 
fac tio n  an d  a b so rp tio n  in  th e  ep id idym is (S im e o n e  an d  Y o u n g , 1931; 
Co l l e r y , 1944). T h is  m a y  p lay  a role in  th e  absence  o f sig n ifican t co rre la tio n  
b e tw een  th e  sperm  rese rv es  in  th e  ep id idym is an d  th e  te s tic u la r  w eigh t, es
p ec ia lly  in  a d u lt su b je c ts . The absence o f su ch  re la tio n  in  th e  second age g roup  
is in  acco rd  w ith  th e  f in d in g s of A l m q u is t  e t al. (1958) an d  B ia l l y  an d  S m it h  
(1958) in  th e  b u ll. O n th e  o th e r h a n d , O r t a v a n t  (1952) d e m o n s tra te d  t h a t  
th e re  is a sign ifican t co rre la tio n  (r =  0.80) b e tw een  te s tic u la r  size an d  n u m b e r 
o f sp erm ato zo a  in  th e  excised rep ro d u c tiv e  t r a c ts  o f th e  ram s.

R egard ing  th e  re la tio n  betw een th e  te s tic le  an d  ep id idym is our re su lts  
a re  in  accord  w ith  th e  find ings of A b d e l -R a o u f  (1960) fo r young  grow ing 
b u lls  a n d  w ith  B r ig a t t i  (1951) for a d u lt  bu lls .

As regards th e  e x trag o n ad a l reserves o f  sp e rm ato zo a  in  buffa lo , we can  
d raw  th e  conclusion t h a t  th e  m ale m u s t be  chosen  fo r b reed in g  a t  th e  age of 
1.5 y ea rs  an d  a t te n t io n  should  be p a id  to  e v a lu a te  th e  size of th e  te s tic le  an d  
ep id idym is besides th e  ch a rac te ris tic  g en e tic  a n d  hyg ien ic  fea tu res  o f genetics 
a n d  h e a lth . L a te r  o n  a n d  ju s t  before u sin g  such  an im al fo r A. I .,  th e  g enera l 
c h a ra c te ris tic  fe a tu re s  o f  its  sem en m u st b e  ca re fu lly  e v a lu a ted .

SUM M ARY

The extragonadal reserve of sperm atozoa was studied  on tw o groups of buffaloes aged  
1.5 and 2.5 years in order to  establish a possible correlation betw een the to ta l number o f sper
m atozoa present and the w eight and volum e o f the epididym is and o f the testicle. For counting  
sperm atozoa a new m eth od  involving m aceration and m easurem ent w ith  cytom eter was used. 
The results obtained and th e  correlations are presented in  Tables. In  both  of the age groups 
sign ificant correlation w as found between the to ta l num ber o f sperm atozoa and the w eight o f  
epididym is (Group 1: r =  +  0.973/P <  0.1% ; Group 2: r =  +  0.884/P  <  0.27% ). S ign ificant 
correlation between the to ta l number of sperm atozoa and the to ta l w eight of testicle  how ever  
was found but in the age group 1 (r =  +  0.654, P  <  5% ).
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Introduction

The preceding tw o reports o f  th is series (Sova et al., 1969; and Ma r e k  et al., 1969) dealt 
w ith  the determ ination o f Fe and Cu in  the livers o f  chicken in  the course o f developm ent.

This report presents the Mn+ + values. The im portance o f Mn for the live  organism and 
th e  Mn ratio in the organs o f m am m als and birds were first studied b y  B e r t r a n d  and Me d i - 
c r ec e a n u  (1912— 1913), the role o f  M n in th e  a c tiv ity  o f certain enzym es w as m entioned by  
V e l ik y  (1964) and B e r n s t e in  (1958) among others, and in  the m etabolism  of lipids by V e l ik y  
(1964). Mn++ was determ ined in certain organs and tissues by V e l ik y  (1964), in livers o f 
ch ickens by A n k e  et al. (1967), in  bones by HlLLr (1965), and in eggs and egg-shells by Op i - 
CHAL (1965) and L y o n s  (1939) respectively. The relation betw een the qu antity  o f Mn++ in  
th e  feed ration and hatchab ility  and laying was m entioned in  the papers o f Opic h a l  (1965), 
E r m e n k o v  (1964), and o f K r ie g  (1965). Several authors (P a t r ic k , 1957; L y o n s , 1939; 
H u n t , 1960; Ca s k e y  et al., 1944; R y s , 1959; E r m en k o v , 1964; W il g u s , 1936; and Ma n d e l l i 
and R iz z i, 1966) have dealt w ith  the sym ptom s o f Mn++ deficiency in  poultry. The required  
concentration and qu antity  o f M n++ in feeds were determ ined b y  P a t r ic k  (1957) and by  
Ga l l u p  and N o rris  (1939). We have failed to find any data on the Mn++ content in the livers 
o f  chickens in the post-incubation period.

Material and method

Mn + + w as d e te rm in ed  in  th e  livers o f 58 chickens from  1 to  31 days o f 
age. T he chickens w ere k e p t u n d e r th e  u su a l zoo techn ical cond itions and  w ere 
fed  a com plete feed  m ix tu re  used  for rea rin g  o f ch ickens. T he m ix tu re  c o n ta in 
ed  a 1%  m inera l a d m ix tu re  co n ta in in g  0 .55%  M n C 0 3. M n + + w as dete rm in ed  
p h o to m e trica lly  a f te r  o x id a tio n  in  p e rm an g an ic  acid a n d  fro m  th e  su lp h a te  
ashes o b ta in ed  a f te r  th e  b u rn in g  of th e  d ry  su b stan ce  o f th e  livers.

Results and discussion

R esu lts  are  p re sen ted  in  T ab le  I  an d  il lu s tra te d  in  F ig . 1.
A fte r h a tc h in g  th e  chicks h ad , on th e  av erag e , on ly  1.33 [ig o f Mn + + 

in  th e  w hole liv ers , i.e., 0.124 m g p e r 100 g, th e  to ta l  q u a n t i ty  in  th e  liv er 
b e ing  l /7 th  to  l /1 5 th  o f th a t  fo u n d  in  th e  w hole egg b y  Opichal (1965). T he 
av erag e  Mu co n cen tra tio n  m akes up  on ly  4 1 %  o f th e  v a lu e  (0.303 m g p e r
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100 g) g iven for livers o f  p o u ltry  b y  V e l ik y  (1964). T ab le  1 also show s th a t  th e  
c o n c e n tra tio n  of Mn + + in  th e  liv e r in c reased  in  th e  p o s t- in c u b a tio n  perio d  an d  
a t  th e  age of 1 m o n th  i t  a p p ro x im a te d  th e  v alue  re p o r te d  b y  V e l ik y  (1964). 
T h u s , new ly  h a tch ed  ch icks h a d  o n ly  1.33 fig  of Mn + + in  th e  livers, i.e ., som e-

Table 1

The quantity o f m anganese in  the liver o f chickens in the first m onth o f age

Age of 
chickens, 

day

Weight
of

liver
( g )

D ry weight of 
liver Mn in  the  liver

Total
m anga

nese
in

liver
0 ' g )

per

X

cent

s
n mg/100

g

mg/100 g of d ry  weight

X 8 V

l 1.078 36.4 0.57 18 0.124 0.34 0.086 0.25— 0.42 1.33

3 0.998 31.9 0.91 6 0.161 0.57 — — 1.61

4 1.286 32.5 1.5 6 0.130 0.38 — — 1.67

7 2.004 27.4 1.4 6 0.096 0.35 — — 1.92

11 1.931 26.0 0.52 12 0.143 0.55 0.031 0.54— 0.57 2.76

18 3.761 25.5 0.23 7 0.140 0.55 0.26 0.35— 0.58 5.26

25 5.797 24.8 1.2 1 0.234 0.94 — — 13.57

31 7.456 27.55 0.95 2 0.291 1.06 — — 22.0

w h a t less th a n  was fo u n d  b y  M a n d e l l i  an d  R iz z i (1966) in  th e  livers o f o lder 
ch ick en  suffering from  porosis [1.4 — 1.9 jug /1 g]. T he M n + + v a lu e  o f 0.291 m g 
p e r  100 g for our 1-m o n th -o ld  ch ickens is v e ry  close to  th e  va lu es  fo u n d  in  th e  
liv e rs  o f h ea lth y  ch ickens b y  th e  m en tio n ed  au th o rs  [3.2 fig  Mn/1 g]. H ow ever,

Fig. 1. M anganese in  the liver in  the first m onth  o f age
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o u r  v a lu es  are considerab ly  low er (ro u g h ly  9 tim es) th a n  tho se  g iven  fo r ch ick 
ens b y  A n k e  et a l . (1967). I t  c a n n o t be  excluded  th a t  th e se  considerab le  
d ifferences are  caused  by  a d iffe ren t q u a n t i ty  of absorbab le  Mn + + in  th e  feed 
ra t io n . A ccording to  th e  s ta te  s ta n d a rd  Í S N  55, ou r feed ra tio n  shou ld  co n 
ta in  55 p .p .m . of M11CO3, i.e., a p p ro x im a te ly  26 p .p .m . of Mn + +. O ne w eek 
a f te r  h a tc h in g  th e  co n cen tra tio n  of M n + + in  th e  d ry  su b stan ce  o f livers e q u a l
led  to  th e  values fo u n d  a t  h a tc h in g , w hile th e  co n cen tra tio n  ca lcu la ted  fo r 
th e  w e t su b stan ce  decreased , th e  d ifference being due to  th e  declin ing  p e rc e n t
age o f  th e  d ry  m a tte r  in  th e  livers. In  th e  f irs t week a fte r  h a tc h in g  th e  to ta l  
w eigh t o f th e  livers was alm ost red o u b led . F ig . 1 shows th e  d y n am ics of 
changes in  th e  M n + + co n ten t in  livers in  re la tio n  to  th e  w e ig h t o f th e  livers.

U p to  th e  age o f 18 days th e  to ta l  q u a n ti ty  of Mn + + increased  m ore or 
less re g u la rly  in  co rre la tio n  to  th e  g ro w th  of th e  livers; beg inn ing  from  th e  
1 8 th  d a y  o f age, how ever, th e  cu rve  i l lu s tra tin g  th e  abso lu te  q u a n t i ty  o f M n + + 
in  th e  livers is s teep er. B y th e  age o f  31 d ay s  th e  w eight o f th e  livers increased  
seven  tim es co m p ared  w ith  th e  v a lu e  a f te r  h a tch in g , w hile th e  q u a n t i ty  of 
M n + + in  th e  livers increased  a lm o st 17 tim es. I t  m ay  be assum ed  th a t  th e  
feed  ra tio n  h ad  been  su ffic ien tly  en rich ed  w ith  Mn + +, so t h a t  th e  ch ickens 
w ere ab le  to  s to re  th is  supp ly . O nly  fu r th e r  experim en ts w ill show  w h e th e r th e  
c o n c e n tra tio n  of M n + + found in  ch icken  o f an  age of 31 day s co rresponds to  
th e  va lu es  found  in  o lder p o u ltry .

SUM M ARY

In  chicken o f the W L breed, from  1 to 31 days of age the quantity o f M n+ + in the livers  
was exam ined . Im m ediately  after hatching the whole livers o f the chicken contained on ly  1.33 
/ ig o f  M n+ + , i.e., 0.34 ±  0.086 mg/100 g Mn++ in  the dry substance and 0.124 m g/100 g whole 
liver. In  the first w eek o f life the weight o f the livers increased 2 tim es while the to ta l qu antity  
of M n++ in the livers rose only insign ificantly to  1.92 /<g. Beginning from  the 18th day o f life  
the concentration o f Mn+ + in  the livers rose, so th a t while the w eight o f the livers increased 7 
tim es in  the course o f 31 days, the Mn++ content in  the livers increased alm ost 17 tim es.
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Introduction

The previous three reports o f this series (M a r e k  et a l., 1969; S o v a  et al., 1969a, b) dea lt 
w ith  the Fe, Cu, and Mn contents in  chicken livers in  the course o f developm ent. This report 
presents Co+ + values. Cobalt, a com ponent o f v itam in  B 12, influences a number of im portant 
processes in  the organism  (V e l i k y , 1964; E d w a r d s , and Ca r t e r , 1953, E r i c k s o n  et a l., 
1955; D r y d e n , 1952; K o v a l s k iy , 1958). The Co content in the liver and other organs was d ea lt  
w ith  by S t a r e  and E l v e h j m  (1933), and by M e l e h s k o  (1959). C o m a r  and D a v is  (1947) 
studied the absorption o f  the radioactive Co. The daily  requirem ent o f Co in  feed was stated  b y  
M cN a u g h t  (1948) and H a r l e y  and B e c k  (1958), the influence o f the Co concentration in  th e  
feed on its concentration in  the organs was determ ined by A s k e w  and M a u n s e l l  (1937), 
K o n s t a n t i n o v  et al. (1963) and by D a v is  et al. (1953). The relation  betw een a Co su p 
plem ent and h atchab ility , laying, and size o f eggs was studied b y  B e r z i n  (1950), and b y  V e 
l i k y  (1965). The in fluence o f Co on the com position o f blood was proved by O b e n k o  and  
A n t a k o v  (1965) and b y  P o p e s c u  et al. (1966). T he synthesis o f  B 12 was studied w ith labelled  
Co by M e n k e  et al. (1965), the synthesis o f v itam in  B 12 in  relation to certain antibiotics or th e 
rapeutic preparations was investigated by M e n k e  et. al. (1965). F inally , Co deficiency in  
poultry was studied b y  G r ig o r  (1959).

Material and method

Co was d e te rm in e d  in  livers from  74 ch ickens aged from  1 to  31 d ay s , 
d iv ided  in to  g roups as show n in  T ab le  1. T he chickens w ere k e p t u n d e r th e  
u su a l zoo techn ical cond itions an d  w ere fed  th e  m a rk  “ K ”  feed m ix tu re  fo r  
chicken. T hey  rece iv ed  feed and  w a te r  ad lib itum . T h e  p re sc rip tio n  o f th e  
m ix tu re  does n o t  s ta te  th e  Co co n te n t in  th e  feed. T he q u a n t i ty  of Co w as 
dete rm in ed  p h o to m e tric a lly  in  th e  su lp h a te  ashes o b ta in e d  a fte r  b u rn in g  o f  
th e  d ry  su b stan ce . As reag en t n itro so -R -sa lt w as used .

Results and discussion

The resu lts  o b ta in e d  are g iven  in  T ab le  1 an d  F ig . 1. T h e  Co values o b 
ta in e d  in  th e  livers a re  m en tioned  to g e th e r  w ith  to ta l  w eig h t an d  d ry  su b stan ce  
o f livers. T he sm a lle s t q u a n tity  of Co w as fo u n d  in  ch icken  livers im m ed ia te ly  
a f te r  h a tch in g  (18.2 /zgper 100 g liver, i.e ., 50 ^  14 |ig  p e r  100 g d ry  su b stan ce ).
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Table 1

The quantity o f cobalt in the liver  o f  chickens in  the first m onth  of age

Age in  
days

Weight
of

D ry  weight of 
liver, per cent

n

Co in  the  liver

mg/w
100 g

of
liver

mg эег 100 g d ry  weight Total
cobalt

of
liver,

liver
X S X s V

l 1.078 36.4 0.57 12 18.2 50 14 40— 60 196

3 0.998 31.9 0.91 12 46.3 145 21 130— 160 462

4 1.286 32.5 1.5 18 29.2 90 36 60— 130 376

7 2.004 27.4 1.4 6 30.1 110 — — 604

11 1.931 26.0 0.52 12 15.6 60 56 20—100 302

18 3.761 25.5 0.23 7 38.9 150 38 140— 240 1460

23 5.096 26.8 0.7 3 46.0 180 40 130— 210 2340

25 5.797 24.8 1.2 1 29.4 120 — — 1710

31 7.456 27.55 0.95 3 35.7 130 37 90— 160 2660

In  w hole livers of n ew ly -h a tch ed  ch ickens ou r ex p erim en ts  rev ea led , on th e  
a v e rag e , 196 fig Co. T hese  values a re  h ig h e r th a n  tho se  fo u n d  b y  M e l e s h k o  
(1959) p e r 100 g liv e r o f c a ttle  (13 .4  fig), sheep (14.83 fig) an d  pigs (11 .45  fig). 
I n  th e  follow ing days o f life these  v a lu e s  double  in  th e  ch icken  liver. C om pared  
w ith  th e  co n cen tra tio n  o f Co in  y o lk  (2 .5  fig  per 100, M e l e s h k o , 1959), a 7 
tim e s  h ig h er co n cen tra tio n  of Co w as fo u n d  in  th e  livers o f o u r h a tc h e d  chicks.

Hepar
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In  chicks o f an  age of 3 d ay s a c o n cen tra tio n  of 46.3 M̂g p e r  100 g liver, i.e ., 
145 i  21 (Mg p e r 100 g d ry  su b stan ce  w as found . T he ab so lu te  va lu e  w as 462 
(Mg/liver.

F ig . 1 show s th a t  in  th e  course o f d eve lopm en t th e  Co v a lu es  in  th e  livers 
f lu c tu a te  r a th e r  s trong ly , a m in im um  v a lu e  being 15.6 ,ag p e r  100 g on th e  
1 1 th  d a y  an d  tw o  m ax im a , 46.3 an d  46.0 /ig  p e r 100 g, on d ay s  3 an d  23, re 
sp ec tiv e ly . W e assum e th a t  th is  considerab le  dispersion o f Co values in  livers 
is caused  b y  a n o t fu lly  p e rfec t g rin d in g  o f m icroelem ents in  th e  feed m ix tu re  
a n d  so b y  a f lu c tu a tin g  Co in ta k e  on d iffe ren t days. On th e  o th e r  h an d , a f te r  
c o n fro n ta tio n  w ith  th e  d a ta  pu b lish ed  b y  H a r l e y  an d  B e c k  (1959), o u r o b 
se rv a tio n s  h av e  show n th a t  th e  “ K ”  feed m ix tu re  for ch icken  used  in  C zecho
slovak ia  co n ta in s  a fu lly  su ffic ien t q u a n t i ty  o f Co even i f  its  c o n cen tra tio n  is 
n o t  s ta te d . T h e  fac t th a t  th e  m ix tu re  ensures a sufficient su p p ly  of Co has been  
p ro v ed  b y  th e  13.6-fold rise o f th e  ab so lu te  q u a n tity  o f Co in  th e  livers w ith in  
31 days as com pared  w ith  th e  7-fold increase  in  th e  liv e r’s w eigh t.

SUMMARY

In chickens o f an age of from  1 to  31 days the quantity o f Co in the livers was exam ined. 
Im m ediately after hatching the livers contained 18.2 /щ  100 g liver, i.e ., 196 ng of Co in  whole  
livers. Later the Co content in the livers rose, so th at in  the first m onth o f life the Co values in  
whole livers ranged betw een 15.6 and 46.3 fig/100  g liver, i.e. betw een 6 0 ± 5 6  /ig%  and 180 ^  
40 ,tig/100 g dry w eight. W ithin 31 days of age the w eight of livers increased 7 tim es and the Co 
content in the livers increased 13.6 tim es, so that the absolute Co qu antity  in  the whole livers 
o f 1 m onth old chicken am ounted to 2660 fig.
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EINIGE HÄMATOLOGISCHE PARAMETER REI 
WIEDERKÄUERN BEI NORMALER UND 

HALBSYNTHETISCHER DIÄT

J .  P a v e l

Lehrstuhl für Biochem ie der L andw irtschaftlichen H ochschule, Brno 

(Eingegangen am  18. O ktober 1968)

D as B lu t als eines der spez ia lis ie rte s ten  G ew ebe d e r Lebew esen w id e r
sp iegelt — w ie dies H o ü e js i  und  M ita rb . (1964) b e to n en  — teils die m e ta b o 
lischen V orgänge d er B lu te lem en te , te ils  au c h  die des im  ganzen O rgan ism us 
v e rlau fen d en  S toffw echsels. Aus diesen G rü n d en  b ie te t  die b iochem ische B lu t
analyse  eine R eihe  w ich tiger In fo rm a tio n e n  fü r  die D iag n o stik  der n o rm a le n  
u n d  ab n o rm a len  F u n k tio n e n  des O rgan ism us.

In  A n b e tra c h t d er e rw ähn ten  B e d e u tu n g  d er B lu tu n te rsu c h u n g e n  w u rd e  
die F rag e  g es te llt, ob bei V erw endung h a lb sy n th e tisc h e r  D iä t die u n e rw ü n sc h te  
B eein flu ssung  ein iger w ich tiger F u n k tio n e n  des O rganism us bei W ie d e r
k äu e rn  b e re c h n e t w erden  kan n . Jen e  P a ra m e te r  w u rd en  g ew äh lt, die die V er
te ilu n g  des S ticksto ffes u n d  der P ro te in e , sowie die A k tiv i tä t  ein iger E n z y m e  
im  B lu tse ru m  d e r V ersuchstiere  (Z iegenböcke) ch a rak te ris ie ren .

H a c k e tt  und M itarb. (Zit.: L ong und M itarb., 1961) fanden bei Schafen im  B lutserum  
einen durchschnittlichen R eststickstoffw ert von  34 m g% , während B a b let t  und M itarb. (Z it.: 
L ong  und M itarb., 1961) bei K ühen bei der W interfütterung 21,5 +  1,0 m g%  und beim  W eiden
28,2 ±  3,3 m g% .

Der durchschnittliche G esam teiweißgehalt is t  nach Af o n s k ij  (1960) bei Ziegen 7,7 g%  
und bei Z iegenböcken 7,6 g% .

E lektrophoretische Untersuchungen der Serum eiweiße bei Ziegen führten G obczyca  
und Mitarb. (1959, 1960) durch. B ei einem  durchschnittlichen B luteiw eißgehalt von  6,25 g%  
wurden folgende Durchschnittswerte der E iw eißfraktionen festgestellt: 63,3%  A lbu
m in, 6,7%  /? ..-Globuline und 15,5%  y-G lobuline. D ie Autoren w iesen ferner die v erh ä ltn is
m äßig bedeutenden ontogenetisch bedingten V eränderungen der Serum eiweiße bei Ziegen und  
Ziegenböcken im  Alter von  7— 9 M onaten und v o n  24— 30 M onaten nach.

Verteilung der Glykoproteine im  B lutserum  v o n  R indern nach N ilsso n  und A l b e r g  
(Zit.: L ong  u n d  M itarb., 1961), 26,9%  Verbindung m it A lbum in — 20,6%  a-G lobulin — , 
25,9%  /J-Globulin und 25,2%  y-Globulin.

A lkalische Phosphatasew erte im  B lut nach  N e g i  und M itarb. (1960): bei R indern 4,35 +  
0,57 E inheiten  und bei alten  Ziegen 8,65 +  1,70. In  einer vorangehenden M itteilung haben  w ir  
uns (P a v e l  und T y l e c e k , 1968) m it der A k tiv itä t der alkalischen Phosphatase, L ipase un d  
Transam inase befaßt.

Uber die oxydoreduzierenden Enzym e haben  wir in der Literatur keine A ngaben ge
fu n d en .
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M aterial u n d  M ethodik

Z u den  V ersu ch en  w urden  5 e rw ach sen e  Z iegenböcke v e rw en d e t. D re i 
T ie ren  w urde  eine K o n tro llfu tte rd o s is  v e ra b re ic h t, die 1 k g  W iesenheu , 0,5 k g  
G erste , 5 g m inera lisches G em isch, 5 g Salz e n th ie lt. D ie b e id en  an d eren  T ie re  
e rh ie lte n  eine V ersu ch sd iä t (1 kg  W e iz e n s tro h , 0,46 kg  S tä rk e , 30 g H a rn s to ff , 
0,5 g S ach arin , 5 g S alz , 5 g m inera lisches G em isch). N ach  dreiw öch iger A d a p 
ta t io n  d e r T iere zu  d en  e rw äh n ten  D iä te n  w u rd e  B lu t d u rch  P u n k tio n  d e r J u g u -  
la rv e n e  zu r Z eit k u rz  v o r d er M o rg e n fü tte ru n g  en tn o m m en . In  w öch en tlich en  
In te rv a lle n  w urde  d as  B lu t noch zw eim al u n te rs u c h t. Fo lgende B estim m u n g en  
w u rd en  au sg e fü h rt.

G esam t-N , E iw eiß -N - u n d  R e s ts tic k s to ffg e h a lt w urde  d u rch  N essleri- 
s a tio n  n a c h  d e r v o n  H o ü e jSí  u . M ita rb . (1964) an g efü h rten  M ethod ik  b e s tim m t.

D ie p ap ie re lek tro p h o re tisch e  F ra k tio n ie ru n g  d er S erum eiw eißsto ffe , 
d e r  S e ru m -L ip o p ro te in e  u n d  G ly k o p ro te in e  w u rd e  n ach  den  üb lich en  M eth o 
d en  (D it t m e r , 1961; B ü c h e r , 1961) d u rc h g e fü h rt.

B ei d er F ra k tio n ie ru n g  d e r E iw e iß sto ffe  des B lu tse ru m s d u rc h  G el
f i l t r a t io n  a u f  d e r S ep h ad ex  G-200 w u rd e  n a c h  der M ethode F l o d in s  u n d  
K il l a n d e r s  (1962) vorgegangen .

D ie E n z y m e a k tiv itä t  w urde fo lg en d erm aß en  b e s tim m t: M alat- u n d  
L a k ta t-D e h y d ro g e n a se  nach  S e v e l a  u n d  T o v á r e k  (1959, 1960), S o rb it-  
D eh y d ro g en ase  n a c h  P o j e r  u. M ita rb . (1963), T ran sam in ase  des G lu ta m a tp y ru 
v a ts  (G O T) n ach  R e it m a n  und  F r a n k e l  (1957), A m ylase n a c h  St r e e t  (Z it .:  
B e r g m a y e r , 1965) u n d  alkalische P h o sp h a ta se  n ach  B e s s e y  u n d  M ita rb . 
(1946).

D ie E rgeb n isse  w urden  s ta tis t is c h  b e w e rte t.

Ergebnisse u n d  B esprechung

D ie E rg eb n isse  sind  in den  T ab e llen  I —I I I  zusam m en g efaß t.
T abelle  I  e n th ä l t  die S tick s to ffw erte  u n d  die E rgebn isse  d er G e lf iltra 

tio n . E s sei e rw ä h n t, d aß  die F ra k tio n  »S« E iw eiße  m it einem  M oleku largew ich t 
ü b e r  200 000 e n th ä lt ,  die F ra k tio n  »M« u m  150 000, u n d  die F ra k tio n  »L« w ird  
v o n  le ich ten  M olekülen  (M. G. um  70 000) geb ilde t. Z ur besseren  V e ran sch au 
lich u n g  d ien t die A bb ild u n g  1, die d ie  e inze lnen  E iw e iß frak tio n en  a u f  G ru n d  
d e r  G e lfiltra tio n  be i einem  T ier d e r K o n tro llg ru p p e  d a rs te llt.

A us den  A n g ab en  der T abelle I  g e h t w e ite rh in  h e rv o r, d aß  die W irk u n g  
d e r h a lb sy n th e tisc h e n  D iä t n u r  in  b ezu g  a u f  den  R e s ts tic k s to ff  s ig n if ik a n t 
w a r, w äh ren d  die V erän d eru n g en  d e r ü b rig e n  W erte  die G renze d er S ign ifikanz  
n ic h t  e rre ich ten . D ab e i w urden  die b eso n d ers  geringen U n te rsch ied e  bei d e r 
G e lfiltra tio n  b e id e r G ruppen  v e rze ich n e t.
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T abelle  I I  e n th ä lt  ü b e rs ich tlich  die re la tiv e  V e rte ilu n g  d er einzelnen 
F ra k tio n e n  der S e ru m p ro te in e  und  deren  kom plexen  V erb in d u n g en  — d er 
L ipo- u n d  G lykopro te ine . Z u r besseren  V eran sch au lich u n g  d ien t die A b b il
d u n g  2, wo die K u rv en  d e r  E lek tro p h o reg ram m e  von  dem selben  T ie r d a rg este llt 
sind . V erw endet w urde  das D en sito m e te r E R I-1 0  (Zeiss).

Abb. 1. Die einzelnen E iw eißfraktionen auf Grund der G elfiltration bei einem  Tier der K on- 
trollgruppe. Fraktion m it M olekulargewicht über 200,000 (S), um  150,000 (M), um  70,000 (L)

V ergleich t m an  die e lek tro p h o re tisch  b es tim m te  V erte ilu n g  der S erum 
p ro te in e  beider T ie rg ru p p en , so lä ß t  sich  fests te llen , d aß  d ie  U n tersch iede  
re c h t gering u n d  n ic h t s ig n if ik a n t sind .

D ie d r it te  G ru p p e  b ild en  die E n zy m u n te rsu ch u n g en , deren  E rgebnisse  
in  d er T abelle  I I I  z u sam m en g e faß t w urden . U n te r  den T ran sfe ra sen , H ydro - 
lasen  u n d  O x y d o red u k ta sen  w eisen n u r  zwei E nzym e a u f  G ru n d  d er V a rian z 
analyse  eine s ig n ifikan te  D ifferenz  auf. D as e rs te  von d iesen, d ie  S o rb itdehydro -

Tabelle I

Serum -Stickstoffw erte und Serum eiw eißgelfiltrationswerte  
(Sephadex G-200)

D iät Signifikanz
der

U nter
schiedeKontroll- x ± s x H albsynthet. — x i B x

Gesamt-N — mg% 927,6 +  32,1 1012 ,2+41,8 —

Eiweiß-N — mg% 907,6 +  26,4 975,7 +  34,2 —
R est-N  — mg% 2 0 ,0 +  3,9 3 6 ,5 +  3,9 +
Gelfiltration der E iw eiße

Fraktion S — % 4,2 +  0,59 5 ,4 + 0 ,9 2 —
Fraktion M — % 46,3 +  2,18 46,2 +  1,94 —
Fraktion L —  % 49,5 +  2,98 48,4 +  3,04 —

+  Signifikant; — N icht signifikant
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Tabelle II

E iw eißfraktions-, L ipoprotein- und G lykoproteinwerte im  B lut

D iät
Signifikanz 
der U nter

schiedeK ontroll- H albsynthet.

Eiw eißfraktionen

Album in — % 44,7 41,2 —

a-G lobuline — % П Д 9,5 —

jSj-Globuline — % 10,3 10,5 —

/?2-Globuline — % 6,1 8,5 —

y-Globuline — % 27,8 30,3 —

Lipoproteine

Fraktion N r. 1 — % 55,1 58,6 —

Fraktion N r. 2 — % 25,6 27,7 —

Fraktion N r. 3 — % 19,3 13,7 —

Glykoproteine

Fraktion N r. I — % 16,4 14,5 —

Fraktion N r. II u.

H I -  % 58,8 62,6 —

Fraktion Nr. IV — % 24,8 22,9 —

+  Signifikant; — N ich t signifikant

Tabelle III

E nzym aktiv itätsw erte

D iät
Signifikanz 
der U nter

schiedeKontroll- H albsyntheti
sche

Laktatdehydrogenase U / l  g Eiweiß 98,3 79,8 —

M alatdehydrogenase U / l  g Eiweiß 157,6 158,5 —
Sorbitdehydrogenase U /l  g Eiweiß 1,23 3,09 +
Transaminase des G lutam at-O xalazetats U / l  g Eiweiß 21,0 20,3 —

Transaminase des G lutam at-Pyruvats U / l  g Eiweiß 10,3 12,0 —

Alkalische Phosphatase U / l  g Eiweiß 92,9 48,7 +
A m ylase U /l  g Eiweiß 3,22 3,52 —

-f- Signifikant; — N ich t signifikant
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genäse im  B lu tse ru m  d e r T iere m it h a lb sy n th e tisc h e r  D iä t zeigte eine seh r e r
h ö h te  A k tiv i tä t ,  w äh ren d  sich die A k tiv i tä t  des zw eiten  E nzy m s — d er a lk a li
schen P h o sp h a ta se  — bei diesen T ieren  im  G egenteil fa s t  a u f  die H ä lfte  d e r  
N o rm alw erte  v e rm in d e rte . Die U n te rsch ied e  d er A k tiv i tä t  bei den  ü b rig en  
u n te rsu c h te n  E n zy m en  w aren  in  d er M ehrzah l d er F älle  sehr gering u n d  au ch  
s ta tis tisc h  n ic h t s ig n ifikan t.

D ie E rgebn isse  d e r eigenen U n te rsu ch u n g en  w eichen von  den  d er a n d e 
ren  A u to ren  ab  (GoRCZYCAund M itarb . 1959), te ils s tim m en  sie im  G egenteil v e r 
h ä ltn ism äß ig  g u t übere in  (H a c k e t t , z it.:  L o n g  u n d  M ita rb ., 1961).

Abb. 2. Die relative Verteilung der einzelnen Fraktionen der Serum proteine und deren kom 
plexen Verbindungen

Die U rsach en  k ö n n en  m öglicherw eise eher in  d er U nein h e itlich k e it d er 
ex p erim en te llen  B ed ingungen  e rb lick t w erd en , dennoch  lassen sich die e r
h a lten en  A bw eichungen  n ic h t als u n v e rh ä ltn ism ä ß ig  groß bew erten . E s sei 
auch  d e r U m s ta n d  e rw ä h n t, daß  S erum -N orm alw erte  n och  n ich t fe s tg este llt 
sind , so d aß  m a n  sich bei d er B eu rte ilu n g  d er gefundenen  W erte  a u f ke inen  
a n e rk a n n te n  M aß stab  s tü tz e n  k an n .

W ir n e h m en  deshalb  an , daß  die g este llte  F rag e , sow ohl vom  lab o ra to - 
rischen  G e s ic h tsp u n k t aus, als auch vom  g esu n d h eitlich en  G esich tsp u n k t gegen 
w ä rtig  n ic h t genügend  o b je k tiv  b e u rte ilt w erd en  k a n n . A us unseren  E rgebnissen  
e rg ib t sich led ig lich  die Schlußfo lgerung , d aß  bei d er V e rfü tte ru n g  h a lb sy n 
th e tisc h e r  D iä t hei W ied erk äu ern  die A bw eichungen  von  den  no rm alen  W erten  
im  B lu te  seh r gering  sind , w as d a fü r zeug t, d aß  es im  G esam tm etabo lism us d er 
T iere  zu  kein en  w esen tlichen  A bw eichungen von  dem  n o rm alen  Z u stan d  des 
O rganism us k am .
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ZUSAM M EN FA SSU NG

Es wurden B lutan alysen  bei drei Z iegenböcken ausgeführt, die eine N orm aldiät (W iesen
heu und Gerste) und bei zwei Ziegenböcken, die eine halbsynthetische D iä t (W eizenstroh, 
Stärke, H arnstoff m it der üblichen M ineralstoffergänzung) erhielten. Folgende B lutanalysen  
wurden durchgeführt: G esam teiweiße, R eststick sto ff, G elfiltration der Serum eiweiße auf 
Sephadex G-200; Papierelektrophoretische Fraktionierung der Serum proteine, Lipoproteine  
und G lykoproteine, Serum -L aktat-, M alat-, Sorbit-D ehydrogenase, alkalische Phosphatase  
und A m ylaseaktiv ität.

Die Ergebnisse wurden durch V arianzanalyse ausgew ertet. Es wurde festgestellt, daß 
bei der halbsynthetischen D iät im  Blutserum  nur die Zunahme des R eststickstoffs und der 
A k tiv itä t der Sorbitdehydrogenase, ferner die A bnahm e der A ktiv ität der alkalische P hospha
ta se  signifikant war.

*

Für die E rm öglichung der B lutentnahm e von  den Versuchstieren danke ich dem  Lehr
stu h l für Ernährung und Fütterung der W irtschaftstiere der Landwirtschaftlichen H ochschule  
in  Brno.
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RAPID DEMONSTRATION OF BULL TRICHOMONADOSIS 
IN UNSTAINED SMEAR PREPARATIONS FROM 

PREPUTIAL SCRAPINGS

B y
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A rtificial Insem ination  Centre (Director: I. Mészá r o s), B udapest, and Artificial Insem ination  

Station  (Director: P. L. K á t a i), H ódm ezővásárhely

(Received October 28, 1968)

T he in tro d u c tio n  o f artific ia l in sem in a tio n  has g rea tly  reduced  th e  sp read  
o f in fec tio n  w ith  Trichom onas foe tus. In  H u n g a ry , th e  trich o m o n ad o sis  o f 
hu lls h as  re c e n tly  occurred  exclusively  in  c a ttle  farm s w here service is s till 
b y  n a tu ra l  w ay  or, in freq u en tly , in  a rtif ic ia l in sem in a tio n  cen tres am o n g  
new ly  p ro cu red  sires. Since th e  Trichom onas  rem ains v iab le  b o th  in  d ilu te d  
sem en s to re d  a t  2—4° C an d  deep frozen  sem en s to red  a t  — 79 or — 196° C, in  
th e  la t te r  case even fo r 5 y ears , th e  sem en from  co n tam in a ted  bulls m a y  becom e 
a source o f in fec tio n  in  several fa rm s. T h u s , a rigorous checking of n ew ly  p ro 
cured  sires in  th e  a rtific ia l in sem in a tio n  cen tres  is im p era tiv e .

P ra c tic a l experience has show n th a t  in  th e  acu te  stage  w hen th e  p a ra s ite s  
a rc  p re se n t on ly  u n d er th e  prepuce , trich o m o n ad o sis  is well co n tro llab le  b y  
th e  com m on c o n ta c t d rugs. B u t in  th e  ch ron ic  stag e , w hen p a ra s ite s  h av e  
gained  e n tra n c e  to  th e  secondary  re p ro d u c tiv e  o rgans, all th e ra p e u tic  m easu res  
fail and  te m p o ra ry  im p ro v em en t is fo llow ed b y  recu rrence . T herefo re , th e  
early  d e m o n s tra tio n  o f tr ichom onadosis  is ex trem ely  im p o rta n t.

T he com m on m eth o d s of th e  e x a m in a tio n  of p re p u tia l co n ten ts  do n o t 
a p p ro p ria te ly  serve th is  purpose . In  th e  p rac tice , ex am in a tio n  has o ften  to  
be re p e a te d  severa l tim es u n til  in fec tio n  can  he d em o n stra ted . T h is is due  
p a r t ly  to  th e  an a to m ica l s tru c tu re  o f  th e  p re p u tia l m ucosa, w hich has m a n y  
fo lds, p a r t ly  to  th e  h id ing  of few p ro to zo a  a t  th e  b o tto m  of th e  folds. In  a d d i
tio n , th e  ap p lied  p rocedure  (cen trifu g a tio n , cu ltiv a tio n , m icroscopic e x a m in a 
tio n ) ta k e s  10 —15 days a fte r  sam pling . T h u s , in fo rm atio n  on th e  c o n ta m in a 
tio n  or “ c lean n ess”  o f  th e  sire reaches th e  p ra c titio n e r  too  la te .

W ith these facts in  m ind, attem pts to  develop new m ethods for the dem onstration  of 
trichom onadosis have been m ade in m any countries. In the Ü .S .A ., W ith er spo o n  and W al
k e r  (1966) have carried out sam pling by sterile gauze tam pons instead of rinsing flu id , tak ing  
sam ples from  the exposed penis itse lf and from  the folds o f the preputial vault. W ith th is p ro
cedure, m any o f  those sires which had been found “ clean” by the rinsing m ethod proved to be 
infected.

In the Soviet U nion, chiefly  in the Ukraine, instead of rinsing fluid, preputial scrapings 
are used as sam ples. They are obtained by a special instrum ent constructed b y  K o rtch a k
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(see Av a n e so v  and P y a s ik , 1968). The ensheathed instrum ent is passed under the prepuce, 
then  th e  sam pling head is thrusted forward and the sam ple thus obtained is inoculated in to  
nutrient m edium .

In  a com parative stu d y  on 3000 preputial scrapings and sem en sam ples, Osetkov  and  
Zh a d o v e c  (1968) have found th a t the m ost reliable results can be obtained w ith  the scrapings.

I n  1967, we ex am in ed  m an y  p re p u tia l  scrap ings p a ra lle l w ith  rin sin g  
flu id s .

E x p erim en ta l

O n  a to ta l  451 ped ig ree sires fro m  11 a rtific ia l in sem in a tio n  s ta tio n s  
w h ich  h a d  been fo u n d  “ c lean”  b y  th e  r in s in g  m eth o d , an d  71 b reed er b id ls  
fro m  33 fa rm s, w ere te s te d  for tr ich o m o n ad o sis . P re p u tia l scrap ings w ere 
o b ta in e d  w ith  m od ified  K o rtchak’s in s tru m e n t (Figs 1 and  2). S am pling  w as 
u n d e r ta k e n  e ith e r  im m ed ia te ly  before  co llec tion  of th e  e jacu la te  or 48 h o u rs  
a f te r  th e  la s t service. P r io r  to  sam pling , th e  su rro u n d in g s of th e  p repuce  w ere 
th o ro u g h ly  w ashed  w ith  soap an d  w a te r  o f  b o d y  te m p e ra tu re , and  d ried . 
S ince in  m ost cases sev era l bulls w ere e x a m in e d  in  sequence, th e  in s tru m e n t 
w as d is in fec ted  in  bo iling  w a te r fo r 5 — 10 m in u te s  p rio r to  each use, a n d  
r in se d  w ith  n e u tra l  sa line  im m ed ia te ly  b efo re  ap p lica tio n . In  m ost cases th e  
sam p le  w as ta k e n  in  th e  s tab le  or on th e  p a s tu re  a n d  only in fre q u e n tly  w ere th e  
b u lls  re s tra in e d . T h e  an im als were s te a d ie d  b y  th e  nose, an d  a t  th e  hock  on ih e  
side w h ere  th e  sam p lin g  w as m ade. In  th is  p o s itio n  th e  in s tru m e n t hold  in  one 
h a n d  w as in se rted  w ith  a single d o w n -to -u p w ard  m ovem ent b eh in d  th e  p re 
pu ce , w hich  was ho ld  open  w ith  3 fingers o f th e  o th e r  h an d  to  p re v e n t c o n ta m i
n a tio n . T he head  of th e  in s tru m e n t w as th ru s te d  fo rw ard  to  th e  re flec tion  fo ld , 
th e n  d raw n  back  an d  th ru s te d  u p w ard  ag a in . In  th is  w ay  21 — 30 u n ifo rm  
sc ra p in g  m ovem en ts w ere m ade. To p re v e n t e rec tio n , care was ta k e n  to  o p e r
a te  lig h tly  an d  w ith o u t s tra in . I f  e rec tio n  h a d  y e t occurred , i t  ceased a f te r  
slow ly  m oving  th e  in s tru m e n t and  sc rap in g  th u s  could be co n tin u ed . R em o v a l 
o f th e  in s tru m e n t w as m ade cau tio u sly , h o ld in g  th e  p repuce  open again  w ith  
th re e  fingers to  p re v e n t co n tam in a tio n .

O ne drop  o f each  scrap ing  was p laced  on a slide, covered w ith  a coverslip  
a n d  ex am in ed  in  d a rk  fie ld  a t a 100 — 120fold m agn ifica tion . T he b u lk  o f th e  
sc rap in g s consisted  o f m ucus from  th e  p re p u tia l  v a u lt and  a m ass of ep ith e lia l 
cells. I f  req u ired , th e  m a te ria l was d ilu te d  w ith  saline o f b o d y  te m p e ra tu re . 
In  p o s itiv e  cases th e  p ro to zo a , p erfo rm in g  ty p ic a l v igorous m ovem en ts, w ere 
re g u la r ly  d e tec ted  in  th e  1 s t—5 th  fie ld . T h e  re s t  of th e  scrap ings was rin sed  
fro m  th e  in s tru m e n t w ith  m ax im um  2 m l o f n e u tra l  saline or M ann inger’s 
r in s in g  so lu tion  ( H u t y r a  et al., 1 959) an d  co llected  in  a te s t  tu b e  fo r fu r th e r  
e x a m in a tio n . A fte r  sed im en ta tio n  fo r 40 m in u te s , th e  sed im en t w as re -e x a m 
in e d . To check  th e  observa tions m ad e  on  th e  u n sta in ed  slides, 0.2 —0.3 m l 
a m o u n ts  of th e  sed im en t were in o cu la ted  in to  a p p ro p ria te  m ed ia .
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In  th e  case o f p o sitiv e  re su lts , th e  e x am in a tio n  w as rep ea ted  several 
tim es. In  th e  in fec ted  h e rd s  co n tro l exam in a tio n s w ere c a rr ie d  o u t every  m o n th . 
The sam ples ta k e n  from  sires a t  th e  farm s w ere co llected  in  te s t  tu b es in  M an- 
n in g e r’s rinsing  flu id  an d  w ere im m ersed  in ice fo r sh ip p in g  to  th e  la b o ra to ry , 
w here th e y  w ere in o cu la ted  in to  g row th  m edia. In  cases o f th e ra p e u tic a l t r e a t 
m en t, th e  ex am in a tio n s w ere rep ea ted  a fte r  10, 30, 60 a n d  90 days.

Fig. 1

Fig. 2

R esults

In  none o f th e  522 an im als exam ined  did th e  in te rv e n tio n  cause t r a u 
m atic  in ju ry  or com plica tion . In  th e  artific ia l in sem in a tio n  cen tres, sam pling  
im m ed ia te ly  p reced ing  th e  collection  of th e  e jacu la te  h ad  no influence on sem en 
p ro d u c tio n . T he resu lts  o b ta in e d  b y  rinsing  and  scrap in g  in  one an d  th e  sam e 
fa rm  h av e  been com pared  (T able I).
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I t  is shown th a t  th e  sc rap in g  m e th o d  im m ed ia te ly  en ab led  th e  detec tio n  
o f  th e  sires in fected  w ith  Trichom onas foe tus. S p read  o f th e  p a rasito sis  could 
b e  checked  by  th e  u su a l m easu res (iso la tion , etc.). T he la te r  checkings agreed 
w ell w ith  th e  in itia l f in d in g s . T he re su lts  o b ta in ed  b y  th e  m icroscopic  ex am in a
tio n  o f  p rep u tia l sc rap in g s w ere co n firm ed  b y  th e  cu ltu rin g  ex p erim en ts . This 
im p lie s  th a t  b y  m icroscopic  e x a m in a tio n  o f u n s ta in ed  p re p u tia l  scrap ings th e  
in fe c tio n  of sires w ith  Trichom onas foe tu s  cun be  d e m o n s tra te d  in  10 —15 m i
n u te s .

Table I

C om parative data on dem onstration  o f Trichomonas foetus organism s in  preputial scrapings 
and rinsing flu id  from  sires in  a cattle  farm

Number 
of bulls 

examined
Date

Number of bulls 
with trichomo- 
nadosis diag

nosed by tradi
tional rinsing 

fluid test

Date

Number of bulls with 
trichomonadosis as assessed 
from preputial scrapings in

I 40-minute sedi- | 
unstained ment of sus-

slides 1 pended scrap- | culture 
ings

Date

Number of bulls 
with trichomo

nadosis as asses
sed by compar

ative rinsing 
test

20 1966 1967 1967

28.12 3 28.1 9 9 9 30.1 3

30.3 •9 9 9
13.4 2* 2* 2*

26.5 2* 2* 2*

* 7 pedigree bulls could be cured

To ob tain  re liab le  re su lts , i t  is essen tia l th a t  scrap ings shou ld  be collected 
48 h ours a fte r th e  la s t  service as b efo re  th a t  tim e  th e  n u m b e r o f p ro tozoa  m ay  
b y  too  low. D rug t r e a tm e n t  o f th e  p rep u ce  m u st n o t be m ad e  fo r 10 days p r i 
o r  to  sam pling. D isreg a rd in g  o f th eses  c ircum stances m a y  lead  to  false resu lts: 
i t  is therefore  reco m m en d ed  th a t  in  u nknow n  herds th e  e x a m in a tio n  should  be 
re p e a te d  after 3 d a y s . I f  no m icroscopic  ex am in a tio n  can  be  perfo rm ed  on th e  
s p o t , th e  sed im ent o f  rin sed  scrap in g s should  be used e ith e r  fo r m icroscopic 
ex am in a tio n  or fo r cu ltu rin g . F o r  cu ltu rin g  rin sed  scrap ings shou ld  be sto red  
a t  + 5 °  C.

SUMM ARY

Though the ex ten siv e  practice o f  artificial insem ination has greatly  reduced the Tricho
m onas foetus infection o f bulls, it  still occurs am ong newly procured sires in  artificial insem ina
tio n  centres or among pedigree bulls in  cattle  herds where service is  still b y  the natural w ay. 
T hu s, early detection o f the parasitosis is essential to prevent its exten sive  dissem ination. The 
com m on method of the diagnosis, based on the isolation o f the parasite from  preputial rinsing 
flu id , has failed to serve th is purpose. In itia ted  by sim ilar attem pts reported in the literature
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the authors describe a rapid reliable m ethod of dem onstration o f Trichomonas foetus  b y  m icro
scopic exam ination  o f unstained preputial scrapings taken w ith  an appropriate in strum ent. 
The results obtained by screening of a to ta l o f 522 bulls have been confirm ed by culturing  
experim ents.

Address o f the senior author: B udapest I . ,  Mészáros u. 60/c, H ungary
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ERYTHROZYTENSEDIMENTIERUNG 
UND HÄMATOKRITWERTE BEI GESUNDEN ENTEN

Von

J. jANToáovic u n d  K . F r i e d

Lehrstuhl für klinische D iagnostik  und innere Krankheiten (Leiter: Prof. K. F r ie d ) der 
У eterinärm edizinischen Fakultät LW H , K osice

(E ingegangen am  4. Dezember 1968)

D ie A ufgabe d ieser A rb e it is t  die B estim m ung  d e r E ry th ro z y te n se d i
m e n ta tio n  u n d  der H ä m a to k r itw e r te  be i gesunden E n te n  m it R ü ck sich t a u f  
A lte r u n d  G eschlecht.

Literatur

Die bisherigen Erfahrungen weisen auf die Abhängigkeit der Sedim entierungsgeschwin- 
digkeit der E rythrozyten auch hei den H ühnern von  der E rythrozytenzahl (St u r k ie  und T e x 
t o r , 1960), der Tem peratur der Um gebung (F r ie d  und J a ntoSo v ic , 1962), der Lagen der 
Sedim entierungspipetten (St u r k ie  und T e x t o r , 1958; St e r n o v sk y , 1962) sowie von dem - 
Alter (J a ntoSoviö , 1967) hin.

N ach D ie s e m  und M itarb. (1958) is t  es m öglich, die H äm atokritm ethode zur F eststel
lung des Volum ens der B lutkörperchen als eine diagnostische H ilfsm ethode auch beim  V ogel
b lut anzuwenden. Diese A utoren bewiesen einen direkten Zusam m enhang zwischen der E ryth 
rozytenzahl und des H äm etokritw ertes bei H ühnern. Die M ikrohäm atokritm ethode soll kon
stant einen höheren Prozentsatz des gesam ten Volum ens der B lutkörperchen als die W in t - 
ROBsche M ethode bieten.

D ie zugänglichen Literaturangaben über die H äm atokritw erte und Sedm entierungs- 
geschwindigkeit der E rythrozyten  bei gesunden E nten scheinen m angelhaft zu sein, obwohl 
diesbezügliche U ntersuchungen bei den H ühnern mehrere Autoren durchgeführt haben. Uber 
die H äm atokritw erte bei gesunden E nten finden sich derzeit nur 2 uns zugängliche Angaben, 
die aber voneinander w eitgehend abweichen. B ond  und Gil b e r t  (1948) haben folgende W erte 
erm ittelt: Tauchenten (redhead x  canvasback) 37 +  3 und F leck en ten  (m allard X black) 
43 +  2. Solim an  und M itarb. (1966) geben bei 6 — 10 Monate a lten  E n ten  einen durchschnitt
lichen W ert von 33 ,0% . U ber die Sedim entation der E rythrozyten bei gesunden E nten haben  
wir bisher nur eine einzige L iteraturquelle gefunden (G ongaza und Ca d u n g o g -Za ba llero , 
1964). Es wurde in dieser H in sich t kein bedeutender Unterschied zw ischen den E nten  und E n 
terichen festgestellt. Die gefundenen W erte nach einer Stunde sind, w ie folgt: bei E nten 8,0— 
16,5 m m  (0  10.86 +  0,17), bei Enterichen 8 ,5— 16,5 mm (W  11,05 +  0 ,17); gem einsam e W er
te: 8 ,0— 16,5 mm (0  10,94 ±  0,14).

Methodik

D as B lu t w urde aus d e r V. c u ta n e a  u lnaris , fü r  die S ed im en tie ru n g  du rch  
H e rz -P u n k tio n  gew onnen. D ie S ed im en tie ru n g  w urde in  d en  W esterg reenscheu  
P ip e tte n , beim  N eigungsw inkel 60° u n d  bei Z im m e rte m p e ra tu r  18—22° C 
d u rch g e fü h rt. D as B lu t w urde  m it 3 ,8 % ig er N a tr iu m z itra tlö su n g  im  V erh ä lt
nis 4 : 1 v e rse tz t.

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



392 JA N T O äO V ie und  FR IE D

D ie S ed im en tie rung  w urde  in sg esam t bei 46 E n te n , 21 E n te rich en  und  
b e i 10 zw eim onatigen E n te n  d u rc h g e fü h rt. Bei 7 E n te n  w u rd e  zu e rs t o rien tie 
ru n g sh a lb e r  die sen k re c h te  S ed im en tie ru n g  vorgenom m en.

D ie H ä m a to k ritw e rte  w u rd en  m itte ls  des WiNTROBschen H ä m a to k rits  
fe s tg e s te llt , wobei die B lu tm u s te r  30 M inu ten  u n te r  3000 U/M  zen trifu g ie rt 
w u rd e n . A nzahl d er u n te rs u c h te n  T iere : 47 E n te n , 20 E n te r ic h e  u n d  10 zw ei
m o n a tig e  E n ten .

Ergebnisse

I .  D ie Sedim entierung  d e r E ry th ro z y te n  v e r lä u f t b e i d e r senk rech ten  
S te llu n g  der P ip e tte n  se h r  lan g sam  (T ab . I), besonders in  d e r e rs ten  S tunde.

M it R ücksich t a u f  die lan g sam e  S ed im en tie rung  w u rd e  im  w eiteren  die 
S ed im en tie ru n g  u n te r  d e r  sch iefw inkligen  P ip e tte n s te llu n g  (60°) u n te rsu ch t. 
D ie  E rgebnisse  sind  in  T abe lle  I I  zusam m engefaß t.

Tabelle I

E rythrozytensed im entation  bei gesunden E nten  
(durchschnittliche W erte)

Pipetten
stellung n 15 Min. 30 Min. 1 S t 6 St 24 S t 48 St

90° 7 0,0 0,14 1,71 23,42 74,0 98,0

60° 46 4,97 12,5 25,15 73,54 106,60 110,43

Tabelle II

Schiefw inklige Sedim entation  bei gesunden E nten  
(Neigungswinkel: 60°)

Kennziffern 15 Min 30 Min 1 St 6 St 24 St 48 St

n 46 46 46 46 46 46
X 4,97 12,5 25,15 73,54 101,60 110,43

s 2,08 4,24 5,74 8,06 6,14 3,03

Min-Max 1 — 9 6 -2 2 16— 37 4 7 - 9 2 90— 116 9 5 -1 2 5

Bei den E n te r ic h e n , im  V ergleich  zu den  E n te n , w u rd en  n u r  kleine 
U n te rsch ied e  in  d en  S ed im en tie ru n g sw erten  festg este llt. I n  d e r ersten  P hase  
des S ed im en tierungsvorganges (die e rs te  S tunde) sed im en tie ren  die ro ten  B lu t
k ö rp e rch en  etw as la n g sa m e r als bei den  E n te n , von  d e r 6. S tu n d e  ab n im m t die 
S ed im en tie ru n g sg esch w in d ig k e it m äß ig  zu. W erden  die S ed im entierungs-
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w erte  in  d er P e rio d e  zw ischen 24 u n d  48 S tu n d e n  verg lichen , d an n  is t fe s tz u 
ste llen , d aß  die D u rch sch n ittsu n te rsch ied e  fa s t  10 m m  b e tra g e n . D arau s g e h t 
h e rv o r, d aß  die S ed im en tie ru n g  bei E n te n  w ie bei E n te r ic h e n  b innen  24 S tu n 
den  n ic h t b e e n d e t is t.

B ei ju n g e n  In d iv id u e n  (im  A lte r v o n  2 M onaten ) v e r lä u f t  die S ed im en tie 
ru n g  schneller als bei erw achsenen  T ieren .

Tabelle III

Schiefwinklige Sedim entation bei gesunden E nterichen  
(Neigungswinkel: 60°)

Kennziffern 15 Min 30 Min 1 St 6 S t 24 S t 48 St

n 21 21 21 21 21 21
X 4,33 11,04 24,09 74,85 103,14 112,19

s 1,6 5,9 5,2 7,5 6,0 5,9

Min-Max 2—7 6 - 1 6 15— 33 5 9 - 8 6 92,111 97— 121

Tabelle IV

E rythrozytensedim entation  bei jungen Enten  
(Alter: 2 M onate)

Kennziffern 15 Min 30 Min 1 St 6 S t 24 St 48 St

n 10 10 10 10 10 10
X 4,8 12,0 25,7 81,0 107,0 117,0

s 1,2 2,3 5,0 6,9 4,0 3,6

Min-Max 3 - 6 9— 17 20— 36 7 1 - 9 4 101— 114 112— 123

Tabelle V

H äm atokritw erte und E rythrozytenzahl

H äm atokritw erte Erythrozyten

n X S Min-Max X S

erwachsene Enten 47 42,78 2,20 39— 47 2 733 599 321 170

Enteriche 20 43,00 2,20 39—46 2 716 666 277 810

junge Enten 10 39,80 1,95 3 7 - 4 3 2 674 000 266 350
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I I .  H äm atokritw erte. D er D u rc h sc h n ittsu n te rsc h ie d  zw ischen den  H ä m a 
to k r i tw e r te n  bei E n te n  u n d  E n te ric h e n  is t  v e rh ä ltn ism äß ig  gering  (0 ,22% ). 
B ei d ieser G a ttu n g  des W assergeflügels is t  also p ra k tisc h  kein  G esch lech ts
u n te rsc h ie d  d er H ä m a to k ritw e rte  zu b e o b a c h te n , der bei H en n en  u n d  H ä h n e n  
so s ta rk  au sg ep räg t is t ;  bei den  ju n g e n  E n te n  w urden  n ied rig ere  W erte  reg i
s t r ie r t .  D ie E rgebn isse  sind  in  T abelle  Y  d a rg es te llt.

M athem atisch-statistische Analyse

D ie e rm itte lte n  num erischen  D a te n  w urden  au ch  d e r m a th e m a tis c h 
s ta tis tis c h e n  A nalyse  u n te rw o rfen , u m  die biologische V a r ia b ilitä t des V er
su ch sm ate ria ls  fe s tzu se tzen  u n d  die S ign ifikanz  d er b e o b a c h te ten  U n te r 
sch iede  zu p rü fen . D ie B erechnung  d e r  s ta tis tisc h e n  A n gaben , d . h . x  u n d  t ,  
gesch ah  nach  den  üb lich en  F orm eln . D ie S ign ifikanz  d er D ifferenz zw ischen den  
b e tre ffe n d en  a rith m e tisc h e n  M itte lw erten  w u rd e  n ach  St u d e n t  v o rg en o m m en .

Folgende E rg eb n isse  sind  zu v e rze ich n en :
1. Die U n te rsch ied e  zw ischen d en  M itte lw erten  be i d e r sen k rech ten  u n d  

sch iefw inkligen  S ed im en ta tio n  (T ab. I) s ind  so offensich tlich , d aß  sie die s ta 
tis t is c h e  P rü fu n g  überflüssig  m achen .

2. U n te rsch ied e  zw ischen d er S ed im en ta tio n sg esch w in d ig k e it b e i den  
E n te n  u n d  E n te r ic h e n  (T ab. I I  und  I I I )  : d ie  D ifferenzen zw ischen den  M itte lw e r
te n  in  allen Z e itp u n k te n  lassen sich s ta tis t is c h  n ich t bew eisen  (bei I r r tu m s 
w ah rsch e in lich k e it a  =  5 % ).

3. U n te rsch ied e  zw ischen d e r S ed im en ta tio n sg esch w in d ig k e it be i den  
e rw achsenen  u n d  ju n g e n  E n te n  (T ab . I I I  u n d  IV ): die D ifferenzen  zw ischen  
d en  M itte lw erten  s ind  in  d er A nfan g sp erio d e  (innerha lb  d er e rs ten  S tu n d e) 
n ic h t  s ig n ifik an t, v o n  d er 6. S tu n d e  ab  dagegen  h o ch sig n ifik an t (a =  1 % ).

4. D ie D ifferenzen  der H ä m a to k r itw e r te  zw ischen den  erw achsenen  
E n te n  u n d  E n te r ic h e n  (T ab. V) sind  n ic h t  s ig n ifik an t, zw ischen den  e rw ach se
n e n  u n d  ju n g e n  E n te n  dagegen schon  m it d e r s ta tis tisc h e n  S icherheit v o n  99%  
n ach w eisb a r.

Besprechung

D er S ed im en tie ru n g sv erlau f d e r  E r tv h ro z y te n  be i E n te n , ä h n lic h  wie 
b e i H en n en , is t  lan g sam . D eshalb  is t  es zw eckm äßig , die schiefw inklige S ed i
m e n ta tio n  d u rch zu fü h ren . In  un seren  V ersuchen  h a t  sich  die 60°ige P ip e t te n 
s te llu n g  b ew äh rt. W ie aus unseren  U n te rsu ch u n g en  fo lg t, sind  die U n te r 
sch iede  bei E n te n  u n d  E n te rich en  seh r gering  (1 — 2 m m ), w as au ch  G o n z a g a  
u n d  Ca d u n g o g -Z a b a l l e r o  (1964) b e m e rk te n . In  den  e rs ten  S tu n d e n  sedi- 
m e n tie re n  die E ry th ro z y te n  d er E n te r ic h e  lan g sam er als die d e r E n te n , 
v o n  d er 6. S tu n d e  ab  is t es u m g ek eh rt.
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O bw ohl der G esch lech tsd im orph ism us he i H en n en  u n d  H äh n en  sich au ch  
in  d er Z ah l der E ry th ro z y te n  ä u ß e rt (S t u r k ie  u n d  T e x t o r , 1960; L ucas u n d  
J a m r o z , 1961; J a n t o s o v ic , 1967) u n d  auch  die U n te rsch ied e  im  V erlau f d e r 
S ed im en tie ru n g  au ffa llend  sind  (St u r k ie  u n d  T e x t o r , 1960), is t  die Z ahl d er 
E ry th ro z y te n  bei E n te n  u n d  E n te rich en  b e in ah e  gleich (T ab . V), was auch  den  
u n g efäh r gleichen W e rte n  d e r S ed im en tie rung  e n tsp r ic h t.

B ei d er B ew ertu n g  d e r S ed im en tie rungsgeschw ind igke it soll auch  a u f  
das A lte r  d e r T iere R ü c k s ic h t genom m en w erden . S t e r n o v s k y  (1962) u n d  
J a n t o s o v ic  (1967) s te llte n  fe st, d aß  die S ed im en tie ru n g  b e i jü n g e ren  H ü h n e rn  
schneller v e rlä u ft, w as v o n  u ns auch  bei E n te n  b e o b a c h te t w urde . Die B e 
sch leun igung  der S ed im en tie ru n g  w ird  w ohl d u rch  die n ied rig e re  Z ahl der E ry 
th ro z y te n  bei jü n g e ren  T ie ren  bed in g t.

A nalog  der S ed im en tie ru n g  steh en  au ch  die H ä m a to k r itw e r te  u n d  die 
E ry th ro z y te n z a h l in  e iner u n d  geraden  K o rre la tio n : bei d e r  V erm inderung  d er 
E ry th ro z y te n z a h l n eh m en  au ch  die W erte  des H ä m a to k r its  ab  u n d  um ge
k e h rt. B ei H ennen  u n d  H ä h n e n  w urden  auffa llende  U n te rsch ied e  der H ä m a 
to k ritw e rte  festg este llt ( L u c a s  u n d  J a m r o z , 1961; J a n t o So v ic , 1967). Die 
nachgew eisenen  U n te rsch ied e  d er H ä m a to k ritw e rte  u n d  d e r  E ry th ro z y te n 
zah l h ab en  w ir auch  b e i d en  T ru th e n n e n  u n d  T ru th ä h n e n  festg este llt ( J a n 
to s o v ic  u n d  F r ie d , 1968). D ie gleiche G ese tzm äß igke it g ilt au c h  fü r  die E n te n .

Im  V ergleich m it d en  W erten  bei H en n en  sind  die H ä m a to k ritw e rte  bei 
E n te n  b ed eu ten d  h ö h er, w enn  auch  offensich tliche U n te rsch ied e  der E ry th 
ro zy ten zah l n ich t v o rh a n d e n  sind, was h a u p tsäch lich  d u rc h  die Größe der 
E ry th ro z y te n  b ed in g t is t .  G rößen  V erhältnisse d er E ry th ro z y te n  bei E n te n : 
8 ,1 x 1 3 ,4  (eigene B eo b ach tu n g ), beim  H u h n : 7 ,5 x 1 2 ,0  fi (W ir t h , 1950; 
S c h e r m e r , 1954). Die W e rte , die K o lb  (1952) fü r  die E n te n  a n g ib t, sind n ied 
riger, als w ir fe s tg este llt h ab en . F a s t  die gleichen W erte  w u rd en  aber bei 
zw eim onatigen  E n te n  re g is tr ie r t. W esen tlich  k le inere  D u rc h sc h n itt  w erte , im  
V ergleich m it unseren  E rg eb n issen , s te llten  S o l im a n  u n d  M ita rb . (1966) fest.

ZUSAM M ENFASSUNG

Die G eschwindigkeit der E rythrozytensedim entation  und H äm atokritw erte werden 
bei gesunden, erwachsenen und jungen  (zweim onatigen) E nten studiert.

D ie Geschwindigkeit der Sedim entation wurde bei 46 E nten , 21 Enterichen und 10 
E ntchen in  den W estergreenschen P ip etten  von  Lichte 2,5 m m  und bei N eigung von 60° 
verfolgt. B ei beiden Geschlechtern sind die Unterschiede der durchschnittlichen W erte gering 
(1 — 2 mm) und nicht signifikant. D ie Erythrozytensedim entation wird v o n  dem  Alter in dem  
Sinne beeinflußt, daß sie bei jungen  Tieren schneller verläuft.

D ie H äm atokritw erte wurden bei 47 E nten, 20 Enterichen und 10 E ntchen  üblicherw eise 
festgestellt. Geringe nicht sign ifikante, vom  G eschlecht abhängige U nterschiede wurden beob
achtet. D ie niedrigeren W erte w urden bei jungen E nten vorgefunden.
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ERFAHRUNGEN BEI DER FLEISCHBESCHAU VON 
RINDERN, DIE AN RETICULOPERITONITIS PERFO- 
RATIYA LITTEN, MIT BESONDERER BERÜCKSICH
TIGUNG AUF DAS VORKOMMEN DES CORYNEBAC- 

TERIUM PYOGENES TYP. ANIMALIS

Von

A. F o r r a y  und I . S z á z a d o s

Laboratorium  des tierärztlichen K ontrolldienstes des Schlachthofs (Leiter: A. F o rray ), Pécs

(Eingegangen am 28. D ezem ber 1968)

Die Problem e, die sich bei der D iagnostik , Prophylaxe, der konservativen und der 
chirurgischen Therapie der R eticuloperitonitis perforativa (R P P ) und ihrer K om plikationen  
m elden, sind allgem ein bekannt (B alázs, 1967; В. K ovács und Szokolóczy , 1965; H orváth  
und M itarb., 1966). Leider ist der tierärztliche E ingriff oft erfolglos. In diesem  Falle ist die 
R ettun g des F leischw ertes das Ziel. Die B eurteilung der R P P -F älle  w irft aber oft auch vom  
G esichtspunkt des T ierarztes, der die Beschau vornim m t, zahlreiche Problem e auf.

E bendeshalb  d ü rf te  die V erö ffen tlichung  unseres m eh r als a n d e rth a lb 
jä h rig e n  M aterials v o n  N u tzen  sein, w obei w ir au ch  die p a th o lo g isch -an a to 
m ischen , m ikrobio logischen  u n d  n ah ru n g sm itte lh y g ien isch en  Z usam m enhänge 
zu besprechen  w ünschen .

Material und Methodik

In  unserer V erö ffen tlich u n g  v e ra rb e ite te n  w ir die a u f  dem  S ch lach th o f 
von  Pécs (zw ischen 31. 1. 1966 u n d  31. 7. 1967) bei den  üb lichen  u n d  N o t
sch lach tungen  b e o b a c h te te n  Fälle  sowie die uns zu r L ab o ru n te rsu ch u n g  von  
d er U m gebung e in g esan d ten  R P P -F ä lle .

Im  Laufe u n se re r  U n te rsu ch u n g en  fü h r te n  w ir die S um m ierung  u n d  d ie  
s ta tis tisc h e  V e ra rb e itu n g  d er A nam n esean g ab en , d er p a th o lo g isch -an a to m i
schen  u n d  der m ikrob io log ischen  B efunde sowie die d er en dgü ltigen  F le isch 
b esch au u n g san g ab en  d u rch .

Zu den e rg än zen d en  bak te rio log ischen  U n te rsu ch u n g en  w endeten  w ir 
fo lgende M ethode a n : V on den O rganen  d er T iere  im p ften  w ir aus d er Milz, 
d er L eber, der N iere , aus zwei M uskelproben , aus den  p rä sk a p u la re n  u n d  den  
gegenseitigen  p o p lite a le n  L y m p h k n o ten  sowie aus sonstigen  p a tho log isch  
v e rä n d e rten  Teilen (z. B . aus ab g ek ap se lten  in te ra b d o m in a le n  A bszessen, 
L ungensegm enten) a u f  N äh rb o d en  ü b er. Als N äh rb o d en  v e rw en d e ten  w ir 
B ouillon  (pH : 7,4), 10 %  R in d e rb lu ta g a rp la tte n , 5 %  R in d erse ru m  en th a lte n d e  
A g a rp la tte n  sowie D rigalsk i-M edium  m it B ro m th im o lb lau  als In d ik a to r . Z um
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N ach w eis  der Salm onellen  b e n u tz te n  w ir die B ouillon m it K a liu m te tra th io n a t 
n a c h  P r e u s s . Die M uskelp roben  u n d  d ie  L y m p h k n o ten  w u rd en  auch  in  L eb e r
in fusionsbou illon  m it V itam in  B j-G eh a lt u n d  T rau b en zu ck e r ü b e rim p ft u n d  
w egen  V ern ich tung  d e r  v e g e ta tiv e n  F o rm en  bei 80° €  W ärm e b e h a n d e lt. 
B ei d e r  Z üch tung  d e r a n ae ro b en  u n d  m ik roäroph ilen  K eim e w urde zu r S iche
ru n g  d e r  anaeroben  V erh ä ltn isse  die M ethode von K o c h  (1934) an g ew an d t. 
A u f d ie  Innen fläche  d e r P e tri-S ch a le  m it dem  B lu ta g a r b ra c h te n  w ir P a p ie r 
b e u te l  m it P y ro g a llu ssäu re , K a liu m k a rb o n a t u n d  B olus a lb a  an , w onach  die 
P e tr i-S c h a le  m it P a ra f f in  lu f td ic h t versch lossen  w urde. D ie B o u illo n -R ö h r
ch en  w urden  n ach  2 4 stü n d ig e r In k u b a tio n  w iederho lt a u f  B lu ta g a rp la tte  
ü b e r im p f t und  e iner an ae ro b en  In k u b a tio n  u n te rw o rfen . Die endg ü ltig e  
B e u rte ilu n g  der U n te rsu c h u n g e n  erfo lg te  e rs t nach  48 S tu n d en .

V orkom m enshä ufigkeit

D as p rozen tuelle  V e rh ä ltn is  d e r  R P P -F ä lle  zu  d er Z ahl d er g e su n d 
g e sch lach te ten  u n d  n o tg e sc h la c h te ten  T iere  zeig t die T abelle  1.

Tabelle 1

Prozentuelles Verhältnis der R PP-Fälle

Zahl der ge
schlachteten 

Tiere

Zahl j % 

der R PP-Fälle

übliche Schlachtung 20 257 65 0,32%

Notschlachtung 645 60 9,34%

Provinz* — 14 —
insgesamt 20 902 9,66%

* Nur für bakteriologische Untersuchungen bestim m tes M aterial ist eingelangt.

E rw ä h n t sei, d a ß  4 6 ,7%  a lle r R P P -F ä lle  aus T ie ren  s ta m m te n , die im  
L a u fe  der norm alen  S ch lach tu n g en  gesch lach te t w urden  u n d  als gesund  e r
sch ien en . Sicherlich is t  dies d a m it e rk lä rb a r , d aß  sich die R P P -S y m p to m e  n ic h t 
in  a llen  Fällen k la r  m an ifestie ren , fe rn e rh in , daß  die E ig e n tü m e r ih re  T iere 
n a c h  d er B eo b ach tu n g  d er e rs ten  S ym ptom e n ich t im m er b eh an d e ln  lassen , 
so n d e rn  versuchen , sie als F leisch  zu  verw erten .

Pathologisch-anatom ische Gruppierung

Die p a th o lo g isch -an a to m isch e  G rupp ierung  des M ateria ls is t wegen 
Ü berd eck u n g en  n ic h t e in fach . Bei d er E in o rd n u n g  d er F älle  s te llten  w ir s te ts  
d ie  b ed eu ten d ste  V e rän d e ru n g  in  den  V orderg rund  (T abelle I I ) .  In  83 (59,7% ) 
v o n  139 Fällen g ing die P e rfo ra tio n  des N etzm agens m it a k u te r  bzw . ch ro n i
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sch er B au ch fe llen tzü n d u n g  von  w echselnder A usb re itu n g  e inher. In  25 v o n  
83 F ä llen  w ar die P erfo ra tio n  frisch , die B au ch fe llen tzü n d u n g  lo k a lis ie rte  sich 
im  allgem einen  n u r  a u f  einige, e tw a  m ä n n e rh an d g ro ß e  G eb iete , w obei es in  d er 
R egel gelang, au ch  den  F re m d k ö rp e r zu fin d en . In  10 F ä llen  b e o b a c h te ten  
w ir, d a ß  sich zw ischen dem  N e tzm ag en , d er B auchw and , dem  Z w erchfell u n d  
d er Milz — die sich  infolge der a k u te n  P e rfo ra tio n  v e rk le b te n  — ein u n a n g e 
n eh m  riechendes, d ü n n es, f ib rin ö se itrig es  E x su d a t in  ansehn licher M enge a n sa m 
m elte  (»D iafragm aabszeß«).

I n  56 F ä llen  d ran g  der F re m d k ö rp e r  n a c h  D u rch b o h ru n g  des N e tz 
m agens w eiter u n d  b eschäd ig te  au c h  die L unge (14 ,4% ), das H erz  (1 0 ,0% ), 
die Milz (7 ,9% ) u n d  die L eber (7 ,1 % ). E n d o k a rd itis  w urde  in  einem  F a ll 
b e o b a c h te t. U nseren  A ngaben  u n d  frü h e ren  B eo b ach tu n g en  gem äß  is t  die 
E n d o c a rd itis  u lcerosa  eine ü b erau s se lten  a u ftre te n d e  K o m p lik a tio n  d e r R P P . 
M it H ilfe  b ak te rio log ischer U n te rsu ch u n g en  gelang es uns au ch  in  d iesem  F a ll 
n ic h t, die K ran k h e itse rreg e r nach zu w eisen , sondern  n u r  die S a p ro p h y te n . 
D ies is t  auch  schon  deshalb  in te re s sa n t, weil bei R in d ern  im  F alle  ein iger 
K ra n k h e ite n , z. B . fib rinöse G e len k en tzü n d u n g  bei den  v e rg ese llsch a fte ten  
E n d o k a rd itid e n  o ft eine Corynebacterium-pyogenes-Sepsis fe s tzu s te llen  is t. 
Es g ilt als eine schw ere K o m p lik a tio n , w enn d er F rem d k ö rp e r in  die Milz 
p e rfo rie rt. In  diesen F ä llen  sind in  d e r L eb er häu fig  viele, e rbsengroße A bszesse 
zu b eo b ach ten , die infolge des M ilz trau m as d u rch  die p o rta le  S treu u n g  z u s tan d e  
k am en .

B ei den K o m p lik a tio n en  k o n n te  se lb s tv e rs tän d lich  s te ts  au ch  eine in  
d er R egel a k u te  B au ch fe llen tzü n d u n g  m it versch iedener A u sb re itu n g  b e o b a c h 
t e t  w erden .

Ergebnisse der bakteriologischen Untersuchung

I n  unseren  139 R P P -F ä lle n  w u rd en  bei 125 ergänzende b ak te rio lo g isch e  
U n te rsu ch u n g en  d u rch g efü h rt. B ak te rio log ische  U n te rsu ch u n g en  w u rd en  n u r  
bei je n e n  T ieren  n ic h t u n te rn o m m en , b e i denen  m it H ilfe d er K o ch -P ro b e  ein 
ekele rregender frem d er G eruch w a h rn e h m b a r w ar.

B ei d er B eu rte ilu n g  der F ä lle  w urden  folgende G esich tsp u n k te  v o r 
A ugen  geha lten . Sepsis w urde d ia g n o s tiz ie rt, w enn der K ra n k h e itse rreg e r m in 
d esten s aus einem  E ingew eide u n d  einem  M uskel oder L y m p h k n o ten , oder aus 
einem  d e r O rgane u n d  dem  p a th o lo g isch en  Teil (m eist aus einem  A bszeß) h e r 
au sg ezü ch te t w erden  k o n n te . Es sei b e m e rk t, daß  in  der M ehrzahl d e r F ä lle  die 
K ra n k h e itse rreg e r n u r  aus zwei O rg an en  nachgew iesen w u rd en . K o n n te  d er 
K ra n k h e itse rreg e r n u r  aus zwei E ingew eiden  nachgew iesen w erden , so w u rd e  
d er F a ll (d isk u tie rb a r) n ich t als Sepsis b ew erte t.

D as E rgebn is d e r 125 e rg än zen d en  bak terio log ischen  U n te rsu ch u n g en  
g e s ta lte te  sich wie fo lg t: s teril in  43 F ä llen , p o s itiv  in  82 f  ä llen . D ie V erte ilu n g

Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



4 0 0 FORRAY und  SZÁZADOS

d e r 82 positiven  F ä lle  w a r folgende: Corynebacterium  pyogenes-Sepsis w urde 
bei 27 T ieren , d u rc h  Corynebacterium pyogenes u n d  b e ta -h äm o ly sie ren d e  
S tre p to k o k k e n  g em e in sam  v eru rsach te  Sepsis bei 2 T ie ren , d u rch  C. pyogenes 
u n d  (k o ag u lase-p o sitiv en ) Staphylococcus albus gem einsam  v e ru rsach te  Sepsis 
in  e inem  F a ll w ah rg en o m m en . N ach Cs is z á r  (1964) k ö n n en  sich bei R P P  auch  
versch iedene  a n ae ro b e  K eim e im  O rgan ism us v e rm eh ren . In  unserem  M ateria l 
t r a t  d ie  du rch  a n a e ro b e  K eim e v e ru rsa c h te  Sepsis in  zwei F ällen  auf. E in fach 
h e itsh a lb e r  sei es h ie r  e rw ä h n t, daß  in  d e r M u sk u la tu r  S ap ro p h y ten  in  g roßer 
A n zah l n u r  ein e inziges M al b eo b ach te t w u rd en .

D ie v e te r in ä re n  H an d b ü ch e r (S c h ö n b e r g  u n d  Z ie t z s c h m a n n , 1951; 
Cs is z á r , 1964) w eisen  d a ra u f  h in , d aß  die R P P  au ch  m it Salm onellen-Sepsis 
e inhergehen  k a n n . In  u n se ren  125 erg än zen d en  bak te rio log ischen  U n te rsu c h u n 
gen w ar eine solche S alm o n ellen k o m p lik a tio n  n ic h t e inm al w ah rn eh m b ar.

In  den E in g ew eid en  und  in d er M u sk u la tu r  w u rd en  S a p ro p h y ten  in  
k le in e r  Z ahl bei 15 T ie re n  festgeste llt (m eist a lfah äm o ly sie ren d e  S trep to k o k k en , 
G ram -p o sitiv e  D ip lo - u n d  M ikrokokken). D iese R e su lta te  w urden  d an n  fe s t
g e s te llt, w enn diese K e im e  au f m ehreren  N äh rb ö d en  u n d  aus B ouillons n ach  
24 S tu n d en  bei B lu ta g a r-Ü b e rim p fu n g  h e ra u sg e z ü ch te t w erden  k o n n ten .

D ie K o lo n ien zah l w ar nie hö h er als Ю/O rgan . D ie U m stän d e  sp rechen  
d a fü r , daß  die h e ra u sg e z ü ch te te n  B a k te rie n  aus dem  O rganism us des T ieres 
s ta m m te n  und  n ic h t  d u rc h  k ü n stlich e  K o n ta m in a tio n  au f die N äh rb ö d en  
g e lan g t w aren.

D er N achw eis des C. pyogenes gelang  n u r  aus je  e iner Stelle, u n d  zw ar aus 
d em  v e rk ap se lten  A bszeß  d er B auchhöh le  in  15 F ä llen , aus L eberabszessen in  7, 
aus d e r Lunge in  2, au s  d e r Niere in  2 F ä llen , w äh ren d  aus d er L eber u n d  Milz 
d as  E rgebn is in  je  e in em  F all positiv  w ar. G leichzeitig  aus zwei O rganen (aus 
d e r  L eber und  d e r N ie re  zweim al, aus d e r Milz u n d  d e r N iere ebenfalls zw ei
m al) w urde C. pyogenes  in  4 F ällen  nachgew iesen . A us einem  L eberabszeß  
w u rd en  G ram -p o sitiv e  S trep to k o k k en , aus einem  an d eren  G ram -positive D ip lo 
k o k k e n  g ezüch te t.

A u f G rund  u n s e re r  E rfah ru n g en  s ind  w ir d e r M einung, daß  bei d er e rg ä n 
zen d en  b ak te rio lo g isch en  U n tersu ch u n g  des R P P -M ate ria ls  in  e rs te r L inie m it 
dem  V orkom m en des C. pyogenes zu rech n en  is t.

Im  Z u sam m en h an g  m it der H e ra u sz ü c h tu n g  des C. pyogenes m öch ten  
w ir folgendes b e m e rk e n . F rühere  F a c h a rb e ite n  (O s t e r t a g , 1932; S c h ö n - 
b e r g -Z ie t z s c h m a n n , 1951; St a n d f u s s , 1952) e rw ähnen  dieses B a k te riu m  
n ic h t  als einen be i d e r  bak terio log ischen  F le isch u n te rsu ch u n g  e rw a rtb a ren  
K eim , u n d  auch  d ie  n eu ere  L ite ra tu r  b e fa ß t sich v e rh ä ltn ism äß ig  se lten  m it 
d iesem  K ra n k h e itse rreg e r. U nseres W issens e rw ä h n t n u r  Sm it h  (1966) das 
V orkom m en  von  C. pyogenes  bei R in d e rn , die an  R P P  e rk ra n k t w aren . D ieser 
ü b errasch en d e  U m s ta n d  is t wohl d a ra u f  zu rü ck zu fü h ren , d aß  die frü h eren  
U n te rsu c h u n g sm e th o d e n  die H e rau szü ch tu n g  dieses B ak te riu m s n ic h t erm ög
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lich ten , zum al sich die U n te rsu ch u n g en  in  e rs te r  L in ie  a u f  den  N achw eis d er 
sog. fle ischverg iftenden  K eim e ric h te te n  u n d  zum  N achw eis der sonstigen  
K ran k h e itse rreg e r h ö ch sten s  B ouillons u n d  ein fache A g a r-P la tte  v e rw en d e t 
w u rd en . B ek an n tlich  g e h ö rt das C. pyogenes zu  den  an sp ru ch sv o lle ren  B a k te 
rien  u n d  b e n ö tig t zu  se inem  W ach stu m  u n b ed in g t n a tiv e s  E iw eiß . D ies is t  fü r  
seine A uszü ch tu n g  aus dem  tie risch en  O rganism us in  e rh ö h te m  M aße gü ltig . 
U nseren  E rfah ru n g en  gem äß  k a n n  — be i V erw endung  v o n  B lu ta g a r — d u rc h  
S icherung  von  an ae ro b en  K eim en  die M öglichkeit seines N achw eises (Z ie r d t  
u n d  M ita rb ., 1968) w esen tlich  e rh ö h t w erden , w eshalb  w ir  in  jedem  F a ll die 
h ie r ausfüh rlich  besch rieb en e  anaerobe  A u szü ch tu n g sm e th o d e  an w en d e ten . 
D abei w urde b e o b a c h te t, d aß  bei an ae ro b e r Z ü c h tu n g  d as  C. pyogenes fa s t 
d o p p e lt so große K o lon ien  b ild e t als a u f  dem  gleichen N ä h rb o d e n  u n te r  ae roben  
V erhä ltn issen . D ie Z u v erlässig k e it d er an aero b en  M ethode  w ird  auch  d a d u rc h  
bew iesen, d aß  es uns im  V e rla u f u n se re r U n te rsu ch u n g en , ö fters gelang, aus 
B auchhö lenabszessen , aus n e k ro tis ie rte n  L ebergew eben  a u f  m it an ae ro b e r Me
th o d e  in k u b ie rte n  B lu tp la t te n  m it C. pyogenes zu sam m en  au c h  in  K olon ien  m it 
einem  D urchm esser v o n  0,1 — 0,2 m m , w achsende, u n an g e n e h m  s tin k en d e , gas
p ro d u z ie ren d e, G ram -n eg a tiv e  po lym orphe K eim e h e ra u sz u z ü ch te n . D a  die 
W eite rim p fu n g  se lb st u n te r  S icherung  von  s tren g  an ae ro b en  V erhä ltn issen  n ic h t 
im m er erfo lgreich  w ar, ge lang  die genaue B estim m u n g  ebenfa lls n ic h t. Ü b er 
ähn liche  E rfah ru n g en  b e r ic h te te n  H a u p t  (1964) u n d  F ie v e z  (1965), die g leich
zeitig  m it dem  C. pyogenes  N ekrosebazillen  aus den  E u te rn  an  M astitis  er
k ra n k te r  K ühe h e ra u sz ü c h te te n .

C. pyogenes-S täm m e tie risch en  U rsp rungs v erflü ssig en  das geronnene 
L öffler’sche Serum  u n d  d as  G ela tin , w äh ren d  sie die L akm us-M ilch  gerinnen  
lassen , an säu ern  u n d  das G erinnsel pep to n is ie ren . Sie p ro d u z ie ren  b e ta -H äm o - 
lysin . Sie ag g lu tin ie ren  d ie  ro te n  B lu tk ö rp e rch en  v o n  H a u s tie re n , in  e rs te r  
L inie die der K inder u n d  d e r Schafe ( F o r r a y , 1968).

D ie Rolle von  C. pyogenes in  den  e itrigen  P rozessen  d er H au stie re  is t 
allgem ein b e k a n n t, w obei sie ab e r auch  aus d e r S ch le im h au t, den R ach en m an 
deln , dem  U te ru ssek re t g esu n d er T iere u n d  dem  S perm a v o n  Z u ch ts tie ren  n a c h 
gew iesen w urden . S c h ö n e  (1965) e rk lä r t in  seiner M itte ilu n g , daß  dieses B a k 
te r iu m  ein k ra n k h e ite rreg e n d e r K eim  sei, bei dessen A nw esenhe it das F leisch  
des T ieres fü r den K o n su m  ungee igne t is t.

•

Zusam m enhang zw ischen der endgültigen Fleischbewertung  
und dem pathologisch-anatom ischen Bild

T abelle III  zeig t d ie  endgü ltige  B eu rte ilu n g  des F leisches in  un seren  
F ä llen . W ie ersich tlich , m u ß te  bei 81 T ieren  — v o n  in sg esam t 139 R P P -  
F ä llen  — das F leisch  in  irg en d e in e r F o rm  b e a n s ta n d e t w erd en  (58,3% ). W ie
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Tabelle 2

H ä u fig k e it der pathologisch-anatom isch gruppierten Fälle und deren E in fluß  auf die F leisch 
bewertung

Pathologisch-anatomische G ruppierung der Fälle
Zahl

E ndgültige Fleisch
bew ertung

a b C d e

aku te R P  m it kleiner Ausbreitung (der 
Fremdkörper wurde m eistens gefunden) 25 4 3 2 3 13

aku te R P , »Diaphragma-Abszeß« 10 2 2 2 2 2
R P , ausgebreitete fibrinös-eitrige P 8 3 — 3 2 —

R P , ausgebreitete eitrig-putride P 7 1 1 1 2 2
R P , ausgebreitete subchron. fibrin. P 18 3 — — 3 12
R P , P  m it wechselnder Ausbreitung (chroni

sche), zähe Verwachsungen, eingekapselte  
A bszesse 15 1 1 3 10

R P , akute P, Endocarditis 1 — — 1 — —

der Fremdkörper drang in  die Lunge ein. 
Putrider Abszeß in  der Lunge, ausgebreitete 
P leuritis 7 2 3 1 1

der Fremdkörper drang in die Lunge ein. 
Eingekapselter Abszeß in  der Lunge, fibri
nöse Pleuritis 13 2 2 1 8

der Fremdkörper drang in  das Herz ein. 
Fibrinös-putride Pericarditis, P 14 5 3 1 2 3

der Fremdkörper drang in  die Leber ein, 
A bszeß , P 10 2 1 1 6

der Fremdkörper drang in  die Milz ein. Eitrige 
Gänge in der Milz. M ultiple Abszesse in  der 
Leber, Blutungen in den Nieren, parenchy
m atöse Degeneration 8 8

der Fremdkörper drang in  die Milz ein. Ein- 
gekapselter Abszeß, halb-akute P 3 1 1 — — 1

Insgesam t 139 33 14 15 19 58

Erklärung der A bkürzungen (Tabellen 2 u. 3): R P , R etikulo-P eriton itis; P , P eriton itist 
a , fü r  den Konsum un geeignet (Sepsis); b , für den K onsum  ungeeignet (stinkender Geruch); 
c, geringerer Nähr- und Genußwert (schwacher Geruch); d, nur bedingt zum  K onsum  geeigne; 
(Saprophyten  in der M uskulatur in  geringer Zahl); e, zum  K onsum  unbedingt geeignet

Tabelle 3

Die endgü ltige F leischbew ertung der untersuchten F älle

Zahl

der

0//0

Fälle

a  • 33 23,7%
b 14 10,0%
C 19 13,3%

d 15 10,8%
e 58 41,7%

Insgesam t 139 —

Acta Ve erinaria Academiae Scientiarum Hungaricae 19, 1969



ERFA H RU N G EN  B E I D E R  FLEISCHBESCHAU VON R IN D E R N 4 0 3

aus T abe lle  2 h e rv o rg eh t, die den Z u sam m en h an g  zw ischen dem  p a th o lo g isc h 
an a to m isch en  B ild  u n d  d er en d g ü ltig en  F le isch b eu rte ilu n g  zeig t, is t  be i d er 
B e u rte ilu n g  des F leisches d er R P P -F ä lle  die m akroskop ische  (p a th o lo g isch 
an a to m isch e) F le isch u n te rsu ch u n g  allein  n ic h t genügend ; es is t u n e rläß lich , 
g leichzeitig  auch  bak terio log ische  U n te rsu ch u n g en  u n d  K ochproben  d u rc h z u 
fü h re n . W ir fan d en  n u r  eine p a th o lo g isch -an a to m isch e  G ruppe, deren  V e rh a l
te n  im  L aufe  d e r w eiteren  U n te rsu ch u n g en  e in d eu tig  w ar. B ei den  8 F ä llen  
d er a k u te n  M ilzperfo ra tion  s te llten  w ir m it d er bak te rio lo g isch en  U n te rsu c h u n g  
ausnahm slos C. pyogenes-Sepsis fe s t. In  den  F ä llen , wo die M ilzv erle tzu n g  
ab g ek ap se lt schien , e rgab  die b ak te rio lo g isch e  U n te rsu ch u n g  im  a llgem einen  
gleichfalls ein ungünstig es  R e su lta t: b loß  e iner d e r dre i F älle  erw ies sich  u n b e 
d in g t fü r  den  K o n su m  geeignet, w äh ren d  w ir in  einem  an d eren  F a ll C. pyogenes- 
Sepsis u n d  im  an d eren  F a ll einen  s tin k en d en  G eruch  w ah rn ah m en .

Als w eitere  schw ere K o m p lik a tio n  k a n n  die p u tr id e  P e rik a rd itis , sowie 
d e r p u tr id e  L ungenabszeß  u n d  auch die p u tr id e  P leu ritis  b e tra c h te t  w erd en . 
N u r 4 v o n  den  21 F ä llen  erw iesen sich  als u n e in g esch rän k t fü r  d en  K o n su m  
geeignet, w äh ren d  bei dem  F leisch  v o n  4 T ie ren  eine W ertv e rm in d eru n g  e in 
t r a t .  13 T iere w aren  fü r  den K on su m  u n g ee ig n e t; in  sieben F ä llen  w a r die 
D iagnose C. pyogenes-Sepsis.

M it einem  v e rh ä ltn ism ä ß ig  g ü n stig e ren  E rg eb n is  k an n  m an  bei a k u te n  
N e tzm ag en p erfo ra tio n en , bei su b a k u te n  f ib rin ö sen  B au ch fe llen tzü n d u n g en  
von  g rößerem  U m fang  sowie in  F ä llen  von  ab g ek ap se lten  L ungen- u n d  L e b e r
abszessen  rechnen . In  49 von  den  81 F ä llen  erw ies sich das F le isch  u n e in g e 
s c h rä n k t fü r  den K on su m  geeignet; in  11 F ä llen  w urde  C. pyogenes-Sepsis  d u rc h  
bak terio lo g isch e  U n te rsu ch u n g  fe s tg e s te llt, w as g leichzeitig  auch  d a fü r  zeu g t, 
d aß  b e i R P P  se lb st bei einem  w eniger schw eren  p a th o lo g isch -an a to m isch en  
B ild  die D u rch fü h ru n g  d er bak te rio lo g isch en  U n te rsu ch u n g  u n e rläß lich  is t.

ZUSAM M EN FA SSU NG

B ei 139 an R eticuloperitonitis perforativa erkrankten R indern wurden path olog isch 
anatom ische, und bei 125 von  denen auch bakteriologische U ntersuchungen durchgeführt. 
Es wurde festgestellt, daß auf dem Schlachthof von  Pécs die R eticuloperitonitis perforativa  
im  Laufe von  anderthalb Jahren in  0,32%  von  20 257 gesunderscheinenden Tieren, und in  
9,3%  der notgeschlachteten  645 Tiere auftrat. In 83 (59,7% ) von  139 Fällen vergesellschaftete  
sich eine akute bzw. chronische B auchfellentzündung zur Perforation des N etzm agens, in  56 
F ällen  drang der Frem dkörper weiter vor und schädigte m eistens auch die Lunge (14 ,4), das 
H erz (10% ), die Milz (7,9% ) und die Leber (7,1% ).

A u f Grund der B eobachtungen ist die Durchführung der bakteriologischen F leischunter
suchung auch m it kleinerer Ausbreitung oder bei chronischen Fällen unbedingt begründet. 
M it H ilfe der bakteriologischen U ntersuchung wurde in  49,6%  der Fälle die A nw esenheit des 
Corynebacterium pyogenes festgestellt. C. pyogenes-Sepsis wurde in  27 Fällen d iagnostiziert. 
B ei der pathologisch-anatom ischen und bakteriologischen Beurteilung der 139 Fälle erwies sich  
das F leisch  von  58 R indern uneingeschränkt für den K onsum  geeignet, 19 zeigten einen gerin
geren Nähr- und Genußwert, das F leisch von  15 Tieren wurde nur bedingt zum  K onsum  geeig
net qualifiziert, während sich das F leisch von  47 R indern für den K onsum  ungeeignet erwies.
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In tro d u c tio n

R ecen tly , th e  effect o f a n ti- ly m p h o c y te  serum  (ALS) a n d  th e  m echanism  
o f i ts  im m unosuppressive  a c t iv i ty  have  been  ex tensive ly  d e a lt w ith  in  th e  
lite ra tu re . T here  is ex p e rim en ta l ev idence th a t  ALS as a b io log ica l im m u n o 
suppressive  ag en t is capab le  o f p re v e n tin g  th e  d eve lopm en t o f m a n y  im m u n o 
logical reac tio n s, viz., of te m p o ra r ily  reversing  an  e s tab lish ed  im m u n e  s ta te  
u n d e r  g iven conditions (L e v e y  an d  M e d a w a r , 1967).

The available results ind icate th a t ALS suppresses prim arily the “ delayed-type” 
allergic and “ cell-m ediated”  im m unological reactions. It has been show n to  prevent sensiti
zation , viz .,  to erase im m unological m em ory. It prolongs the survival o f  allografts in the host 
organism s and enables the acceptance o f xenografts. According to our earlier studies (K assai 
et al., 1968) ALS is capable of preventing the developm ent of anti-helm inth im m unity. Y et in 
studies on the m echanism  of its im m unosuppressive activ ity  little  a tten tion  has been paid to 
the ex ten t and m ode of influence o f A LS on im m unological reactions characterized by produc
tion  o f hum oral antibodies.

In this context, exam inations have been carried out on few antigens. I t  was found that 
ALS m ay suppress heterohaem agglutin form ation and m ay prevent the im m une effect of 
Salm onella H  antigen (Monaco et al.,  1966; W o o d r u ff  et al., 1967; J a m es  and An d e r so n , 
1967). In recent studies we have ourselves dealt w ith  suppression o f the developm ent of pri
m ary antitox ic  im m unity by heterologous ALS (R é t h y  and H e g e d ű s , 1969), in  m ice im m un
ized w ith  graded doses o f tetanus toxo id  and challenged by tetanus tox in . H eterologous ALS 
effective ly  inhibited the developm ent o f prim ary im m unity to tetanus. Im m unosuppressive  
treatm ent was effective exclusively in  the early phase of im m unization. Once the antitoxic  
im m unity  had becom e established, no im m unosuppression could be produced by ALS. A sup
posed com petition of antigens betw een ALS and tetanus toxoid as a poten tia l cause of im m u
nosuppression was excluded by experim ental evidence.

R y th e  experim en ts re p o r te d  in  th is  p a p e r we e x ten d ed  o u r o b se rva tions 
concern ing  th e  im m unosuppression  o f h u m o ra l im m u n ity  to  th e  a n tib a c te r ia l 
im m u n ity .

T he follow ing problem s w ere in v es tig a ted :

* Part o f this work was supported by a W H O-Fellowship in the N ational In stitu te  for 
M edical Reseach, London, N .W .7. Mill. H ill. U nited Kingdom.
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1. To w h a t a n  e x te n t  ALS w ould in fluence th e  d ev e lo p m en t of p rim a ry  
a n tib a c te r ia l im m u n ity  i f  im m unosuppression  is in i t ia te d  p rio r  to  th e  a d m in 
is tra t io n  of an tig e n , v iz ., in  th e  phase  w hen  no  c o n ta c t has y e t occurred  
b e tw een  an tigen  a n d  im m u n o co m p e ten t cells.

2. To w h a t an  e x te n t ALS w ould ex h ib it im m u n o su p p ressiv e  a c tiv ity  
in  th e  induc tive  a n d /o r  p ro d u c tiv e  phases of im m u n ity , t h a t  is, in  th e  phase  
w h en  th e  an tigen  h as  a lre a d y  p rim ed  th e  im m u n o co m p e ten t cells.

(a) Im m u n o su p p ressiv e  a c tiv ity  of ALS w as ex am in ed  in  th e  in d u c tiv e  
p h ase  of im m u n ity  w h en  h u m o ra l an tibod ies h ad  n o t  y e t  ap p eared , an d

(b) w hen h u m o ra l an tib o d ies  w ere likely  to  be  p re se n t in  th e  c ircu la tion , 
v iz ., in  th e  p ro d u c tiv e  p h ase  of im m u n ity .

3. T aking  in to  co n sid e ra tio n  th a t  ALS per se m a y  a c t as an  an tig en  
(L ance and  D r e sse r , 1968), th e  ev en tu a l role o f co m p e titio n  of an tigens in  
th e  im m unosu p p ressiv e  ac tio n  o f ALS was also ex am in ed  (R éthy  et al., 1967).

In  our m odel ex p e rim en ts  a lu m in iu m h y d ro x id e -ad so rb ed  swine e rysipe
las vaccine was u sed  as an tig en . T he an tig en  in c o rp o ra te d  in  th e  vaccine con
ta in s  b o th  b a c illa ry  an d  h ap ten -p ro te in -co m p lex  ty p e  com ponen ts (Tr aub , 
1947; 1948; D é d ié , 1948; Gelenczei, 1955). T h e  m ouse  im m u n iza tio n  m odel 
w as used  as, on th e  an a lo g y  of a n tite ta n u s  im m u n ity  , i t  enables a good assess
m e n t of th e  degree o f  p ro tec tio n .

M aterials and  m ethods

1. Test antigen

E rysipelo thrix rhusiopatliiae  s tra in  was c u ltiv a te d  on  a 10%  horse serum - 
co n ta in in g  m ed iu m  fo r 48 hours. T he cu ltu re  w as ad so rb ed  on 10 m g A l(O H )3 
gel/m l and  0.4 w /v  p . c. o f fo rm alin  was ad d ed  fo r k illin g  an d  d e to x ica tin g  th e  
c u ltu re  (Gelenczei, 1955).

2. A ctive im m uniza tion

Mouse g roups se lec ted  a t  ran d o m  w ere im m u n ized  on one occasion w ith
0.2 m l in d iv idua l doses o f tw ofold  serial d ilu tions o f th e  vaccine.

3. Challenge

Two weeks a f te r  im m u n iza tio n  th e  ex p e rim en ta l an im als  were challenged  
each  w ith  100 000 live  v iru le n t E . rhusiopathiae  germ s. (The challenge dose 
co rresponded  to  10s M LD  p er m ouse 1 M LD ~  1 germ .)

4. Preparation o f  A L S

Thym uses o f m ale  m ice w eighing 8—10 g, w ere rem o v ed  a fte r ex san g u i
n a tio n  b y  d e c a p ita tio n , an d  hom ogenized. T he h o m o g en a te , w hich beside
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th y m o cy te s  co n ta in ed  also tissue debris , w as suspended  in  H a n k s ’ so lu tio n , 
an d  coarse tissu e  rem n an ts  w ere rem oved  b y  sed im e n ta tio n . L ive th y m o c y te s  
w ere adso rbed  on to  a lum in ium  p h o sp h a te  gel. T h is a d ju v a n t-c o n ta in in g  a n t i 
gen w as used to  im m unize  ra b b its  on tw o occasions a t  a 2-w eek in te rv a l. T h e  
single dose co n ta in ed  3 • 108 th y m o cy te s  p e r  1 kg  bo d y  w eigh t. On th e  7 th  
d a y  a fte r  th e  la s t im m u n iza tio n  th e  ra b b its  w ere b led -o u t an d  th e  pooled se ra  
w ere k e p t in deep-freeze u n til  use, w ith o u t in a c tiv a tio n .

5. E xam ina tion  o f  the effects o f  A L S

In  vitro methods

1. D e te rm in a tio n  of th e  ly m p h o c y te -a g g lu tin a tin g  cap ac ity  of A L S ;
2. D e te rm in a tio n  o f ly m p h o cy to to x ic  effect of A LS in c a tiv a te d  a t  56° C. As 
com plem ent, n o rm a l r a b b it  serum  w as ad d ed  to  th e  system  (Amos an d  P e a - 
cocke, 1963; Gray  et al., 1966). 3. D e te rm in a tio n  o f h e te ro liaem ag g lu tin in  
(an tim ouse) t i t r e  o f ALS.

In  vivo methods

1. E xam in a tio n  o f  graft protective effect. T ail-sk in  pa rtic le s  from  CBA 
fem ale mice w ere tra n sp la n te d  to  ran d o m -b red  Swiss fem ale m ice w eighing  
1 8 —20 g, in N e m b u ta l narcosis accord ing  to  th e  s ta n d a rd  m ethod  o f 
Medaw ar ’s school (B illingham  and  Med a w a r , 1951). T he g rafts  w ere 
fix ed  for 9 d ays b y  gyps-bandages. A fte r rem o v al of th e  bandages, th e  
cond itio n  of th e  CBA ta il  g ra fts  w as checked  da ily . T he m edium  su rv iv a l 
tim e  (MST) of CBA g rafts  w as ca lcu la ted  an d  the  g ra ft-p ro te c tin g  a c tiv ity  
o f A LS was expressed  b y  th is  te rm .

As a con tro l, g ra fted  mice were t re a te d  w ith  n o rm al ra b b it  serum  (N R S ) 
on th e  sam e schedu le  as th e  ex p erim en ta l m ice w ith  A LS. A n o th er co n tro l 
g roup  consisted  o f g ra fted  m ice given no  im m unosu p p ressiv e  tre a tm e n t w h a t
ever.

2. Innocuity-test. P rio r to  ap p lica tio n , A LS w as assayed  for to x ic ity . 
Mice w eighing 16 — 18 g were in jec ted  on 5 occasions a t  2 -d ay  in te rv a ls  w ith
0.5 m l in d iv id u a l doses of th e  serum . T his dose w as 2.5fold th a t  used in  th e  
im m unosuppression  ex p erim en t. T he m ice w ere exam ined  d a ily  and  th e ir  
w eights were m easu red .

Im m unosuppression  o f  the effect o f  sw ine erysipelas vaccine. T he schedule  
of th e  ex p erim en t is s h o w n in T a b le l .T re a tm e n t w ith  ALS in re la tio n  to  a d m in 
is tra tio n  of th e  te s t  an tig en  was m ade a t  th e  fo llow ing tim es:

1. On th e  5 th  an d  2nd days (—5, —2 d ay ) p reced ing  im m u n iza tio n  w ith  
th e  vaccine;

2. on th e  2nd  an d  5 th  days ( + 2 ,  + 6  day ) follow ing im m u n iza tio n ;
3. on th e  1 0 th  an d  12th  days (-(-10, + 1 2  day ) follow ing im m u n iza tio n .
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Table I

Scheme o f  experim ents

Experim ental groups Days of tre a tm en t before and after im munization

N um 
ber Designation - 5 - 2 0* +  2 +  5 +  10 +  12 +  14

l Control — imm. — — — — Challenge
2 ALS, - 5 ,  - 2 ALS ALS imm. — — — — Challenge
3 NRS, —5, —2 NRS NRS imm. — — — — Challenge
4 ALS, + 2 , + 5 — — imm. ALS ALS — — Challenge
5 NRS, + 2 , + 5 — — imm. NRS NRS — — Challenge
6 ALS, + 1 0 ,+  12 — — imm. — ALS ALS Challenge

ALS, antilym phocyte serum , single dose 0.5 ml; N R S, norm al rabbit serum , single 
dose 0.5 m l; im m ., im m unization  w ith swine erysipelas vaccine; Challenge dose =  105 viru lent 
E. rhusiopathiae  organism s; *, day o f im m unization , regarded as “ 0-day”  o f the experim ent

Controls

1. O ne con tro l g roup  was im m u n ized  exclusively  w ith  sw ine erysipelas 
vacc in e  fo r d e te rm in in g  th e  p ro tec tiv e  v a lu e  of vaccine.

2. G roups o f m ice w ere tre a te d  w ith  N R S  on th e  an a lo g y  o f A LS t r e a t 
m e n t, to  check th e  supposed  co m p e titio n  of an tigens.

Dosage

T he in d iv id u a l dose o f all d ilu tio n s  o f swine erysipelas vaccine  w as u n i
fo rm ly  0.2 m l.

2. T he single doses o f ALS an d  N R S  w ere u n ifo rm ly  0.5 m l.

6. E va lua tion  o f  results

T he P D 50 va lues (50%  p ro te c tiv e  doses) were ca lcu la ted  for each  group 
an d  com pared  to  P D S0 v a lues of th e  g ro u p s given d iffe ren t t re a tm e n ts . T he 
re la tiv e  p o ten cy  (R P ) of th e  in d iv id u a l cond itions o f ex p erim en t w as d e te r 
m in ed  b y  com paring  th e  P D 50-values o f  in d iv id u a l g roups to  th e  P D 50-value 
o f u n tre a te d  co n tro l (P  J uhász, 1968).

F o r m a th e m a tic a l-s ta tis tic a l an a ly sis  th e  “ t ”  te s t w as ap p lied . In  ad d i
tio n , fo r ce rta in  resu lts  95%  fid u c ia l lim its  were de te rm in ed .

R esu lts

T he resu lts  of in  vitro  and  in  vivo  ex am in a tio n s of th e  r a b b it  an ti-m o u se  
A LS used  to  suppress a n tib a c te r ia l im m u n ity  an d  of th e  co n tro l N R S  are  
su m m arized  in  T ab le  I I .
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ft
Table II

In  vitro and in vivo  exam inations of the ALS used in  the experim ents

Tested for
Test results

ALS* NRS* Control

Lym phoagglutination 1 : 6 4 +  + neg. □
Cytotoxicity 1 : 6 4 +  + neg. □
Agglutination of mouse red blood cells 1 : 4 + + ' neg. □
[+ | Innocuity neg. neg. □
Graft protection; MST, days 27.5 11.6 11.3**

* 2 x 0 .5  ml dose on days -|-2  and + 5 ;  [ + J  dose for innocu ity  tests  5 x 0 .5  m l at 2-day  
intervals;

** no im m unosuppressive trea tm en t was made; [П not exam ined; MST, m edium  survival 
tim e.

As show n in T ab le  I I ,  b o th  th e  ly m p h o ag g lu tin a tin g  effect an d  lym pho- 
cy to to x ic  effect of ALS w as d em o n strab le  up  to  th e  1 : 64 d ilu tio n .

T he ra b b it  an ti-m o u se  A LS ag g lu tin a ted  m ouse re d  b lood  cells in  1 : 4 
d ilu tio n .

W ith  N R S , no ly m p h o a g g lu tin a tin g , ly m p h o cy to to x ic  or h aem agg lu ti- 
n a tin g  an tib o d ies  were fo u n d .

Fig. 1. In  vivo graft-protective effect o f the heterologous anti-m ouse ALS. Survival %, per 
cent survival o f grafts on hosts; days, tim es of im m unological graft rejection; K, untreated  
controls; N R S, grafted host treated w ith  norm al rabbit serum; ALS, grafted host treated w ith

antilym phocyte serum
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T h e  resu lts  of in n o c u ity  te s ts  on m ice w ere also fa v o u ra b le : ALS p roved  
n o n to x ic  fo r mice. T he re su lts  o f in  vivo ex p erim en ts  are  show n also in  Fig. 1 to  
i l lu s tra te  th e  dynam ics o f  g ra f t re jec tio n .

C om paring  th e  d a ta  in  T ab le  I  an d  F ig . 1, i t  ap p ea rs  obvious th a t  th e  
su rv iv a l o f CBA g rafts  on  Swiss m ice w as n o ta b ly  p ro longed  b y  A L S -trea t- 
m e n t. I n  A L S -trea ted  h o s ts , th e  m ed ium  su rv iv a l tim e  (MST) o f g rafts  was
27.5 d ay s  as com pared  to  th e  11.3 and  11.6 days in  th e  u n tre a te d  and  N R S- 
t r e a te d  contro ls, re sp ec tiv e ly .

Table III

Suppression of the im m une effect o f adsorbed sw ine erysipelas vaccine b y  heterologous ALS

N um 
ber

Imm unosuppressive
tre a tm en t Po tency  of adsorbed swine erysipelas vaccine

Agent Days* PD S0 ml 95% fiducial lim its 
of R P

R P

l — — 0.010 0 .0 0 7 -0 .0 1 5 l
2 ALS — 5, — 2 0.333 0.295—0.365 0.03

3 NRS — 5 , - 2 0.019 0.008— 0.044 0.53
4 ALS +  2, +  5 0.024 0.011— 0.039 0.42
5 NRS +  2, —j— 5 0.008 0.004— 0.015 1.25

6 ALS +  ]0 , +  12 0.010 0.008— 0.013 1

* Related to day o f im m unization; ALS, antilym phocyte serum ; N R S, normal rabbit 
serum

F ig . 1 clearly show s th a t  th e  dynam ics of g ra ft re jec tio n  w as th e  sam e in  
th e  u n tre a te d  (K) an d  N R S -tre a te d  (N R S) con tro ls. R e jec tio n  s ta r te d  on th e  
9 th , respective ly , 1 0 th  d a y , an d  was com pleted  b y  th e  1 4 th  d ay .

F ig . 1 also reveals  t h a t  all g ra fts  p ro te c te d  w ith  hetero logous ALS have 
su rv iv e d  th e  m ax im u m  su rv iv a l tim e  o f u n p ro te c te d  g ra fts . In  th e  p ro tec ted  
g ro u p , g ra ft re jec tion  s ta r te d  b y  th e  17 th  d a y  an d  w as com ple ted  b y  th e  35 th  
d a y . A lso, i t  appears t h a t  th e  re jec tion  phase  of th e  A L S -p ro tec ted  g rafts  
d is tr ib u te d  un ifo rm ly  b efo re  and  a fte r  th e  MST (27.5 days).

U sing th e  A LS ch a ra c te riz e d  b y  th e  above o u tlin ed  p a ra m e te rs  to  su p 
p re s sp r im a ry  im m u n ity  conferred  b y  sw ine erysipelas v accine , th e  following 
re su lts  were o b ta in ed  (see T ab le  I I I ) .

1. The con tro l g ro u p  was given exclusively  sw ine erysipelas vaccine. 
0.010 m l of th is  vacc ine  p ro te c te d  50%  of th e  im m unized  m ice ag a in st challenge 
w ith  a suspension o f  v iru le n t E . rhusiopathiae  o rganism s eq u iv a len t to  105 
M LD  (P D 50 =  0.010 m l; R P  =  1.00).
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2. A pply ing  th e  A LS on days — 5 a n d  —2 th e  vacc in e ’s P D ,n rose to  
0.333 m l. R P  =  0.03.

3. A pply ing  A L S on days -j-2 a n d  + 5  th e  P D 50 v a lu e  of th e  E . rhusio- 
pa th iae  vaccine rose to  0.024, R P  =  0.42.

4 . Im m u n o su p p ressiv e  t r e a tm e n t  w ith  A LS on  day s — 10 a n d  + 1 2  w as 
ineffec tive  as re la te d  to  th e  efficacy  o f  th e  u n tre a te d  con tro l (P D .n =  0.010 
m l; R P  =  1.00).

5. Im m u n ity  to  E . rhusiopathiae  o f co n tro ls  tre a te d  w ith  N R S  on th e  
an a lo g y  of A LS, to  check  a possible a n tig en ic  co m p e titio n , developed  in  th e  
follow ing w ay.

(a) P re im m u n iz a tio n  tre a tm e n t w ith  N R S  on day s —5 an d  —2 decreased  
th e  R P  of th e  vacc in e  to  0.53 (P D 50 =  0.019).

(b) N R S ap p lied  sh o rtly  a f te r  im m u n iz a tio n  (days + 2  an d  + 5 )  “ in 
c reased ”  th e  im m unogen ic  effect o f  th e  vacc in e  b y  25%  (P D 5() =  0.008; 
R P  =  1.25). D a ta  o b ta in e d  b y  m a th e m a tic a l-s ta tis t ic a l  analysis  o f th e  d iffe r
ences betw een  th e  P D 50 values are sh o w n  in  T ab le  IV .

T he resu lts  a re  p resen ted  sc h em a tica lly  in  F ig . 2. C om paring  th e  g ra p h i
cally  p lo tte d  d a ta  to  th o se  show n in  T ab les  I I I  an d  IV , th e  follow ing con c lu 
sions w ere draw n.

1. U nder th e  g iv en  conditions o f  e x p e rim en t, A LS red u ced  th e  p o te n c y  
o f sw ine erysipelas vacc in e  exclusively  in  th e  cases w hen  i t  w as app lied  sh o rtly  
befo re , or a f te r  im m u n iza tio n . In  th e  cases w hen  im m unosuppressive  t r e a tm e n t  
w as s ta r te d  on th e  10th  p o s tim m u n iza tio n  d a y , no  im m u nosuppression  to o k  
p lace. (P %  A L S +25 —> C ontrol <( 0 .1 ; A L S+10 + 12 —> C ontro l =  hom ogeneous 
d a ta  !)

2. A s ta tis tic a lly  sign ifican t d ecrease  w as observed  in  th e  im m u n e  effect 
o f E . rhusiopathiae  v acc ine  w hen N R S  w as ad m in is te red  — on th e  an a lo g y  
o f  A LS tre a tm e n t — p rio r  to  im m u n iz a tio n , i.e., on day s —5 an d  —2, as con
tro l o f  hetero logous se ru m -an tig en  in  su p p o sed  co m p etitio n  o f an tig en s (P %  
N R S _5 _2 —* C ontro l, <[ 0.1).

T h e  im m u n iza tio n  followed b y  N R S  in jec tio n s  (days + 2  an d  + 5 )  
show ed s ligh tly  “ in c rea sed ”  p o ten cy  as co m p ared  to  th a t  in  th e  u n tre a te d  
c o n tro l g roup  (R P  =  1.25). T hough  th is  in crease  in  th e  effectiveness w as 
fo u n d  s ta tis tic a lly  h a rd ly  s ign ifican t, th e  ph en o m en o n  needs fu r th e r  in v e s ti
g a tio n s  (P %  N R S + 2+5 —► Control, 2 .0).

3. C onsidering t h a t  th e  re su lts  do n o t  exclude  th a t  also N R S  ch an g ed  
th e  im m u n e  effect o f  sw ine erysipelas vacc in e  on b o th  pre- an d  p o s tim m u n iz a 
tio n  tre a tm e n ts  th e  im m u n ity -a ffec tin g  effects of A LS an d  N R S  ap p lied  a t  
th e  sam e phase o f im m u n iza tio n  w ere s ta t is t ic a lly  analyzed .

A LS app lied  p r io r  to  im m u n iza tio n  decreased  th e  p o ten cy  of th e  vacc ine  
33 tim es , while N R S  app lied  a t  th e  sam e  p o in t of tim e  b y  o n ly  1.9 tim es , as 
re la te d  to  th e  u n tre a te d  controls. T h is  im plies th a t  a t  th a t  p o in t o f tim e , A LS
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Table IV

M athem atical-statistical analysis* o f differences betw een experim ental results

Control
ALS 

- 5 ,  - 2
NRS 

- 5 ,  - 2
ALS 

+ 2 , + 5
NRS 

+  2, + 5

Control

ALS, - 5 , - 2  

N R S, — 5, — 2 

ALS, + 2 ,  + 5

< 0 .0 1

< 0 .1

< 0 .1

< 0 .0 1

< 0 .0 1 h o m o g .

NRS, + 2 ,  + 5 2.0 < 0 .0 1 < 0 .1 < 0 .1 —
ALS, + 1 0 ,  + 1 2 h o m o g . < 0 .0 1 < 0 .1 < 0 .1 2.0

* The figures represent P%  values

e x h ib ite d  an  a p p ro x im a te ly  15 tim es  h ig h er degree of im m u n o su p p ressio n  
th a n  N R S  (P %  A L S _ 6_2 -  N R S _ s _2 <  0 .01).

A LS ap p lied  on  d ays + 2  a n d  + 5  red u ced  th e  im m u n ity  con ferred  b y  
th e  vacc ine  to  a b o u t one half, as co m p ared  to  th e  im m u n ity -d eg ree  o f  u n tre a te d  
c o n tro ls . This d ifference was s ta tis t ic a lly  sig n ifican t, as o u tlin ed  above. N R S  
a p p lie d  a t  th e  sam e tim e  p roduced  an  “ in c rease”  o f th e  im m unogen ic  effect.

Fig. 2. Suppression o f prim ary im m une response to sw ine erysipelas vaccine by heterologous 
A L S in  the m ouse im m unization m odel. 1 control group treated exclusively  w ith  
sw ine erysipelas vaccine; 2, ALS given  on days — 5 and — 2; 3, N R S given  on days 
— 5 and — 2; 4, ALS g iven  on days + 2  and + 5 ;  5, N R S given  on days + 2  and + 5 ;  
6, A L S given on days + 1 0  and + 1 2 ;  R P , relative potency related to control

(group 1)
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C onsidering t h a t  th e  effect o f  A L S  w as im m u n o su p p ressiv e , w hereas 
t h a t  o f N RS “ en h a n c e d ”  im m unity , t h e  d ifference be tw een  th e  tw o re su lts  is 
re g a rd e d  s ta tis tic a lly  sigificant. T h is is in d ica ted  also b y  th e  s ta tis tic a l d a ta ,  
i . e . ,  A L S+2j + 5 —* n r s +2>+5 P% <  o . l .

D iscussion

T h e resu lts  o b ta in e d  in th e  p r e s e n t  experim en ts p e rm it th e  fo llow ing 
conclusions.

1. A LS s ig n ifican tly  reduced th e  p r im a ry  im m u n ity  conferred  b y  sw ine 
erysipelas vaccine, w h en  applied s h o r t ly  before  or sh o rtly  a fte r  im m u n iza tio n .

2 . A LS was fo u n d  ineffective w h e n  th e  im m unosuppressive  t r e a tm e n t  
w as s ta r te d  on th e  10t h  p o stim m u n iza tio n  day .

3. A lthough  in  th e  presen t e x p e rim e n ts  th e  co m p e titiv e  ac tion  o f h e te ro 
logous serum  p ro te in  cam e to  effect d u r in g  p re im m u n iza tio n  tre a tm e n t ,  its  
p r im a ry  ro le in  im m unosuppression  c o u ld  be excluded  w ith  g rea t c e r ta in ty .

In  o u r m odel experim en ts a im ed  a t  th e  suppression  of th e  d ev e lo p m en t 
o f p r im a ry  a n tib a c te r ia l  im m unity  b y  A L S, th e  serum  w as app lied  a t  tim es  
w hen

(a) th e  b a c te r ia l an d  h a p te n -p ro te in  com plex an tig en  h a d  n o t  y e t  co n 
ta c te d  th e  im m u n o co m p e ten t cells, t h a t  is , on th e  5 th  an d  2nd  p re im m u n iza tio n  
d ay s;

(b) p a r t  o f th e  adso rbed  an tig en  co m p lex  m ay  h av e  en te red  im m unolog- 
ica lly  co m p e ten t cells, b u t  d e m o n s tra b le  a n tib o d y  p ro d u c tio n  h ad  s ta r te d  
h a rd ly  o r n o t a t  all, t h a t  is, on th e  2 n d  a n d  5 th  p o stim m u n iza tio n  d ay s;

(c) a n tib o d y  p ro d u c tio n  m ay h a v e  becom e m an ifest, th a t  is, on th e  10th  
an d  12t h  p o stim m u n iza tio n  days.

In  a recen t p a p e r  on the  effect o f  A L S on p rim a ry  im m u n ity  to  te ta n u s  
we h a v e  expressed  th e  view  th a t  th e  im m u n o su p p ressiv e  ac tio n  o f A LS g iven  
in  th e  p re im m u n iza tio n  phase m igh t h a v e  been  due to  te m p o ra ry  re d u c tio n  in  
th e  n u m b e r, o r a t  le a s t certain  “ b lin d fo ld in g ”  of im m u n o co m p e ten t cells 
w hich  la rge ly  in h ib ite d  e ither th e  ta k in g  o f th e  an tig en  or th e  tra n s fe r  o f 
in fo rm a tio n  (L e v e y  a n d  M e d a w a r , 196 7 ; J a m e s , 1967). I f  th e  A LS is g iven  
a fte r  th e  co n tac t b e tw een  antigen a n d  im m u n o co m p eten t cells has ta k e n  
p lace , th e  degree o f  im m u nosuppression  w ill a lread y  d ep en d  on th e  a m o u n t of 
c ircu la tin g  an tibod ies ( R e t r y  and  H e g e d ű s , 1969).

S tud ies on su p pression  w ith  A L S  o f  p rim a ry  im m u n e  response to  sw ine 
erysipelas vaccine a p p e a r  to  confirm  th i s  v iew . In  im m u nosuppression  e x p e ri
m en ts  w ith  te ta n u s  to x o id , co rre la tion  b e tw een  th e  tim in g  o f ALS tr e a tm e n t  
an d  th e  degree of im m unosuppression  w a s  less p ronounced  th a n  in  th e  p re se n t 
ex p e rim en ts . The in h ib itio n  of th e  d e v e lo p m e n t of a n tito x ic  im m u n ity  w as o f 
a p p ro x im a te ly  th e  sam e  degree w h e th e r A L S  w as given sh o rtly  before or sh o rtly

6 * Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969



414 R É T H Y  and  PA D Á N Y I

a f te r  im m u n iza tio n . I n  c o n tra s t, in  th e  p re se n t stu d ies , ALS p roduced  a sign if
ic a n t ly  h igher im m u n o su p p ressio n  w hen  ap p lied  sh o rtly  before  th a n  sh o rtly  
a f te r  im m u n iza tio n . So fa r  no feasib le e x p la n a tio n  has been  found  fo r th is  
p h en o m en o n . I t  m a y  h a v e  been due to  h ig h e r  im m u n o su p p ressiv e  a c tiv ity  o f  
“ a v id i ty ”  of A LS as com pared  to  th e  A L S -p re p a ra tio n  used  in  th e  te ta n u s  
to x o id  experim en ts. B ased  on our ow n experience  on th e  biological “ h a lf  
life”  o f  hetero logous A L S , concern ing  its  in  vivo  g ra f t-p ro te c tin g  ac tion , th e  
b a tc h  used in  th e  p re s e n t  stud ies m ay  h a v e  h a d  an  im m unosuppressive  a c t iv 
i t y  ap p ro x im a te ly  5 0 %  higher th a n  t h a t  u sed  in  th e  p rev io u s ex p erim en ts  
( R é t h y  et al. 1959).

L ike in  th e  p re v io u s  ex p erim en ts , A LS app lied  in  th e  p ro d u c tiv e  p h a se  
d a y s  (+ 10  and  + 12) o f  a n tib a c te r ia l im m u n e  response failed  to  produce  im m u 
n osuppression . F o r  th is  phenom enon  w e p ro p o se  th e  sam e ex p lan a tio n  as in  
th e  case of te ta n u s  to x o id ; th e  p ro d u c tiv e  ph ase  of th e  im m u n e  process is 
ch a ra c te riz e d  n o t so m u c h  b y  cellu lar fu n c tio n  as b y  th e  a m o u n t of a c tu a lly  
c irc u la tin g  an tib o d ie s . T h u s, th e  la te  A L S effec t, th o u g h  p ro b a b ly  in flu en c in g  
th e  im m u n o co m p e ten t cells, can  p re su m a b ly  n o t  reduce  th e  level o f an tib o d ie s  
a lre a d y  in  c ircu la tio n .

In  th e  e x p e rim e n ta l system  u sed , also  a sign ifican t h e te ro p ro te in  (a n t i 
gen) effect of ALS h a s  been  d e m o n s tra te d , m an ifestin g  its e lf  u n d e r th e  g iven  
co n d itio n s b y  c o m p e titio n  of an tigens. N R S  ad m in is te red  p rio r  to  im m u n iza 
tio n  w ith  swine e ry s ip e las  vaccine s ig n if ic a n tly  reduced  th e  im m une  effec t. 
Y e t  th is  p h enom enon  m u s t n o t be co n sid ered  th e  exclusive cause of im m u n o 
su p p ression , as N R S  red u ced  th e  im m u n e  e ffec t to  only  one-half, w hile ALS d id  
30fo ld . D ifference w as sign ifican t also b e tw een  th e  ac tio n s of ALS an d  N R S  
a p p lie d  im m ed ia te ly  a f te r  im m u n iza tio n . I n  th is  phase , A LS decreased  th e  
im m u n e  effect to  one  h a lf , w hereas N R S  “ in c rea sed ”  i t .  A closer s tu d y  of th is  
p h en o m en o n  rem ain s to  be carried  o u t.

In  th e  p re se n t s tu d ie s  on su ppression  o f  a n tib a c te r ia l im m u n ity  b y  A L S , 
n o  com ple te  in h ib itio n  w as observed in  a n y  case. T his m ay  he  ex p la inab le  b y  
th e  pro longed a b so rp tio n  of th e  a d so rb ed  an tig e n , w hich m a y  have s till co n 
t in u e d  in  th e  p h ase  w h en  p a r t  of th e  im m u n o c o m p e te n t cells m ay  h av e  b e e n  
re leased  from  su p p ress io n  and /o r new  cells m ay  h av e  en te red  th e  c ircu la tio n  
w h ere  th e y  were no lo n g e r accessible to  th e  im m u n o su p p ressiv e  ac tion  of A L S .

SUM M ARY

The effect of heterologous anti-lym phocyte serum  (ALS) on the developm ent of active  
prim ary antibacterial im m u n ity  was exam ined on m ice prim ed w ith  graded doses o f a lum ini
um -hydroxide-adsorbed sw ine erysipelas vaccine and challenged w ith  105 MLD of a v iru len t 
E. rhusiopathiae strain. The following observations were m ade.

1. The heterologous ALS effectively suppressed the developm ent of primary im m unity  
to  sw ine erysipelas.

2. E ffective im m unosuppression was produced exclusively  by ALS applied in  the early  
phase of the primary im m une process. S ign ificantly  higher degree o f im m unosuppression w as  
obta ined  if ALS was g iven  in  the preim m unization phase than  if  it  was applied after the vaccine.
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3. ALS failed to  exert im m unosuppressive a c tiv ity  when applied in the produ ctive  
phase o f immune response.

4. E xam inations o f  the role o f th e  heterologous protein-antigen nature o f A L S in  
im m unosuppression have shown that in th e  experim ental system  used the heteroprotein part 
of ALS interfered w ith  the effect o f the te s t  antigen. B u t th is “ com petition of antigens”  did  
not notab ly  alter the specific  im m unosuppressive action o f ALS.
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EFFECT OF PMS GONADOTROPIC HORMONE ON 
THE REPRODUCTIVE ORGANS OF LAYERS IN THE 

PHASE OF REPRODUCTIVE INACTIVITY
U P T A K E  OF O X Y G E N  AND G LU C O SE , A N D  R E L E A SE  OF LACTIC ACID  

B Y  OVARY, M AG NUM  A N D  U T E R U S

B y

A . K e m é n y , É v a  F o d o r  and G y . L e n c s é s

D ept, o f  Physiology (D irector: Prof. A. K e m é n y ), U niversity  o f Veterinary M edicine, B ud apest

(Received F eb ru ary  24, 1969)

L ittle  is known on  the metabolic processes o f  the avian oviduct. Exam ining the m etab
olism  o f the album en-producing magnum and the egg-shell-producing uterus, B r o w n  and  
B a d m a n  (1962) and M i s r a  and K e m é n y  (1964) have found a greater respiration rate in  the  
latter.

T h e re lev an t exam ina tions w ere  ca rr ied  o u t on th e  ov iducts o f hen s in  
v a rio u s phases of th e  egg p ro duc tion  cycle . To o b ta in  fu r th e r  in fo rm a tio n  on 
th e  re la tio n sh ip  b e tw een  th e  s tru c tu ra l  d iffe ren tia tio n  of th e  o v id u c t a n d  th e  
re la te d  m etabo lic  processes it  seem ed  w orthw hile  to  e x ten d  ou r s tu d ie s  to  
tissu es  o f hens in  th e  p h ase  of re p ro d u c tiv e  in a c tiv ity  w hich h ad  been  tr e a te d  
w ith  g o nado trop ic  horm one.

T h e  hens w ere t re a te d  th ro u g h o u t w ith  th e  p re g n a n t m are serum  g o n a 
d o tro p in  (PM SG) “ G e s ty l” . The e x p e r im e n ts  were u n d e rta k e n  to  c la rify

(1) how  th e  a tr e t ic  ovaries a n d  o v id u c ts  o f a d u lt hens in  th e  p h ase  o f 
re p ro d u c tiv e  in a c tiv i ty  would re sp o n d  to  a one-w eek in ten siv e  h o rm o n a l 
t r e a tm e n t an d  w h a t changes the  t r e a tm e n t  w ould effect in  th em  a fte r  an  in te r 
v a l o f  one w eek;

(2) how  th e  u p ta k e  of oxygen a n d  glucose, an d  th e  p ro d u c tio n  o f la c tic  
acid  b y  th e  fo llicu lar w all, m agnum  a n d  u te ru s  w ould v a ry  a t  in d iv id u a l a n d  
g roup  level.

M ethods

H e a lth y  tw o -y ear-o ld  hens o f 2 .5  k g  average w eigh t, w ith  re p ro d u c tiv e  
in a c tiv ity , were se lec ted  from  the  la y e r  flo c k  G-56 of th e  Sm all A nim al R esea rch  
In s t i tu te ,*  Gödöllő. T h e  b irds were o b se rv e d  for 8 —10 d ay s a fte r  t r a n s p o r ta 
tio n  to  th e  la b o ra to ry . B o th  the  e x p e r im e n ta l an d  con tro l g roups w ere k e p t  
u n d e r  s ta n d a rd iz e d  conditions. I l lu m in a tio n : n a tu ra l lig h t; te m p e ra tu re :

* The help of the In stitu te ’s D irectorial Board and personally o f Dr. J . G u o t h , Chief 
Veterinary Officer, in obtain ing the appropriate birds is truly appreciated.
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15 — 17° C; a ir h u m id ity :  60—70% ; v e n tila tio n : fa n ; floor space d en sity : 5 
b ird s /sq u a re  m e te r. T h e  hens received g ra n u la te d  ra ising  feed (E rő ta k a rm án y - 
g y á r, B u d ap est) in  feed in g  tro u g h s, an d  self-d isposed  d rin k in g  w a te r  su p p ly .

Preparation and  surgery

I n  N em b u ta l n a rco sis , a 2—3 cm long  tra n sv e rsa l incision  w as m ade on  
th e  le f t side of th e  a b d o m in a l wall, 4 —5 cm  d is ta n t  to  th e  m id line. The in a c 
t iv i ty  o f th e  re p ro d u c tiv e  organs was checked  b y  d irec t p a lp a tio n  in  th e  
ex p o sed  ab d o m in a l c a v ity . The ovaries w ere in f il tra te d  w ith  th e  ho rm one  
p re p a ra tio n , using  a lu m b a r  needle u n d e r  co n tin u o u s  con tro l w ith  th e  fin g e r
t ip .  T h e  con tro l b ird s  received  saline b y  th e  sam e ro u te . T hen  th e  ab d o m in a l 
w all an d  skin w ere closed  in  succession b y  su tu re .

Treatm ent

T h irty -fiv e  h en s w ere d iv ided  in to  3 g roups. G roups I  (12 b irds) an d  I I  
(6 b ird s) w ere tr e a te d  w ith  gonado trop ic  h o rm o n e . G roup I I I  (17 b irds) se rv ed  
as con tro l.

T he f irs t in tra m u sc u la r  dose o f h o rm o n e  w as given on th e  f irs t p o s to p 
e ra tio n  day . T his t r e a tm e n t  was rep ea ted  on fu r th e r  7 occasions a t  regu lar d a ily  
in te rv a ls  (betw een n o o n  an d  1 p .m .).

G roup I (d es ig n a ted  PM SG), w as tr e a te d  in tra m u sc u la rly  on one o cca 
sion  w ith  500 I .U . o f  G estyl* d issolved in  1 m l of th e  so lv en t w hich  w as 
d e livered  to g e th e r  w ith  th e  p rep a ra tio n . T h e  b ird s  w ere k illed  on th e  f ir s t  d a y  
fo llow ing th e  la s t t re a tm e n t .

G roup I I  (d es ig n a ted  PM SGp). T re a tm e n t an d  dosage w ere th e  sam e as 
in  G roup  I, b u t th e  b ird s  were sacrificed  one w eek a fte r  th e  closing of t re a tm e n t.

G roup I I I  (co n tro l) . C ontrol b ird s  w ere tre a te d  each w ith  1 m l of sa line  
in  th e  sam e w ay  as th e  exp erim en ta l b ird s ; p a r t  of th e m  w ere k illed s im u l
ta n e o u s ly  w ith  th e  PM SG , p a r t  s im u ltan eo u sly  w ith  th e  PM SG p group.

B y  th e  end  o f  th e  experim en t th e  b ird s  were w eighed, e x san g u in a ted , 
a n d  th e ir  re p ro d u c tiv e  organs were excised  fo r fu r th e r  ex am in a tio n .

A n a ly s is

T he o v ary  a n d  o v id u c t were w eighed rap id ly . F rom  th e  o v ary , m ag n u m  
a n d  u te ru s  co llected  in  a P e tr i dish im m ersed  in  ice, specim ens w eighing 150 
m g w ere rap id ly  excised  an d  im m ed ia te ly  c u t to  sm all pieces w eighing 4 — 5 m g . 
In  ev e ry  case, th e  d ry  m a te ria l co n ten t o f th e  organs w as d e te rm in ed  by  d ry in g

* The “ G estyl”  used  in  the experim ents was obtained through th e  courtesy of the N . V . 
O rganon-O SS-Holland A gency w ith  the kind help o f Mr. L. S z á n t ó  and Miss E . N e u b e b .
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Fig. 1 Stigm ated follicles after PMSG-trea tm ent

Fig. 2. R eproductive organs of control and PMSG-treated hens



Fig. 3. H ierarchy o f follicles and oviduct after PM SG-treatm ent

Fig. 4. Follicles in stage of regression after cessation o f PM SG-treatm ent
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to  c o n s ta n t w eigh t. T h e  m inced  o rg an  pieces w ere p laced  in  a K reb s-R in g e r 
p h o sp h a te  m ed iu m  c o n ta in in g  120 m g/100 m l glucose, a n d  th e ir  oxygen u p ta k e  
w as m easu red  w ith  W a rb u rg ’s m an o m e tric  m e th o d  (U m b r e it , 1957). G as 
ph ase : a tm . a ir. A fte rw ard s th e  ra te s  o f  th e  u p ta k e  o f  glucose and  re lease  o f  
lac tic  acid w ere d e te rm in ed , w ith  S c h a ffe r  an d  S o m o g yi’s (1933) an d  B a r 
k e r  an d  S u m m e r so n ’s (1941) m eth o d s , resp ec tiv e ly . T h e  v a lid ity  o f th e  f in d 
ings was checked  w ith  th e  “ t ”  te s t .

R esu lts

1. A lteration  and  weight changes o f  ovaries and oviducts o f  hormone-treated birds

a) T re a tm e n t w ith  PM SG re su lte d  in  a h y p e r tro p h y  o f th e  re p ro d u c tiv e
organs. T he o v a ry  co n ta in ed  8 to  12 s tig m a te d  follicles o f  n u tm eg  size (F ig . 1). 
T h e  average w eigh t of th e  ovaries rose  to  72.6 i  11-40 g, as com pared  to  an  
average  4.5 0.57 g in  th e  co n tro l g ro u p  (p <[ 0.01). A verage  w eight o f  th e
ov id u c ts  of in ac tiv e  an d  P M S G -trea ted  b ird s  w ere 7.0 ^  0.07 g and  61.3 ^  5.00 
g, resp ec tiv e ly  (p <  0.01) (F ig . 2). T h e  o v id u c t show ed fu ll dev e lo p m en t of 
size, s tru c tu re  an d  v a scu la riza tio n .

T he un ifo rm  size o f  th e  follicles, rep resen tin g  an  ab n o rm al h ie ra rc h y  
(F ig . 3), an d  th e  o b se rv a tio n  th a t  in  sev e ra l cases also th e  a tre tic  r ig h t o v id u c t 
show ed signs o f d ev e lo p m en t have  in d ic a te d  th a t  th e  PM SG  tre a tm e n t h a d  a 
g re a te r  in fluence on th e  rep ro d u c tiv e  o rgans th a n  th e  n o rm a l physio logical 
s tim u lu s.

b) One w eek a f te r  th e  com pletion  o f th e  8-day  tr e a tm e n t  w ith  g o n a d o 
tro p ic  horm one, G roup  I I  (PM SG p) w as sacrificed . P o s t m o rtem  ex am in a tio n  
revealed  regression  an d  w ilting  of th e  follicles an d  also th e  v ascu la riza tio n  of 
th e  o v a ry  te n d e d  to  regress (F ig. 4). T h e  w eig h t o f th e  o v a ry  decreased b y  a p 
p ro x im a te ly  45 %  as com pared  to  th a t  m easu red  in th e  PM SG  group. B u t th e  
o v id u c ts  w ere s till fu lly  developed , like in  th e  PM SG b ird s  k illed  im m ed ia te ly  
a f te r  th e  com pletion  o f tre a tm e n t.

2. Q 02 values o f  ovary, m agnum  and uterus in  groups P M S G  and P M S G p

T able I  show s th a t  oxygen u p ta k e  w as h ighest in  th e  u te ri of PM SG  
b ird s . A n average  v a lu e  o f 7.12 ^  0.34 w as ca lcu la ted  fro m  18 m easu rem en ts 
on 8 b ird s . L im it va lues v a ried  b e tw een  5.27 and  9.55. I t  is o f in te re s t t h a t  in  
th e  u te r i o f PM SG p b ird s  th e  Q 0 2 v a lu es  o f th e  u te r i fell b y  ap p ro x im a te ly  
6 0 % , th o u g h  th e  o v id u c t itse lf  show ed no  regression.

V alues o f  oxygen  u p ta k e  b y  th e  m ag n u m  in d ica ted  th a t ,  as a re su lt o f 
t r e a tm e n t  w ith  PM SG , th e  re sp ira tio n  o f  th e  a lb u m en -p ro d u c in g  o v id u c t p o r 
tio n  v a ried  rec ip ro cally  w ith  s tru c tu ra l  d iffe ren tia tio n , w hereas th e  cessa tio n  
o f g o n ad o tro p in  effect re su lted  in an  in c rea sed  resp ira tio n  ra te  of th e  m ag n u m .
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Table I

Average Q 0 2* values m easured in  ovary, m agnum  and uterus

Group
O v a r y M a g n u m U t e r u s

No. of 
samples x  +  S. E. P

No. of 
samples X  +  S. E. P

No. of 
samples x +  S. E. P

PMSG 28 1.65 +  0.042 N . S. 16 1.10 +  0.140 0.01 18 7.12 +  0.341 0.01
PMSGp 25 0.98 +  0.120 0.01 5 1,59 +  0.468 N. S. 7 3.43 +  0.352 N.S.
Control 19 1.84+0.211 — 22 2.78 +  0.177 30 2.73 +  0.193 —

QOj, fil, 0 2 taken up per m g dry w eight o f  tissue per hour; S .E ., standard error; N .S ., not significant statistically
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T he Q 0 2 va lu es  m easu red  in  th e  m agnum  an d  u te ru s  of contro ls w ere 
n ea rly  th e  sam e; th is  co rre la tes well w ith  our ea rlie r find ings (M i s r a  and  
K e m é n y , 1964).

The average  Q 0 2 va lu es  m easu red  in  th e  w alls o f follicles in  th e  con tro l 
group were consp icuously  low er (1 .8—2.42) as co m p ared  to  those  m easured  in  
th e  u te ru s  and  m ag n u m , t h a t  is, even th e ir  u p p e r lim it d id  n o t reach  th e  low est 
value found  in th e  la t te r  tw o . T hough  u n d e r th e  in flu en ce  of tre a tm e n t th e  
d iam ete r of th e  follicles grew  from  th e  o rig inal 2 to  30 m m , no  change occurred  
in  th e  re sp ira tio n  ra te s  o f th e ir  Avails. B u t th e  reg ression  o f th e  follicles b ro u g h t 
ab o u t a red u c tio n  o f th e  re sp ira tio n  ra te . T he in d iv id u a l va lues v a ried  from
0.45 to  1.78.

3. Glucose uptake and lactic acid production by ovary, m agnum  and uterus in  the 
P M S G  and P M S G p  groups

a) D a ta  o f g lucose u p ta k e  show n in  T able I I  re v e a l t h a t  th e  g o n ad o tro 
pic horm one effected  no  change in th e  glucose u p ta k e  b y  th e  u te ru s , b u t  reduced  
s ign ifican tly  (p -< 0.01) th e  glucose u p ta k e  b y  th e  m ag n u m .

b) As show n in  T ab le  I I I ,  horm one t re a tm e n t re su lte d  in  an ap p ro x i
m ate ly  60%  red u c tio n  o f lac tic  acid p ro d u c tio n  b y  th e  m agnum .

P ercen tu a l changes in  th e  tissu e  m etabo lism  o f th e  rep ro d u c tiv e  organs 
d u ring  th e  ex p erim en t are  show n in Fig. 5.

Fig. 5. Uptake of oxygen and glucose, and production o f lactic  acid b y  ovary, m agnum  and 
uterus, as related to the corresponding values measured in  the control group. 1 ovary PMSG; 
2 ovary PMSGp; 3 m agnum  PMSG; 4 m agnum  PMSGp; 5 uterus PMSG; 6 uterus PMSGp
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Table II

Average values o f glucose uptake* by ovary, m agnum  and uterus

Group
O v a r y M a g n u m U t e r u s

No. of 
samples X  ±  S. E. P

No. of 
samples X  ±  S. E. P

No. of 
samples x  +  S. E. P

PMSG 28 33.0 +  2.64 0.01 14 19.5 +  2.46 0.01 16 35 .4 + 3 .9 3 N. S.
PMSGp 24 33.0 +  2.99 0.01 6 33.5 +  8.57 N. S. 6 47.9 +  4.54 N. S.
Control 19 47.4 +  2.97 — 19 41.9 +  3.44 — 26 37.7 +  5.82 —

* mg glucose taken up per g dry w eight o f  tissue per hour

Table III

Average values o f lactic  acid production* by ovary, m agnum  and uterus

Group
O v a r y M a g n u m U terus

No. of 
samples x ±  S. E. P

No. of 
samples X  ±  S. E. P

No. of 
samples X ±  S. E. P

PMSG 20 9.4 +  0.890 N. S. 16 3.3 +  0.848 0.01 18 21.7 +  1.34 N. S.
PMSGp 25 6.5 +  0.530 N. S. 4 12.1 +  2.44 N. S. 7 15.6 +  0.89 N. S.
Control 17 7.9 +  0.856 — 21 11.0 +  1.12 — 27 16.7 +  1.35 —

m g lactic  acid produced per g dry w eight o f  tissue per hour
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Discussion
T he h igh ly  deve loped  ovaries found  a fte r  ho rm onal t r e a tm e n t suggest 

t h a t  PM SG  p ro d u ced  an  “ .overstim u la tio n ”  of th e  gonads. T h e  ap p earan ce  o f 
th e  ovaries was to  a ce rta in  e x te n t rem in iscen t of th o se  fo u n d  b y  M it c h e l l

(1966) in  h y p o p h y sec to m ized  b ird s  tre a te d  w ith  av ian  p i tu i ta r y  e x tra c t. In  
hen s tre a te d  w ith  PM SG , th e  endogenous oestrogen  level — th o u g h  n o t m e a s
u re d  d irec tly  — w as a p p a re n tly  h igh  as th e  b ird s ’ le ft o v id u c ts  w ere as h ig h ly  
d iffe re n tia ted  as th o se  o f b ird s in  th e  ph ase  o f rep ro d u c tiv e  a c tiv ity . In  som e 
cases even  th e  ru d im e n ta ry  r ig h t ov id u c ts  show ed signs o f d ev e lo p m en t. O ne 
g roup  o f hens (PM SG p) w as k illed one w eek a f te r  th e  closing o f th e  8-day  h o r
m one tre a tm e n t. O n th e  basis of m orphological changes i t  seem ed  to  be feasib le  
t h a t  th e  m an y  m a tu re  s tig m a te d  follicles w ill b rin g  a b o u t an  o v u la tio n  an d  
th e  hens s ta r t  to  p ro d u c e  eggs again . B u t in  no case d id  o v u la tio n  occur; th e  
follicles so ftened  a n d  w ilted  an d  th e  v ascu la riza tio n  of th e  o v a ry  te n d e d  to  
reg ress. T h is o b se rv a tio n  is in  good co rre la tio n  w ith  N a l b a n d o v ’s (1961) f in d 
in g  th a t  gon ad o tro p ic  ho rm one alone w as in su ffic ien t to  e lic it an  o v u la tio n . 
M it c h e l l  (1967) fa iled  to  observe o v u la tio n  e ith er, th o u g h  he tre a te d  hens 
w ith  a hom ologous F S H -co n ta in in g  p re p a ra tio n .

T h e  u p ta k e  of 0 2 a n d  glucose an d  th e  p ro d u c tio n  o f la c tic  acid b y  th e  
tissu es  exam ined  w ere d e te rm in ed  in  th re e  d issim ilar physio log ica l s ta te s :

(1) in  case of p ra c tic a lly  m ax im u m  levels o f g o n ad o tro p ic  an d  endoge
nous oestrogen  ho rm o n es; (2) in  th e  p h ase  of th e  decrease o f ho rm one levels 
an d  (3) d u rin g  in v o lu tio n  of th e  re p ro d u c tiv e  organs, t h a t  is, a t  th e  “ zero”  
p o in t of rep ro d u c tio n  w hen  th e  follicles w ere a tre tic  an d  th e  ov id u c ts  a t ro 
ph ied . T he ex p e rim en ta l d a ta  w ere m ost convincing  in  re sp ec t o f changes o f  
re sp ira tio n  ra te s  in  m ag n u m  an d  u te ru s . T he e leva ted  o estrogen  level b ro u g h t 
a b o u t a m u ltip le  in crease  of 0 2 u p ta k e  b y  th e  u te ru s , b u t  re d u ced  n o ta b ly  th e  
0 2 u p ta k e  b y  th e  m ag n u m  (reciprocal change). In  th e  PM SG p g roup , th o u g h  
no a p p a re n t in v o lu tio n  o f th e  o v id u c t w as observed , u p ta k e  o f  0 2 b y  u te ru s  
an d  m ag n u m  a lte red  s ig n ifican tly ; th e  change w as rec ip rocal, like  in  th e  PM SG  
g roup , b u t  in  th is  case th e  re sp ira tio n  ra te  of th e  u te ru s  d ecreased  and  th e  0 2 
u p ta k e  o f th e  m ag n u m  increased . T hese changes could be fo llow ed up  u n til  
th e  s ta te  of com plete  in v o lu tio n  se t in . In  accordance w ith  earlie r find ings 
(Misra  an d  K em én y , 1964), in  th e  in v o lu tio n a l s ta te  no d ifference  was found  
b e tw een  th e  re sp ira tio n  ra te s  o f th e  in d iv id u a l o v id u c t p o rtio n s .

As fa r  as we a re  in fo rm ed  no lite ra ry  d a ta  h av e  been a v a ilab le  on th e  u p 
ta k e  o f 0 2 and  glucose, an d  p ro d u c tio n  o f la c tic  acid , b y  th e  fo llicu lar w all. 
T he Q 0 2 values m easu red  w ere even low er th a n  tho se  fo u n d  in  th e  m agnum . 
S u rp ris in g ly , th e re  w as n o  d ifference be tw een  th e  above v a lu es  m easu red  in  
specim ens from  sm all, m ed iu m  an d  large follicles.

I t  ap p ears  th a t  in  th e  b ack g ro u n d  o f th e  io n -tran s lo ca tio n  m echanism  
th e re  is an  in tensive  re sp ira tio n  a t  w hose a p p ro p ria te  levels th e  m acroergic
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p h o sp h a tes , am ong  o th e rs  A T P, are  fo rm ed . P ro te in  sy n th es is  an d  secre tion  
a re  ta k in g  p lace a t  low er levels of re sp ira tio n . P in a l ev idence  fo r these  im p li
ca tio n s w ould be b y  p erfo rm in g  th e  assay s on u te ru s  a n d  m agnum  specim ens 
rem oved  in  th e  p h ase  o f  m ax im um  egg-shell- and  a lb u m en -p ro d u c in g  a c tiv ity , 
re spec tive ly . B u t th e  av a ilab le  re su lts  a re  su ffic ien t to  su p p o rt B r o w n  and  
B a d m a n ’s (1962) f in d in g  th a t  th e  re sp ira tio n  ra te  o f th e  u te ru s  reaches m ax i
m u m  while th e  o v u m  is in  th e  is th m u s, t h a t  is, sh o rtly  befo re  th e  deposition  
o f calcium . T he sam e a u th o rs  observed  m in im um  re sp ira tio n  ra te  in  th e  m ag 
n u m  while th e  ov u m  w as in  i t ;  th e y  fo u n d  high v a lu es  in  tho se  b ird s w hose 
ov id u c ts  d id  n o t c o n ta in  ova  b u t  h a d  la rg e  m atu re  follicles in  th e  o v ary . T h ey  
believe th a t  th e  r a te  o f  energy  m etab o lism  is h igher d u rin g  th e  accum ula tion  
o f p ro te in  th a n  d u rin g  th e  ac tu a l sec re to ry  phase. T h e  low  re sp ira to ry  ra te  of 
th e  m agnum  has b een  a t tr ib u te d  b y  B r o w n  and  B a d m a n  (1962) to  th e  large 
a m o u n t of “ n o n -fu n c tio n a l”  p ro te in  co n ta in ed  in  th e  m ag n u m .

In te re s tin g ly , th e  PM SG -induced  n e a rly  th ree fo ld  increase  of 0 2 u p ta k e  
b y  th e  u te ru s  w as n o t  accom pan ied  b y  a rise of g lucose u p ta k e . I t  m ay  be 
supposed  th a t  th e  h o rm o n a l t r e a tm e n t effected  an  increase  of in trace llu la r 
c a rb o h y d ra te  reserves w hich  th e n  p ro v id e d  th e  s u b s tra te  requ ired  fo r th e  in 
creased  resp ira tio n .

In  th e  PM SG  g ro u p , p ro d u c tio n  o f lac tic  acid b y  th e  m agnum  tissu e  fell 
b y  70%  as co m p ared  to  th e  con tro ls. I t  seem s like ly  t h a t  th e  m assive dose of 
PM SG  m ay  h av e  h a d  an  in h ib ito ry  effect on som e essen tia l enzym e invo lv ed  
in  glycolysis. A ccord ing  to  N a l b a n d o v  (1959), la s tin g  t re a tm e n t w ith  ste ro id  
PM SG  m ay  effect an  enzym e depression  in  th e  o v id u c t o f layers.

SUM M ARY

Q 0 2 values, glucose uptake and lactic  acid production b y  the tissues o f follicle, m agnum  
and uterus were exam ined on two-year-old hens w ith  inactive atretic  ovaries and oviducts.

T hirty-five hens w ith  lasting reproductive inactiv ity , b u t otherwise healthy, were di
vided into experim ental and control groups. The experim ental birds were treated w ith  500 I. U . 
o f pregnant mare serum  gonadotropin (PM SG) (G estyl, Organon) for 8 days. The inactiv ity  
o f the reproductive organs was checked by palpation  through the abdom inal incision made 
to enable direct infiltration  o f the ovary w ith  the first horm one dose. The further doses were 
injected  intram uscularly at regular daily intervals. The control groups received saline on the 
sam e schedule.

Birds killed im m ed iately  after the la st PM SG -treatm ent had fully mature follicles of 
20— 30 m m  diam eter as contrasted to the original diam eter o f 2— 3 mm. The average weight 
o f the ovaries rose from  4.5 +  0.57 g to 72.6 +  11.40 g, as contrasted  to the controls. Each  
ovary contained 8— 12 stigm ated  follicles o f nutm eg size. The abnorm al hierarchy of the fo l
licles and the observation  th a t in several cases also the righ t rudim entary oviduct showed  
signs of developm ent have suggested th a t PMSG had a greater influence on the reproductive  
organs than the norm al physiological stim uli.

Birds killed one w eek after the 8-day PM SG -treatm ent (PMSGp) had w ilting follicles, 
but the oviduct still show ed no signs of involution .

Changes in  the Q 0 2 values o f the exam ined organs are presented in  Table I.
In the PMSG group, uptake of glucose by the uterus was unchanged, while uptake by  

the m agnum  was lower, as compared to the controls (p <  0.01). In  the PMSG and PMSGp 
groups, the corresponding values of the fo llicles were significantly lower than in the control 
group (p  <  0.01).
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Production o f lactic  acid b y  the m agnum  was b y  70%  lower in the experim ental than  
in the control group.

The findings are discussed in  relation to the structural developm ent of, and alteration  
o f m etabolic processes in , the oviduct.
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HOST-PARASITE RELATIONSHIP BETWEEN FISH 
NEMATODES (GENUS: THWAITIA) AND THEIR HOSTS

B y

K . M o l n á r

Veterinary M edical Research Institu te (Director: D . D erzsy ) o f the H ungarian Academ y of
Sciences, Budapest

(R eceived March 5, 1969)

Studies on th e  incidence  an d  deve lopm en ta l cycle o f Thw aitia  (Philo- 
m e tra ) species in  H u n g a ry  (M o l n á r , 1966) have disclosed ce rta in  co rrelations 
p rov id ing  in fo rm a tio n  on th e  w ide v a r ie ty  of h o s t—p a ra s ite  re la tionsh ips 
w ith in  one an d  th e  sam e genus.

I t  w as found  th a t  in  som e hosts th e  sexual m a tu ra tio n  o f  Thw aitia  fem ales 
w as p recond itioned  b y  fac to rs  in  th e  absence of w hich th e ir  deve lopm en t cam e 
to  a h a lt even if  th e  in te n s i ty  o f in fe s ta tio n  was h igh.

The T hw aitia  species are  p a r tic u la r ly  su ited  fo r th e  s tu d y  of h o s t—p a ra 
s ite  re la tionsh ip  fo r th e  follow ing reasons: (1) th e ir  d ev e lo p m en t tak es  p lace 
th ro u g h  a one-year cycle in  w ell-defineable seaso n -d ep en d en t stages; (2) n o r
m ally  developed an d  re ta rd e d  p a ra s ite s  can  be reg u la rly  en co u n te red  in  m ost 
h o s ts  and  even th e  d ead  w orm s are  re ta in e d ; (3) a f te r  th e  re la tiv e ly  sh o rt 
perio d  of fe rtiliz a tio n , th e  dev e lo p m en t o f w orm s tak es  a long  tim e ; th e  len g th  
o f  fem ales is 3 — 3.5 m m  a t  fe rtiliz a tio n  a n d  3 —12 cm  a t  th e  d ischarge o f la r 
v a e ; (4) in  th e  d ev e lo p m en ta l cycle tw o  phases, one b e n e a th  th e  a ir  b lad d e r 
serosa  an d  a n o th e r o u ts id e  i t ,  can  be c learly  d iffe ren tia ted .

O ur e x am in a tio n s  w ere perfo rm ed  in  th e  course o f  fa u n is tic  stud ies on 
fishes found  to  be  in fe s ted  w ith  T hw aitia  species; acco rd in g ly , th e  m a te ria l 
exam ined  o rig in a ted  fro m  d iffe ren t h a b ita ts  in  H u n g ary .

Up to now the occurrence of four Thw aitia  species has been noted: Thwaitia ovata 
(Zeder, 1803), Th. rischta (Skrjabin, 1917), Th. abdom inalis (N ybelin , 1928) and Th. kotlani 
(Molnár, 1969). Out o f them  Th. ovata, Th. rischta and Th. kotlani occur prim arily in the host 
population of large stagnant w aters and rivers, whereas Thwaitia abdom inalis occurs in  brook 
fishes. The fish  species harbouring Thw aitia  and the number of hosts exam ined are shown in  
Table I.

In  some cases co m p le te  parasito lo g ica l section ing  w as ca rried  o u t, b u t  
m o s tly  only  th e  a ir  b la d d e r  an d  o th e r specific  localiza tions w ere exam ined . 
T h e  usually  h a rd ly  v isib le  b u t  v igo rously  m oving p a ra s ite s  w ere recovered  
u n d e r  stereom icroscope fro m  b e n e a th  th e  b lad d e r serosa a n d  w ere p laced  in  
sa line .
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Table I

Species and hosts o f Thw aitia

T h w a it ia  ova ta T h w a it ia  r is c h ta T h w a i t ia  a b d o m in a lis

Hosts

N
um

be
r 

of
fi

sh
es

ex
am

in
ed

H osts

N
um

be
r 

of
fi

sh
es

'
ex

am
in

ed

H osts

N
um

be
r 

of
fi

sh
es

ex
am

in
ed

A bram is brama* 1500 A bram is brama* 1500 Phoxinus phoxinus 210

A bram is ballerus 40 Abram is ballerus 40 Gobio gobio 40

R u tila s  rutilus* 600 Alburnus alburnus 600 Leuciscus 36

Blicca bjoerkna 60 Leuciscus leuciscus 6

Scardinius

erythrophthalmus 90

* E xclusively  in  fishes from  the Lake B alaton

I t  should  be n o te d  th a t  a m uch  g re a te r  n u m b er o f h o s ts  w as exam ined  
th a n  show n in T ab le  I ,  b u t  p e rc e n tu a l ev a lu a tio n  was lim ite d  to  those w hich  
w ere s tud ied  exc lusive ly  w ith  th e  aim  to  o b ta in  in fo rm atio n  on  th e  occurrence 
a n d  deve lopm en ta l cycle of Thw aitia . F o r  exam ple, fishes y o u n g e r th a n  tw o  
sum m ers, so fa r  n o t k n o w n  to  h a rb o u r  T hw aitia , were n o t in c lu d ed  in  th e  ev a l
u a tio n .

P rev ious s tu d ies  (M o l n á r , 1966b, 1967, 1969) h av e  show n th a t  th e  d e 
v e lo p m en ta l cycles o f  th e  fou r T hw aitia  species in q u estio n  a re  essen tia lly  th e  
sam e. The m ain  fe a tu re s  o f th e  cycle are  b rie fly  o u tlined  as follows.

1. The d e v e lo p m e n ta l cycle o f th e  T hw aitia  p a ra s ite s  s tu d ied  lasts  one 
y e a r . The fem ales reach  fu ll m a tu r i ty  in  th e  h ost b y  th e  end  o f  M ay or ea rly  in  
J u n e ;  a t  th is  s tag e  th e  b o d y  cav ities o f th e  w orm s are  filled  w ith  la rvae . T h e  
d ischarge  of la rv a e  to  th e  o u tside  w orld  can  ta k e  place in  tw o  w ays: (a) th e  
fem ales e ith e r m ig ra te  to  th e  e x te rn a l cloacal region w here  th e y  release th e  
la rv a e  by  b u rs tin g  in  th e  h y p o to n ic  m ed ium , or (b) th e y  d is in teg ra te  w hile  
in  th e  abdom inal c a v ity  and  th e  la rv a e  m ig ra te  in to  th e  w a te r  th ro u g h  th e  
cloaca.

2. The fu r th e r  dev e lo p m en t o f Thw aitia  la rv ae  ta k e s  p lace  in  cyclopses 
w h ere  th e y  u n d e rg o  tw o  m oults .

3. F ishes b ecom e in fec ted  d u rin g  J u n e  or ea rly  J u ly .
4. The p a ra s ite s  ingested  b y  th e  fishes w ith  th e  cyclopodes m ig ra te  

from  th e  in te s tin e  to  th e  a ir b la d d e r an d  se ttle  b e n e a th  its  serous m em b ran e . 
Also copu la tion  ta k e s  p lace  in  th a t  loca tio n .

5. In  th e  a p p ro p r ia te  h o s t th e  fe rtilized  fem ales m ig ra te  in  J u ly , o r  
A u g u st to  specific  lo ca tio n s (ab d o m in a l cav ity , fins, gill cover), w here th e y  
slow ly b u t s te a d ily  reach  la rv a l m a tu ra tio n  b y  th e  n e x t  sum m er.
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occurring in H ungary

T h w a it ia  k o l la n i

Hosts
N

um
be

r 
oi

fi
sh

es
ex

am
in

ed Species n o t harbouring T h w a it ia  as assessed by 
exam ination of 30 specimens

A sp iu s aspius 41 Cyprinus carpio Rhodeus sericeus amarus

Carassius carassius Chondrostoma nasus

Barbus barbus Barbus meriodionalis Petényi

Tinea tinea Leuciscus idus

Gobio albipinnatus Alburnoides bipunctatus

Vimba vimba Pelecus cullratus

Abram is sapa

6 . T he m ales a n d , in  in a p p ro p ria te  h o s ts , also th e  fem ales are re ta in e d  
u n d e r  th e  b la d d e r serosa th ro u g h o u t th e  y e a r. O ccasionally  num erous liv ing , 
b u t  re ta rd e d  w orm s, 2 to  3.5 m m  in len g th  are en co u n te red  in  th a t  loca tion . 
(T h w a itia  rischta is an  ex cep tio n  as also th e  m ales m ig ra te  from  th e  b lad d e r 
subserosa .)

I. H ost — parasite relationship in  fishes infested by 
Thwaitia ovata

Thw aitia  ovata  p a ra s ite s  h av e  been fo u n d  in  th re e  fish  species: R u tilu s  
ru tilu s , A bram is bram a, A b ra m is  ballerus.

1. F u lly  d ev e lo p ed , o r developing ab d o m in a lly  localized  fem ales w ere 
en co u n te red  in

(a) 100%  o f A b ra m is  brama  and  R u tilu s  ru tilus  fishes w ith  ligulosis;*

* Some authors reporting sim ultaneous occurrence o f Ligula  and Thw aitia  ( Philom etra)  
infestation  in  lakes have noted th a t in  spite of the m assive in festation  w ith  Th. ovata, part o f  
the fishes were infected  w ith  L igu la  alone.

M a r k o v  and K o s a r e v a  (1962) and D o n t s o v  (1968) found sim ultaneous occurrence o f  
Ligula  and Thwaitia  in  the m ajority o f Abram is brama fishes, hut the m inority of them  had  
ligulosis but no T hw aitia  in fection .

This phenom enon m ight be explained by the follow ing reasons: 1. The authors, i f  not 
fam iliar w ith  the seasonal cycle o f Thw aitiae, m ay have exam ined the fishes in a period (June) 
w hen the mature worms had been elim inated and reinfection had not y e t  taken place. 2. The  
authors m ight have disregarded th a t part of the developm ental cycle o f  Thwaitiae  takes place  
beneath the bladder serosa and th a t particular period (Ju ly , August) m ay not be suited for 
statistica l evaluation. 3. Further to  th is, no developing Thw aitia  fem ales are encountered in  
fishes w ith  ligulosis if  Ligula  in fection  took place after the invasion of T hw aitia  larvae. In the  
course o f our faunistic studies we have ourselves encountered some young higula-infected  
A bram is brama and R utilu s ru tilus  hosts in which T hw aitia  infection was in the latent (sub- 
serous) phase even in autum n and in spring. B ut aimed exam inations for Thwaitiae  o f fishes  
w ith  m anifest ligulosis invariab ly  revealed a 100% incidence o f m ature Thwaitiae  fem ales, 
indicating that in those cases ligu losis had preceded the invasion o f T hw aitia  larvae.

W ith regard to the above considerations we exam ined the host— parasite relationship  
exclusively  in fishes collected during the fall and spring season.
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(b) 2 .5%  of R u tilu s  ru tilus  h o sts  n o t in fec ted  w ith  Ligulae.
2. Males localized u n d e r th e  b la d d e r  serosa an d  re ta rd e d  fem ales w ere 

e n c o u n te re d  in
(a) 100%  an d  67%  o f L ig u la -free A bram is brama an d  R u tilu s  ru tilus  

f ish es , re spec tive ly , from  th e  L ak e  B a la to n ;
(b) ap p ro x im a te ly  50%  o f A b ra m is  brama, A bram is balle,rus an d  R u tilu s  

ru tilu s  fishes from  rivers.

Th. rischta Th.ovata* Th abdominalis Th,kotlám

700% 1 0 0 %  100%

F ig. 1. Type and exten sity  o f infestation  w ith  Thwaitia  of different fish  species

II. H ost—parasite relationship in fishes infested by 
Thwaitia abdominalis

T hw aitia  abdom inalis  w as fo u n d  in  four fish  species: Gobio gobio, Pho- 
x in u s  phox in u s, Leuciscus cephalus, Leuciscus leuciscus.

1, F u lly  developed  or develop ing , abdom inally  localized  fem ales were 
fo u n d  in

(a) Gobio gobio fishes w hich  co n ta in ed  a t  least one m ale an d  one fem ale 
p a ra s ite  as well as in  th e  m a jo rity  o f P hoxinus phoxinus  fishes in fested  b y  T hw ai
tia  abdom inalis ;

(b) a p p ro x im a te ly  15%  o f Leuciscus cephalus an d  Leuciscus leuciscus 
f ish es  in fested  b y  T hw aitia  abdom inalis.
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2. Males p a ra s itiz in g  th e  b lad d er serosa or re ta rd e d  fem ales w ere found  in
(a) hosts h a rb o u rin g  exclusively  m ales or fem ales;
(b) th e  m a jo rity  o f  Leuciscus cephalus and  Leuciscus leuciscus h o sts  i n 

fested  b y  Thw aitia  abdom inalis.
3. F u r th e r  to  th is , in  th e  abdom inal c a v ity  o f a Leuciscus cephalus 

specim en 2 develop ing  fem ale  p a ras ite s  w ere found  e n c ap su la ted  in  th ic k  
connective tissu e ; th e ir  le n g th s  were on ly  one h a lf  co m p ared  to  th e  re s t o f 
p a ra s ite s  w hich a t  th e  sam e tim e  m easu red  4 0 —50 m m .

III. H ost—parasite relationship in  fishes infested by 
Thwaitia kotlani

1. F u lly  developed  o r  n o rm ally  develop ing  a b d o m in a lly  localized fem ales 
w ere found  in  12%  o f A s p iu s  asp ius  fishes.

2. A bdom inally  localized , developing , b u t  s lig h tly  re ta rd e d  fem ales 
en cap su la ted  in  co n n ec tiv e  tissu e  were en co u n tered  in  7 .3 %  o f th e  exam ined  
A sp iu s  aspius  specim ens.

3. A bdom inally  localized  fem ales w hich  died  a f te r  h av in g  reached  a 
len g th  of 10 —25 m m  (in A pril) and  h ad  d ry  cuticles overg row n  b y  co nnective  
tissu e  w ere found  in  1 2 .7%  o f A sp iu s  asp ius  fishes.

4. Males an d  fem ales localized  u n d e r th e  b lad d e r se rosa  w ere found  in  
24 .4%  of A sp iu s  a sp ius.

5. L iv ing  m ales o r  fem ales localized u n d e r th e  b la d d e r  serosa w ere 
fo u n d  in  9 .7%  o f A sp iu s  a sp ius.

IV. Thwaitia rischta

T hough i t  has a w ide h o s t ran g e , i t  is u n su itab le  fo r th e  s tu d y  of h o s t—p a r 
a s ite  re la tionsh ip  as a f te r  fe rtiliz a tio n  b o th  th e  m ales a n d  fem ales leave th e  
b la d d e r serosa an d , a cco rd in g ly , th e  fac to rs  lim itin g  th e ir  d ev e lopm en t can 
h a rd ly  be id en tified .

Discussion

An analysis o f th e  h o s t—p aras ite  re la tio n sh ip  b e tw een  th e  v a rio u s  
T hw aitia  p a ras ite s  an d  th e ir  h o s ts  has show n th a t  u n d is tu rb e d  d ev e lo p m en t 
o f  a given p a ra s ite  ta k e s  p lace  in  only  som e h o st specim ens, im p ly ing  th a t  
T hw aitia  p a rasite s  h av e  m ore  an d  less fav o u rab le  h osts  a n d  even  in  th e  case 
o f  Thw aitiae  h av in g  a sing le  know n  ho st, th e  a d a p ta tio n  o f  th e  p a ra s ite  m ay  
v a r y  w idely (Fig. 1).

F rom  th is  angle , ex c lu siv e ly  th e  a d a p ta tio n  o f T h . abdom inalis  can  be 
reg a rd ed  perfec t; o f th e  ra n g e  o f hosts Gobio gobio an d  P h o x in u s p h o x in u s
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a p p e a r  to  p rov ide  o p tim u m  cond itions fo r p rac tica lly  u n d is tu rb e d  develop
m e n t i f  b o th  m ales a n d  fem ales are  p resen t.*

In  co n tra s t, fo r T h . abdom inalis Leuciscus cephalus, fo r  T h . ovata, L igula- 
free  R u tilu s  ru tilus  a n d  fo r T h. ko tlan i, A sp iu s  asp ius  re p re se n t th e  host species 
in  w h ich  fu ll d ev e lo p m en t ta k e s  p lace on ly  in  th e  m in o rity  o f  th e  specim ens, 
ev en  if  th e  in te n s ity  o f  in fe s ta tio n  is h igh . O nly  few  o f th e  se ttle d  p a rasite s  
s t a r t  to  develop an d  reach  fu ll m a tu r ity . T he often  lim ited  d ev e lopm en t o f 
T hw aitia  in  th e  ab o v e  f ish  species suggests th a t  th e  la t te r  a re  less fav o u rab le  
h o s ts . T he sc a n ty  d a ta  ava ilab le  on Leuciscus leuciscus p e rm it no defin itiv e  
conclusion .

A  p a rtic u la r  ty p e  o f h o s t is rep resen ted  by  th e  L ig u /a -in fested  R u tilu s  
ru tilu s  an d  A bram is bram a  fishes, as th e  synerg istic  effect o f  L igula  in fection  
on Thw aitiae  re su lts  in  a com plete  p a ra s ite  d ev e lopm en t in  b o th  species. Con
sid e rin g  th a t  a L iguZa-infested A bram is  or R u tilu s  m ay  h a rb o u r  50 — 300 fem ales 
in  th e  abdom inal c a v ity , w hile a L igula-free R u tilu s  ru tilu s  o n ly  1 or 2, if  a n y , 
th e re  is reason to  supp o se  th a t  th e  LiguZu-infested fishes m ak in g  4 .5%  o f th e  
R u tilu s  and  A bram is  p o p u la tio n  p la y  a m ore im p o r ta n t ro le in  th e  m a in ten an ce  
o f  th e  often  consp icuously  h igh  Thw aitia  incidence in  th e  L ak e  B a la to n  th a n  
th e  2 .1 %  of T h w a itia -in fested  L igula-free R u tilu s  hosts , in  w h ich  com plete  d e 
v e lo p m en t of T h w a itia  m ay  occur.

T he v a ria b ility  o f  a d a p ta tio n  to  th e  h o s t is exem plified  b y  th e  re la tio n  of 
T h . kotlani to  A s p iu s  a sp ius, in  w hich  som e o f th e  p a ra s ite s  seem  to  com plete  
an  u n d is tu rb ed  life cycle, o th ers  show  re ta rd a tio n  o f d ev e lo p m en t in  v a rio u s 
s tag es .

I t  appears t h a t  in  th e  case o f all species s tu d ied , th e  m o st decisive phase  
o f th e  d ev e lo p m en ta l cycle is th e  m ig ra tio n  from  th e  b la d d e r  subserosa, as 
u su a lly  in  all h o sts  b u t  Gobio gobio an d  P hoxinus p h o x in u s , th e  p a ra s ite ’s 
d ev e lo p m en t com es to  a h a lt  in  th a t  phase .

A general fe a tu re  of T hw aitia  in fe s ta tio n  is th e  p h en o m en o n  p rac tica lly  
u n k n o w n  w ith  o th e r  n em a to d es , th a t  th e  d ev e lopm en t o f  fem ales tak es  place 
in  tw o  w ell-defined — subserous an d  ex trase ro u s — stag es . In  certa in  hosts  
a p rac tica lly  u n d is tu rb e d  d eve lopm en t o f th e  p a ra s ite  is in v a ria b ly  p ro v id ed , 
viz ., th e  h o s t—p a ra s ite  re la tio n sh ip  is b ro u g h t to  an  issue  in  fav o u r o f th e

* It should be noted that in H ungary, the incidence of Th. abdom inalis and Th. kotlani 
is m uch lower than th at o f Th. ovata and the former are inferior to the latter also in respect of 
the exten sity  and in tensity  o f infestation. In tensity  is closely related to nutrition, that is, to 
the am ount of cyclopses ingested. This m ay offer an explanation for the fact that the in tensity  
o f infestation is higher in fishes w ith ligulosis which remained plankton-feeders as compared to 
benthophagous ones. Accordingly, in the same habitat, the com paratively large-sized Leuciscus 
fishes which need more food, are more intensively  infested as com pared to the smaller Gobio 
and Phoxinus fishes. Thus the latter hosts are often either free o f T hivaitia  or contain a single 
worm  or exclusively m ale or fem ale worms. This, however, had no influence on the classifica
tion  of the hosts as I grouped them  on the basis o f the proportion developing to retarded  
worm s rather than on the basis o f the percentage of absolute infestation .
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la t te r .  In  c o n tra s t , in  o th e r  hosts  m ig ra tio n  to , o r d ev e lo p m en t in , th e  a b d o m 
in a l c a v ity  w ould  seldom  ta k e  an  u n d is tu rb e d  course in  w hich  case th e  c o n te s t 
is decided  in  fa v o u r  on th e  h o st. T h e  Thw aitiae  a re  e ith e r  unab le  to  m ig ra te  
from  th e  b la d d e r subserosa  in to  th e  abdom ina l c a v ity  o r, th o u g h  hav in g  m i
g ra te d  th e re , a re  s to p p e d  in  th e ir  d ev e lopm en t b y  b e ing  en cap su la ted  in  co n n ec
tiv e  tissu e . T he connective  tissu e  capsu le  in te rfe res  w ith  th e  n u tr itio n  a n d  
g ro w th  o f th e  w orm  an d  often  causes its  d e a th ; in  a n y  case, i t  p rev en ts  la rv a  
p ro d u c tio n , s to p p in g  th e re b y  th e  rep ro d u c tio n  o f th e  “ tr a p p e d ”  parasites .

In  th e  la t te r  ty p e  of h o sts  th e  no rm al d ev e lo p m en t o f th e  p a ra s ite  is 
d ep e n d e n t on c e r ta in  fac to rs . In  a n o ta b le  p ro p o rtio n  o f A bram is  an d R u tilu s  
fishes, ligulosis is such  a fac to r. I t  rem ains to  be c la rified  w h e th e r th e  Ligulae  
p ro d u ce  th is  effect b y  im prov ing  th e  g row th  cond itions o f Thw aitiae  th ro u g h  
th e  ab d o m in a l e x u d a te  due to  th e  m echan ical ir r i ta t io n  o r th ro u g h  red u c in g  
th e  genera l re s is tan ce  o f th e  fish  h o st.

T he av a ilab le  in fo rm a tio n  is in su ffic ien t to  decide w h e th e r th e  occasional 
n o rm a l dev e lo p m en t o f Thw aitiae  in  less favourab le  h osts  is due  to  ligulosis-like 
fac to rs  such as o th e r  diseases, or m a ln u tr itio n . N ev erth e less , i t  seems lik e ly  
th a t  th e  lim ita tio n  o f d ev e lopm en t o u tlin ed  above is n o t due to  acq u ired  
im m u n ity . In  fa c t, tw o  sum m er fishes d id  n o t h a rb o u r  a la rg e r  n u m b er o f n o r 
m ally  developed  p a ra s ite s  th a n  th e ir  elder com pan ions, th o u g h  in  case o f  an  
im m u n ity  a g re a te r  degree of p ro te c tio n  of th e  e lder fishes w ould  be c lea rly  
a p p a re n t. A nyw ay , th e  m ark ed  influence  of ligulosis on th e  ex ten sity  an d  
in te n s ity  of in fe s ta tio n  w ith  m a tu re  Thw aitia  fem ales p o in ts  to  th e  role of p re 
d isposing  fac to rs  in  th e  no rm al d ev e lo p m en t o f th e  la t te r .

SUMMARY

H o st—parasite relationship betw een four Thwaitia  (N em atoda) species — Th. ovata, 
Th. rischta, Th. abdom inalis and Th. kotlani — occurring in H ungary, and their fish hosts was 
studied .

In certain fish species these nem atodes reach full m aturation in  only part o f the infested  
specim ens.

Retarded developm ent m ay be due either to the inability  o f  fem ales to migrate from the  
bladder subserosa, or to  their im pairm ent during further developm ent in the abdom inal 
cavity .

In some cases o f T hw aitia  infection the full m aturation o f fem ales needs some precondi
tioning factor(s). Such a factor appears to be concurrent ligulosis, w hich provides 100% devel
opm ent o f Th. ovata fem ales.
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BEHAVIOUR OF TURKEY POX VIRUS 
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The turkey pox virus strain used in the present experim ents was applied for im m uniza
tion first o f turkeys, then also of chickens, after serial transfers in the chorioallantoic m em brane  
(CAM) o f em bryonated hen’s eggs ( B a m b e r g e r , S z a k m á r y  and K a k u k , 1957). The strain  
has been used ex ten sively  w ith  good results ever since. Some of its properties have been studied  
by M a l i c k i  (1964), M a y r  (1963) and G e l e n c z e i  and L a s h e r  (1968). The strain was adapted  
to em bryonic chick fibroblast culture by B a m b e r g e r  and M a r k o v it s  in 1965, and used  for 
the im m unization  o f chickens. B a m b e r g e r  (1967) succeeded in propagating the strain in  em 
bryonic p ig k idney cells (EPKC), but the titre was too low  to enable the preparation o f a p o ten t  
vaccine.

In  th e  p re se n t p ap e r observ a tio n s m ad e  du ring  fu r th e r  passages o f  th e  
v iru s in  E P K C  an d  th e  im m unogenic p ro p e rtie s  of th e  ad ap ted  s tra in  are  
described .

Materials and methods

T he v iru s  s tra in  used, t i t r a t io n  m e th o d s  an d  p re p a ra tio n  of E P K C  w ere  
th e  sam e as described  in  a prev ious p a p e r  (B a m b e r g e r , 1967). E v a lu a tio n  of 
im m u n o g en ic ity  on th e  basis o f pox  re a c tio n  in  chickens w as carried  o u t b y  
B a m b e r g e r  an d  S z a k m á r y ’s m ethod  (1963) as described also b y  B a m b e r g e r  
an d  M a r k o v it s  (1965).

Results

In it ia lly  seria l tran sfe rs  of th e  tu rk e y -p o x  s tra in  to  E P K C  h ad  o fte n  
failed . In  su ch  cases th e  n e x t tissu e  c u ltu re  w as in o cu la ted  w ith  a m a te r ia l  
from  th e  CAM passage  of th e  prev ious E P K C  tra n sfe r  s tep . T his im plies t h a t  
th e  a lte rn a tio n  o f passages in  E P K C  an d  CAM in v a ria b ly  depended  on  n e 
cessity .

T he sequence  of serial and  a lte rn a te  passages is show n in  Table 1.
F ro m  th e  9 9 th  passage on, a lte rn a te  tra n sfe rs  in  CAM were no lo n g e r 

n eeded : th e  s tra in  becam e ad a p te d  to  E P K C .
In  th e  E P K C  cu ltu res th e  v iru s t i t r e  w as low. In  on ly  few cu ltu res d id  

th e  jo in t v iru s  c o n te n t of th e  tissue  cu ltu re  f lu id  an d  of th e  cells, d is in teg ra ted
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b y  freez in g  an d  th a w in g  reach  a t i t r e  o f 10~45 (ca lcu la ted  fo r 1 ml) as t i t r a te d  
on th e  CAM. T he m ax im u m  t i t r e  of th e  f lu id  m edium  w as in  general 10~ 3'5 

D irec t tra n s fe r  from  E P K C  to  E P K C  w ere  often  successful also p r io r  to  
th e  9 9 th  passage. B u t th e  m ax im um  t i t r e s  g iven  above w ere d em o n strab le  
th ro u g h  only  a few  p assages; in  su b se q u e n t tra n s fe rs  th e  t i t r e  ten d ed  to  de-

ТаЫе I

Sequence of alternative serial passages

The p la in  figures represent serial numbers o f passages in  EPK C , those printed in ita lics serial 
num bers o f alternate transfers to CAM

1 2 3 4 5 6 7 1 2 8 9 10 3 4 11 5 12
13 6 7 14 15 8 16 9 17 18 10 19 20 21 11 22 12

23 24 13 25 14 26 15 27 28 16 29 17 30 18 31 19 32

33 34 20 35 21 36 22 37 23 38 39 24 40 25 41 42 26

43 27 44 45 28 46 47 29 48 30 49 31 50 51 52 32 53

33 54 34 55 35 56 57 58 36 59 60 37 61 62 38 63 64

65 66 67 68 69 70 71 72 39 40 73 41 74 75 42 76 77

78 43 79 80 44 81 82 83 45 84 85 86 46 87 88 89 47
90 48 91 92 93 94 95 49 96 97 98 50 99 100 101 102 103

104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

crease  an d  a fte r  fu r th e r  3 — 6 d irec t t ra n s fe rs  th e  v iru s d isap p eared . I n  th e  
9 9 th  passage, th e  m ax im u m  t i t r e  of th e  f ir s t  C A M -to-EPK C  tra n s fe r  w as 
h ig h e r  th a n  th e  av erag e  values given ab o v e . T h e  1 (P 4'5 d ilu tio n  of th e  tis su e  
c u ltu re  flu id  w as s till ab le to  produce  p o x  lesions on th e  CAM. This t i t r e  u su a lly  
d ec reased  in  th e  n e x t  tw o  E P K C  passag es, b u t  su b seq u en tly  rem ained  a t  th e  
sam e  level — 10~ 3'5 — th ro u g h  20 d ire c t passages. F lu c tu a tio n s  in  th e  v iru s  
c o n te n t  o f th e  tissu e  cu ltu re  flu id  a re  sh o w n  in  Fig. 1.

V irus t i tre s  o f th e  tissu e  cu ltu re  f lu id s  w ere d e te rm in ed  daily  fo llow ing 
in o c u la tio n . I t  w as fo u n d  a lread y  p rio r  to  th e  critica l 9 9 th  passage th a t  on

Num ber of direct passages in EPKC o f th e  strain originally transferred from CAM

F ig. 1. F luctuations o f m axim um  virus titre in  tissue culture flu ids from serial EPK C  
passages. R em ark:---------- betw een the 40th and 90th  p a s sa g e s ;------------ after the 99th

passage
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th e  d ay  succeeding inocu la tion , th e  v iru s co n ten t o f th e  tissu e  cu ltu re  flu id  
was n o tab ly  less th a n  th e  in p u t v iru s . On th e  su b seq u en t day s th e  t i t re  te n d e d  
to  increase, reach in g  m ax im um  co n cen tra tio n  som etim es b y  th e  2n d  d ay , 
som etim es b y  th e  4 th , 5 th  or 7 th  d ay , a v a ria tio n  a p p a re n tly  in d ep en d en t of 
th e  n u m b er o f passages.

F lu c tu a tio n s  o f  th e  v iru s c o n te n t o f th e  tissu e  c u ltu re  flu id  a fte r  th e  9 9 th  
passage are show n in  Fig. 2.

To assess th e ir  v iru s  co n ten t an d  im m u n o g en ic ity , tissu e  cu ltu re  flu ids 
h a rv es ted  before a n d  a fte r  th e  9 9 th  p assage  w ere, in  a d d itio n  to  t i t ra t io n  on th e  
CAM, regu la rly  in o cu la ted  in to  ch ickens. U n d er e x p e rim e n ta l cond itions, 
tissu e  cu ltu re  flu id s  o f  a t  least 10~2 CAM ti tre s  h ad  in v a r ia b ly  positive  effect,

Fig. 2. Daily fluctuation  o f virus titre o f culture fluids from passages succeeding the 99th
transfer

p ro duc ing  a p p ro p ria te  follicle reac tions an d  im m u n ity  to  challenge. B u t u n d er 
fie ld  cond itions, even  m ate ria ls  w ith  10—35 CAM t i t r e  fa iled  to  produce  100%  
follicle reac tio n  a n d  on ly  30—40 %  of th e  b ird s  deve loped  an  a p p ro p ria te  
im m u n ity . The reaso n  a p p a re n tly  was t h a t  in  th e  field  th e  a m o u n t of th e  ru b 
bed  in  m a te ria l m a y  n o t have alw ays reach ed  0.1 m l, an d  also th e  tim e  of 
ru b b in g  m ay  h av e  been  ab b rev ia ted .

As, owing to  its  low  v irus co n te n t, th e  tissu e  c u ltu re  f lu id  d id  n o t seem  
su itab le  for fow l-pox  vaccine p re p a ra tio n , a t te m p t w as m ad e  to  p ro p ag a te  
th e  E P K C -ad ap ted  v iru s  on th e  CAM to  o b ta in  h ig h er cen cen tra tio n s . This 
enab led  a com parison  o f th e  a d a p te d  s tr a in ’s p ro p ertie s  to  th o se  of th e  ro u 
tin e ly  used vaccine s tra in s , using ro u g h ly  id en tica l co n cen tra tio n s .

T he 119th , i.e ., th e  2 0 th  d irec t E P K C  passage w as ca rried  th ro u g h  3 
tra n sfe rs  in  th e  CAM. M em branes from  th e  3rd  CAM passag e  w ere used  for 
p re p a ra tio n  of a vacc ine  in  th e  u su a l w ay . T h is vaccine (S, from  “ Sw ine” ) w as 
com pared  to  th e  com m ercia l p igeon-pox  (P) an d  tu rk e y -p o x  (T) vaccines, 
p a r t ly  b y  th e  follicle m e th o d , p a r t ly  b y  th e  w ing w eb m e th o d . W ith  each 
vaccine 20 ch ickens, 3 m o n th s old, w ere in o cu la ted . T he n u m erica l values in 
d ica tin g  pox reac tio n s to  v acc in a tio n  an d  challenge on th e  3 0 th  d ay  afte rw ard s
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a re  show n in T able  I I .  C hallenge w as m ade w ith  a v iru le n t fow l-pox v iru s 
s t r a in  (У), ro u tine ly  u sed  fo r im m u n o g en ic ity  te s tin g  in  th e  In s t i tu te  fo r V et
e r in a ry  Vaccine C ontro l.

T ab le  I I I  p resen ts  th e  d a ta  from  T ab le  I I  re-g rouped  in  th e  sequence of 
n u m e ric a l values, to  fa c ilita te  com parison .

Table II

R eaction s to vaccination and challenge o f chickens im m unized w ith  various fow l-pox vaccines

Designation of vaccine p s T

M ethod of vaccination foil. w. web. foil. w. web. foil. w. web.
ization

5 1.58 0.50 3.0 0.67 0.67 0.68
10 2.00 0.36 2.33 1.00 3.08 1.83

Post-vacciuation day
15 0.08 0.08 0.50 0.45 1.73 2.00
20 0.00 0.00 0.00 0.00 1.64 2.08

Averages: 0.91 0.27 1.45 0.53 1.78 1.62

Challenge with strain V by

follicle method

5 1.80 2.00 1.67 1.82 0.00 0.00 1.81
10 2.00 3.27 1.33 2.73 0.00 0.00 3.47

Post-challenge day
B 15 0.10 1.64 0.33 0.55 0.00 0.00 2.47

20 0.00 1.73 1.25 0.55 0.00 0.00 1.73

Averages: 0.75 2.16 1.14 1.41 0.00 0.00 2.72

Explanation. P , p igeon-pox vaccine; S, vaccine prepared from  the EPK C -adapted  
strain; T , turkey-pox vaccine; V, viru lent fow l-pox virus.

In  u n v acc in a ted  chickens th e  m o st severe reac tio n  w as p roduced  b y  th e  
v iru le n t s tra in  V. H ig h est re a c tiv ity  w as found  w ith  vaccine  T  on a d m in is tra 
t io n  b y  the follicle m e th o d  an d  h a rd ly  less severe b y  th e  w ing web m eth o d . 
D ifference betw een  th e  re a c tiv ity  o f th e  tw o  m ethods w as m ore  p ronounced  
in  th e  case of vaccines S an d  P . L ow est re a c tiv ity  w as fo u n d  w ith  vaccine P  
w h en  given b y  th e  w ing  w eb m e th o d . T ak in g  th e  m eth o d s o f v acc in a tio n  in to  
co n sid era tio n , th e  re a c tiv ity  o f vaccine S w as in te rm e d ia te  be tw een  th a t  of 
vacc ines T  and  P .

T able I I I  also show s th a t ,  o f th e  p rep a ra tio n s  te s te d , vaccine  T h ad  th e  
h ig h e s t im m unogen ic ity . T he b ird s  in o cu la ted  w ith  i t  rem a in ed  sym ptom -free  
on  challenge. V accine P  conferred  an  ap p ro p ria te  im m u n ity  b y  th e  follicle 
m e th o d , b u t p roved  h a rd ly  im m unogen ic  b y  th e  w ing w eb m eth o d . B irds 
im m u n ized  w ith  th e  la t te r  m e th o d  b eh av ed  on challenge s im ila rly  to  u n v acc i
n a te d  controls. V accine S con ferred  a p rac tica lly  id en tica l im m u n ity  b y  th e  
follicle and  wing w eb m ethod .
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Table III

Sequence of severity o f pox reactions to vaccination and challenge

I  m  ш

Vaccine
strain

i n i z a t i o n

Method

C h 

S train

a 1 1 e n  g e 

Method

Average num erical 
value of pox 

reaction

V follicle 2.72

T follicle 1.78

T wing web 1.62
No immunization s follicle 1.45

p follicle 0.91

s wing web 0.53

p follicle 0.27

p wing web 2.16

s wing web 1.41

s follicle V follicle 1.14

p follicle 0.75

T follicle 0.00
T wing web 0.00

E xplanations as in Table II

D iscussion

A tu rk e y -p o x  v iru s s tra in  w h ich  a f te r  serial passages in  CAM or chick 
em b ry o  f ib ro b la s t cell cu ltu re  has been  used  as vaccine s tra in , w as a d a p te d  
to  E P K C .

T h e  E P K C -ad ap ted  s tra in  h a d  a low  t i t r e :  th e  average  v iru s  t i t r e  o f th e  
tissu e  cu ltu re  flu id  to g e th e r w ith  th e  v iru s  released b y  d is in teg ra tio n  o f th e  
c u ltu re d  cells w as as low as 10~3'5 (ca lcu la ted  for m l), as assessed b y  pox  
lesions on th e  CAM.

I n  th e  tissu e  cu ltu re , v ira l g ro w th  w as cyclic. On th e  3 rd , 6th  an d  9 th  
d ay s  th e  v iru s co n ten t was h ig h er th a n  on th e  days b e tw een . M axim um  t i t r e  
w as reach ed  on th e  6th  day .

Im m u n iza tio n  of chickens w ith  th e  v iru s-con ta in ing  tissu e  cu ltu re  flu id  
h ad  equ ivocal resu lts  u n d er fie ld  cond itio n s. O nly  30—40%  o f th e  b ird s  d evel
oped  an  a p p ro p ria te  im m u n ity . T his in d ica te s  th e  u n su ita b ility  o f th e  E P K C - 
a d a p te d  s tra in  fo r vaccine p re p a ra tio n .

In  o rd er to  com pare th e  a d a p te d  s tra in  to  o th e r vacc ine  s tra in s , i t  was 
ca rried  th ro u g h  th ree  passages in  th e  CAM to  a p p ro p ria te ly  increase  its  t i t r e .  
T h is w as u n d e rta k e n  to  dispel th e  e v e n tu a l erroneous ju d g e m e n t of its  p a th o 
g en ic ity  and  im m unogen ic ity  re su ltin g  from  th e  low c o n cen tra tio n  o b ta in ed  in  
E P K C .
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In  th e  CAM, th e  a d a p te d  s tra in  reach ed  a t i t r e  s im ila r to  th a t  o f th e  
p igeon- and  tu rk e y -p o x  v iru s  s tra in s  ro u tin e ly  used  fo r fow l-pox  vaccine p ro 
d u c tio n  in  H u n g ary . C om paring  sim ilar co n cen tra tio n s  o f th e  th ree  s tra in s , 
i t  w as found  th a t  a d a p ta t io n  to  E PK G  decreased  n o t  o n ly  th e  p a th o g en ic ity , 
b u t  also th e  im m u n o g en ic ity , o f th e  s tra in . As to  its  p ro p e rtie s , th e  a d a p te d  
s tra in  was as a ru le  in te rm e d ia te  betw een  th e  p igeon- an d  tu rk e y -p o x  vaccine 
s tra in s . A ccording to  e x p e rim e n ta l evidence, i t  re ta in e d  on ly  one ty p ica l p ro p 
e r ty , viz., id en tica l im m u n o g en ic ity  b y  th e  follicle an d  w ing web m eth o d . 
In  th is  respect i t  d iffe red  from  th e  p igeon-pox  v iru s s tra in , as th e  la t te r  w as 
h ig h ly  im m unogenic b y  th e  follicle m e th o d , h u t  h a rd ly  im m unogenic b y  th e  
w ing w eb m ethod .

SUMMARY

A turkey-pox virus strain was adapted to em bryonic pig k idney cells (EPKC) by alter
nate passages in the chorioallantoic membrane (CAM) of the em bryonated hen’s eggs. From  
the 99th EPKC passage on, alternate transfers to CAM were no longer necessary; the strain  
grew well through the subsequent 20 direct EPK C passages.

The adapted strain show ed a cyclic growth in  the culture; its  titre , reactivity, and im 
m unogenicity were lower as com pared to the original strain.

This implies th a t E P K C -adapted turkey pox virus is unsuitable for fowl-pox vaccine  
preparation, both d irectly  and by transfer to CAM.
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LABORATORY DIAGNOSIS OF RABIES 
BY THE FLUORESCENT ANTIBODY TECHNIQUE

DIAGNOSTIC VALUE OF T H E  M ETHOD

By

E . M o c s á r i  and G y . K o v á c s  

Central Veterinary Institu te (Director: T. K á d á r ), B udapest

(R eceived April 30, 1969)

I t  is know n  t h a t  th e  presence of N egri bod ies in  th e  b ra in  proves, w hile 
th e ir  absence does n o t  d isp rove, th e  ex istence  o f rab ies. In  herb ivores N egri 
bodies m ay  be a b se n t in  th e  early  s tage  o f th e  d isease , an d  in  sw ine even la te r . 
T he in fec tion  e x p e rim en t, w hich has been co nsidered  th e  m ost sensitive  m e th o d  
o f rab ies d iagnosis, is v e ry  tim e-consum ing ; i t  ta k e s  several w eeks to  read  th e  
resu lts  even w hen a lb ino  m ice are  in fec ted  in tra c e reb ra lly .

In  some countries, above all in the U nited States ( G o l d w a s s e r  and K i s s l i n g , 1958; 
G o l d w a s s e r  et al., 1959; M cQ u e e n ,  1959; S c h n e i d e r  and F u r u s h o , 1966), Canada ( B e a u r e 
g a r d  et al., 1965), German Dem ocratic Republic ( J e n t z s c h , 1964; J e n t z s c h  and P i t z s c h k e , 
1965) and German Federal Republic (S c h n e i d e r , 1964a, b; S c h n e i d e r  and W e c h e n d ö r f e r , 
1964), fluorescent antibody (FA ) techniques have been em ployed for rabies diagnosis for nearly  
a decade. This m ethod has proved considerably more sensitive than the diachromie staining  
procedures applied for the dem onstration of Negri bodies and has the additional advantages 
of being rapid and specific.

In i t ia te d  b y  th e  fav o u rab le  experiences a b ro a d , th e  d iagnosis of rab ies  
b y  th e  FA  te c h n iq u e  was in tro d u ced  also in  th is  In s t i tu te  in  1967. In  th e  
p resen t p ap e r th e  re su lts  o b ta in ed  w ith  th is  m e th o d  over a perio d  o f 18 m o n th s  
a re  rep o rted .

Material and m ethod

T he d irec t m e th o d  o f th e  FA  tech n iq u e  w as app lied . T he fluorescein- 
iso th io cy an a te  (F IT C ) labelled  an tirab ies  im m u ng lobu lin s (con jugates) used  
in itia lly  w ere supp lied  b y  th e  In s t i tu te  o f A n im al H ea lth , Je n a  (G D R ) and  
th e  In s t i tu te  of P o liom yelitis  an d  V iral E n cep h a litid e s , U .S .S .R . A cadem y o f 
M edical Sciences, M oscow; la te r  our own p re p a ra tio n  w as used . S everal im m une 
sera  w ere te s te d  fo r th is  pu rpose . O u t of th e m  th e  serum  p re p a re d  in  th e  Con
tro l In s t i tu te  fo r V e te rin a ry  V accines, R u d a p e s t, p ro v ed  to  be th e  m ost s u it
ab le , as in  ad d itio n  to  th e  d em o n stra tio n  o f  N egri bodies i t  w as also a p t  to  
d em o n stra te  sm aller v ira l aggregations. C on ju g a tio n  w as carried  o u t accord ing  
to  J entzsch  (1963), (1967), b u t  to  enhance th e  b in d in g  of F IT C  to  p ro te in s  
a ll phases w ere p e rfo rm ed  a t  25° C (McK in n e y  et al., 1964).
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T h in  im pressions w ere p rep a red  from  fresh  cross-sections o f 4 b ra in  
a rea s , th e  tw o A m m on’s ho rn s, ce rebe llum  an d  m edulla  ob lo n g a ta . T h e  p re p 
a ra tio n s  w ere dried  a t  room  te m p e ra tu re  an d  fixed  b y  flam ing  ( J e n t z s c h , 
1965, 1966). T he fix ed  p rep a ra tio n s  w ere covered each  w ith  one d ro p  o f  con
ju g a te ,  w hich w as p rev iously  checked  fo r  specific ity  (M o c sá r i an d  S z e m e - 
r é d i , 1968) an d  d ilu ted  as assessed b y  p reced ing  t i t r a t io n . To p re v e n t desic
c a tio n , th e  p rep a ra tio n s  w ere th e n  in c u b a te d  in  w et ch am b er for 30 m in u te s  a t 
37° C. S u b seq u en tly  th e y  w ere w ash ed  fo r 10 m in u tes  in  a P B S  o f p H  7.4, 
r in sed  w ith  d istilled  w a te r  and  a ir-d ried  w ith o u t b lo ttin g . A know n po sitiv e  
a n d  n eg a tiv e  p re p a ra tio n  served  as co n tro ls  w ith  each  sta in in g  series. In  
d o u b tfu l cases, in h ib itio n  te s t  w as ca rr ied  o u t w ith  a non-labelled  hom ologous 
im m u n e  serum  (M o c s á r i and  Sz e m e r é d i , 1968).

P a ra lle l to  s ta in in g  w ith  th e  F A  tech n iq u e , a ll b ra in  specim ens w ere 
ex am in ed  fo r th e  presence of N egri bod ies w ith  th e  G erlach  s ta in in g  m eth o d  
ro u tin e ly  used in  th is  In s t i tu te .  Im p ress io n s  from  th e  b ra in  areas lis ted  above 
w ere fixed  for 5 m in u tes  in  m e th an o l a n d  su b seq u en tly  s ta in ed  acco rd in g  to  
G erlach .

In itia lly  in fec tio n  ex p erim en ts  w ere  carried  o u t p a ra lle l to  th e  tw o  m i
croscopic m ethods. In  every  case 6 a lb ino  m ice, 10 to  15 g in  w eight w ere in o cu 
la te d  in tra c e reb ra lly  w ith  0.03 m l o f a 1 : 10 suspension  o f th e  su sp ec t b ra in s  
(D e a n , 1966). T he b ra in s  from  m ice d ied  spo n tan eo u sly  d u ring , o r k illed  a fte r , 
th e  28-day  period  o f o b se rv a tio n  w ere exam ined  b o th  b y  G erlach’s a n d  FA  
s ta in in g .

L a te r  on, w hen  th e  resu lts  h a d  conv inced  us o f th e  specific ity  a n d  h igh 
se n s itiv ity  of th e  F A  tech n iq u e , in fec tio n  ex perim en ts w ere set up  exclusively  
in  th o se  cases w here th e  resu lts  of th e  tw o  m icroscopic m ethods w ere in co n sis
te n t .  Y e t, regard less o f th e  co n sis ten tly  n eg a tiv e  resu lts  o f th e  la t te r  tw o  m e th 
ods, in fec tion  ex p erim en ts  w ere a lw ays p erfo rm ed  w hen  th e re  w as a h is to ry  
o f  b itin g  of m an , or a s tro n g  susp icion  o f rab ies.

R esu lts

T he cen tra l n ervous system s o f 1600 an im als o f various species were 
exam in ed . The resu lts  a re  sum m arized  in  T ab le  I . T he resu lts  o b ta in ed  w ith  th e  
ap p lied  th ree  m eth o d s of ex am in a tio n  a re  com pared  in  T ab le  I I ,  a n d  th e  d iag 
n o stic  efficiencies of th e  FA  te c h n iq u e  an d  G erlach’s sta in in g  te c h n iq u e  in 
T ab le  I I I .  As show n in  th e  T ables, in  ev e ry  case w here th e  im pressions s ta in ed  
accord ing  to  G erlach  show ed N egri bod ies , FA  sta in in g  gave in v a ria b ly  p ositive  
re su lts . O f th e  530 cases found  p o sitiv e  b y  th e  F A  te s t ,  N egri bodies w ere de
m o n strab le  in  on ly  448 (84.5% ). To decide w h e th e r th e  cases fo u n d  n eg a tiv e  
b y  G erlach’s s ta in in g , b u t  p ositive  b y  th e  FA  sta in in g , w ere a c tu a lly  specific ,
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Table I

Species d istribution o f the exam ined and positive  sam ples

Species Cases examined Positive cases

Dog 352 5

Cat 348 23
Swine 10 2

Sheep 12 3

Goat I 1
Cattle 2

Fox 752 490

Red deer 31 4
W ild cat 16

W ild boar 8

Badger 9 2
Hare 18
Ondatra 9
Ferret 6
Polecat 6
Hamster 1
Beach marten 1
Gopher 1

R at 8

Squirrel 1
Ground squirrel 1
Field mouse 1

Hedgehog 2
Bat 4

Total 1600 530

Table II

Comparative results obtained w ith  the three m ethods o f exam ination

Method
Total number 

of cases 
examined

Results

Positive Negative

Fluorescent antibody

technique 1600 530 1070
Gerlach’s staining 1600 443 1152
Experim ental infection 348 87 261
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Table III

Comparison o f  th e  resu lts obtained w ith  fluorescent antibody technique  
and Gerlach’s m ethod in  1600 cases

Fluorescent an tibody  
technique

Gerlach’s staining method

positive negative

N um ber of No. of No. of
Result cases cases per cent cases per cent

Positive 530 448 84.5 82 15.5

Negative 1070 — 0.0 1070 100.0

in fe c tio n  experim en ts w ere  ca rried  ou t w ith  th e  b ra in  m a te r ia l. T he positive  
d iagnosis  of rabies w as a lw ays confirm ed b y  th e  in fec tion  ex p erim en ts.

The resu lts o f a n im a l ex p erim en ts  u n d e r ta k e n  to  a p p ra ise  th e  d iagnostic  
v a lu e  of th e  FA  te c h n iq u e  are  show n in  T ab le  IV . In  on ly  a single case w as th e  
a n im a l experim en t n e g a tiv e  w hen  b o th  G erlach ’s an d  F IT C  s ta in in g  show ed 
p o s itiv e  resu lts. B u t in  4 cases w here F A  s ta in in g  was n e g a tiv e , th e  in fec tion  
e x p e rim e n t confirm ed th e  d iagnosis of rab ies.

Table IV
Comparison o f  th e  resu lts obtained by fluorescent antibody technique and 

experim ental infection in  348 cases

E xperim en tal infection Fluorescent antibody technique

R esult
N um ber of 

cases Positive N egative

P ositive 87 83 (98.8% ) 4 ( 1.5%)

N egative 261 1 ( 1-2%) 260 (98.5% )

D iscussion

The ev a lu a tio n  o f  th e  exam in a tio n s revealed  a 99%  d iag n o stic  re liab ility  
fo r  th e  FA te c h n iq u e , w hereas th e  G erlach  sta in in g  te c h n iq u e  show ed N egri 
b od ies in only 85 %  o f  th e  obviously  in fec ted  b ra ins.

False n e g a tiv e  re su lts  w ere found  w ith  th e  F A  te c h n iq u e  p rac tica lly  
o n ly  during th e  f i r s t  fo u r  w eeks a fte r  its  in tro d u c tio n . L a te r  on, w hen we b e 
cam e fam iliar w ith  th e  v a rio u s  sources o f  e rro r  in h e ren t in  th e  tech n iq u e , th e  
in it ia l  errors could  b e  exp la ined .

The efficiency o f  th e  im m unofluorescence te s ts  d ep en d s  largely  on th e  
q u a lity  of th e  c o n ju g a te . A  poor q u a lity  o f th e  co n juga te  seem s to  be th e  m ost 
f re q u e n t source o f  e rro r  in  ap p ro p ria te ly  p erfo rm ed  a n d  con tro lled  ex p e ri
m en ts . E x am in a tio n s  b y  J e n t z s c h  and  W in k l e r  (1967) h a v e  show n th a t  n o t 
a ll h ig h -titre  a n ti- ra b ie s  sera  are su itab le  fo r th e  d e m o n s tra tio n  of sm all 
v ira l  aggregations b y  th e  F A  techn ique .
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A n o th er f re q u e n t source o f e rro r  is th e  non -un ifo rm  d is tr ib u tio n  of th e  
v ira l an tig en  in  th e  b ra in . F alse  conclusions stem m ing  from  th is  c ircu m stan ce  
m a y  be reduced  or e lim inated  b y  ex am in in g  sim u ltan eo u sly  sev era l — a t least 
fo u r — b ra in  areas.

Since w ith  th e  FA  tech n iq u e  exclusively  th e  u n eq u iv o ca lly  positive  
re su lts  are  d iagnostica lly  re le v a n t, in  d o u b tfu l cases th e  p e rfo rm an ce  o f in 
fec tio n  ex perim en ts is im p era tiv e .

SUM M ARY

Brains from a to ta l o f 1600 animals o f  different species were exam ined for rabies par
allel w ith  Gerlach’s staining m ethod and direct fluorescent antibody (FA ) technique. In 348 
cases also infection experim ents were perform ed. Of 530 brains found p ositive  w ith  the FA  
technique Negri bodies were dem onstrable w ith  Gerlach’s staining in 448 (84.5% ). Parallel 
exam inations by FA  technique and infection experim ents carried out on 87 infected  and 261 
non-infected brains yielded consistent results in  98.8 and 98.5%  of the cases, respectively.

Consideration o f the m ostly technical sources o f error — poor quality o f  the conjugate, 
non-uniform  distribution of viral antigen in  the brain — involved in  the FA  technique have 
led to  the conclusion th at the latter’s negative results are not exclusive of the presence of rabies, 
thus in  doubtful cases infection experim ents m ust not be om itted.

Acknowledgements. The authors are indebted to Dr. H. D. P it z sc h k e , Director of the 
In stitu te  o f  Anim al H ealth, Jena, G DR, to Professor M. A. Selim o v , D epartm ent Chief in  the  
In stitu te  o f  Poliom yelitis and Viral E ncephalitides, U .S .S .R . Academ y o f M edical Sciences, 
M oscow, and to Dr. K. B ognár , Chief o f D epartm ent in the Control In stitu te  for Veterinary  
V accines, Budapest, for supplying the conjugates and im m une serum.

R E F E R E N C E S

B ea u r e g a r d , M., B o u la n g er , P. and W e b s t e r , W. A. : Canad. J . Comp. Med. V et. Sei. 29  
(1965), 141. D e a n , D .: in: W HO Monograph Series, N o. 23 (1966), 2nd ed. G o l d w a sser , R. 
A. and K is s l in g , R. E.: Proc. Soc. E xp . B iol. Med. 98 (1958), 219. G o l d w a ss e r , R. A., 
K is s l in g , R . E ., Ca r s k i, T. R ., and H o st y , T. S.: Bull. W HO 20 (1959), 579. J e n t z sc h , K . 
D .: Arch. Exp. Vet-m ed. 17  (1963), 921. I d e m : Mh. V et-m ed., 1964, 561. I d e m : Ibidem , 
1965, 550. I d e m : W iss. Z. Karl-M arx-Univ. 15  (1966), 649. I d e m : Zbl. B akt. I .  Orig. 2 0 2  (1967), 
307. J e n t z sc h , K. D. and P it z sc h k e , H.: Mh. V et-m ed., 1965, 17. J e n t z sc h , K. D. and 
W in k l e r , Ch r .: Z. Imm unforsch. 132 (1967), 47. M cK in n e y , R . M., Sp il l a n e , J . T. and 
P e a r c e , G. W .: J . Im m unol. 93 (1964), 232. M cQu e e n , J . L.: Proc. 63rd A nnual M eeting U . S. 
L ivestock  Sanit. Assoc. 1959, 336. Ref.: V et. B ull. 3 9  (1960), 3569. M o c sá r i, E. and Sz e m e- 
r é d i , Gy .: Magyar Á llatorvosok Lapja (M ÁL), 1968, 181. Schaal, E. and K l e ik a m p , I .:  Zbl. 
V et-m ed. В. 14  (1967), 507. Sc h n e id e r , L. G.: Zbl. V et-m ed. B . 11 (1964a), 207. I d e m : Tierärztl. 
U m schau, 1964b, 502. S c h n e id e r  L. G. and W e c h e n d ö r f e r , G.: Berl. M ünch. Tierärztl. 
W schr., 1964, 454. S c h n e id e r , M. D. and F u r u s h o , Y u .: Canad. J . Comp. Med. V et. Sei. 
30 (1966), 129.

Address o f the authors: Budapest X IV ., Tábornok u. 2. Hungary

8 * Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969





Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 19 (4), pp. 447—451 (1969)

ANTHELMINTIC EFFICACY OF 2,6-DIHYDROXYBEN- 
ZOIC ACID-U-BROMANILIDE (HOE 296 Y) AGAINST 

MATURE AND IMMATURE PARAMPHISTOMUM 
MICROBOTHRIUM IN GOATS

B y

G. L ä m m l e r , В. N . Sa h a i and H . H e r z o g

In stitu te  of Parasitology and Parasitic Diseases o f Anim als (Director: Prof. G. L äm m ler)
Justus L iebig-U niversity, Giessen

(Received June 13, 1969)

Introduction

In  search  o f new  an th e lm in tic s  w ith  cestod ic idal a c tiv ity , ex tensive ex 
p e rim en ta l in v es tig a tio n s  w ere carried  o u t b y  D ü w e l  w ith  a series of 2,6- 
d ih yd roxybenzo ic  acid-an ilides,*  syn thesized  b y  H . R u s c h ig  an d  J .  K ö n ig . 
T h e com pounds w hich  show ed h igh  efficacy  a g a in s t tap ew o rm  infections are 
described  w ith  th e  gen era l fo rm ula I  (K e e l in g , 1968). R  =  H  or alky l; 
R ’ =  H alogen

OH

OH

In  early  e x p e rim e n ta l stud ies on sheep an d  c a ttle  in fec ted  w ith  param - 
p h is to m es, several an th e lm in tic s  p roved  to  be  effective a g a in s t m a tu re  or 
im m a tu re  stages. T h e  cestod icidal d ru g  n ic losam ide (L in tex ,®  M ansonil® ) 
an d  b ith io n o l a p p ea rd  to  be th e  m ost effective com pounds a g a in s t im m atu re  
pa ram p h isto m es in  th e  abom asum  an d  in te s tin e s  of sheep ( L ä m m l e r , 1968).

In  th e  p re sen t s tu d y , 2,6-d ihydroxybenzo ic  acid-4’-b rom an ilide , Resor- 
cy lam  (H oe 296 V) ( I I ) ,  one of th e  m ost ac tiv e  cestod ic idal d rugs o f th e  series 
m en tio n ed  above w as te s te d  in  p re lim in ary  tr ia ls  ag a in st th e  Param phisto- 
m um  m icrobothrium  in fec tio n  in  goats.

OH

* South  African p a ten t No. 67/0007, Farbwerke H oechst AG, Frankfurt/M .— Hoechst, 
Germ any.
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Materials and methods

E xperim en ta l an im als

T hree  a d u lt A frican  d w arf g o a ts , a rtific ia lly  in fec ted  w ith  m e tace rca riae  
o f  P . m icrobothrium  an d  passing  p a ram p h is to m e  eggs in  th e  faeces w ere se
le c te d  for t re a tm e n t o f m a tu re  p a ra s ite s . Six 3 —4 m o n th s  old k id s (b red  in  
th e  in s titu te )  w ere in fec ted  fo r th e  t re a tm e n t o f im m a tu re  p a ra s ite s .

In fec tion  :

P a ra m p h is to m e  eggs w ere co llec ted  from  d o n o r an im als and  cu ltu re d  a t 
30° C fo r 10 days. T h e  h a tch ed  m irac id ia  were exposed  to  3 d iffe ren t species 
o f  tro p ic a l snails, P hysopsis  globosus (S tra in  of Jo h a n n e sb u rg , S o u th  A frica), 
B u lin u s  tropicus (S tra in  of O n d e rs te p o o rt, S ou th  A frica) an d  B . contortus 
(S tra in  of K h em is-e l-K achena , A lgeria). The snails, b re d  in th e  lab o ra to ry  
w ere  exam ined  p erio d ica lly  fo r d ischarge  of cercariae . T he snails s ta r te d  
d isch arg in g  cercariae  4 0 —45 d ay s a f te r  in fection . T h e  in fec ted  snails w ere 
m a in ta in e d  in  d a rk  a q u a ria . T h e y  w ere allowed to  d ischarge  cercariae  tw ice 
a  w eek on f ilte r  p a p e r  in  a funne l. L a te r , th e  encysted  cercariae  (m etacercariae) 
s till on filte r p a p e r  w ere co u n ted  m icroscopically  an d  fed  to  k ids w ith in  14 
d a y s  a fte r  h a rv e s t.

A nth e lm in tic  and dose

A suspension o f Hoe 296 У  (2 ,6 -d ihydroxybenzo ie  ac id -4 ’-b rom ani- 
lide) was p rep a red  using  9 g o f th e  po w d er in 100 m l w a te r . T his gave a to ta l  
v o lu m e  of 105 m l. T h e  suspension  w as given o ra lly  in  one dose o f 1 m l/kg 
b o d y  w eight (a b o u t 65 m g/m l a c tiv e  substance  since 1 g pow der co n ta in ed  
750 m g active  su b stan ce ).

Criteria o f  therapeutic activity

T h erap eu tic  a c tiv ity  w as b a se d  in m a tu re  p a ram p h isto m o sis  on th e  
presence  or absence o f p a ra s ite  eggs in  th e  faeces a n d  p a ra s ite s  in  th e  g a s tro 
in te s tin a l t r a c t .  In  im m a tu re  p a ram p h is to m ias is  i t  w as based  on th e  presence 
o r  absence o f p a ra s ite s  in  th e  g a s tro -in te s tin a l t r a c t .

Results

E xperim en t I

M ature P aram phistom um  m icrobothrium  in fec tio n : T hree goats in fec ted  
w ith  P . m icrobothrium  w ere ex am in ed  and  faecal egg coun ts w ere m ade 2 
tim es  before tr e a tm e n t .  T h e re a f te r  2 goats were tr e a te d  an d  one rem ain ed  as 
u n tre a te d  con tro l. F aeca l egg co u n ts  w ere m ade d u rin g  30 days a f te r  t re a tm e n t. 
T h e  n u m b er o f eggs in  th e  tr e a te d  goats decreased  considerab ly  3 day s post
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Table I

E fficacy o f H oe 296 V (2,6-dihydroxybenzoic acid-4’-brom anilide) against m ature Paramphislomum microbothrium infection in  goats
Dose: 65 m g/kg body w eight per os

Goats
Treated/
Control

Pre- and post-treatm ent egg count per 2 g faeces* (in days)
D uration from 
trea tm en t to 
autopsy (in 

days)

No. o f worms 
recovered

- 7 - 5 +  3 +  4 + 7 +  10 +  14 +  17 +  30

I Control 602 757 761 690 709 410 298 305 609 _ _
2 Treated 1065 891 8 1 0 0 0 0 0 325 0

3 Treated 1085 979 6 2 0 0 0 0 0 36 0

* Sedim entation technique

Table II

E fficacy of Hoe 296 V (2,6-dihydrobenzoic acid-4’-brom anilide) against im m ature Paramphistomum microbothrium in fection  in goats
Dose: 65 m g/kg body w eight per os

K id Nos.
No. of m eta- 
cercariae fed

D uration from infection to  Paramphistomes recovered (in days)

Total %
EfficacyT reatm ent A utopsy Rumen Reticulum Omasum Abomasum

Small intes
tine

Large
intestine

l 1600 Control 40 397 59 0 0 26 0 482 _
2 1600 30 40 0 0 0 0 0 0 0 100
3 1600 30 40 0 0 0 0 0 0 0 100
4 1800 Control 35 872 190 0 0 15 0 1077 —

5 1800 20 35 0 0 0 0 0 0 0 100
6 1800 20 35 0 0 0 0 0 0 0 100

A
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T
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E
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M
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m ed ica tio n  and  no  eggs w ere dem o n strab le  1 w eek a f te r  t re a tm e n t. T h en , th e  
t r e a te d  goats w ere sacrificed  an d  exam ined  fo r p a ra s ite s . T he con tro l g o a t, 
on th e  o th e r h an d , c o n tin u e d  to  pass p a ram p h is to m e  eggs in  th e  faeces (T a
b le  I).

E xperim en t I I

Im m a tu re  P aram ph istom um  m icrobothrium  in fec tio n : 3 kids received  
1600 m etacercariae . 2 o f  th e m  w ere tre a te d  30 days a f te r  in fec tio n  and  au to p - 
sied  10 days la te r . T h e  rem ain in g  k id  w as k e p t as th e  u n tre a te d  con tro l an d  
a u to p s ied  w ith  th e  o th e r  tr e a te d  kids.

3 ad d itio n a l k id s  w ere in fec ted  w ith  1800 m e tace rca riae . 2 o f th em  w ere 
t r e a te d  20 days a f te r  in fec tio n  an d  au to p sied  15 days la te r . T he th ird  k id , th e  
u n tre a te d  contro l, w as sacrificed  w ith  th e  o th e r 2 tr e a te d  k ids (Table I I ) .

D iscussion

In  th e  p re se n t s tu d y , a new  cestod icidal co m p o u n d , 2 ,6 -d ihydroxy-ben - 
zoic acid-4’-b ro m an ilid e  (H oe 296 У), a t  ab o u t 65 m g /m l suspension p e r kg  
b o d y  w eight (9 g p o w d er =  6.75 g ac tive  su b stan ce  in  100 m l w ater), show ed a 
rem ark ab le  efficacy  a g a in s t to h  m a tu re  an d  im m a tu re  P . m icrobothrium  in 
g o a ts . I t  is, th e re fo re , possib lebo t rem ove b o th  m a tu re  a n d  im m atu re  p a ram - 
p h istom es w ith  a sing le o ra l a d m in is tra tio n .

T he p resen t re su lts  suggest th a t  th e  new  c o m p o u n d  is m ost effective 
a g a in s t 20 day -o ld , 30 d ay -o ld  an d  a d u lt P . m icrobothrium  in  goats. H o r a k  

(1962) te s ted  F re o n ®  112, hexach lo rophene, P ro m in tic ®  and  n iclosam ide 
(L in tex ) against P . m icrobothrium  in fec tion  in  sheep . H e  found  F reo n  112 
ineffec tive, b u t  single doses o f hexach lo rophene an d  P ro m in tic  were 4 3 —45 %  
effec tive  against im m a tu re  p a ram p h isto m es. In  re p e a te d  doses th e  efficacy  of 
th e se  drugs was in c rea sed  above 99% . A single oral a d m in is tra tio n  o f n ic lo s
am id e  a t  50 m g/kg  w as m ore  th a n  94%  effective a g a in s t p a ram p h isto m es in  
th e  abom asum  a n d  in te s tin e s , w hereas an  o ra l a d m in is tra tio n  of as m uch  as 
75 m g/kg only w as 15 .9%  effective ag a in st these  f lu k es  in  th e  ru m en . An 
o ra l dose of 50 m g /k g  show ed m ore th a n  95%  efficacy  a g a in s t 20—22-day-o ld  
param p h isto m es. A gain  in  1964, he rep o rted  th a t  n ic lo sam ide  a t  50 m g/kg  
b e in g  highly  e ffec tive  a g a in s t 7, 14 an d  20-day-old  p a ram p h is to m es in  sheep , 
b u t  ineffective a g a in s t m e tacercariae . H e found  50 m g /k g  ineffective ag a in s t 
im m a tu re  p a ra m p h is to m e s  in  c a ttle  an d  observed  v a ria b le  resu lts a t  100 
m g /kg . 150 m g/kg  p ro v e d  ineffective ag a in st a d u lt f lu k es .

A lthough, th e se  s tu d ies  were confined to  on ly  P . microbothrium  in fec tion  
in  goats, th e  p re se n t com pound  appears to  be m ore e ffec tive  th a n  n iclosam ide, 
since i t  is ac tive  a g a in s t b o th  m a tu re  an d  im m atu re  P .  microbothrium. I t  is
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sugg ested  th a t  fu r th e r  stud ies shou ld  be  u n d e rta k e n  to  ev a lu a te  its  a c tiv ity  
a g a in s t v a rious stages of d iffe ren t species of p a ram p h isto m es in  sheep  and  
c a ttle .

SUM M ARY

In preliminary trials a new cestod icidal com pound, 2 ,6-dihydroxybenzoic acid-4’- 
brom anilide, Resorcylam  (H oe 296 Y) has been tested  against m ature and im m ature Param - 
phistom um  microbothrium  infection in goats. A t about 65 mg active substance/kg body w eight 
(using a suspension of 9 g powder =  6.75 g active  substance in 100 m l water), the com pound  
was high ly effective against 20- and 30- day-old , as well as adult param phistom es in goats. 
The com pound had no apparent side effects.
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P ara s ito lo g is ts  concerned  w ith  th e  b io logy  o f r a b b it  coccidiosis genera lly  
agree th a t  ra b b its  o f  d iffe ren t ages re sp o n d  d iffe ren tly  to  iden tica l doses of 
in fec tion . M ost severe liv er lesions are  deve loped  on ly  b y  an im als, a p p ro x i
m a te ly  1.5 — 2 m o n th s  old, w hich  h av e  b een  w eaned  a t  le a s t for one o r tw o  
w eeks; la te r  on su scep tib ility  ten d s  to  decrease.

This age-dependent susceptib ility of rabbits to  coccidial in festation  is best known in  
relation to E im eria  stiedai infections. According to  the experim ental data o f K otlán  and 
P e l l é r d y  (1937), suckling rabbits resist infections w ith  E . stiedai oocysts for at least the first 
two weeks o f their life, while at the age of 20 days th ey  are alm ost fu lly  susceptible. Sim ilar 
observations were m ade by R ose (1958). K otlá n  and P e l l é r d y  (1937) failed to offer an ex 
planation for the resistance o f suckling rabbits to  E . stiedai infection. T hey tentatively  a ttri
buted i t  on one hand to  m aternal im m unity transferred intrauterinely or through the m ilk to 
the offsprings, on the other, to special biochem ical functions or the anatom ical structure of 
the young organism , above all o f the young liver, w hich som ehow do not favour the settlem ent 
of coccidia.

The inform ation on resistance to intestinal coccidiosis o f suckling rabbits is also sca n ty , 
and P e l l é r d y  (1965) sum m arized the relevant data.

T he p re se n t ex p erim en ts  w ere u n d e r ta k e n  to  c la rify  w h e th e r suck ling  
ra b b its  are  a c tu a lly  re s is ta n t to  coccidial in fe s ta tio n  an d  if  th e y  are, to  w h a t 
e x te n t.

N ew born  ra b b its  be longing  to  one a n d  th e  sam e l i t te r  w ere in fec ted  once 
or re p ea ted ly  a t d iffe ren t in te rv a ls  a f te r  b ir th  to  exam ine w h e th e r a single 
in fection  or re p e a te d  in fec tions w ould cause liv er coccidiosis. A n o th er ex p e ri
m en ta l series w as se t up  to  check th e  re s is tan ce  o f suck ling  ra b b its  to  in te s t i
n a l coccidia. In  a ll ex p erim en ts , th e  basic  p rinc ip le  w as to  a tte m p t th e  
suppression  of re s is tan ce  b y  ex trem ely  m assive  doses of oocysts.

E xperim en t 1

T he su sc e p tib ility  of suck ling  ra b b its  w as checked w ith  th e  p a ren te ra l 
dose w hich w as kn o w n  to  cause m assive in fe s ta tio n  of o lder an im als ( P e l l é r 

d y ,  1969). F ro m  a l i t te r ,  one 9-day-o ld  ra b b i t  (a) w as in fec ted  in tra p e rito n e a lly  
w ith  fresh  m erozo ites recovered  from  a d o n o r r a b b it  w hich h ad  been in fec ted
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14 d a y s  earlie r. Two o f its  l i t te r  m a te s  w ere in fec ted  o ra lly  (b) an d  in tra p e rito -  
n e a lly  (c) w ith  200 000 E . stiedai oocysts each a t th e  age o f 13 d ay s. A fo u rth  
l i t te r  m a te  (d), 14 day s o ld, rece ived  in tra p e rito n e a lly  1 m l o f a m ix tu re  of 
sp o ro cy sts  an d  ex cysted  sporozoites. A rtific ia l e x c y s ta tio n  was allow ed to  
ta k e  p lace  in  p an c rea tic  so lu tio n . A f if th  l i t te r  m ate  (f), 18 day s o ld, w as g iven 
200 000 E . stiedai oocysts o rally .

T h e  ra b b it  in fec ted  w ith  m erozo ites (a) was k illed  on th e  5 th  d a y  a f te r  
in fe c tio n  (p. i.). In  its  liv e r  th e re  w as n e ith e r  gross n o r m icroscopic ev idence 
o f th e  se ttle m e n t of coccidia. B o th  13-day-o ld  ra b b its  w ere k illed  on th e  2 0 th  
d a y  p .i. In  th e  liver o f th e  o ra lly  in fec ted  ra b b it  (b) th e re  w ere d ev e lo p m en ta l 
s tag es  an d  oocysts, w hich  w ere also seen in  u n sta in ed  sm ears, an d  in  th e  bile  
oocy sts  alone. In  th e  liv e r o f th e  p a re n te ra lly  in fec ted  ra b b i t  (c) th e re  w as 
n e ith e r  gross n o r m icroscopic ev idence o f coccidiosis. T he ra b b it  in fec ted  w ith  
e x c y s te d  oocysts (d) show ed th ic k e n in g  o f  th e  bile d u c ts  an d  th e  p resence  of 
oo cy sts  in  th e  liver an d  bile  w hen k illed  on th e  19 th  d a y  p .i. T he  f if th  r a b b it  
(f), k illed  on th e  18 th  d a y  p .i. show ed p ro life ra tio n  of th e  b ile  d u c ts  an d  in 
f la m m a to ry  cellu lar reac tio n  a ro u n d  th e m , b u t  these  lesions w ere m u ch  m ilder 
as co m p ared  to  tho se  u su a lly  seen in  o lder an im als in fec ted  w ith  s im ila r doses 
o f o o cy sts . T he presence o f v a rio u s endogenous stages o f  E . stiedai w as also 
s ta te d  in  th is  an im al.

E xperim en t 2

S uckling  ra b b its  from  a n o th e r  l i t te r  were in fec ted  o ra lly  w ith  a b o u t one 
m illion  oocysts o f E . stiedai w hen 2 d ay s  old. The in fec tion  w as re p e a te d  a f te r  
4 d a y s . O ne ra b b it d ied  a t  th e  age o f 7 d ay s  an d  in  its  in te s tin e  e m p ty  oocyst 
shells w ere found . T he su rv iv o rs  w ere re in fec ted  w ith  th e  sam e m assive doses 
o f oocy sts  on th e  8 th , 13 th  an d  15 th  d a y  of life.

T h e  ra b b its  w ere k illed  successively  on th e  19 th , 2 0 th , 22nd , 2 5 th , 2 7 th  
a n d  2 9 th  d a y  a fte r  th e  f ir s t  in fec tion . A ll o f th em  h ad  considerab ly  en la rg ed  
liv ers  w ith  pale areas o f no sh a rp  c o n to u rs  on th e  su rface . M any oocysts w ere 
fo u n d  in  th ese  areas, as well as in  th e  en larged  bile d u c ts  an d  gall b lad d e r. 
T a k in g  th e  16 — 17-day endogenous d ev e lo p m en ta l cycle o f E . stiedai in to  con
s id e ra tio n , i t  is obvious th a t  a t le a s t th e  oocysts found  in  th e  r a b b it  k illed  on 
th e  1 9 th  d a y  a fte r  th e  f irs t  in fec tion  developed  as a re su lt o f th is  f irs t in fec tio n  
a t  th e  age of 2 days.

O n m icroscopic e x am in a tio n  o f th e  liver on th e  1 9 th  d a y  p . p rim a m  i. 
(p .p .i.)  a la rger am o u n t o f coccidia w as seen to  parasitize  th e  w alls of th e  la rg e r 
b ile  d u c ts  com pared  to  th e  sm aller ones. D ifferen t endogenous s tages as well 
as oocysts  were en co u n te red , b u t  th e  fo rm er form s were h a rd ly  d is tin g u ish ab le  
ow ing to  th e  d ifferen t tim es  o f in fec tio n s. T hough  th e  p ro life ra tio n s o f th e  bile 
d u c ts  w ere d is tin c t, th e y  n ev e r reach ed  th e  cauliflow er-like d en sity  fo u n d  in
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older an im als. In v a g in a tio n s  w ere less deep , less f req u en t a n d  th e  p ro life ra tio n  
less arborized .

T he liv e r o f th e  r a b b it  on th e  2 0 th  d ay  p .p .i. w as co n sid e rab ly  en larged  
an d  large pale  areas w ith  no d is tin c t con tou rs were seen o v e r its  surface. H ere 
an d  th e re  on th e  d iap h rag m a i su rface  of th e  liver sh a rp ly  d e m a rc a ted  coccidian

Fig. 1. Diaphragm ai surface of a 25-day-old rabbit infected w ith  one m illion oocysts o f  
E im eria stiedai, each on the 2nd, 4th , 8th  13th and 15th day of life. The enlargem ent o f the  
bile passages w ith vesicle-like protrusions are clearly seen. About th e  half of the natural

size

Fig. 2. Portal surface of the liver shown in f  ig. 1. The distended bile passages are of pencil- 
thickness and show m any bubble-like extensions. About two thirds o f the natural size

foci occurred . A t th e  p o rta l surface m an y  th in -w alled  bile d u c ts  o f  pencil th ic k 
ness packed  w ith  E . stiedai oocysts w ere ap p a ren t. H isto lo g ica lly , th e  p ro lif
e ra tio n  was m ore d is tin c t as co m p ared  to  th a t  found in  th e  r a b b it  k illed on 
th e  p reced ing  d ay , b u t  th e  liver lesions w ere less p ro n o u n ced  th a n  th e y  used  
to  be  in  th e  o lder ra b b its .
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T he liver of th e  r a b b i t  k illed  on th e  22nd d a y  p .p .i. show ed a still m ore 
d is t in c t  d istension o f  th e  b ile  d u c ts  a t  th e  p o rta l su rface . I n  histo logical cross- 
sec tio n s th e  d ila ted  b ile  d u c ts  ap p ea red  as eno rm ously  en larged  cav ities. 
T h e re  w as a m ore d is t in c t  p ro life ra tio n  o f th e  bile d u c t w alls th a n  in  th e  r a b 
b its  k illed  p rev iously , y e t  i t  w as still m o d era te  as co m p ared  to  th e  p ic tu re  
com m on  in o lder h o s ts . E n d o g en o u s asexua l an d  sexual d ev e lo p m en ta l stages 
as w ell as oocysts a n d  d eb ris  d id  n o t fill up  th e  lum en e n tire ly  as in  th e  o lder 
ra b b i ts  a fte r th e  sam e tim e  p .i.

B y  th e  23rd  d a y  p .p .i. th e  bile d u c ts  w ere fo u n d  to  h a v e  d istended  a l
m o s t to  finger th ick n ess  (F igs 1, 2) w hich  co n ta ined  d e ta c h e d  m acrogam etes, 
m a tu re  oocysts, an d  d eb ris  o f  p a ra s ite s  an d  tissue . T h ese  observations w ere 
m ad e  in  unsta in ed  sm ears  as th e  decom posing liver o f th e  spo n tan eo u sly  d ied  
r a b b i t  w'as u n su itab le  fo r  h isto log ical ex am ina tion .

B y  th e  25th d a y  p .p .i. th e  liver h ad  en larged eno rm o u sly . The p e ri
p o r ta l  bile ducts  w ere o f  f in g e r th ick n ess  an d  show'ed m a n y  p ro tu b era tio n s . 
A t th e  d iap h rag m ai su rface  o f th e  liver, th e  en la rg em en t o f th e  bile ducts  wras 
sign ified  b y  vesicle-like p ro tru s io n s . In  th e ir  y e llo w ish -p u ru len t con ten ts th e re  
w ere  m asses of o o cysts . E x tre m e ly  num ero u s E . stiedai oocysts  were encoun
te re d  also in  th e  in te s tin e . M icroscopic ex am in a tio n  show ed  th a t  th e  coccidia 
h a rd ly  invaded  th e  sm a lle s t bile  d u c ts , w hile in  th e  d ila te d  large ones m an y  
dev e lo p m en ta l stages cou ld  be  seen in  th e  ep ithe lium , som etim es tw o in  one 
cell.

T he lesions fo u n d  in  th e  liver from  th e  an im al a u to p s ie d  on th e  2 7 th  
d a y  p .p .i. were ro u g h ly  o f  th e  above ty p e . M axim um  en la rg em en t of th e  liver 
w as found  on th e  2 9 th  d a y  p .p .i.. A t th a t  tim e , in a d d itio n  to  th e  d istension 
o f  th e  bile ducts  m a n y  focal lesions, ty p ic a l o f coccidiosis, w ere  p resen t. M icro
scop ica lly , th e  g rey ish -w h ite  sh a rp ly  d em arca ted  foci c o n ta in e d  m any  oocysts 
a n d  show ed a d is tin c t p ro life ra tio n  of th e  ep ithe lium  w h ich  h a rd ly  differed 
fro m  th e  co n v en tio n a l coccidia! lesions o f o lder ra b b its .

Experiment 3

T he foregoing e x p e rim e n t was rep e a te d  essen tia lly  on  th e  sam e schedule 
wri th  ra b b its  from  3 l i t te r s . T h e  9 ra b b its  from  th e  f irs t  l i t t e r  (a) were in fec ted  
once a t  th e  age of 0.5 d ay s , 9 ra b b its  o f th e  second l i t te r  (b) th rice  a t 3 -hourly  
in te rv a ls  a t th e  age o f  1 d a y , an d  6 ra b b its  o f th e  th ird  l i t t e r  (c) on tw o occa
sions a t  5 h o u rly  in te rv a ls  w hen  3 days old. E ach  dose consisted  of several 
m illions of E . stiedai o o cy sts , using  a p aste-like  c e n tr ifu g a l sed im ent o f th e  
in fec tio u s m a te ria l w h ich  consisted  exclusively  of o o cy sts . This in fectious 
m a te r ia l  was ad m in is te re d  o ra lly  w ith  a sp a tu la  and  r in se d  dow n w ith  a l i ttle  
w a te r .
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F ig. 5 F ig . 6

F igs 3—6. Young and prem ature schizonts in epithelia l cells o f the bile ducts in the liver o f a 
rabbit in fected  w hen 1 day old. 8th day of infection . H. E . X approx. 1000

stages were fo u n d  as ea rly  as th e  12 th  d a y  w hile gam étogon ie  stages a p p e a r
ed on th e  1 6 th  d a y . N o oocysts were fo u n d  in  th e  liv er tissu es . T he sm all b ile  
duc ts  w ere u su a lly  n o t  invo lved , th e  few  p a ra s ite s  found  in  th e  livers occurred  
chiefly  in  th e  la rg e  o r m ed ium  sized d u c ts . P ro life ra tio n , f ir s t  n o ted  on th e

(a) R a b b its  from  th e  f irs t l i t te r  w ere au to p sied  successively  on th e  4 th , 
5 th , 6 th , 1 1 th , 1 2 th , 13 th , 14 th , 1 5 th  a n d  1 6 th  d ay  p .i. M acroscopically  a 
yellow ish d isco lo ra tio n  o f th e  liver su rface  w as n o t  seen u n ti l  th e  12 th  or 1 3 th  
d ay , w hen also th e  surface te x tu re  ap p e a re d  m ore p ronounced . A p a rt from  
th is , th e  livers ap p e a re d  rough ly  n o rm a l. H isto log ica lly , spo rad ic  schizogonie

F ig. 4
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F ig . 7. M iddle-sized bile duct on the 10th day p .i. in  the liver of a suckling rabbit infected when  
1 day old w ith one or tw o m illions of E . stiedai oocysts. D eveloping schizonts attach  loosely  

to the epithelial lin ing. H .E . X approx. 500

F ig. 8. Moderate proliferation of the wall in  the bile duct o f a 1-day-old suckling rabbit infected  
w ith  several m illions o f E. stiedai oocysts. 10th day after infection. H. E. X approx. 250
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Figs 10— 11. Schizogonie stages (Fig. 10) and (pre)gam onts (Fig. 11) on the 16th day p .i. in the  
liver of suckling rabbit infected w hen 3 day old. H. E. x  approx. 500

Fig. 9. The same type of lesion in the liver of a litter-m ate 3 days later. The proliferation is 
more pronounced, though the protuberances o f the bile duct wall are short and sporadic. H .E .

X approx. 150
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1 5 th  d ay , was s lig h tly  m ore  p ronounced  on th e  1 6 th  d a y , h u t  b y  fa r  n o t  to  
such  an  e x te n t as is com m on  in  o lder ra b b its  a f te r  s im ila r in fec tions.

(b) T he n in e  ra b b i ts  from  th e  second l i t te r  w ere exam ined  successively 
on th e  4 th , 5 th , 6 th , 7 th ,  8 th , 9 th , 1 0 th , 11 th  an d  1 3 th  d a y  a fte r  in fec tion . 
In fe s ta tio n  a p p ea red  to  be  m ore p ronounced  th a n  in  th e  p rev ious group th o u g h  
th e re  w as no n o ta b le  d is ten sio n  or p ro life ra tio n  of b ile  d u c ts . F rom  th e  4 th

Fig. 12. Queer pattern  o f proliferation on the 16th day p.i. B ile duct o f a suckling rabbit 
infected  w ith  m assive dose o f  E . stiedai oocysts when 3 days old. The epithelium  is packed w ith  

various endogenous stages, first o f all gam onts. H .E . X approx. 150

d a y  p .i. on , spo rozo ites a n d  troph o zo ites  could  be seen a t  th e  bases of th e  ep i
th e lia l cells o f th e  b ile  d u c ts . F rom  th e  7 th  d ay  on , sch izon ts w ere seen here 
an d  th e re  in  th e  m ed iu m  sized d u c ts  (F igs 3, 4 , 5, 6). T he sch izon ts w ere a t 
ta c h e d  loosely to  th e  p ra c tic a lly  no rm al ep ith e liu m  (F ig . 7). A m o d era te  p ro lif
e ra tio n  ap p eared  on th e  10 th  day  p .i. (F ig . 8) an d  i t  w as m ore p ronounced  on 
th e  13tli d ay  p .i. (F ig . 9).

(c) T he six  r a b b i ts  from  th e  th ird  l i t te r  w ere exam ined  p o st m o rtem  on 
th e  2nd , 4 th , 7 th , 1 2 th , 14th and  16 th  d ay  p .i. Sporozoites w ere f irs t  seen 
a ro u n d  th e  bile d u c ts  on  th e  4 th  day . F rcm  th e  1 2 th  to  16 th  d ay , schizogonie 
stages u p  to  g am o n ts  (F igs 10,11) o ccu rred  in  increasing  n u m b ers . No oocysts 
w ere seen in  th is  case e ith e r . P ro life ra tio n  s ta r te d  on th e  12 th  d ay  an d  becam e 
fa ir ly  p ro n o u n ced  b y  th e  16 th  d ay  (F ig . 12).
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Experiment 4

D ue to  th e  successfu l in fec tion  ex p e rim en ts  w ith  E . stiedai, a t te m p ts  
w ere m ade to  p ro v e  th e  su scep tib ility  o f suck ling  ra b b its  to  in te s tin a l cocci- 
diosis. F rom  a l i t te r  o f 6 ra b b its , 3 were in fec ted  a t  4 d ay s (a) an d  th e  o th e r 3 
an im als a t  9 d ay s o f  age (b) w ith  a m ix tu re  o f oo cy sts  w hich  co n ta in ed  p ra c ti
cally  all species o f in te s tin a l coccidia of th e  r a b b it .

F ro m  b o th  g ro u p s, one ra b b it  received  u n tre a te d  oocysts, th e  second 
p a r tia lly  ex cysted  oocysts w ith  free spo rocysts  a n d  th e  th ird  oocysts w hich  
w ere excysted  so as to  re lease a su b s ta n tia l a m o u n t o f th e  sporozoites.

(a) In  th e  g ro u p  in fec ted  w hen 4 days o ld, on th e  8 th  d a y  p .i. th e  in fec
tio n  w as m ost p ro n o u n ced  in  th e  ra b b it  g iven  th e  oocysts  excysted  to  re lease 
sporozoites. One d ro p  from  th e  surface of g ly ce rin e -flo ta tio n  o f th e  in te s tin a l 
co n ten ts  from  th is  an im a l co n ta in ed  a b o u t 10 oo cy sts  o f in te s tin a l coccidia, 
w hile sim ilar m a te r ia l from  th e  ra b b it  g iven p a r t ia l ly  ex cysted  oocysts co n 
ta in e d  only  1 or 2. I n  th e  th ird  ra b b it ,  in fec ted  w ith  in ta c t  oocysts, no oocysts 
w ere seen.

(b) The 3 suck lin g  ra b b its , in fec ted  a t  th e  age o f  9 d ay s, w ere exam ined  
also 8 days p .i. In  th is  case, to o , th e  in fec tion  w ith  oocysts  ex cysted  to  release 
sporozoites w as th e  m o st successful. In  th e  in te s t in a l  c o n te n ts  of th is  ra b b it  
averagely  10 oocysts  w ere seen in  each fie ld  o f v is io n  a f te r  f lo ta tio n , w hile in  
sam ples from  th e  o th e r  tw o  ra b b its  only  2 o r 3 oocy sts  w ere found  w ith  th e  
sam e m ethod .

Som e sh o rt seg m en ts  of th e  sm all in te s tin e  o f  th e  r a b b it  in fec ted  w ith  
th e  oocysts ex cy sted  to  release sporozoites h a d  a th ic k e n e d  w all w hich w as of 
a p a le r colour as co m p ared  to  th e  o th e r p a r ts  o f th e  in te s tin e . In  th e  a lte red  
in te s tin a l regions, a b o u t 1 — 2 cm  in  len g th , sch izo n ts  w ere a p p a re n t in  th e  
scrap ings an d  h isto lo g ica l ex am in a tio n  revea led  th e  p resence  o f m an y  develop
m e n ta l stages. In  th e  o th e r  p a r ts  o f th e  in te s tin e , as w ell as in  th e  m iddle  p o r
tio n  of th e  in te s tin e  o f th e  r a b b it  in fec ted  w ith  less e x cy s ted  oocysts, th e  n u m 
b e r  of d ev e lo p m en ta l s tag es  w as m uch  low er an d  in  th e  in te s tin e  o f th e  ra b b it  
g iven in ta c t  oocysts no  coccidia could be d e te c te d  h isto log ically .

Discussion

T he resu lts  o f th e  p re sen t ex perim en ts a p p e a r  to  d isp rove th e  earlier 
s ta te m e n ts  th a t  suck ling  ra b b its  are  re s is ta n t to  coccid ian  in festa tio n .

T he prev ious f in d in g s  b y  K o t l á n  an d  P e l l é r d y  (1937), an d  R o se  
(1958), in d ica tin g  th e  resis tan ce  of suckling  ra b b its  to  som e th o u san d s  of 
E . stiedai oocysts is n o t  in co n g ru en t to  th e  p re se n t f in d in g s  as we used  ex 
tre m e ly  m assive doses o f  in fec tive  m a te ria l.

I t  appears t h a t  th e  re sis tan ce  of ra b b its  to  in te s t in a l  coccidia an d  to  
E . stiedai is m ost p ro n o u n ced  b u t  n o t com plete  a t  b i r th  an d  ten d s  to  decrease

9 * Acta Veterinaria Academiae Scientiarum Hungaricae 19, 1969
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a f te rw a rd s . This is su p p o rte d  b y  th e  n o ta b ly  low er su scep tib ility  o f  th e  yo u n g er 
r a b b its  as com pared  to  th e  o lder ones an d  b y  th e  d is tin c tn ess  o f gross lesions 
e n c o u n te re d  in  th e  livers of se ria lly  in fec ted  ra b b its  w hen  2 — 3 w eeks old. 
T h is  co rre la tes  well w ith  o u r p ra c tic a l experience th a t  a t  w ean in g  a t  18 days 
o f age , ra b b its  are less su scep tib le  to  coccid ian  in fec tion  w ith  n o rm a l doses of 
oo cy sts  th a n  1 or 2 w eeks la te r  w hen  resis tan ce  has fu lly  declined . O u r ex p eri
m e n ts  h a v e  also show n th a t  suck ling  ra b b its  can  be in fec ted  w ith  E . stiedai 
p a re n te ra l ly  th o u g h  n o t  to  such  an  e x te n t as th e  1 — 2 m o n th s  o ld  w eaned 
ra b b its .

B ased  on th e  above co n sid e ra tio n s , successful a tte m p ts  h a v e  been  m ade 
to  c la r ify  w h e th e r “ n a tu ra l”  re s is tan ce  to  coccidiosis follow s a s im ila r course 
in  o th e r  m am m alian  h o sts  (Schrecke , perso n a l co m m unica tion ).

SUM M ARY

Infection  experim ents on a to ta l o f 42 suckling rabbits of different ages were performed  
w ith  E . stiedai and in testinal coccidia of the rabbit. Given extrem ely m assive doses (e.g. sev
eral m illions oocysts per anim al), the rabbits were susceptible from birth on to both  oral and w ith  
E . s tied a i parenteral infection. The resistance o f suckling rabbits to all species o f  rabbit coccidia 
was strongest at birth and subsequently tended to decline. Experim ental in fection  was consid
erab ly  m ore successful w ith  oocysts w hich were excysted  to release sporozoites than w ith  
in ta c t oocysts. One of the rabbits given  excysted  oocysts o f intestinal coccid ia at the age of 9 
days had typical coccidial lesions in 1 to 2 cm  long segm ents o f the sm all in testine.

In  the livers o f rabbits infected serially w ith  E . stiedai up to 2— 3 weeks o f age there was 
a m arked dilation of the bile ducts on the portal surface. The dilated bile passages protruded 
sharp ly  from  the liver tissue.
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L é p i n e , P. — G a m e t , A.: L a rage (R abies). Collection de m onographies. Les m aladies 
anim ales à virus. L’Expansion Editeur. Paris. 1968. Price 26 Francs.

This volum e of the series o f em erging virus diseases of farm anim als is especially oppor
tun e, as rabies is expanding in Europe and in other parts of the world. The volum e contains 
up-to-date data on sylvatic  rabies spred m ainly by foxes and advancing steadily in Europe 
from  north-east to south-w est.

After a general introduction and history of the disease the properties o f the virus showing 
sim ilarities to m yxoviruses are described, but the classification of rabies virus in the separate 
group o f Rhabdoviruses seem s to be m otivated . The discussion of differences between virulent 
street virus and fix  virus strains is im portant in  both  theoretical and practical respect. Clini
cal sym ptom s and pathological lesions o f the disease are treated briefly. In the chapter on the 
pathogenesis of the disease em phasis is layed on the possibilities and im portance of various 
w ays o f infection.

Among diagnostic m ethods o f rabies interest is focussed to m ethods which enable a rap
id dem onstration of the virus. The great im portance of the im m unfluorescent technique is 
stressed, but lim itations of this m ethod are also discussed in the light o f the great responsibility  
in deciding on the necessity o f vaccination  of subjects in contact w ith  suspect animals. 
In the chapter on the postin fectious treatm ent the necessity of wound treatm ent as well as 
the production and indications of the application of vaccine and im m une serum  are discussed. 
Disagreeable side effects o f the im m uno prophylactic m ethods are described in  detail. The last 
tw o chapters on the epizootiology and prophylaxis o f  the disease are restricted to listing  
generalities o f basic im portance.

The m ajority o f the 230 publications listed  in  the bibliography are in French and E ng
lish , only few other papers are m entioned. (The 10 German titles included are written rather 
fa u lty .) This restriction of the literature used m ay be an explanation for shortcom ings of the  
te x t, especially concerning som e topics o f practical veterinary interest. For instance veteri
nary surgeons acting in infected countries, bu t probably also those o f im m ediately  threatened  
countries like France, w ill m iss details concerning the results o f  prophylactic  vaccination of 
dogs and other animal species. There w ill not be full agreement w ith  the authors’ proposition  
to  vaccinate persons exposed professionally to the infection (laboratory research workers and 
veterinary surgeons of endem ic regions) by yearly  vaccination. Chapters on the virology and 
path ology  of the disease as well as those on laboratory diagnostic m ethods and treatm ent are 
w ell com piled sources o f valuable inform ation for all specialists engaged w ith  rabies problems 
both  in the laboratory and in the field .

T. S z e n t - I  v a n  Y i

M o r n e t , P. — G i l b e r t , Y.: L a peste equine. (African horse sickness.) Collection des 
m onographies. Les m aladies anim ales à virus. L’Expansion Editeur. Paris. 1968. 140 pages. 
Price: 39 Francs.

The actuality o f this new volum e of the French series on virus diseases o f animals is 
given  by the fact that African horse sickness is one of the so called exotic  virus diseases which, 
due to  increasing trade relations w ith  African countries, crossed the border o f formerly enzootic  
areas o f southern and equatorial Africa and caused disastrous outbreaks in South Asia, North  
Africa and appeared once also in  Europe. Besides econom ical losses caused b y  the disease, the 
results o f recent research work on the disease and its virus are reported.
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In the sequence o f chapters on the h istory, v irology, clinical sym p tom s and pathological 
lesions, epizootiological and etio logical features, diagnosis, im m unity and sanitary regulations 
applied against the disease, the authors follow  the structure of form er volum es of the same 
series (on African sw ine fever, rinderpest, infectious anaem ia of horses and A ujeszky’s disease). 
The introductory chapter describes the history o f the disease in  the originally infected areas of 
Africa south  of the E quator, and disastrous outbreaks in E gyp t and Palestine in 1943— 44, 
in  South  Asia in  1959— 60, and in  N orth Africa in  1965— 66. Though the horse has lost m ost o f  
its  former im portance as a drought anim al in  developed countries, race and sport horses rep
resent an im portant and continuously increasing econom ical va lue. E fforts made by inter
national bodies (FAO , O IE ) to  confront the danger of introduction o f the virus into Europe, 
especially  after an occasional outbreak of the disease at the southern coast o f Spain in the  
autum n 1966 are discussed.

Properties o f the etio logical agent are described in detail and relations w ith reo- and 
arbovirus groups discussed. T heoretical and practical bearings of the certain ly m ost im portant 
biological property o f the v irus, the occurrence o f  at least 9 serologically different types, is 
treated  in  detail. A fter concise chapters o f about 20 pages each on clin ical and pathological 
features as w ell as the epizootiological and etiological characteristics o f the disease, an es
pecial em phasis is layed on the description o f  diagnostic procedures and control measures, in 
cluding vaccine production and application in  the field . A supplem entary chapter summarizes 
literary data on the su scep tib ility  o f the dog to the virus of African horse sickness and its even 
tual role in  the spreading o f  the infection. The bibliography lists 224 publications.

The value o f th is concise m onography, sum m ing up all necessary and up- to- date infor
m ations on African horse sickness is increased by the fact that the authors are in possession  
o f a long years’ experience on the disease. This renders their m onography not only a useful 
up-to-date inform ation on th is emerging exotic  virus disease, bu t also a delightful piece of  
reading.

T. S z e n t - I v á n y i
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Р Е З Ю М Е

ЗОБНАЯ ЖЕЛЕЗА КОСТИСТОЙ РЫБЫ МИЛЯ CLARIAS LAZERA
в. ризкалла

Зобная железа Clarias lazera сместилась немножко к зади с обычного места. По
следнее имеется непосредственно позади жабр.

В малых индивидах длины 9 мм, этот орган не показывает дифференциации тканей. 
Это явление, то есть разделение на корковую и мозговую зоны, первый раз наблюдается 
в индивидах длины 12—15 мм. Добавочная, то есть третья зона, обнаруживается только 
в животных длины выше 17 до 150 мм. В крупных рыбах зобная железа подвергается 
инволюционным изменениям, что продолжается до ее полного исчезновения.

Основная масса зобной железы состоит главным образом из ярко окрашивающихся 
тимоцитов, среди которых имеются ретикулярные клетки, образующие остов. Некоторые 
ретикулярные клетки кажутся фагоцитами, тогда как другие дифференцируют в липоид- 
ные клетки.

Для зобной железы характерно наличие кист, которые с возрастом как по коли
честву, так и по размерам прибывают. Кисты представляют собой ареалы перерождения 
в этом органе. Больше того, кисты различных размеров, наполненные слизью, обнаружи
ваются в зобной железе рыб, несмотря на их возраст.

На ранней стадии гистогенеза зобной железы имеется связь между этим органом 
и лимфатической головкой почки при посредстве лимфоцитарных тяжей. Иногда обнару
живается даже полное сливание этих двух органов.

НАДПОЧЕЧНИКИ И СТАННИЕВЫ ТЕЛЬЦА КОСТНОЙ РЫБЫ НИЛЯ CLARIAS
LAZERA

В. Р И З К А Л Л А

Надпочечники у Clarias lazera являются высокоорганизованной компактной тканью, 
окружающей переднюю часть задней кардиальной вены, где эта ткань внедряется в пра
вую долю.

Надпочечная железа состоит из межпочечной ткани, образующей ббльшую часть 
железы, в которой имеются разбросанные группы хромафинных клеток.

Межпочечную ткань формируют клеточные тяжи железистых клеток, разделенных 
капиллярами. Клетки содержат аскорбиновую кислоту и разное количество жира.

Разбросанные группы хромафинной ткани кислыми красками окрашиваются плохо. 
Хромафинные клетки обычно закруглены, они больше ложнопочечных клеток, с нечетки
ми контурами.

Станниевы тельца представлены 3—7 малыми, круглыми тельцами, разбросанными 
и частично понуренными в центральную поверхность средней почки.

Снаружи тельца обладают соединительно-тканной капсулой, состоят из эпители
альных долек, разделенных друг от друга богатой сосудами соединительной тканью.

Станниевы тельца являются высокоорганизованными эпителиальными органами, 
четко отделяющимися от почечной ткани, в которой они находятся. Они вероятно пред
ставляют собой эндокринный орган с неизвестной функцией.



НАБЛЮДЕНИЯ О ГИСТОХИМИЧЕСКИХ СВОЙСТВАХ РАЗВИВАЮЩЕГОСЯ
ФОЛЛИКУЛА И ЖЕЛТОГО ТЕЛА ЯИЧНИКА КОШКИ И СОБАКИ

С. С. Г У Р А Я

Изучены гистохимические свойства развивающегося фолликула и желтого тела 
яичника кошки и собаки. Клетки зернистого слоя развивающегося фолликула богаты 
цитоплазматической РНК. Среди клеток зернистого слоя тут-там наблюдаются липидные 
тельца, состоящие из фосфолипидов. Наиболее заметным гистохимическим изменением, 
ведущим к дифференциации (или лютэинизации) клетки зернистого слоя фолликула в 
клетку желтого тела является появление большого количества липопротеинов в цитоплаз
ме. Липидные тельца, содержащие фосфолипиды, или фосфолипиды и триглицериды тоже 
образуются в цитоплазме клеток желтого тела. Как липидные включения, так и диффуз
ные липопротеины видимо связаны с синтезом стероидных гормонов.

Элементы стромы t h e c a  i n t e r n a  тут-там тоже содержат фосфолипидные тельца. 
Однако наблюдающиеся в  t h e c a  i n t e r n a  кошьячего яичника гипертрофированные клетки 
наполнены грубыми липидными тельцами, состоящими из фосфолипидов, холестэрола 
или холестэролевых эстеров и триглицеридов. Их нельзя наблюдать в желтом теле.

С регрессом клеток желтого тела грубые липидные включения, состоящие или из 
фосфолипидов и триглицеридов, или фосфолипидов, триглицеридов и холестэрола или 
эстеров холэстерола накопляются в больших количествах в цитоплазме. Некоторое коли
чество пигмента, вероятно липофусцина, тоже образуется на поздних стадиях регресса 
желтого тела. Увеличение количества грубых липидных включений совпадает с умень
шением количества диффузного липопротеина, из чего можно судить, что первые могут 
образоваться путем патологических изменений из последнего. Регрессирующие клетки 
желтого тела, наполненные грубыми липидными тельцами, могут иметься в строме яич
ника в течение месяцев.

ОПРЕДЕЛЕНИЕ РЕЗЕРВА ЖИВЧИКОВ ВНЕ СЕМЕННИКОВ У БУЙВОЛА
А. М. ОСМАН и Е . Э Л -А ЗА Б

Изучался резерв живчиков вне семенников у двух возрастных групп буйволов -  
1,5-и 2,5-летних — с целью выявления возможной корреляции между количеством всех 
живчиков и весом и объемом семенников и их придатков. Для определения количества 
живчиков применялся новый метод, связанный с мацерацией и измерением при помощи 
цитометра. Данные и соотношения показаны в таблицах. У обеих возрастных групп сиг- 
нификантное соотношение обнаружено между количеством всех живчиков и весом при
датков семенников (гр. I: г =  -f  0,973, Р <  0,1%; гр. II: г =  + 0 ,8 8 4 , Р <  0,27%). 
Сигнификантная корреляция между количеством всех живчиков и весом семенников 
обнаружено только в возрастной группе I (г =  +  0,654, Р <  5%).

ОПРЕДЕЛЕНИЕ МАРГАНЦА В ПЕЧЕНИ ЦЫПЛЯТ БЕЛЫЙ ЛЕГХОРН 
В РАННИЙ ПОСЛЕИНКУБАЦИОННЫЙ ПЕРИОД

3 . С О В А , 3 . М А Р Е К , К . К О У Д Е Л А  и Й. Х О У Ш К А

В возрасте 1—31 день изучалось содержание марганца в печени цыплят белый 
легхорн. Сразу после вылупления в печени обнаруживалось всего 1,33 дм марганца, 
то есть 0,34 ±  0,086 дг/100 г сухого вещества и 0,124 дг/100 г всей печени. За время пер
вой недели вес печени увеличился в два раза, тогда как количество всего .марганца в 
печени увеличилось только незначительно — до 1,92 f i r .  С 18. дня возраста наступает 
резкое увеличение количества марганца в этом органе, в результате чего при увеличении 
веса печени до 31-дневного возраста в 7 раз — содержание этого элемента в печени увели
чивается в 17 раз.



КОБАЛЬТ В ПЕЧЕНИ ЦЫПЛЯТ БЕЛЫЙ ЛЕГХОРН 
В РАННИЙ ПОСЛЕИНКУБАЦИОННЫЙ ПЕРИОД

3 . М А Р Е К , 3 . СОВА, К . К О У Д Е Л А  и Й . Х О У Ш К А

Изучено количество кобальта в печени цыплят белый легхорн в возрасте 1—31 
день. Непосредственно после вылупления печень содержала 18,2 /<г/100 г кобальта, то 
есть всего 196 ц г  этого элемента. Позже количество кобальта начинает увеличиваться и, 
таким образом, к концу первого месяца возраста значения кобальта в этом органе коле
бались в пределах 15,6 — 46,3 ц / 1 0 0  г печени, то есть 60 ±  56 /л г  и 180 ±  40 /*/100 г сухого ве
щества. В течение 31 дня вес печени увеличился в 7 раз, тогда как количество кобальта в 
ней — в 13,6 раза. Таким образом печень месячных цыплят содержала 2660 ц г  кобальта.

НЕКОТОРЫЕ ГЕМАТОЛОГИЧЕСКИЕ ПОКАЗАТЕЛИ 
У КРУПНОГО РОГАТОГО СКОТА ПРИ 

НОРМАЛЬНОЙ И ПОЛУСИНТЕТИЧЕСКОЙ ДИЕТЕ
Й. П А В Е Л

Проводился анализ крови у трех козлов, содержавшихся на нормальной диете 
(луговое сено и ячмень) и двух козлов при содержании их на полу синтетической диете 
(пшеничная солома, крахмал, мочевина, подкормка нужными минеральными веществами). 
Проводились следующие анализы крови: определение всего белка, остаточного азота, 
фильтрация сывороточных белков на жели Сефадекс 5—200, бумажно-электрофорети
ческое фракционирование сывороточных белков, липопротеинов и гликопротеинов, опре
деление активности сывороточной молочнокислой, малатовой и сорбитной дегидрогеназ, 
щелочной фосфатазы и амилазы.

При анализе данных обнаружено, что у животных на полусинтетической диете 
сигнификантными являются снижение остаточного азота в сыворотке, понижение актив
ности сывороточной сорбит-дегидрогеназы и щелочной фосфатазы.

БЫСТРЫЙ МЕТОД ДИАГНОСЦИРОВАНИЯ ТРИХОМОНАДОЗА 
У БЫКОВ МИКРОСКОПИЧЕСКИМ ИЗУЧЕНИЕМ СОСКОБА 

СЛИЗИСТОЙ ПРЕПУЦИЯ
П. Ш У Т КА  и Л . КА ТА Н

Хотя широкое внедрение в практику искусственного осеменения существенно 
сократило заболеваемость быков трихомонадозом, паразитов все же обнаруживается 
среди быков, при,меняющихся главным образом в естественной случке. Поэтому данный 
диагноз является важным средством в профилактике этого паразитоза. Обычный метод 
диагноза — изолирование паразита из полоскательной жидкости препуция — не удов
летворяет этой цели. Под импульсом подобных начинаний литературы авторы описы
вают быстрый эффективный метод обнаружения Trichom enas foetu s микроскопическим 
изучением нативного соскоба слизистой препуция, полученного специальным инстру
ментом. Результаты изучения 522 соскобов проверены и методом культивации.

РЕАКЦИЯ ОСЕДАНИЯ ЭРИТРОЦИТОВ И ПОКАЗАТЕЛЬ 
ГЕМАТОКРИТА У ЗДОРОВЫХ УТОК

Й. Я Н Т О Ш О В И Ч  и к. Ф Р И Д

Изучались РОЭ и показатели гематокрита у здоровых взрослых и молодых двух
месячник уток. РОЭ изучалась у 46 уток-самок, у 21 самца и 10 утят при помощи пипеток 
Вестергрин просвета 2,5 мм при наклоне 60°. Разница в этих показателях двух поголовьев 
была незначительной (1—2 мм) и несигнификантной. Возраст влияет на РОЭ в том смысле, 
что у молодых животных эта реакция проходила быстрее.

Показатели гематокрита изучены у 47 уток-самок, у 20 самцов и 10 утят обычным 
методом. У разных полов обнаружены незначительные, несигнификантные отличия. 
Меньшие показатели обнаруживались у животных молодого возраста.



ЕТСАНЭКСПЕРТИЗА СТРАДАЮЩЕГО РЕТИКУЛОПЕРИТОНИТОМ 
КРУПНОГО РОГАТОГО СКОТА С ОСОБЫМ ВНИМАНИЕМ НА 

ОБНАРУЖИВАЕМОСТЬ
А. Ф О Р Р А И  и И . СА ЗА Д О Ш

Проведено патолого-анатомическое исследование 139 голов крупного рогатого 
скота, болевшего до убоя перфоративным ретикуло-перитонитом и среди них 125 изучено 
и бактериологически. В боенском материале г. Печ среди 20 257 нормальных убойных 
животных у 0,32% обнаружен ретикуло-перитонит, а среди вынужденно убитых — у 
9,3%. В 83 (59,7%) случаях среди 139 перфорацию сетки сопровождало острое или хро
ническое воспаление брюшины. В 56 случаях инородное тело поступило дальше и повре
дило легкие (14,4%), сердце (10%), селезенку (7,9%) и печень (7,1%).

На основании данных своих наблюдений авторы считают обоснованным проводить 
бактериологическое исследование материала при незначительном и хроническом воспа
лениях брюшины. При помощи бактериологических исследований в 49,6%-ах случаев 
выявлено наличие Corynebacterium  pyogenes. Сепсис от упомянутой микробы диагнос- 
цирован в 27 случаях. На основании патолого-анатомической и бактериологической 
оценок 139 случаев мясо 58 голов скота декларировано безусловно годным для потреб
ления, 19 голов — слабого качества, 15 животных — условно годным и, наконец, мясо 
47 голов оказалось негодным для потребления.

ТОРМОЖЕНИЕ ВЫРАБОТКИ ПЕРВИЧНОГО АНТИБАКТЕРИАЛЬНОГО 
ИММУНИТЕТА ПРИ ПОМОЩИ ГЕТЕРОЛОГИЧЕСКОЙ АНТИЛИМФОЦИТАРНОЙ

СЫВОРОТКИ
Л . Р Е Т И  и М. П А Д А Н И

Изучался эффект гетерологической антилимфоцитарной сыворотки (АЛС) на вы
работку первичного антибактериального иммунитета у мышей, иммунизированных адсор
бированной к гидроокиси алюминия вакциной против рожи свиней и перезаражавшихся 
дозой 105 DLM вирулентного рожистого штамма. Обнаружены следующие факты.

Гетерологическая антилимфоцитарная сыворотка эффективно тормозила выра
ботку иммунитета против бактерий рожи свиней.

Иммунитет подавляющая обработка АЛС была эффективной только на ранней, 
стадии иммунизации. Более эффективной была, если она применялась до иммунизации.

В продуктивной фазе иммунитета от АЛС не получено иммунитет подавляющего 
эффекта.

Изучалась роль АЛС, как гетерологического белка в механизме подавления имму
нитета. Обнаружено, что в их системе интерференция имелась между изучаемым геном и 
антигенной стороной гетеропротеина АЛС. Эта интерференция однако не влияет сущест
венно на специфическое иммунитет подавляющее действие АЛС.

ИЗУЧЕНИЕ ВЛИЯНИЯ ТРОФНОГО ГОРМОНА СЖК НА 
ПОЛОВЫЕ ОРГАНЫ НЕОТКЛАДЫВАЮЩИХ НЕСУШЕК. 
ПОТРЕБНОСТЬ В КИСЛОРОДЕ И САХАРЕ И ОТДАЧА 

МОЛОЧНОЙ КИСЛОТЫ ЯИЧНИКАМИ, МАГНУМОМ И УТЕРУСОМ
А. К Е М Е Н Ь , ЕВ А  Ф О Д О Р  и Д Ь .  Л Е Н Ч Е Ш

Изучалось значение Q02 фолликулов, магнума и утеруса и степень поступления- 
сахара в ткани этих органов и отдача ими молочной кислоты у двухлетних несушек с 
атретизированными яичниками и яйцеводом.

35 уже давно неактивные несушки разбиты в две группы — подопытную и конт
рольную. Животные первой группы в течение восьми дней ежедневно получали препа
рат гормона СЖК (Гестил Органон, 500 ME). Состояние (неактивность) половых органов 
проверяли наощупь на лапаратомизированных животных. Первой дозой инфильтровали 
яичник, после чего следовал курс внутримышечного введения препарата, ежедневно в 
одинаковое время при одинаковой дозе. Контрольным животным таким же способом 
вводили физраствор поваренной соли.



Под влиянием гормона СЖК из фолликулов промера 2—3 мм развились вполне 
зрелые таковые промера 20—30 мм. Вес яичников с 4,5 ±  0,57 повысился до 72,6 ±  11,40 г 
в среднем. В одном яичнике насчитывали по 8—12 фолликулов величины в орех. Ненор
мальное распределение фолликулов и повторное наблюдение, когда правосторонний 
атрофизированный яйцевод тоже стал развиваться, указывают на то, что обработка гор
моном СЖК действует более энергично, чем физиологическое раздражение.

При убое несушек неделю спустя от обработки гормоном СЖК фолликулы были 
уже дряблыми, сморщенными, но яйцевод еще не показывал явлений инволюции.

Именения значений Q02 в изученных органах показаны в табл. I.
В обработанной гонадотропным гормоном СЖК группе поступление глюкозы в 

ткани утеруса было без изменения, тогда как в ткани магнума поступило ее меньше, 
чем у контрольных животных (р <  0,01). Эти же показатели яичников обработанных 
животных были сигнификантно (р >  0,01) меньше, чем контрольных таковых.

Магнум обработанных животных гонадотропным гормоном СЖК отдавал на 
70% меньше молочной кислоты, чем тот же орган контрольных животных (р >  0,01).

Данные дискутируются в связи со структурой, развитостью яйцевода и формиро
ванием обмена веществ в нем.

ФОРМИРОВАНИЕ ВЗАИМОСВЯЗИ ПАРАЗИТ— ХОЗЯИН МЕЖДУ 
ВИДАМИ РОДА THWAITIA И ИХ ХОЗЯЕВАМИ

К . М О Л Н А Р

Изучена взаимосвязь четырех видов Thwaitia — Th. ovata, Th. rischta, Th. abdomi
nalis и Th. kotlani —, обнаруживающихся и в Венгрии с их хозяевами.

Развитие этих видов в некоторых видах хозяев не всегда проходит бесперебойно.
Перебои в развитии могут обнаруживаться в том, что самки задерживаются под 

серозной оболочкой плавательного пузыря, или они повреждаются в брюшной полости.
В некоторых случаях инвазии твайтиами для бесперебойного развития самок 

нужно наличие некоторых факторов. Одним среди них можно считать лигулезную ин
вазию у хозяев, которая обеспечивает 100%-ное развитие самок твайтий.

ПОВЕДЕНИЕ ВИРУСНОГО ШТАММА ОСПЫ ИНДЕЕК В ПЕРЕПРИВИВКАХ 
НА ТКАНЕВУЮ КУЛЬТУРУ ИЗ ПОЧКИ СВИНОГО ПЛОДА

К . Б А М Б Е Р Г Е Р , П. М А Р К О В И Ч  и П И Р О Ш К А  В Е К Е Ш

Венгерский штамм оспы индеек путем переменной привики на тканевую культуру 
почки свиного плода и хорио-аллантоис куриного зародыша удалось адаптировать к 
тканевой культуре почки свиного плода. С 39-й перепрививки на тканевую культуру 
почки свиного плода уже не нужно было перепрививать на хорио-аллантоис куриного 
зародыша. После этого в 20 пассажах штамм дружно размножался в этой культуре.

Привыкший к тканевой культуре почки свиного плода штамм размножается цикли
чески, но титер низок, вызывает менее выраженную прививочную реакцию и обладает 
более слабым иммуногенным свойством, чем исходный вирусный штамм.

На этом основании штамм не удобен для производства вакцины против оспы птиц.

ЛАБОРАТОРНОЕ ДИАГНОСЦИРОВАНИЕ БЕШЕНСТВА 
МЕТОДОМ ИММУНОФЛУОРЕСЦЕНЦИИ; ДИАГНОСТИЧЕСКОЕ 

ЗНАЧЕНИЕ МЕТОДА
Е. М О Ч А РИ  и Д . К О В А Ч

За время 18 месяцев изучен головной мозг 1600 голов разных видов животных на 
бешенство методом окрашивания по Герлах и прямой иммунофлуоресценции и проведено 
348 экспериментальных прививок. Среди 530 мозгов, обнаруженных методом иммуно
флуоресценции неблагополучными, окрашиванием по Герлах только в 448 выявлены 
(84,5% '.тельца Негри. Метод иммунофлуоресценции и результаты экспериментального



заражения касательно 87 зараженных и 261 отрицательного мозгов совпадали на 98,8 
и 98,5% соответственно.

В обсуждении отчасти технической причины погрешностей при исследованиях 
методом иммунофлуоресценции (слабое качество конъюгата, неравномерное распределение 
вируса в мозгу) авторы приходят к заключению, что отрицательный результат при упо
треблении этого диагностического метода не исключает наличия бешенства, поэтому в 
данном случае нельзя отказаться от применения экспериментального (диагностического) 
заражения.

АНТИГЕЛЬМИНТНАЯ ЭФФЕКТИВНОСТЬ 2,6-ДИГИДРОКСИ-БЕНЗОЙНАЯ 
КИСЛОТА-4’-БРОМАНИЛИД (НОЕ 296) ПРОТИВ ПОЛОВОЗРЕЛЫХ И 

МОЛОДЫХ ЭКЗЕМПЛЯРОВ PARAMPHISTOMUM MICROBOTHRIUM В КОЗЕ
Г. Л Е М Л Е Р , Б . Н . Ш А Х А И  и X . Г Е Р Ц О Г

Докладывается о результате предварительного эксперимента по изучению эффекта 
нового противоцестодного препарата — 2,6-дигидрокси-бензойная кислота-4’-броманилид 
R esorcylara (НОЕ 296) — против ювенильных и половозрелых особей Param phistom um  
m icrobothrium  в козах. Препарат в дозе 65 мг/кг, через рот, в виде взвеси на воде, ока
зался очень эффективным как против молодых, так и половозрелых представителей па- 
рамфистомумов. Побочные явления после дегельминтизации не обнаружены.
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