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HISTOMORPHOLOGY
OF THE SUBCOMMISSURAL ORGAN IN BUFFALO 

( BU B ALU S B U  BALIS)

V . R a m k r i s h n a  a n d  R .  P .  S a i g a l *

D e p a rtm e n t o f  A n a to m y  a n d  H isto logy , College o f V e te rin a ry  Science, 
P u n ja b  A gricu ltu ra l U n iv e rs ity , L u d h ian a-1 4 1 0 0 4 , In d ia

(R eceived  M ay 15, 1985)

To s tu d y  th e  h is to m o rp h o lo g y  o f th e  buffalo  subcom m issu ral o rg an  (SCO), six m ale  
bu ffaloes aged b e tw een  1 a n d  3 years w ere used . T he bu ffa lo  SCO histo log ically  consists of, 
in  a d d itio n  to  th e  e p e n d y m a  an d  h y p e n d y m a , a  w ell-developed  su b ep endym al glial zone. 
T he ep en d y m a of ta l l  co lu m n a r c iliated  cells w ith  a p p ea ran c e  of p seu d o stra tifica tio n  m easures 
h ig h es t in  th e  p a rs  su bcom m issu ralis  a n d  low est in  th e  p a rs  supracom m issuralis . The h y p e n 
d y m a  is th e  th ic k e s t in  th e  p a rs  re tro com m issu ra lis . T he h y p e n d y m a  consists o f cell aggrega
tio n s  in  th e  form  of c o rd s , follicles, d u c ts  a n d  seg reg a ted  cell m asses. S u p ra - and  in fran u c lea r 
v acu o la tio n s a re  co m m o n  in  b o th  th e  e p en d y m al a n d  h y p en d y m a l cells. No evidence of 
h y p en d y m a l du c ts o p en in g  on to  th e  v e n tr ic u la r  su rface  of th e  o rgan  w as found. A b u ndance  
o f capillaries, th e ir  close association  w ith  h y p e n d y m a l cells a n d  glial fib res  a round , an d  th e  
p resence of sec re to ry  su b s ta n c e  in tra ce llu la rly  an d  in  close p ro x im ity  to  th e  capillaries ev i
dence  th e  endocrine n a tu r e  o f th e  buffalo  SCO.

Keywords. S u b com m issu ral organ, b u ffa lo  (B u b a lu s  bubalis), h istom orpho logy .

S ystem atic  h is to m o rp h o lo g y  o f th e  su b co m m issu ra l o rgan  (SCO) h as  
b een  rep o rted  in  v a r io u s  dom estic an im als (T a la n ti , 1958; B arlow  e t al., 1967), 
ro d e n ts  (L eonieni, 1968) and  in  m a n  (M ollgard , 1972). T he li te ra tu re , how ever, 
lack s an y  know ledge on  th e  m o rpho logy  o f th e  SCO in  bu ffa lo . The p re se n t 
s tu d y  was u n d e r ta k e n  to  fill th is  gap .

M ateria ls an d  m ethods

T he b ra in  tis su e s  inc lud ing  th e  reg ion  o f  SCO w ere co llected  from  6 m ale  
buffaloes (aged b e tw e e n  1 and  3 y ears) im m e d ia te ly  a fte r  th e y  were k illed  b y  
b leed ing  th ro u g h  th e  ca ro tid  a r te ry . T he tissu es  w ere fix ed  from  3 anim als in  
10%  buffered  n e u tr a l  fo rm alin , from  2 in  B ou in -D o b o sq u e’s fix a tiv e  and  fro m  
1 in  B ak e r’s fo rm ol calc ium . T he tissu es  w ere p rocessed  b y  ro u tin e  tech n iq u es 
fo r p a ra ff in  b locks u s in g  a cedar-o il schedu le . T he b locks con ta in ing  tw o o f 
th e  n e u tra l fo rm alin -fix ed  specim ens w ere sec tioned  in  sa g itta l  planes a n d  
th o se  con ta in in g  th e  re s t o f th e  fo u r  w ere sec tio n ed  in  tra n sv e rse  p lanes, a ll 
a t  10 ftm th ick n ess  se ria lly . The sec tions a t  re g u la r  in te rv a ls  w ere sta ined  w ith  
h aem ato x y lin  a n d  eosin , H olzer’s m e th o d  fo r glial f ib res  an d  B erg m an n ’s

* To w hom  all correspondence  sh o u ld  be addressed

1 * Acta Veterinaria Hungarica 34,1986 
Akadémiai Kiadó, Budapest
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4 RAMKRISHNA and SAIGAL

m o d ified  chrom e a lu m  h a e m a to x y lin  (C A H ) m ethod  fo r n eu ro sec re to ry  su b 
s ta n c e  (H um ason , 1979).

T h e  th ick n ess  o f  d iffe ren t zones in  various reg ions o f  th e  SCO w ere 
m e a su re d  b y  m ic ro m e try  a t  10 ra n d o m  sites in  each reg ion  an d  th e  average  
v a lu e s  w ere reco rded  fo r each  a n im a l. T he m eans an d  th e  ran g es are  re 
p re se n te d  in  T ab le  I .

Table I

T hickness o f ependym a a n d  h y p en d y m a  in d ifferen t p a rts  
o f th e  b u ffa lo  SCO (in fim )

P arts
E pendym a H ypendym a

M ean Range Mean Range

P ars supracom m issuralis 78 52-111 204 75-480
P ars precom m issuralis 88 56-126 201 60-130
P ars subcom m issuralis 100 67-525 242 75-126
P ars retrocom m issuralis 88 56-126 569 225-930

R esults

T he buffalo  SCO w as found  h is to log ica lly  d iv isib le in to  th re e  d is tin c t 
zones, v iz. ep en d y m a, su b ep en d y m a l g lia l zone and  h y p e n d y m a . T h e  th ic k 
n ess  o f  th e  ep en d y m a an d  th e  h y p e n d y m a  (th e  la t te r  in c lu d in g  th e  glial zone) 
in  d iffe ren t regions o f  th e  SCO is sh o w n  in  T able I .

E pendym a . T he  ep en d y m a co n sis ted  of m odified  ep ith e lia l cells. T he 
e p ith e liu m  ap p eared  s tra tif ie d  ta l l  c o lu m n a r ciliated  w ith  oval v e s icu la r nucle i 
lo c a te d  basa lly  a t  v a ry in g  levels g iv in g  a n  appearance  o f  p se u d o s tra tif ic a tio n  
(F ig . 1). T he tra n s it io n  o f th is  la y e r  in to  th e  usual v e n tr ic u la r  ep en d y m a  w as 
fo u n d  a b ru p t la te ra lly  (F igs 2, 4 a n d  5) b u t  g radua l a t  i ts  ro s tra l  a n d  c a u d a l 
en d s . T h e  th ick n ess  o f  th e  e p en d y m a  v a rie d  from  52 to  525 /u n , b e ing  th e  
h ig h e s t a t  th e  p a rs  subcom m issu ra lis  a n d  th e  low est a t  th e  p a rs  sup raco m - 
m issu ra lis  (Table I) .

N um erous c ry p t- lik e  in v a g in a tio n s  lim ited  to  th e  ep en d y m a w ere ev id e n t 
in  y o u n g  buffalo  calves (Figs 2 an d  3). T hese  in v ag in a tio n s w ere m ore n u m e r
ous a t  th e  pars  su p racom m issu ra lis , p a rs  p recom m issuralis an d  a t  th e  bases 
o f  th e  m ed ian  an d  la te ra l  lo n g itu d in a l g rooves. In  a d u lt b u ffa lo , th e  in v a g in a 
tio n s  w ere inconsp icuous.

T h e  oval-shaped  nuclei o f th e  e p e n d y m a l cells h a d  w ell-d ispersed  ch ro 
m a tin  an d  one o r tw o  d is tin c t n u c leo li (F igs 1 an d  12). F ine  eosinophilic  
g ran u le s  c o n cen tra ted  to w ard s th e  v e n tr ic u la r  surface an d  in  b a sa l processes 
close to  th e  u n d erly in g  b lood  vessels. C y top lasm ic  v acu o la tio n s w ere f re q u e n t 
in  th e  su p ra - an d  in fra n u c le a r  reg ions (F ig . 1).
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P la te  1

F ig . 1. B uffalo calf SCO ependym a (E ) show ing ap ical fuzzy lay er (F ), cell nuclei loca ted  
a t  various levels, b asa l processes te rm in a tin g  a ro u n d  th e  und erly in g  blood vessels (BY) and

vacuolations (arrow s). H - E .,  X 400
F ig. 2. Buffalo calf SCO in cross section  th ro u g h  subcom m issu ral region show ing th ree  d is
t in c t  zones: ep endym a (E ) w ith  c ryp t-like  in v ag in a tio n s (arrow s from  th e  v e n tricu la r  side), 
la te ra l long itud inal groove (L), subep en d y m al glial zone (S) an d  h y p en d y m a (H ). Mid- 
lo ng itud inally  ru n n in g  blood vessels (B Y ), glial trab e cu la e  (arrow s) sep ara tin g  h y p en d y m a l 

cell groups, an d  th e  posterior com m issure  (PC) are  ev id en t. H olzer’s m eth o d , X 32 
F ig. 3. T he area  in  rec tan g le  in Fig. 2 en la rg ed , show ing glial tissue in th e  su b ep endym al 
zone (S) and  th e  glial trab ecu lae  w ith  b lood vessels (a rrow s) ex ten d in g  be tw een  h y p en d y m al

cell groups. H o lzer’s m e th o d , XlOO
F ig . 4. B uffalo calf SCO in cross section  th ro u g h  precom m issural region show ing d is tin c t 
su b ep endym al zone (S) sep ara tin g  th e  ep en d y m a  (E ) from  h y p en d y m a  (H ), th e  h y p en d y m al 
g lan d u la r tissue (G) ex ten d in g  in to  th e  p o ste rio r  com m issure  (PC), an d  la te ra l long itu d in a l

groove (L). H o lzer’s m eth o d , X 32
F ig. 5. B uffalo calf SCO showing a b ru p t  t ra n s it io n  of m odified  ep endym a (E ) in to  u sua l 
v e n tricu la r  ependym a a t  arrow , and th e  m ix ed  zone (M) o f few er h y p en d y m a l cells w ith  th e  

c e n tra l  g ray  substance  (CG) of th e  b ra in . H -E .,  X 100 
F ig . 6. Buffalo calf SCO hypendym a in th e  subcom m issu ral region show ing a h y p en d y m al 
d u c t (bounded  by th in  arrow s) lined w ith  p y ra m id a l-sh a p e d  cells hav in g  large  vacu o la tio n s 
an d  g ran u la r cy to p lasm  sta in ing  in ten se ly  eosinophilic  ap ically  (th ick  arrow ). O th er h y p e n 

dym al cells also show  vacuoles. H -E .,  X 400



P la te  II

F ig . 7. Buffalo calf SCO in m id -sag itta l section  show ing th e  glial fibres ex ten d in g  from  th e  
su b ep en d y m a l glial zone (S) th ro u g h  th e  h y p en d y m a  (H ) con tinu ing  in to  th e  p o ste rio r  com 

m issure  (PC). H olzer’s m eth o d , X 100
F ig . 8. Buffalo calf SCO show ing glial fib re  n e tw o rk  in th e  su b ep endym al zone a ro u n d  the  

longitud inally  ru n n in g  b lood vessels (BV). H olzer’s m eth o d , X400 
F ig . 9. B uffalo calf SCO show ing a glial trab e cu la  (T) from  w hich  th e  glial f ib res  trav e rse  in 

betw een h y p e n d y m a l cells (arrow ). H olzer’s m eth o d , X400 
F ig . 10. Buffalo calf SCO show ing  lo n g itu d in a lly  sectioned  h y p en d y m a l tu b u le s  a n d  cords 
(a rrow s). CAH -positive sec re to ry  g ranules (a rrow  heads) and  vacuoles are seen in  th e  h y p e n d y 
m al cells. B ergm ann’s chrom e a lu m  h aem ato x y lin  (CAH ) m eth o d  for sec re to ry  su b stan ce ,

X 400
F ig . 11. Buffalo calf SCO show ing a h y p en d y m a l d u c t (bounded  by  arrow s) w ith  sec re to ry  
su b s ta n c e  (arrow  head) deep in  be tw een  th e  ne rv e  fascicles o f  th e  poste rio r com m issure.

B ergm ann’s C A H  m eth o d  for sec re to ry  sub stan ce , X400 
F ig . 12. B uffalo calf SCO from  su pracom m issu ra l region show ing a re la tiv e ly  large  h y p en d y m a l 
d u c t  w ith  secretory  g ranules in  i ts  cells ap ically  (b o u n d ed  b y  arrow s). E p en d y m a l c ry p t (C) 

is p a rtly  seen. B e rg m a n n ’s CAH m eth o d  fo r sec re to ry  su b stan ce , X 400
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T he v e n tr ic u la r  surface o f th e  ep en d y m a p re se n te d  a d is tin c t fu z z y  
la y e r  (Fig. 1). A  heterogeneous m ass w ith  R B C s a n d  cell debris w as seen  
ad h erin g  to  th is  su rface , p a r tic u la r ly  in  th e  m ed ian  an d  la te ra l lo n g itu d in a l 
grooves and  in  th e  recessus m esocoelicus. T he fin e  g ra n u la r  cy top lasm  d id  n o t  
s ta in  w ith  CAH. N o evidence o f R e issn e r’s f ib re  o n  th e  v e n tr icu la r  su rface  
w as no ticed .

Subependym al g lia l zone. Im m e d ia te ly  u n d e r  th e  ependym a, th e re  w as 
a w ell-developed p a le -s ta in in g  zone e x ten d in g  th ro u g h o u t th e  len g th  a n d  
w id th  o f  th e  SCO, ex cep t th a t  in  th e  p a rs  re tro co m m issu ra lis  i t  becam e in d is 
t in c t  an d  g ra d u a lly  d isap p eared  to w a rd s  th e  te rm in a tio n  o f  th e  o rgan . T h is  
zone ch iefly  com prised  glial tissue  (F igs 2, 3, 4 an d  7) th ro u g h  w hich a b u n d a n t 
b lood  vessels tra v e rs e d  lo n g itu d in a lly  (F ig . 8). T h e  sm alle r blood vessels a n d  
cap illa ries arising  fro m  th is  zone w ere su rro u n d ed  b y  th e  basa l processes o f  
th e  ependym al cells (F ig . 1), w hich  occasionally  show ed  granu les of sec re to ry  
su b stan ce  p e riv a scu la rly . A few  g lia l f ib res  w ere seen  ex ten d in g  in to  th e  
in te rs tic e s  o f e p e n d y m a l cell processes, an d  also a ro u n d  th e  blood cap illa ries. 
T h is zone was g e n e ra lly  devoid o f c h a ra c te ris tic  h y p e n d y m a l cells.

H yp en d ym a . I t  w as a dense ce llu la r zone b e tw een  subep en d y m al g lia l 
zone an d  p o ste rio r com m issure (PC ), ex te n d in g  from  th e  beg inn ing  o f th e  p a rs  
su p racom m issu ra lis  to  th e  te rm in a tio n  o f th e  p a rs  re trocom m issu ra lis . T h e  
th ick n ess  of th is  zone varied  from  60 to  930 /im , b e in g  m ax im u m  in  th e  p a rs  
re trocom m issu ra lis  a n d  m in im um  in  th e  p a rs  p reco m m issu ra lis  (Table I).

T he h y p e n d y m a l tissue ch ie fly  com prised  cell ag g rega tions of d iffe ren t 
form s sep a ra ted  b y  a tra b e c u la r  n e tw o rk  o f g lial tissu e  a long  w ith  b lood  v e s 
sels trav e rs in g  th ro u g h  them  (F igs 2 -4 ) . G lial f ib res  w ere also seen b e tw een  
th e  cells (F ig . 9). T h e  cell agg regations ap p ea red  in  fo rm s o f  cords, follicles 
an d  segregated  cell m asses (F ig. 6). T h e  ce llu la r a r ra n g e m e n t seen in  row s in  
sa g itta l  sections in d ic a te d  some lo n g itu d in a lly  ru n n in g  tu b u la r  or d u c tu la r  
h y p en d y m a l tissu e  (F ig . 10). No ev idence  o f  open in g  o f h y p en d y m al d u c ts  o r 
tu b u le s  on to  th e  v e n tr ic u la r  surface could  be fo und .

T he h y p e n d y m a l cells were g en era lly  ir re g u la r ly  ro u n d e d  in  shape. H o w 
ever, th e  cells o f  th e  h y p en d y m al d u c ts  an d  follicles w ere p y ram id a l, w ith  
b a sa lly  loca ted  ro u n d e d  or oval n ucle i (Figs 6 an d  12). In  o th e r  h y p e n d y m a l 
cells ro u n d ed  or o v a l nuclei were p laced  c e n tra lly  o r eccen trica lly . The n u c le i 
ap p eared  vesicu la r, con ta in in g  a d is tin c t nucleo lus each . Cells w ith  do u b le  
nucleo li w ere co m m o n . The h y p e n d y m a l cell cy to p la sm  s ta in ed  eosinophilic  
an d  freq u en tly  w as f in e  g ranu lar. S u p ran u c lea r  an d  in fra n u c le a r  v acu o la tio n s 
o f  v a riab le  sizes w ere  com m on. T h e  c y to p la sm  o f th e  d u c tu la r  p y ram id a l cells 
p a r tic u la r ly  close to  i ts  narrow  lu m en  co n ta in ed  a d eep ly  eosinophilic g ra n u la r  
m ass (F ig . 6).

T he h y p e n d y m a l cells in  a ll th e  form s w ith  s im ila r ch a rac teris tic s  w ere 
seen ex ten d ed  in  b e tw e e n  th e  fascicles o f  th e  p o s te rio r  com m issure (F ig. 11).
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6 RAMKRISHNA and SAIGAL

H y p e n d y m a l d u c ts  o r follicles o f la rg e r sizes w ith  re la tiv e ly  w ide lu m in a  w ere 
f re q u e n t in  th e  p a rs  su p raco m m issu ra lis  (F ig . 12).

D iscussion

I n  ro d en ts , m a n  a n d  dom estic  a n im a ls , th e  SCO has b een  described  as 
b e in g  d iv ided  in to  tw o  zones, viz. e p e n d y m a  an d  h y p e n d y m a  (K ra b b e , 1925; 
T a la n ti ,  1958; T a la n ti  a n d  K ivalo , 1960; M ollgard , 1972; M itro  a n d  P a lk o v its ,
1981). In  th e  p re se n t s tu d y  on b u ffa lo  a  d is tin c t zone o f g lia l tissu e , a  zone 
t h a t  sep a ra ted  th e  l a t t e r  from  th e  u n d e rly in g  h y p e n d y m a , w as observed  
im m e d ia te ly  u n d e r th e  ep en d y m a. F o r  th e  ease o f d esc rip tio n  th is  glial zone 
is  described  se p a ra te ly  as “ su b e p e n d y m a l g lia l zone” .

E pendym a. I n  r a t ,  m ouse, g u in ea -p ig , h am ste r , ox, h o rse , dog , p ig , sheep, 
g o a t, elk , llam a an d  cow  calf, th e  e p e n d y m a  was re p o rte d  to  b e  lin ed  w ith  
t a l l  c ilia ted  co lu m n ar cells (W islocki a n d  L educ, 1952; T a la n ti ,  1958; T a la n ti 
a n d  K ivalo , 1960; Iso m a k i e t al., 1965; K oh l, 1975; M itro  a n d  P a lk o v its , 
1981). In  buffa lo , h o w ev er, th e  e p e n d y m a  consists o f m o d ified  ta l l  co lu m n ar 
c ilia te d  cells w ith  ap p e a ra n ce  o f p se u d o s tra tif ic a tio n , w hich  is in  accordance  
w ith  th a t  re p o rte d  in  sheep (B arlo w  e t  a l., 1967) an d  r a ts  (Collins an d  
W oolam , 1979).

The ep en d y m a m easu red  60 to  80 p m  th ick  below  th e  p o s te rio r  com 
m issu re  in  ra ts  (Collins an d  W oolam , 1979). In  bu ffa lo , i t  show ed  reg iona l 
v a r ia tio n s  m easu ring  low est e p e n d y m a , 52—111 p m , in  th e  p a rs  su p raco m 
m issu ra lis , g rad u a lly  in c reasin g  to  67—525 p m  in  th e  p a rs  su b com m issu ra lis , 
w h e re a fte r  again  i t  g ra d u a lly  decreased  to w ard s  th e  p a rs  re tro co m m issu ra lis .

G ob le t-shaped  cells w ith  d is te n d e d  ap ica l cy top lasm  h a v e  b een  observed  
in  th e  SCO e p en d y m a  o f dom estic  a n im a ls  (K olm er, 1921; T a la n ti ,  1958; 
T a la n t i  and  K iva lo , 1960). K o lm er (1921) a ttr ib u te d  th is  to  u n sa tis fa c to ry  
f ix a tio n , while o th e rs  considered  i t  to  be  sec re to ry  in  fu n c tio n . N o such  g o b le t
sh a p e d  cells w ere e v id e n t in  th e  p re se n t s tu d y , b u t  su p ra -  a n d  in fra n u c le a r  
cy to p lasm ic  vacuoles w ere p ro m in e n t. S ites conform ing to  th e  v acuo les s ta in e d  
w ith  S udan  b lack  В cou ld  suggest t h a t  th e  vacuoles w ere due  to  lip id s  (R am - 
k r ish n a , 1983). T h is in d ic a te s  th e  s im ila r ity  o f its  sec re to ry  a c t iv i ty  w ith  th e  
s te ro id -sec re tin g  ty p e .

W eindl an d  S ch inko  (1975) re p o r te d  in  rod en ts  t h a t  th e  m uco id  n a tu re  
o f  R e issn er’s fib re  h a d  th e  c a p a c ity  o f  b in d in g  selective su b s ta n c e s , i.e . RBCs 
a n d  cell debris, a t  th e  n a rro w  v e n tr ic u la r  sy stem .

In  buffalo , h ow ever, th e re  w as n e ith e r  an y  evidence o f  R e issn e r’s fib re  
n o r  th a t  o f C A H -positive  sec re to ry  su b s ta n c e  in  th e  ep en d y m a l cells an d  on 
th e  fuzzy  lay e r. H a v in g  found  no R e issn e r’s fib re  in  th e  h u m a n  fe ta l SCO, 
M ollgard  (1972) s ta te d  t h a t  th e  su rface  c o a t on  i t  m igh t p e rfo rm  th e  u n k n o w n  
ro le  p lay ed  b y  R e issn e r’s fib re  in  o th e r  species. T his is suggestive  o f  th e
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SUBCOMMISSURAL ORGAN IN BUFFALO 7

h y p o th es is  o f a b so rp tio n  ra th e r  th a n  ap ica l secre tio n , as w ell as o f th e  c ilia ry  
m o v em en t w hich  m ig h t have an  a t t r a c t iv e  force to  a t ta c h  th e  R B C s a n d  cell 
d eb ris  from  th e  C S F  in  buffalo , th u s  s u b s ti tu tin g  th e  fu n c tio n  o f R e issn er’s 
f ib re  b y  help ing  in  th e  cleaning o f  C SF  an d /o r w h a tso ev e r i ts  u n k n o w n  fu n c 
tions m igh t be in  o th e r  species.

Subependym al g lia l zone. I n  th e  p re se n t s tu d y  a d is tin c t g lial tissu e  zone, 
ju s t  below  th e  e p en d y m a , was e v id e n t th ro u g h o u t th e  le n g th  an d  w id th  o f 
th e  SCO, a zone w h ich  g rad u a lly  d isap p ea red  a t  th e  p a rs  re tro co m m issu ra lis . 
H ow ever, in  d esc rip tio n s of o th e r  dom estic  an im als  th is  zone has been  in c lu d ed  
in  th e  h y p en d y m a  (K rab b e , 1925; T a la n ti , 1958; T a la n ti an d  K iv a lo , 1960). 
I t  w as suggested  t h a t  th e  h y p e n d y m a l g lia  cells p a r tic ip a te d  in  th e  t r a n s p o r t  
o f  su b stan ces  d e riv e d  from  th e  C SF a n d  also fro m  blood  vessels (C am m er- 
m ey er, 1965). B ecause  of th is  c a p a c ity , th e y  m ig h t serve as “ a re lay  o r en d  
s ta t io n ”  fo r som e su b stan ces passin g  th ro u g h  th e  v e n tr ic u la r  w all.

H yp en d ym a . T h e  te rm  “ h y p e n d y m a ”  w as f ir s t  in it ia te d  b y  K ra b b e  
(1925) in  c a ttle  a n d  dog. I t  consisted  o f  co m p ac t cell is le ts  s im ila r to  ep en d y m a , 
g lia  cells, n eu ro g lia  elem ents an d  a  few  n e rv e  f ib re s  a rising  from  th e  p o s te rio r  
com m issure in  o x , horse , dog, p ig , cow  calf, h u m a n  fe tu ses an d  re in d ee r 
(K ra b b e , 1925; T a la n ti ,  1958, 1959, 1966; T a la n ti  an d  K ivalo , 1960; Iso m a k i 
e t  a l., 1965; B arlo w  e t al., 1967; M ollgard , 1972). I n  th e  p re se n t s tu d y , th e  
cell aggregations ap p ea rin g  as cell co rds w ith  d u c ts  in  b e tw een  an d  th e  lin e a r  
a rra n g e m en t o f  cell row s in  sa g itta l  sec tions in d ic a te  th e  p resence o f tu b u la r  
g lan d s, w hich h a d  b een  seen in  ru m in a n ts  o n ly  (T a lan ti, 1958; T a la n ti an d  
K iv a lo , 1960; Iso m a k i e t al., 1965; B arlow  e t  a l., 1967). T he open ing  o f  th e  
d u c ts  o f these  tu b u la r  glands o n to  th e  ep en d y m a l su rface w hich  h a d  been  
re p o rte d  in  o th e r  ru m in a n ts  could n o t  be o bserved  in  buffa lo . T he h y p e n d y m a l 
d u c ts  w ere p ro b a b ly  n o t an  im m ed ia te  c o n tin u a tio n  o f  c ry p ts  o f ep en d y m a as 
th e se  d u c ts  w ere a lso  visible u n d e r th e  sm o o th  su rface  ep en d y m a a n d  p e n 
e tra te d  even d eep ly  in  betw een  th e  fascicles o f  th e  p o ste rio r  com m issure. 
T h is speaks in  fa v o u r  o f  th e ir  in d e p e n d e n t n a tu re .

O lsson (1961) m en tioned  th a t  th e  g la n d u la r  p ro p e r ty  o f  th e  SCO in  
h u m a n  fetuses w as also seen in  th e  p in ea l d iv e rticu lu m , in d ica tin g  th a t  th e  
p o s te rio r  lobe o f  th e  p ineal o rgan  m ig h t be  b u ilt  u p  from  th is  specialized  
e p en d y m a , so t h a t  th e  secre to ry  a c t iv i ty  m ig h t he re ta in e d  fo r som e tim e  in  
th e  p in ea l o rgan . T h e  sam e could be t ru e  in  b u ffa lo , w here th e  h y p e n d y m a l 
tissu e  is w ell-developed  in  th e  w all o f  th e  recessus in frap in ea lis  in  c o n tin u a 
tio n  o f  th e  pars su p racom m issu ra lis  o f  th e  SCO.

In  bovine fe tu se s , cy lindrical d u c ts  w ere observ ed , b u t  n o t lined  w ith  a 
special cell lay e r, r a th e r  blood vessels e n te re d  th e se  d u c ts  (T urkew itsch , 1936). 
Specia l tu n n e l-lik e  cav itie s  were o b serv ed  in  bo v in e  fe tu ses a n d  re in d ee r b y  
T a la n ti  (1959, 1966). I n  th e  p re se n t s tu d y , how ever, no such  o b se rv a tio n s  
could  be m ade.
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T h e  eosinophilia  in c re a s in g  to w a rd s  th e  lu m en  o f h y p e n d y m a l d u c ts  
su g g e s te d  secre to ry  a c t iv i ty  s im ila r to  t h a t  in  ep en d y m a, as p o s tu la te d  in  
ru m in a n ts  and  re in d eer (T a la n ti, 1958, 1966; T a la n ti an d  K iva lo , 1960). T he 
su p ra n u c le a r  v acu o la tio n s  in  th e se  h y p e n d y m a l cell cords h av e  b een  con
f irm e d  to  be due to  lip id s , w h ich  m ig h t h av e  been  rem oved  d u rin g  processing  
o f  p a ra f f in  sections (R a m k rish n a , 1983). A lso osm iophilic  lip id  bodies h av e  
b e e n  re p o rte d  in  th e  h y p e n d y m a l cells o f  calves b y  Iso m ak i e t  al. (1965).

I n  th e  buffalo  SCO, n o ta b ly  no ev idence  o f h y p en d y m a l d u c ts  opening  
in to  th e  c ry p ts  or o n to  th e  su rface  o f  ep en d y m a w as found . T h erefo re , th e  
p ro fu se  v ascu la tu re , close asso c ia tio n  o f b lood  capillaries w ith  th e  h y p e n d y m a l 
cells a n d  glial fib res , a n d  th e  p resence  o f  g lan d u la r  C A H -positive sec re to ry  
su b s ta n c e  in  th e  cell m asses in tra c e llu la r ly  as well as in  close p ro x im ity  of 
cap illa rie s  ind ica te  th e  en d o crin e  n a tu re  o f th e  SCO.
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COMPARATIVE STUDY ON THE QUANTITY 
OF MINERAL ELEMENTS EXCRETED 

IN THE FAECES BY THE RABBIT 
(ORYCTOLAGUS CUNICULUS DOMESTICUS) 

AND WILD RABBIT (ORYCTOLAGUS CUNICULUS)
J .  B o k o r i  a n d  G y . T ö l g y e s i

D e p a r tm e n t o f N u tritio n , U n iv e rs i ty  o f V e te r in a ry  Science,
II-1400 B u d ap es t, P .O . B o x  2, H u n g a ry

(R eceived A p ril 11, 1985)

E lev en  faeca l sam ples collected fro m  w ild  ra b b its  ( Oryctolagus cuniculus)  liv in g  in  
d iffe ren t regions o f H u n g a ry  an d  10 tru e  (h a rd )  faecal sam ples co llected  from  r a b b its  ( O. 
cunicu lus dom esticus) k e p t in  ag ricu ltu ra l r a b b i t  fa rm s w ere ex am in ed  fo r 11 m ineral e lem en ts . 
T h e  m in era l e lem en t c o n te n t of th e  feed stu ffs  w as also e s tim a te d  to g e th e r  w ith  th e ir  c ru d e  
p ro te in , c ru d e  f a t ,  c ru d e  fib re  and  crude a sh  c o n te n ts . T he re su lts  a re  sum m arized  in  T ab les  
I I - V .  T he m o st im p o r ta n t  conclusions are as fo llow : (1) T he av erag e  q u a n ti ty  o f Ca, P , S , Mg, 
N a , Z n a n d  Cu w as fo und  low er th a n  th e  re p o r te d  v a lu es, w hile  t h a t  o f K , A1 a n d  F e  w as 
th ree - to  fou rfo ld  h igher. (2) In  th e  faeces o f  r a b b its  th e  q u a n ti ty  o f  Ca, P , N a, F e  a n d  Cu, 
u su a lly  ad m in is te re d  in  th e  p rem ixes, w as h ig h e r  th a n  in  th e  faeces o f  w ild ra b b its . (3) S ignif
ic a n t  d ifferences w ere fo u n d  also in th e  m in e ra l e lem en t c o n te n ts  o f th e  9 feeds; n a m e ly , 
th e  d ifference  b e tw een  th e  m ax im al and  m in im a l co n cen tra tio n s  o f  Ca, P , S, Fe , M n a n d  Z n 
w as tw ofo ld , w hile  in  th e  case o f N a, th e  d ifferen ce  w as th ree fo ld . (4) T he q u a n tity  o f m in e ra l 
e lem en ts, ex cep t fo r P , M n an d  N a, was tw o- to  e ig h tfo ld  h igher th a n  req u ired  in  all th e  e x a m 
in ed  feeds, w hich  w as de le terious from  b o th  v e te r in a ry  hygien ic  a n d  econom ic p o in ts  o f view . 
(5) E x c e p t  fo r К  a n d  N a, th e  average q u a n t i ty  o f m in eral e lem en ts  w as tw o- to  fo u rfo ld  
h ig h er in  th e  faeces, in d ic a tin g  an  e n rich m en t a n d  ex cre tio n  of th e  m ineral e lem en ts  ta k e n  
u p  in  excess. (6) T h e  low er q u a n titie s  of К  a n d  N a  m easu red  in  th e  faeces suggest t h a t  th e ir  
excess is ex c re ted  in  th e  u rin e  also in  th e  r a b b it .  F u r th e r  s tud ies a re  req u ired  to  th ro w  lig h t 
on  how  close th e  co rre la tio n  is betw een th e  q u a n ti ty  o f m in era l e lem en ts  ta k e n  u p  in  th e  
feeds a n d  e x cre ted  in  th e  faeces.

K eyw ords. C om para tive  s tudy , m in eral e le m en ts , faeces, w ild ra b b it  (Oryctolagus c u n i
c u lu s ) ,  r a b b it  (Oryctolagus cuniculus dom esticus).

T he in c reas in g  d e m an d  for ta b le  ra b b i t  on a w orld  scale re su lted  in  a 
d y n am ic  d ev e lo p m en t o f  ra b b it k eep in g  an d  b reed ing  d u rin g  th e  p a s t  tw o  
decades. S im u ltan eo u sly , besides d ea lin g  w ith  th e  im p ro v em en t of b reeds an d  
m an ag em en t te ch n o lo g y , a very  a c tiv e  research  w ork  has s ta r te d  on  th e  
n u tr i t io n  o f th e  ra b b it .  R em arkab le  re su lts  have  been  ach ieved  in  th e  d e te r 
m in a tio n  o f nou rish in g  substance , c ru d e  fib re  an d  d rin k in g -w ate r re q u ire 
m e n ts  o f  ra b b its , as w ell as in  th e  sp ec if ica tio n  o f com position  an d  o p tim a l 
p h y sica l fo rm  o f com plex  ra b b it feeds (S ch m id t, 1960; H oldas, 1968; K o lb  
a n d  G ü rtle r , 1971; H o ldas e t al., 1975; Scheelje e t a l., 1975; Je ro ch , 1976; 
L eb as, 1975; C sikváry , 1982; R o b b ins, 1983; F ek e te  an d  B okori, 1984).

In fo rm a tio n  w as lack ing , h o w ever, on  th e  m inera l-e lem en t an d  v ita m in  
m e tab o lism  an d  req u irem en ts  of r a b b i ts .  As to  th e  m in era l e lem en ts, th e  
m a jo r ity  o f d a ta  are  re la te d  to  th e  m e ta b o lism  o f Ca, P  an d  N a (Scoggins e t 
a l., 1970; H o ldas e t a l., 1975; Je ro ch , 1976; U nderw ood , 1977; R obb ins, 1983)
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a n d  to  th e  re la te d  an im a l-h e a lth  p ro b lem s (F o re  an d  M orton , 1982; K ö tsch e  
a n d  G o ttsch a lk , 1977; R o b b in s , 1983). T h e  l i te ra ry  d a ta  on  th e  m inera l ele
m e n t req u irem en ts  o f  ra b b its  are  in c o n s is te n t (Table I ) , a n d  few  d a ta  a re  
a v a ila b le  on th e  m in e ra l e lem ent c o n te n t o f  faeces. T here  a re  som e references 
on  th e  m inera l e lem en t com position  o f  faeces (F eke te  a n d  B okori, 1978; 
H o ld a s , 1979; C sik v áry , 1982; R o b b in s , 1983) and  on th e  low , g ra d u a lly  
d ec reas in g  (from  10 fig  to  4 fig/m l) F e c o n te n t o f  m ilk  d u ring  la c ta tio n  (Scoggins 
e t  a l.,  1970; N agy  e t a l., 1976). V ery  few  re p o rts  deal w ith  th e  ex cre tio n  o f  
m in e ra l elem ents in  th e  u rin e  (R o b b in s, 1983) an d  w ith  th e  average  ash  an d  
m in e ra l e lem ent c o n te n ts  o f ra b b it  faeces (F ek e te  and  B okori, 1984; F e k e te , 
1984). U n d er reg u la r  feed ing  co n d itio n s, F e k e te  (1984) fo u n d  th e  follow ing 
av e ra g e  q u a n titie s  o f  m in era l e lem ents in  th e  faeces o f th e  r a b b i t :  К  =  3 .3 ; 
Ca =  26.1 ; P  =  16.3; S =  3.6; Mg =  5 .8 ; N a  =  2.6 g /kg ; w hile A1 =  178; 
F e  =  420; Mn =  302; Z n  =  420; Cu =  43 ; В - 8.9; an d  Mo =  1.33 m g /kg . 
T h e  q u a n t i ty  o f cru d e  ash  w as g iven  as 13.7 ^  2 .5 %  (F ek e te  a n d  B okori, 1984).

T h e  p resen t s t u d y  h ad  tw o  o b jec tiv es . O n th e  one h a n d , we w ished to  
co llec t d a ta  on th e  q u a n t i ty  o f  m a jo r m in e ra l elem ents in  th e  faeces o f  th e  
w ild  r a b b i t  ( Oryctolagus cunicu lus)  liv in g  u n d e r  n a tu ra l co n d itio n s an d  o f  th e  
r a b b i t  ( Oryctolagus cunicu lus dom esticus)  consum ing  k n o w n  feedstu ffs , an d  
lo o k ed  fo r d ifferences b e tw een  th e  m in era l-e lem en t com position  o f th e  faeces 
o f  th e se  tw o r a b b it  g roups. O n th e  o th e r  h a n d , we searched  a possible co rre la 
t io n  b e tw een  th e  q u a n t i ty  o f m inera l e lem en ts  consum ed in  th e  feed an d  
e x c re te d  in  th e  faeces. T he la t te r  c o rre la tio n , i f  ex ists , deserves a t te n tio n  
b e cau se  i t  m ay  fa c ilita te  th e  m o n ito rin g  o f  th e  m inera l e lem en t su p p ly  in  
r a b b i ts ,  s im ilarly  to  o th e r  species (B okori a n d  Tölgyesi, 1981).

M aterials an d  m ethods

T h e  s tu d y  w as ca rried  ou t on faeca l sam ples collected  from  w ild r a b b its  
in  d iffe ren t regions o f  H u n g a ry  d u rin g  th e  f i r s t  h a lf  o f O cto b er, an d  on  6 
(2 b ro ile r , 4 b reed ing ) an d  4 faecal sam p les  collected in  4 large-scale  a n d  
4 b a c k y a rd  ra b b it  fa rm s, re sp ec tiv e ly , in  N ovem ber. T he m in era l e lem en t 
c o n te n t  o f th e  faecal sam ples an d  o f th e  feeds consum ed b y  th e  ra b b its  w as 
also  e s tim a ted . F o r th e  a n a ly tic a l e x am in a tio n s , specim ens o f fresh , t r u e  
(h a rd )  faeces, vo id ed  a few  h ours befo re  collection , w ere u sed . T he sam p les  
w ere  d ried  up to  w eig h t-b a lan ce  and  s to re d  a t  -)-4 °C u n til  te s te d . T he n u t r i 
t io n a l  d a ta  (crude p ro te in , crude fa t ,  c ru d e  f ib re , crude ash  an d  n itro g en -free  
e x tra c t)  w ere ex am in ed  accord ing  to  th e  H u n g a ria n  s ta n d a rd  M Sz-6830. T h e  
m in e ra l elem ents w ere de te rm in ed  a f te r  w e t d estru c tio n  o f 2 g o f faecal sa m 
p les p a r t ly  in  a P e rk in -E lm e r 5000 ty p e  a to m -ab so rp tio n  a p p a ra tu s  (K , M g, 
C a, N a , Mn, Zn), p a r t ly  b y  co lo rim etric  m e th o d s  (P , Al, F e , Cu). S w as d e 
te rm in e d  b y  tu rb id im e try .
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Table I

M ineral substance  req u irem en t o f ra b b its  as rep o rted  by  various au th o rs

A uthors
К Ca P Mg NaCl Fe Cu Mn Zn Co J

in  % of dry  m atte r in the feed mg/kg dry m a tte r in  the  feed

H oldas, C sikváry, Szikora (1975) 8-10 0.6-0.7 0.3-0.4 0.3-0.5 50-60 4.0-5.0 20-25 0.2-0.3 0 .2-0 .3
Scheelje e t al. (1975) — 0.5-1.2 0.5-0 .8 — —

Je ro ch  (1976) 
N .R .C . (1977)

— — — 0.4 — 35 5.0 40 40 1 . 0 —

Growing rab b its 0.6 0.40 0.22 0.3-0.4 0.2 — 3.0 8.5 — — 0.2
P reg n an t rab b its 0.6 0.45 0.37 0.3-0.4 0.2 — 3.0 2.5 — — 0.2
L ac ta tin g  rab b its 0.6 0.75 0.50 0.3-0.4 0.2 — 3.0 2.5 — — 0.2

C sikváry (1982) 0.8-1.0 0.6-0.7 0.3-0.7 1 . 0 50-60 4.0-5.0 — 20-25 0.2-0.3 0.2-0 .3

Table II

M inei a e lem ent con ten ts in  th e  faeces o f w ild ra b b its  ( Oryctolagus cuniculus)

Spéci- К Ca P s Mg N a A1 Fe Mn Zn Cu

no. g/kg “ g/kg

1 18.0 12.7 6.3 3.8 3.2 l . i 399 984 634 203.8 14.5
2 20.1 11.5 8.6 4.0 3.4 0.9 350 886 542 210.1 17.1
3 16.3 24.2 4.7 3.6 3.4 1.2 330 902 610 240.8 12.2
4 17.1 20.3 4.4 4.5 5.1 2.9 441 753 126 124.6 14.9
5 12.8 19.4 4.9 5.1 5.3 1.8 610 804 98 131.0 15.7
6 10.8 22.6 5.0 3.1 4.1 1.4 665 1106 90 133.8 19.4
7 13.5 10.0 4.2 2.9 2.7 1.2 607 874 318 130.1 13.0
8 17.0 10.2 3.7 2.2 2.6 0.9 1010 1150 130 125.0 12.0
9 25.3 15.2 5.9 2.7 3.9 1.7 520 748 250 104.0 15.0

10 22.0 17.1 4.9 2.1 4.4 1.1 677 903 310 150.8 12.1
11 19.6 16.4 4.8 3.0 3.8 0.9 512 560 278 121.0 11.2
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Table III

N u tr itio n a l d a ta  of the  faeces o f  ra b b its  (in per cents)

Farm
no.

Crude
ash

Crude
protein

Crude
fa t

Crude
fibre

N-free
extract

1 Large-scale fa rm  
Broiler ra b b it  
B reeding ra b b it

10.13
14.97

18.58
17.67

2.37
3.06

37.81
36.48

27.41
25.62

2 Large-scale fa rm  
Broiler ra b b it  
B reeding ra b b it

10.02
9.90

18.48
13.99

2.17
3.25

34.59
36.73

31.54
33.73

3 Large-scale fa rm  
B reeding ra b b it 14.17 19.67 1.78 35.89 26.29

4 Large-scale fa rm  
Breeding ra b b it 8.52 17.12 2.46 37.17 31.43

5 B ackyard  fa rm  
B reeding ra b b it 9.22 20.15 2.56 36.64 28.63

6 B ackyard  fa rm  
B reeding ra b b it 9.54 13.94 3.05 34.95 37.03

7 B ackyard  fa rm  
B reeding ra b b it 8.61 18.18 3.15 36.87 31.39

8 B ackyard  fa rm  
B reeding ra b b it 15.46 16.02 2.76 33.89 30.07

Results

T he m ineral e le m e n t co n ten ts  o f 11 fa e c a l sam ples co llected  from  w ild  
ra b b i ts  are show n in  T a b le  I I .  N u tr itio n a l d a ta  an d  m inera l e lem en t co n ten ts  
o f  th e  faecal sam ples co llec ted  from  ra b b its  a n d  tho se  o f th e  feeds are show n 
in  T ab les  I I I  an d  IV . M ean values fo r th e  m in e ra l elem ent c o n ten ts  o f faecal 
sam p les  collected fro m  b o th  groups, s ta n d a rd  dev ia tions an d  th e  v a r ia tio n  
coeffic ien ts are to  be fo u n d  in  T able V.

Conclusions and  d iscussion

As show n in  T ab le  Y, th e  average q u a n ti t ie s  o f m inera l e lem ents fo u n d  
in  th e  faeces of ra b b its  w ere as follow: К  =  13.4; Ca =  19.3; P  =  9 .1; S =  4 .4 ; 
Mg =  4 .7 ; N a =  2.1 g /kg ; A1 =  400; F e  =  1145; Mn =  218; Zn =  164; 
Cu =  30 m g/kg o f d ry  m a tte r . The sam e v a lu es  in  th e  faeces o f w ild ra b b its  w ere 
th e  follow ing: К  =  17.5; Ca =  15.4; P  =  5 .2 ; S =  3.4; Mg =  3.8; N a =  1.4 
g /k g ; A1 : 556; F e  =  879; Mn =  328; Zn =  152; Cu =  14 m g /kg  o f d ry  m a t
te r .  T h e  m easured  av e rag e  q u an titie s  fo r Ca, P , S, Mg, N a, M n, Zn an d  Cu
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w ere low er to  a v a ry in g  e x te n t, w hile th e  v a lu e s  fo r K , A1 an d  Fe w ere sig 
n if ic a n tly  h ig h e r th a n  tho se  re p o rte d  b y  F e k e te  (1984) fo r th e  m inera l e lem en t 
c o n te n t o f  faeces, co llec ted  from  ra b b its  fed  a r a b b i t  feed  p rep a red  from  th e  
u su a l co m p o n en ts . T he average  p ercen tag e  o f  c ru d e  ash  (13.8% ) w as co m 
p a rab le .

C om parison  o f  th e  average  m in era l e lem en t co n c e n tra tio n s  in  th e  faeces 
o f ra b b its  an d  w ild  ra b b its  has show n th a t  th e  q u a n t i ty  o f  Ca, P , N a, F e  an d  
Cu, ad m in is te re d  f i r s t  o f all in  th e  p rem ix es, w as alw ays h ig h er in  th e  faeces 
o f  ra b b its . M inera l e lem ents show ed a g rea t v a r ia b ili ty  in  th e  faeces o f ra b b its  
k e p t e ith e r  in  la rge-scale  or b a c k y a rd  fa rm s, d ep en d in g  on  th e  m in era l e le
m en t c o n te n t o f  consum ed  feeds (see below ) a n d  o n  th e  v a ry in g  q u a n t i ty  o f  
o th e r  fodders consum ed . S ta n d a rd  d ev ia tio n s  o f  th e  q u a n titie s  o f m in era l 
e lem ents in  th e  faeces o f  free-liv ing  ra b b its  h a v e  in d ic a te d  th a t  th e y  consum ed  
d iffe ren t feed stu ffs  w ith  d iffe ren t m inera l e lem en t c o n te n ts  in  each reg ion  o f 
H u n g a ry . O n th e  o th e r  h a n d , th e  s ta n d a rd  d ev ia tio n s  fo r m inera l e lem en t 
co n cen tra tio n s , ex cep t fo r Mn, w ere genera lly  low er in  th e  case o f w ild r a b b its .

S ig n ifican t d ifferences w ere found  am ong  th e  m in era l e lem ent c o n te n ts  
o f th e  9 r a b b i t  feeds. T h e  d ifference b e tw een  th e  m ax im a l an d  m in im al co n 
c e n tra tio n s  w as tw o fo ld  in  th e  case o f Ca, P , S, A l, F e , M n a n d  Zn, an d  th r e e 
fo ld  in  th e  case o f  N a , in d ica tin g  s ig n ifican t d ifferences in  th e  p ro d u c tio n  
an d  com position  o f  ra b b it  feeds in  th e  fa rm s.

C om paring  th e  average  q u a n titie s  o f m in e ra l e lem en ts m easured  in  th e  
feeds w ith  th e  d a ta  o f  m inera l e lem ent re q u ire m e n ts  fo r ra b b its  (Table I ) , we 
can  conclude th a t  th e  q u a n ti ty  o f m inera l e lem en ts , ex cep t fo r P , M n an d  N a, 
an d  especia lly  t h a t  o f  som e m icroelem ents (F e , M n, Zn) w ere tw o- to  e ig h t
fo ld  h ig h er th a n  re q u ire d . T h is fa c t w orsens th e  p ro f ita b ili ty  o f ta b le  r a b b i t  
p ro d u c tio n  on  th e  one h an d  an d  d is tu rb s  th e  u tiliz a tio n  o f  o th e r m in era l 
e lem ents on th e  o th e r . M oreover, th e  ex c re tio n  o f  th e  excess loads th e  o rgan ism .

C om paring  th e  m in era l e lem en t c o n te n t o f  th e  ad  l ib itu m  consum ed feed 
an d  th a t  o f  th e  faeca l sam ples on ly , th e  fo llow ing conclusions can  be d raw n :

(1) T he c o n c e n tra tio n  o f th e  in v e s tig a te d  e lem en ts , ex cep t fo r К  an d  N a , 
w as genera lly  tw o - to  fourfo ld  h igher; i.e ., th e y  w ere ta k e n  u p  in  excess an d , 
a f te r  e n rich m en t in  th e  faeces, th e y  w ere ex c re te d . I n  th is  resp ec t, faeca l 
sam ples co llec ted  fro m  ra b b its  consum ing  also m eadow  h a y  w ith  h igh  K , Ca 
an d  P  co n c e n tra tio n s  on fa rm  no. 8 p ro v ed  to  be an  excep tio n .

(2) S m aller q u a n titie s  o f К  an d  N a w ere m easu red  in  th e  faecal sam ples, 
in d ic a tin g  th a t  th e  excess o f th ese  e lem ents (m a in ly  o f  К  in  th is  ex p erim en t) 
w as ex c re ted  in  th e  u rin e  b y  ra b b its  as well.

(3) F u r th e r  ex p e rim en ts  are  req u ired  to  th ro w  lig h t on  how  close th e  
co rre la tio n  is b e tw een  th e  q u a n ti ty  o f in d iv id u a l m in era l e lem en ts ta k e n  u p  in  
th e  feed an d  e x c re te d  in  th e  faeces, an d  on th e  usefu lness o f th is  co rre la tio n  
fo r m o n ito rin g  th e  m in era l e lem ent su p p ly  o f ra b b its .
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Table IV

M ineral e lem ents in  feeds and

Farm
no.

M ineral elements

Feed К Ca P

g/kg of

1 L arge-scale  farm
R a b b it  feed 11.3 12.7 4.1
A lfalfa  h a y 19.6 19.5 2.4

B ro iler rab b it Faeces 6.7 19.5 8 .6
B reeding ra b b it Faeces 25.5 20.5 6 .2

2 Large-scale farm
R a b b it  feed 14.7 1 2 .6 7.0

B ro iler rab b it Faeces 6 .6 2 0 .2 12.5
R a b b it  feed 13.1 9.2 4.8

B reeding ra b b it Faeces 6 .6 13.3 8.7

3 L arge-scale farm
R a b b it  feed 15.1 13.2 4.9

B reeding rab b it Faeces 13.6 31.6 14.5

4 L arge-scale farm
R a b b it  feed 1 2 .6 11.8 4.9

B reeding rab b it A lfa lfa  h ay 27.6 2 0 .6 2.7
Faeces 9.7 16.0 8 .2

5 B a ck y a rd  farm
R a b b it  feed 13.7 1 1 .2 5.9

B reeding rab b it Faeces 8 .6 16.3 6.9

6 B a ck y a rd  farm
R a b b it  feed 14.2 18.8 4.6

B reeding rab b it B ra n 5.8 1 .1 3.0
Faeces 14.0 1 0 .2 6.5

7 B a ck y a rd  farm
R a b b it  feed 16.5 14.7 5.0

B reeding rab b it A lfa lfa  hay 12.5 22.7 1.9
Faeces 1 2 .6 2 0 .0 8.4

8 B ack y a rd  farm
R a b b it  feed 1 2 .0 12.7 5.3

B reeding rab b it M eadow  +  alfalfa h a y 39.0 71.1 2.9
Faeces 30.6 25.5 10.5

Table V

S ta tistica l indices o f m ineral elem ent co n te n ts  in  th e  faecal specim ens collected  
fro m  ra b b its  a n d  w ild  rab b its

К Ca P s Mg Na A1 Fe Mn Zn Cu

g/kg dry m atte r m g/kg d ry  m a tte r

R a b b it X 13.4 19.3 9.1 4.4 4.7 2.1 400 1145 218 164.8 30.3
s 8.3 6 .1 2.7 2.2 0.8 0.8 64 299 15 23.6 10.7
CV 61.6 31.4 29.2 50.6 16.0 36.0 16.0 26.1 6 .8 14.3 35.3

W ild  ra b b it X 17.5 15.4 5.2 3.4 3.8 1.4 556 879 328 152.3 14.3
s 4.2 4 .2 1.3 0.9 0.9 0 .6 193 167 195 44.7 2.5
CV 24.0 27.3 12.0 27.6 23.0 42.0 34.7 18.9 59.4 29.3 17.5
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faecal specim ens o f ra b b its

M ineral elem ents

s Mg N a A1 Fe Mn Zn Cu

dry  m a tte r mg/kg of d ry  m a tte r

2.9 2.3 2.2 442 578 92 68.8 10.5
2.4 3.4 3.2 514 550 68 31.1 8.4
4.2 4.0 1.9 459 1598 224 184.6 25.0
5.3 5.3 3.9 416 1551 216 152.5 24.8

3.0 2.9 3.0 185 319 98 109.9 12.1
2.9 3.5 1.7 348 973 200 173.6 26.5
2.5 2.4 3.0 187 273 61 73.6 11.2
2.8 5.0 1.6 495 1339 280 190.1 42.2

2.3 2.8 2.9 253 302 95 98.2 14.5
4.4 5.4 2.6 314 1198 236 181.2 53.2

3.0 2.9 2.0 308 421 84 72.1 9.8
3.3 3.4 0.5 459 407 54 22.3 5.3
2.1 5.8 1.6 382 1198 245 158.0 33.1

2.3 2.5 2.9 223 307 80 97.7 11.0
3.8 4.4 1.8 357 1001 218 180.9 30.7

4.3 3.4 3.9 240 326 82 85.4 11.8
1.1 1.3 0.1 17 44 21 21.4 2.3
3.8 4.0 1.7 493 599 120 143.0 14.7

4.0 3.0 3.1 185 324 102 54.7 10.6
4.3 3.1 1.1 348 575 31 25.1 4.8
4.6 4.6 1.5 342 972 225 171.0 28.2

4.9 2.6 1.7 183 311 98 65.2 8.0
4.0 2.4 0.4 568 471 37 26.5 4.9

10.1 5.4 2.9 391 1022 216 11.3 24.6
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ANTINUTRITIVE EFFECT 
OF DIFFERENT LUPIN (LUPINUS) SPECIES 

ON THE PROTEIN METABOLISM OF RATS

Jo lá n  J É c s A i ,  M arianne S z e l é n y i -G a l á n t a i  a n d  B . J u h á s z

D e p a r tm e n t o f Physio logy , R e se a rc h  In s t i tu te  fo r A n im al N u tritio n , 
R esea rch  C entre  fo r A nim al B reed ing  a n d  N u tritio n , H-2053 H erceghalom , H u n g a ry

(R ece iv ed  J u n e  15, 1985)

S h o rt- te rm  a n d  lo n g -te rm  feeding e x p erim en ts  were co n d u c ted  w ith  grow ing, m ale , 
w h ite  W is ta r  ra ts  to  g e t an  in sig h t in to  th e  a n tin u tr it iv e  effect o f lu p in  a lkalo ids.

A  sh o rt- tim e  feed ing  of d ie ts  o f h ig h  (0 .2 % ) alkalo id  c o n te n t  to  ra ts  s ig n ific a n tly  
(P  <  0.001) im p a ired  p ro te in  u tiliza tio n . T h e  u tiliza tio n  of p ro te in  w as im p ro v ed  b y  g iv ing  
sy n th e tic  m eth io n in e . I f  th e  sam e w as fed  fo r  p ro longed  periods, la c k  o f ap p e tite , loss o f b o d y  
m ass, a n d  d e a th s  o ccurred . L ip id  d ro p le ts  a p p e a re d  in  th e  liv e r tis su e . T he am in o -ac id  com 
p o s itio n  o f th e  h e p a tic  p ro te in  u n d e rw en t a  change; especially  su lp h u r-b earin g  am ino  acids 
(c y stin e  a n d  m eth io n in e ) decreased  in  q u a n ti ty .

I f  th e  m ix ed  feed  co n ta in in g  lu p in  seeds h a d  a  low er a lk a lo id  co n te n t (a b o u t 0 .1 % ) 
a n d , co m p le ted  w ith  sy n th e tic  (D L ) am ino  acid s, w as fed for a  long  p eriod , p ro te in  u til iz a tio n  
a n d  b o d y  m ass ga in  w as sign ifican tly  (P  <  0.01) worse th a n  th o se  fo r th e  co n tro l g ro u p  fed 
a d ie t  free  from  lu p in  seed. A fu r th e r  decrease  o f  th e  alkaloid c o n te n t (to  ab o u t 0 .0 1 % ) re su lte d  
in  m ore  fav o u rab le  p ro te in  u tiliza tio n  a n d  b o d y  m ass gain; how ever, th e  values o f th e  p h y s i
ological p a ram e te rs  still failed to  reach  th o se  m easu red  for th e  co n tro l anim als.

K eyw ords . L u p in  (L u p in u s  spp .), a lk a lo id , an tin u tritiv e  e ffect, p ro te in  m etab o lism , 
p ro te in  u t i l iz a t io n , b o d y  m ass gain, ra t.

L u p in  seeds co n ta in  consid erab le  q u an titie s  of b io logically  v a lu a b le  p ro 
te in s  w h ich  can  be good -q u a lity  p ro te in  sources in  th e  feed of m o n o g astric  
an im als . A ccord ing  to  B ódis (1983), th e  average y ields o f  lu p in  species c a n  be 
f u r th e r  in creased  on th e  basis o f th e ir  genetic  c ap ac ity . H ow ever, th e  use  o f 
lu p in  seeds for feed ing  purposes is re s tr ic te d  b y  th e  p resence  of su b stan ces  of 
a lk a lo id  n a tu re , know n  to  possess a n  a n tin u tr itiv e  effec t. A lkaloids a re  d e 
te c ta b le  in  all lu p in  seeds (B o h lm an n  a n d  Schum ann , 1967; Schoeneberger e t 
a l., 1982; B é lte k y  an d  K ovács, 1982); how ever, th e ir  q u a n ti ty  an d  com posi
t io n  v a ry  w idely . As a ru le , th e  seeds o f sweet lu p in  species c o n ta in  less, 
w h ereas  tho se  o f  b i t te r  lu p in  species m o re , alkalo id . A ccord ing  to  W itte n b u rg  
an d  N eh rin g  (1967), R ich te r  an d  S ch ille r (1956) and  S zera fin  (1984), in  lu p in  
species th e  q u a n t i ty  of alkalo ids m a y  re a c h  2 to  3 % . T he alkalo ids o f  lu p in  
species, co llec tive ly  te rm ed  lu p in  a lk a lo id s  (e.g. sp a rte in e , lup in id in e , lu p a n in e , 
h y d ro x y lu p a n in e , lu p in in e , etc .) s lig h tly  differ in  th e ir  chem ical s tru c tu re , 
an d  a c t as in h ib ito rs  of th e  c e n tra l n erv o u s system . T h e  sym p to m s o f acu te  
tox ico sis  inc lude  (G arner, 1957) in a p p e te n c e , ty m p a n ia , fev e r, dyspnoea , t a c h y 
c a rd ia , sy m p to m s w hich  m ay  f in a lly  lead  to  re sp ira to ry  a rre s t an d  d e a th . 
T h e  sy m p to m s o f chronic tox icosis  d iffe r b y  species, b u t  u su a lly  inc lu d e  
re ta rd e d  g row th , in ap p e ten ce , loss o f  b o d y  m ass, liv e r dam age, e tc .
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To o b ta in  a m ore  th o ro u g h  know ledge o f  th e  a n tin u tr i t iv e  ac tio n  ex e rted  
b y  lu p in  seed a lkalo ids, feed ing  ex p erim en ts  w ere co n d u c ted  w ith  W ista r ra ts . 
T h e  a im  was to  d e m o n s tra te  th e  changes p ro d u ced  in  th e  r a t s ’ p ro te in  m e ta b 
o lism  b y  feeding seeds o f  th e  w h ite , b i t te r  lu p in  “ V a ja i”  r ic h  in  a lkalo ids, 
th o se  o f  th e  w h ite , sw ee t lu p in  “ N yírség i”  o f  low er a lk a lo id  co n ten t, an d  
th o se  o f  th e  yellow , sw ee t lu p in  called  “ B o r lu ta ” . A fu r th e r  o b jec t was to  
d e te rm in e  w heth er su ch  m etab o lic  changes ca n  be p re v e n te d  b y  supp lem en ting  
th e  d ie t w ith  DL-am ino acids or w ith  p ro te in s  o f  o th e r orig in .

Materials and m ethods

Tw o ex p erim en ts  (ex p erim en ts  A  a n d  B) w ere co n d u c ted  w ith  grow ing, 
m ale , w h ite  W is ta r  r a ts .

I n  ex p erim en t A  th e  an im als w ere acco m m o d a ted  e ith e r  singly or in  
g roups.

T h e  in d iv id u a lly  k e p t  ra ts  (3 g ro u p s, e ach  consisting  o f  6 ra ts) w ere 
u sed  in  a 10-day s tu d y  o f  n itrogen  m etab o lism . The fo llow ing p a ram ete rs  
w ere d e te rm in ed : b io lo g ica l value (BV) o f  th e  p ro te in s  ta k e n  u p  in  th e  feed; 
to ta l  d ig estib ility  (T D ) an d  a p p a re n t d ig e s tib ility  (AD) o f  th e  p ro te in ; n e t 
p ro te in  u tiliz a tio n  (N P U ) an d  p ro d u c tiv e  p ro te in  u tiliz a tio n  (P P U ; Bock e t  
a l., 1964; E ggum , 1973).

In  ex p erim en t A  th e  ra ts  k e p t in  3 g ro u p s , each  c o n ta in in g  10 an im als, 
rece iv ed  th e  sam e d ie t  as th e  an im als h o u sed  in d iv id u a lly , fo r a period  o f  
21 d ay s .

I n  th e  d ie t fed  to  G roup  1 (co n tro l; C) soybean  m eal, w hereas in  th e  
d ie ts  o f  G roups 2 a n d  3 th e  w hite , b i t te r  lu p in  called “ V a ja i”  was th e  sole 
p ro te in  source. T he d ie t  fed  to  ra ts  o f  G roup  3 w as su p p lem en ted  w ith  0 .3 %  
D L-m ethionine (T able  I ) .

I n  ex p erim en t В 7 groups, each  com p ris in g  10 ra ts ,  w ere form ed. T he 
feed ing  tr ia l  la s ted  60 d ay s . T he d iets w ere fo rm u la ted  so t h a t  th e  soybean  
p ro te in  rep resen tin g  th e  m ain  p ro te in  source w as rep laced  in  50%  (G roups 2, 
4 a n d  6) or in  30%  (G ro u p s 3, 5 an d  7) w ith  p ro te in s  o f d iffe ren t lup in  seeds. 
T h e  d ie ts  fed to  th e s e  groups were su p p lem en ted  w ith  DL-lysine and  DL- 
m eth io n in e  (Table I I ) .

A t th e  end o f  th e  ex p erim en t, b lood  a n d  liv e r sam ples w ere ta k e n  from  
th e  ra ts  k e p t in  g ro u p s .

T he to ta l  p ro te in  N  an d  to ta l  am in o -ac id  N  c o n ten ts  w ere d e te rm ined  
in  th e  blood of ra ts  o f  b o th  ex perim en ts A a n d  B , b y  th e  m e th o d  described b y  
B á lin t (1962). B lood  u re a  co n ten t was m easu red  using  th e  B e rth e lo t reac tio n  
(K lin isches L ab o rb . M erck , 1974). T he liv e r  sam ples w ere exam ined  h is to 
log ica lly , and  th e ir  p ro te in , am ino acid  an d  a lk a lo id  co n ten ts  w ere de te rm ined .
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Table I

Com position, p ro te in , am ino acid and  alkalo id  co n te n ts  
o f  d iets fo rm u la ted  w ith  soybean and  “ V ajai”  w h ite , 

b i t te r  lup in  (in % )

Feed
Groups

1(C) 2 3

E x tra c te d  soybean 22.1
“ V a ja i”  w hite, b itte r  lu p in — 26.2 26.2
S ta rch 52.9 48.8 48.5
Oil 10.0 10.0 10.0
Sugar 10.0 10.0 10.0
V itam in  prem ix 1.0 1.0 1.0
M ineral prem ix 4.0 4.0 4.0
DL-methionine — — 0.3

T ota l: 100.0 100.0 100.0

Crude p ro te in 9.5 9.5 9.5
Cystine 0.16 0.09 0.09
M ethionine 0.15 0.09 0.39
L ysine 0.60 0.46 0.46
T o ta l alkaloid — 0.20 0.20

Table II

Com position of d iets fo rm u la ted  w ith  m aize, w heat, soybean an d  d iffe ren t lup in  seeds (in  % )
(E x p erim en t B)

Groups

1(C) 2 3 4 5 6 7

Maize 41.0 40.0 40.0 41.5 41.0 40.5 41.0
W hea t 40.8 39.7 40.7 39.7 40.7 40.2 40.2
E x tra c te d  soybean 
“ V ajai”  w hite, b itte r

13.0 6.5 9.0 6.5 9.0 6.5 9.0

lupin
“ N yírségi”  w hite,

— 8.5 5.0 — — —

sw eet lup in  
“ B o rlu ta”  yellow,

— — — — — 7.5 4.5

sw eet lup in — — — 7.0 4.0 — —

L-lysine 0.1 0.2 0.2 0.2 0.2 0.2 0.2
DL-methionine 0.1 0.1 0.1 0.1 0.1 0.1 0.1
V itam in  prem ix 1.0 1.0 1.0 1.0 1.0 1.0 1.0
M ineral prem ix 4.0 4.0 4.0 4.0 4.0 4.0 4.0

T o ta l: 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Crude p ro te in 15.2 15.2 15.2 15.3 15.3 15.2 15.3
Cystine 0.31 0.30 0.31 0.32 0.31 0.31 0.32
M ethionine 0.36 0.34 0.35 0.33 0.34 0.35 0.35
Lysine 0.76 0.80 0.83 0.81 0.84 0.83 0.84
T o ta l alkaloid — 0.07 0.05 0.005 0.003 0.008 0.005
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Table i n

Pro tein , am ino acid  a n d  alkalo id  c o n ten t o f th e  experim en ta l d iets, 
in  d ry  m a tte r  p e r cen t

Param eter E x trac ted
soybean

W heat Maize
“ V ajai” 
white, 

b itter lupin

‘‘N yírségi”  
w hite , 

sweet lupin

“ Borluta” 
yellow, 

sweet lupin

Crude protein 42.9 14.3 9.2 33.7 36.9 42.4
Cystine 0.73 0.34 0.20 0.35 0.59 0.64
M ethionine 0.69 0.24 0.22 0.30 0.41 0.30
Lysine 2.78 0.40 0.27 1.75 2.07 2.07
T o ta l alkaloid — — — 0.78 0.09 0.11

T he n u tr ie n t c o n te n t  o f  th e  feeds w as de te rm in ed  o n  th e  basis o f th e  
H u n g a r ia n  s ta n d a rd  M Sz 68-30 (1966),* w hile th e  am ino  ac ids w ith  th e  B IO - 
C al T y p e  200 am ino-acid  an a ly se r.

A lkaloid c o n te n t w as m easu red  accord ing  to  th e  H u n g a ria n  s ta n d a rd  
M Sz 08 (1262-80; 1980).**

R esults

T he crude p ro te in , am ino  acid an d  alkalo id  c o n te n ts  o f  feeds used  in  
e x p e rim e n ts  A an d  B , as m easu red  b y  us, are  p resen ted  in  T ab le  I I I .

O f th e  th ree  lu p in  seeds, “ B o rlu ta ”  h a d  a crude p ro te in  c o n te n t n ea rly  
e q u a l  to  th a t  of so y b ean  (4 2 .4 % ); “ N y írség i”  co n ta in ed  3 6 .9 % , w hile “ V a ja i” 
3 3 .7 %  crude p ro te in . T h e  c rude  p ro te in  c o n te n t o f so y b ean , w h e a t an d  m aize 
u se d  in  th e  feeding t r ia ls  can  be  considered  to  be in  th e  ra n g e  o f u su a l va lues, 
o n  th e  basis o f d a ta  sh o w n  in  T ab le  IV .

T he “ V ajai”  lu p in  seed  co n ta in s  less cy stin e  (0 .35% ), m e th io n in e  (0.30% ) 
a n d  ly sine  (1.75% ) th a n  th e  tw o  o th e r lu p in  seeds. T he su lp h u r-b e a r in g  am ino 
a c id  a n d  lysine c o n te n ts  o f  th e  soybean , w h e a t an d  m aize ca n  be considered  
to  be  in  th e  range o f  u su a l v a lues.

As regards to ta l  a lk a lo id , th e  “ V a ja i”  is th e  f irs t  (0 .7 8 % ), follow ed by  
“ B o r lu ta ”  (0.11% ) an d  “ N y írség i”  (0 .09% ).

E xp erim en t A

Studies on N  m etabolism . T he  p ro te in  u tiliz a tio n  re su lts  d e te rm in ed  by  
N -m etab o lic  s tud ies a re  sh o w n  in  T ab le  IV . T he an im als consum ing  b it te r  
lu p in  on ly  (G roup 2) h a d  th e  low est va lues o f  N  b a lance  (15 m g /d ay /an im al), 
th e  low est biological v a lu e  o f  p ro te in  (4 6 .2% ), and  o th e r  p ro te in  u tiliz a tio n  
v a lu e s  were also th e  lo w est. W h en  th e  lu p in  “ V a ja i”  w as su p p lem en ted  w ith

* MSz 68-30 (1966): D e te rm in a tio n  of th e  n u tr it iv e  value  o f feeds
** MSz 08 (1262-80) (1980): S w ee t lu p in  fo r in d u str ia l feed p ro d u c tio n
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Table IV

P ro te in  u tiliz a tio n  d a ta  o b ta ined  in  th e  feeding tr ia l (E x p erim en t A)

1(C )

Groups

2 3

N  balance, m g/day /an im al 54.0 15.0 44.0
Biological v a lu e  (BV), % 73.1 46.2 69.6
T o ta l d ig es tib ility  (TD ) of p ro te in , % 72.7 78.0 77.9
A p p aren t d ig es tib ility  (AD) of p ro te in , % 59.4 65.0 64.9
N et p ro te in  u tiliza tio n  (N PU ), % 53.0 35.9 54.1
P ro d u c tiv e  p ro te in  u tiliza tio n  (P P U ), % 29.8 13.1 29.8

0 .3 %  D L -m ethionine, th e  values e ith e r  reach ed  (P P U : 2 9 .8 % ; N P U : 5 4 .1 % ; 
BY: 69.6% ) or a p p ro x im a te d  tho se  o b ta in e d  for ra ts  fed  e x tra c te d  so y b ean  
(G roup C).

Blood analyses. F ro m  T ab le  V i t  is a p p a re n t t h a t  no appreciab le  d if
ference ex is ted  b e tw een  th e  groups in  th e  to ta l  p ro te in  c o n te n t o f th e  b lood . 
H ow ever, b lood  u re a  an d  to ta l  am ino-acid  N  values w ere low er in  G roups 2 
an d  3 th a n  in  G roup  C (G roup 1).

L iver analyses. H is to p a th o lo g ica lly , no lesions w ere fo u n d  in  th e  r a ts  o f  
G roup C (1), w hile  in  tho se  o f G roups 2 an d  3 th e  R H S  cells o f  th e  liv e r co n 
ta in e d  lip id  g ran u les .

T he p ro te in  c o n te n t o f  th e  liv er w as 73.3, 70.9 an d  7 2 .2%  for G roups C (1), 
2 an d  3, re sp ec tiv e ly .

As reg a rd s th e  am ino-acid  com position  of liv er p ro te in s  (Table V I), w ith  
th e  ex cep tion  o f  a sp a r tic  acid  an d  g lu tam ic  acid , a ll am ino  acids reach ed  
h ig h er values in  G roup  C th a n  in  th e  o th e r  tw o g roups. I n  ra ts  o f G roups 2 
an d  3 th e  am ino  ac id  c o n te n t o f th e  liv e r  p ro te in s  w as low er th a n  in  th e  
co n tro l ra ts . T h is e spec ia lly  held  tru e  fo r cy stin e  an d  m eth io n in e , b u t  also  fo r 
a lan ine , iso leucine, p h en y la lan in e , ly sine  a n d  h is tid ine .

No alkalo ids w ere d e tec tab le  in  th e  liv ers .

Table V

B lood p a ram ete rs o f th e  ra ts  k e p t in  groups 
(E x p erim en t A)

Groups

1(C ) 2 3

T o ta l p ro te in , g/1 69.85 ±  5.03 67.30 ±  2.22 67.48 ±  4.65
U rea, mmol/1 7.64 ±  0.70 9.57 ±  0.41 9.34 ±  0.37
T otal am ino-acid  N , mmol/1 7.94 ±  0.43 6.89 ± 0 .3 2 6.45 ±  0.24
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Table VI

Am ino acid  co n ten ts  o f th e  livers, 
in  d ry  m a tte r  p e r  cen t 

(E x p erim en t A)

Amino acids
Groups

1 ( C) 2 3

A sp artic  acid 5.2 5.6 5.5
T hreonine 3.2 3.1 2.6
Serine 3.1 2.9 2.9
G lu tam ic acid 5.2 6.2 5.7
Proline 4.1 3.2 3.7
Glycine 3.7 2.6 2.7
A lanine 5.9 3.6 4.1
C ystine 1.8 1.2 1.5
Valine 3.8 3.5 3.5
M ethionine 2.3 1.1 1.5
Isoleucine 3.1 2.6 2.7
Leucine 7.2 6.1 6.1
T yrosine 2.3 2.2 2.2
P h eny lalan ine 3.4 2.6 2.2
L ysine 6.3 5.2 5.1
H istid ine 1.6 1.3 1.1
A rginine 6.2 6.2 6.6

E xp erim en t В

T ab le  I I  show s t h a t  th e  d ie t fed  to  r a ts  o f G roup C (1) co n ta in ed  ex c lu 
s iv e ly  soybean  m ea l as p ro te in  source , besides m aize a n d  w h e a t. T his d ie t 
w as su p p lem en ted  w ith  lysine an d  m e th io n in e . To th e  d ie ts  o f  G roups 2 an d  3 
“ V a ja i” , to  ih a t  fed  to  G roups 4 an d  5 “ N yírség i” , w hile to  th o se  o f G roups 
6 a n d  7 “ B o rlu ta ”  lu p in  w as ad d ed  in  a q u a n ti ty  to  rep lace  50 an d  30%  o f 
th e  soybean  p ro te in , re sp ec tiv e ly . T h u s , th e  c rude  p ro te in  c o n te n t o f th e  d ie ts  
w as p ra c tic a lly  id e n tic a l; th e ir  am ino ac id  c o n ten ts  were a d ju s te d  to  th e  sam e 
lev e l b y  add ing  DL-lysine an d  D L -m ethionine.

D epend ing  on  th e  re la tiv e  a m o u n ts  an d  a lkalo id  c o n te n ts  o f th e  d if
fe re n t lu p in  seeds, th e  d ie t o f  G roup 2 w as th e  m ost a b u n d a n t in  a lkalo ids 
(0 .0 7 % ), follow ed b y  th e  d ie ts  o f G roups 3, 6, 4, 7 an d  5, co n ta in in g  0.05, 
0 .008 , 0.005, 0.005 a n d  0 .003%  alk a lo id , re spec tive ly .

Table V II

B lood pa ram ete rs  of 
(E xperi-

Groups

1(C ) 2 3

T o ta l p ro te in , g/1 75.4 ± 4 . 9 72.3 ± 2 . 3 70.8 ±  5.8
U rea , mmol/1 5.37 ±  0.71 8.03 ± 0 .7 4 8.05 ±  0.74
T o ta l am ino-acid N , mmol/1 8.25 ±  1.13 7.53 ±  0.48 7.10 ±  0.56
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Blood analyses. T he  re su lts  a re  sum m arized  in  T ab le  V II . T h e  to ta l  
p ro te in  c o n te n t o f  th e  b lood  w as b e tw een  69.8 ±  2.2 an d  76.6 ±  1.4 g/1. 
B lood  u re a  c o n cen tra tio n  w as th e  low est in  ra ts  o f  G roup  1 (5.37 ±  0.71 
mmol/1) a n d  th e  h ig h est in  tho se  o f  G roup  3 (8.05 ±  0.74 mmol/1). As to  th e  
to ta l  am ino-acid  N  co n cen tra tio n , no  s ign ifican t d ifferences ex is ted  b e tw een  
th e  g roups, th e  ex trem e  values b e ing  7.10 ±  0.56 a n d  8.25 ±  1-13 mmol/1.

L iver analyses. No h is to p a th o lo g ica l changes w ere d em o n strab le  in  
th e  livers.

T he p ro te in  c o n te n t o f liv e r tissu e  ranged  b e tw een  74.1 an d  7 6 .5 % . T he 
liv e r  p ro te in s  o f th e  ra ts  fed  lu p in  seeds w ere poorer in  su lp h u r-b ea rin g  am ino 
acids th a n  th o se  o f th e  G roup C ra ts . N o appreciab le  d ifference ex is ted  in  th e  
c o n c e n tra tio n  o f th e  o th e r  am ino  acids (Table V III ) .

No a lkalo ids w ere d e tec tab le  in  th e  livers.

D iscussion

T he resu lts  o f ex p e rim en t A  h av e  show n t h a t  b o th  th e  sh o rt- te rm  
(10 days) an d  th e  lo n g -te rm  (21 days) feeding o f “ V a ja i”  lu p in  seeds, rich  in  
a lka lo id s , con sid erab ly  in flu en ced  th e  physio logical p a ra m e te rs  s tu d ie d  b y  us, 
an d  re su lted  in  a v e ry  po o r p ro te in  u tiliz a tio n  (BV =  4 6 .2 % ; N P U  =  3 5 .9% ; 
P P U  =  13 .1% ; T ab le  IV ). D u rin g  th e  exp erim en t th e  b o d y  m ass o f  th e  ra ts  
decreased  b y  0.5 g /d ay  on  th e  av erag e . S u p p lem en ta tio n  o f th e  d ie t w ith  
0 .3 %  D L-m ethionine b ro u g h t a b o u t a 20 to  25%  im p ro v e m e n t in  th e  d if
fe re n t p ro te in  u tiliz a tio n  ind ices. T h u s , th e  average b o d y  m ass gain  o f  th e  
r a ts  w as 1.0 g. I n  th e  case o f  sh o rt- te rm  feeding, m e th io n in e  su p p lem en ta tio n  
red u ced  th e  a n tin u tr i t iv e  effect o f  th e  lu p in  alkalo ids.

P ro longed  feed ing  o f  a d ie t o f  0 .2%  alka lo id  c o n te n t s ig n ifican tly  
(P  <C 0.001) w orsened p ro te in  u tiliz a tio n , even i f  th e  d ie t w as su p p lem en ted  
w ith  0 .3 %  D L-m ethionine. R a ts  o f  b o th  exp erim en ta l g roups (G roups 2 an d  3) 
show ed in ap p e ten ce , loss o f  b o d y  m ass and , occasionally , d ea th s  occurred . 
H isto log ica lly , th e  R H S  cells o f th e  liv e r  con ta ined  lip id  granu les. As to  th e  
am ino  ac id  com position  o f  th e  liv e r  p ro te in s, v e ry  low  co n cen tra tio n s  of

th e  experim ental ra ts  
m en t В)

Groups

4 5 6 7

73.6 ± 5 . 4 71.6 ± 6 . 2 76.6 ± 1 . 4 69.8 ±  2.2
6.68 ±  0.79 6.33 ±  0.55 7.14 ±  0.71 6.80 ±  0.66
7.98 ±  0.55 7.44 ±  0.47 7.93 ±  1.19 7.23 ±  1.55
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Table VIII

Amino acid  c o n te n ts  o f livers, g/100 g d ry  m a tte r  (E x p erim en t B)

Groups
Amino acids ------------------------------------------------------------

1(C ) 2 3 4 5 6 7

A spartic acid 6.1 5.5 5.6 5.2 6.2 5.2 5.8
Threonine 3.8 3.6 3.7 3.7 3.7 3.9 4.0
Serine 3.4 2.6 3.1 3.9 3.2 3.0 2.8
G lutam ic acid 4.4 3.3 3.9 7.2 7.6 7.3 8.7
Proline 4.3 3.4 3.9 3.2 4.1 2.3 4.0
Glycine 4.0 3.9 3.9 3.6 3.8 3.7 4.0
Alanine 5.6 4.5 5.3 4.6 4.9 5.5 5.7
Cystine 2 .0 1.5 1.7 1.8 1.8 1.7 1.9
Valine 5.5 3.3 5.4 3.6 5.3 4.8 5.5
Methionine 2.9 1.2 2.0 2.4 2.4 2.1 2.6
Isoleucine 3.7 3.3 3.4 2.3 3.9 3.4 2.6
Leucine 9.1 7.5 9.1 7.9 8.6 8.6 9.2
Tyrosine 2.8 2.7 2.8 2.3 2.4 2.6 2.3
Phenylalanine 4.5 3.2 4.2 3.8 3.4 4.4 4.5
Lysine 6.5 6.2 6.5 6.2 6.3 6.1 6.1
Histidine 1.9 1.4 1.5 1.6 1.5 1.4 1.6
Arginine 6.4 4.8 5.1 5.1 5.6 5.7 5.6

su lp h u r-b ea rin g  am ino  ac ids w ere o b ta in ed  fo r th e  e x p e rim e n ta l ra ts . In  a 
3 0 -d ay  feeding t r ia l  c o n d u c te d  w ith  ra ts , R ic h te r  an d  S chiller (1956) fed a 
d ie t  o f  0 .2% , or h ig h e r, a lk a lo id  co n ten t, a n d  observed  lack  o f  a p p e tite , loss 
o f  b o d y  m ass, ab o rtio n s  am o n g  p reg n an t ra ts ,  a n d  o th e r m e tab o lic  disorders.

O ur resu lts fu rn ish  fu r th e r  evidence th a t  feed ing  d ie ts  o f  0 .2 %  alkalo id  
c o n te n t to  ra ts  m a rk e d ly  w orsens p ro te in  u tiliz a tio n  even  i f  th e  exp erim en ta l 
feed ing  lasts  a sh o rt t im e . P ro te in  u tiliza tio n  can  be im p ro v ed  b y  giving 0 .3%  
D L-m ethionine. W hen  th is  d ie t w as fed over a p ro longed  p e rio d  (21 days), th e  
r a ts  show ed in a p p e te n c e , loss o f bo d y  m ass a n d , occasionally , d ied . The liv er 
tis su e  showed p a th o lo g ica l changes, th e  am ino  acid  com p o sitio n  o f  liver p ro 
te in s  underw en t a ch a n g e ; especially  th e  su lp h u r-h ea rin g  am ino  acids d e 
c reased  in  q u a n tity .

I n  experim en t B , w here  lu p in  seeds w ere com pleted  w ith  o th e r feeds 
(so y b ean , w heat, m aize) a n d  sy n th e tic  am ino acids, th e  d ie t o f  n ea rly  0.1% 
a lk a lo id  con ten t (“ V a ja i”  lup in ) b ro u g h t a b o u t a change in  th e  physio logical 
p a ra m e te rs . D iets w ith  less th a n  0 .1%  a lk a lo id  co n te n t fa iled  to  p roduce 
ap p rec iab le  changes in  th e se  physio logical ind ices. I n  th e  r a ts  fed  “ V aja i”  
lu p in , blood urea c o n c e n tra tio n  s ig n ifican tly  (P  <  o .01) rose as com pared  to  
th e  co n tro l ra ts , in d ic a tin g  a poo rer u tiliz a tio n  o f th e  in g ested  p ro te in . A t th e  
sam e tim e , in  groups o f  r a ts  consum ing  sw eet lu p in  seeds w ith  a lk a lo id  co n ten ts 
a ro u n d  0.01% , changes o f  su ch  a degree d id  n o t  occur (T able  V II ) . W hile th e  
r a ts  fed  “ V ajai”  lu p in  seed  show ed an  average  d a ily  b o d y  m ass gain  of 2.0 g, 
th o se  o f G roup C 2.5 g, a n d  th e  ra ts  fed d ie ts  co n ta in in g  sw eet lu p in  seeds o f 
lo w er alkalo id  co n te n t a n  average  body  m ass gain  o f 2.3 g /d ay /an im al.
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Couch (1926) re p o rte d  th a t  th e  vario u s lu p in  a lka lo ids were d iffe ren t in  
to x ic ity . I n  to x ic ity  s tu d ie s  on  gu inea-p igs, d -lu p an in e  p roved  to  be  m o st 
tox ic , follow ed b y  sp a r te in e , lu p a n id in e , lup in ine  a n d  h y d ro x y lu p an in e . In  his 
review  p a p e r  on th e  a n t in u tr i t iv e  su b stan ces of lu p in s , M átra i (1977) s tressed  
th a t  th e  sp a rte in e  an d  lu p in id in e  a lkalo ids of lu p in  seeds possessed a p ro 
nounced  a n tin u tr i t iv e  effec t.

S evera l a u th o rs , in c lu d in g  H a c k b a r th  (1961), P ea rso n  an d  C arr (1977) 
and  R uiz e t al. (1977) d rew  th e  conclusion  from  th e ir  ex p erim en ts  th a t  ra ts  
were m uch  m ore re s is ta n t to  a lk a lo ids th a n  p igs. T h u s , depend ing  on th e  
d u ra tio n  o f feed ing  a lk a lo id -co n ta in in g  d iets to  p igs, an  a lkalo id  c o n te n t as 
low  as 0 .0 3 -0 .1 %  ex e rte d  a n  ad v erse  effect on th e ir  a p p e tite , b o d y  m ass gain  
an d  feed u tiliz a tio n .

In  o u r ex p erim en ts  c o n d u c ted  w ith  ra ts  we h a v e  a rriv ed  a t  s im ilar co n 
clusions. N am ely , in  cases w hen  th e  a lk a lo id -co n ta in in g  d ie ts  w ere fed  for a 
sh o rt tim e , th e  effect o f  a lkalo ids cou ld  be reduced  b y  su p p lem en tin g  th e  d ie t 
w ith  sy n th e tic  am ino  ac ids; how ever, feeding su ch  d ie ts  over a pro longed  
period e x e rte d  a d e fin ite  adverse  effect on th e  s tu d ie d  physio logical p a ra m 
eters o f th e  ra ts .
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EXPERIMENTAL BACILLUS CEREUS MASTITIS
IN COWS

G y. H o r v á t h 1, E rzséb e t T ó t h -M a r t o n 1, J .  M . M é s z á r o s 2 an d

L. Q u a r i n i 3

1 D e p a r tm e n t an d  Clinic o f O bste trics an d  2 D e p a rtm en t o f P a th o lo g y  o f th e  U n iv e rs ity  
o f V e te r in a ry  Science, H-1400 B u d a p es t, P .0 .  B ox  2; a n d  3 C en tra l V e te rin a ry  I n s t i tu te ,  

H -I149  B u d a p es t, T áb o rn o k  u . 2, H u n g a ry

(R eceived  Ju n e  7, 1985)

A fte r  in tra c is te rn a l inocu la tion  w ith  d ifferen t doses o f B acillus cereus p u re  c u ltu res , 
cows dev elo p ed  signs in d ica tiv e  o f tox icosis. T h e  sy m p to m s d isap p eared  w ith in  24 h , a n d  a n  
a cu te  p a ren c h y m a l m a s tit is  developed  in  th e  affec ted  u d d e r  q u a rte r . T h e  cell co u n t a n d  
ch lo ride  io n  co n ce n tra tio n  of th e  m ilk  in creased  an d  its  consistence m ark e d ly  chan g ed  (m u cu s , 
floccu les a n d  c lo ts appeared ). S u b seq u en tly  th e  affec ted  q u a r te r  g ra d u a lly  becam e a tro p h ie d  
and , f in a lly , th e  m ilk sec re tio n  com ple te ly  ceased.

B a c te r ia  w ere d e te c ta b le  in  th e  in fec ted  u d d e r q u a r te r  in  decreasing  n u m b ers u su a lly  
fo r a  w eek. R ep ea ted  a tte m p ts  to  cu ltu re  b a c te r ia  from  th e  blood of th e  ex p erim en ta l an im a ls  
c o n sis ten tly  fa iled  th ro u g h o u t th e  e x p erim en t. T he ra b b it  sk in  te s t  an d  th e  in o cu la tio n  of 
guinea-pigs un eq u iv o cally  p roved  t h a t  b a c te r ia l  to x in s p re sen t b o th  in  th e  m ilk  a n d  in  th e  
serum  w ere  responsib le  fo r th e  acu te  sy m p to m s.

T h e  h isto log ical ex am in atio n  o f b io p sy  m ate ria l ta k e n  one w eek p o st- in o cu la tio n  
rev ea led  v a cu o la r  d e g en e ra tio n  of th e  a lv eo lar ep ithe lium , p resence  o f cell-con tain ing  e x u d a te  
in  th e  lu m in a  an d  d u c ts  o f glands, in te r s t i t ia l  oedem a, a n d  in f il tra tio n  b y  n e u tro p h il g ra n 
u locy tes.

K eyw ords. B acillus cereus, m as titis , bov ine, cow, e x p erim en ta l in fec tion .

D u rin g  bac te rio log ical e x a m in a tio n  o f raw  m ilk , B acillus cereus h as  b een  
d e m o n s tra te d  m ore an d  m ore fre q u e n tly ; th e re fo re , th e  role o f  th is  b a c te r iu m  
in  th e  ae tio logy  o f  m a s titis  has com e to  th e  fore. A ccord ing  to  th e  l i te ra tu re ,  
sporiferous b a c te r ia  are  in fre q u e n t causes o f m a s titis ; how ever, ou r know ledge 
is scarce in  th is  re sp e c t. I n  specialized  dairies th e  adverse  hyg ien ic  co n d itio n s 
an d , m o s tly , h u m a n  negligence m a y  re n d e r possible fo r such  b a c te r ia  to  e n te r  
th e  u d d e r . T he p re se n t stud ies w ere u n d e rta k e n  to  com plete  an d  check  o u r 
know ledge concern ing  th e  u d d e r p a th o g e n ic ity  o f  B . cereus, as w ell as t h a t  
concern ing  th e  clin ica l sym p to m s a n d  m ilk  changes p ro d u ced  b y  i t .

B ro w n  an d  S cherer (1957) w ere th e  f ir s t  to  re p o rt th e  occurrence  o f 
B . cereus m a s titis  in  a heifer; in  t h a t  case m astitis  w as co n seq u en t u p o n  u d d e r  
in ju ry  a n d  d ila ta tio n  of th e  te a t  c an a l w ith  a no n -ste rile  in s tru m e n t. T h e  
a ffec ted  u d d e r q u a rte rs  co n ta in ed  a h a rd , p a in fu l sw elling, an d  th e ir  sk in  
show ed b lu ish -red d ish  d isco lo u ra tio n . T he secre tion  w as yellow  or red d ish - 
yellow , serous, an d  co n ta in ed  f ib r in  floccules. T he app lied  an tib io tic  t r e a tm e n t  
saved  th e  an im a l’s life ; how ever, se q u e s tra tio n  occurred  in  th e  u d d e r. I n  a 
case describ ed  b y  R ö h r an d  Schw arz (1961), B . cereus caused  a serous, c a ta r rh a l-  
h aem o rrh ag ic  m a s titis , h isto log ica lly  ch a rac te rized  b y  n e u tro p h il g ran u lo cy tic  
in f il tra tio n , d e ta c h m e n t o f ep ith e lia l cells, hy p eraem ia , an d  in te rs t i t ia l  o edem a
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o f  th e  alveoli. W eid lich  (1961) d iagnosed  В . cereus m a s titis  in  fiv e  cows b y  
b ac te rio log ica l e x a m in a tio n . H isto log ica lly  he  fo u n d  in  th e  g lan d u la r  lobules, 
besid e  th e  fu n c tio n in g  a lveo li, h aem o rrh ag ica lly  in f il tra te d  an d  necrob io tic  
is le ts  con ta in ing  n u m ero u s  b ac te ria , a n d  th ro m b o sis  o f  b lood  vessels and  
ly m p h a tic s . T he n e c ro tic  foci were su rro u n d e d  b y  in f il tra tin g  ly m p h o cy tes  
a n d  g ranu locy tes. B a c te r ia  w ere p re se n t also in  th e  m ilk  d u c ts . G loor (1968) 
re p o r te d  focal v ac u o la r  d eg en era tio n  in  th e  g la n d u la r  ep ith e liu m  o f th e  u d d er, 
an d  diffuse in f il tra tio n  b y  n eu tro p h il g ran u lo cy te s  in  th e  alveoli. D ue to  th e  
r a p id  progression o f  th e  d isease, th is  an im a l w as em erg en cy -s lau g h te red  24 h  
la te r .  Gloor (1968) in o c u la te d  5 m l o f th e  24-h  b ro th  cu ltu re  o f th e  B . cereus 
s tr a in  iso la ted  from  th e  affec ted  u d d e r in to  an  u d d e r q u a r te r  o f  a cow ; 6 h 
la te r  th is  w as fo llow ed b y  a febrile  response  (38.5 to  40.6 °C), an d  th e  in fec ted  
u d d e r  q u a rte r  becam e sw ollen , w arm  a n d  p a in fu l. M erck an d  B u ro w  (1973) 
re p o r te d  th e  o ccu rrence  o f  B . cereus m a s tit is  in  a fresh ly -ca lved  cow. W ith  
th e  iso la ted  s tra in  th e y  in o cu la ted  a ew e a n d  a cow in tra c is te rn a lly . B o th  
an im als  developed  a c u te  m a s titis ; th e  ewe d ied  on th e  4 th  d ay  p o st-in o cu la 
t io n  (P I). In  sp ite  o f  th e  su lfo n am id e -au reo m y c in  th e ra p y  s ta r te d  20 h P I , 
th e  cow dried  off, a n d  th e  n ecro tic  a reas  w ere en cap su la ted  b y  connective  
tis su e . D uring  gross a n d  h is to p a th o lo g ica l e x a m in a tio n  o f  th e  organs o f tw o 
cow s th a t  h ad  d ied  w ith  sy m ptom s o f a c u te  to x a e m ia , Schiefer e t al. (1976) 
o bserved  in  th e  u d d e r  acu te  in fla m m a tio n , an d  h aem o rrh ag ic-n ecro tic  foci 
c o n ta in in g  large n u m b e rs  o f G ram -positive  b a c te r ia ; s im ila r lesions w ere found  
in  th e  su p ra m a m m a ry  ly m p h  nodes. T hese  a u th o rs  iso la ted  B . cereus from  
th e  affected  u d d e r  q u a r te r , found  haem o g lo b in  nephrosis  in  th e  k id n ey , and  
observed  hyaline  th ro m b i in  th e  g lo m eru la r an d  lu n g  cap illaries. I n  B u lgaria , 
B u tc h v a ro v a  an d  P e tro v a -Ja n a k ie v a  (1979) p ro v ed  th e  in v o lv em en t of B . 
cereus in  th e  ae tio lo g y  o f  m astitis  an d  a b o rtio n . Jo n es  an d  T u rn b u ll (1981) 
re p o rte d  29 cases o f  B . cereus m astitis  in  cows an d  one case in  a g o a t. H is 
to log ica lly , th e y  d iagnosed  focal a lveo litis  a n d  in te rs t i t ia l  oedem a in  th e  u d d e r 
o f  one of th e  cows.

T able  I

R esu lts of th e  p re

Ear tag number
Body

temperature
°C

Mastitest (CMT)

Rp Rk Lp l r

E xperim en t I 613 37.9 1 + 1 + 2 + i +
4526 37.9 2 + 2 + 1 + i +

E xperim en t I I 02 37.9 3 + 1 + — i +
73 38.2 2 + 1 + 2 + 2 +

E xperim en t I I I 1 37.8 1 + 3 + 2 + 1 +
2 38.0 1 + 1 + 2 + 1 +

The infected q u a rte rs are in  bo ld  ty p e ; R p  = r ig h t, fro n t; R r  = r ig h t, rear; Lp =  left,
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M aterials an d  m ethods

E ig h t d a iry  cows w ere used . A suspension  p re p a re d  from  th e  p u re  c u l
tu re  o f a B . cereus s tra in  iso la ted  from  th e  m ilk  o f a cow  affected  w ith  m a s titis  
w as in o cu la ted  in tra c is te rn a lly  in to  one u d d e r q u a r te r  o f tw o cows each , in  
th r e e  series o f ex p erim en ts . T he inocu lum  co n ta in ed  103 and  104; 2 х Ю 3 an d  
2 X 104; 3 X 107 a n d  6 X  Ю8; and  2 X  Ю8 an d  2 X  Ю7 colony-fo rm ing  u n its , re sp e c 
tiv e ly , in  th e  fo u r series. P rio r to  in o cu la tio n , th e  c lin ica l ex am in a tio n  o f  th e  
u d d er, th e  M as tite s t (CMT) te s t , th e  d e te rm in a tio n  o f  ch lo ride ion  c o n c e n tra 
tio n  (R ad e lk is  O P-261) and  cell co u n t (B reed ’s m e th o d ) in  th e  m ilk, as w ell 
as th e  bac te rio lo g ica l ex am in a tio n  o f m ilk  sam ples w ere perfo rm ed  (T able I ) . 
B ased  u p o n  th e  re su lts  o f these  ex am in a tio n s , th e  in o cu lu m  was in jec ted  in to  
th e  u d d e r q u a r te r  b e s t ap p ro x im a tin g  th e  physio log ica l va lu es; th e  rem a in in g  
th ree  q u a rte rs  served  as con tro l. A fte r in o cu la tio n , th e  above-m en tioned  e x a m 
in a tio n s w ere re p e a te d  f irs t a t  one-hour in te rv a ls , th e n  w ith  decreasing fre 
quency  th ro u g h  a p e rio d  o f tw o  w eeks; a tte m p ts  to  c u ltu re  b a c te ria  from  th e  
blood o f cows w ere also m ade. I n  ad d itio n , m a te ria l o b ta in e d  b y  needle b io p sy  
from  th e  in fec ted  u d d e r  q u a r te r  o f  cows of th e  f i r s t  tw o  experim en ts on  P I  
d ay  8 w as ex am in ed  h isto log ica lly . A  fu r th e r  series o f  ex p erim en ts  inc luded  th e  
r a b b it  sk in  te s t  a n d  in o cu la tio n  o f  guinea-pigs to  d e m o n s tra te  to x in  e ffec t.

R esults

D epend ing  on  th e  in fec tive  dose, changes in  th e  general s ta tu s  of cows 
w ere o bservab le  w ith in  2 to  5 h . T he sym ptom s in c lu d ed  listlessness, w eakness, 
ano rex ia  an d  rise o f  th e  body  te m p e ra tu re . B e tw een  P I  hours 5 and  8 th e  
sy m ptom s g ra d u a lly  ag g rav a ted , w ith  s trik in g  rises o f  th e  b o d y  te m p e ra tu re , 
som etim es above 41 °C, an d  cu lm in a ted  b e tw een  P I  h o u rs  8 an d  10. T his w as 
follow ed b y  a sp eedy , spon tan eo u s reco v ery , an d  b y  P I  h o u rs  22-24  th e  gen era l

inocu lation  ex am inations

Cell coun t in m ilk, 103/m l Chloride ion concentration , mmol/1 Bacteriological examination

Rp Rr l f Lr R p Rr Lp LB Rp Rr Lp Lr

2,650 850 1,150 1,200 72 64 54 44 neg. neg. neg. neg.
2,000 2,500 900 450 41 23 32 31 neg. neg. neg. neg.

17,600 600 1,150 2,050 50 37 35 38 sapr,• neg. neg. neg.
8,250 7,850 13,400 8,450 53 66 62 60 neg . neg. sapr. neg.

3,450 900 2,050 1,450 32 27 32 34 n eg . neg. neg. neg.
1,850 16,500 20,000 2,650 27 40 32 27 neg. sapr. sapr. neg.

fro n t; =  le ft, re a r  q u a r te r
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Table II

Cell counts in  th e  m ilk  o f tw o cows follow ing experim ental in fection  (10/m l) 
In fec ted  q u a rte rs : 613/R R w ith  103 C FU  an d  4526/Lp w ith  104 C FU

T im e post- 
inoculation (h) 
U dder quarter

0 2 5 8 10 24 29

R f * 613 2,650 11,200 11,250 13,100 4,250 650 700
R r  613 850 7,500 7,950 27,600 30,300 24,000 19,950
L f  613 1,150 3,850 4,700 4,950 6,450 700 1,800
L r  613 1,200 8,900 1,500 2,250 1,000 550 250
R p  4526 2,000 4,100 2,250 3,150 950 700 500
R r  4526 2,500 16,400 8,300 13,300 5,200 1,000 500
L f  4526 900 3,250 31,500 50,000 54,900 12,450 11,500
L p  4526 450 2,100 2,400 9,600 600 450 550

* F or exp lanation , see T ab le  I

*c'
41 i \
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F ig . 1. B ody te m p e ra tu re a f te r  in fec tio n  (in fec tiv e  dose: ---------  103 C F U ; ........ -  2 X 103
C F U ;---------- 104 C F U ; • •

Table III

R esults o f th e  p o st-inocu la tion  exam inations

E ar tag  num ber
B ody tem p

°c
M astitest (CMT)

+Rp R e Lp Lb

E x p erim en t I 613 38.0 2 + 3 + i + i +
4526 38.8 1 + 2 + 3 + и -

E x p erim en t I I 02 38.1 3 + 1 + 3 + 3 +
73 39.2 3 + 2 + 3 + 3 +

E x p erim en t I I I 1 39.2 3 + 3 + 2 + 1 +
2 39.2 1 + 3 + 2 + 3 +

Infec ted  u d d e r q u a rte rs  are in  b o ld  ty p e

Acta Veterinaria Hungarica 34, 1986



EXPERIMENTAL BA C ILLU S CEREUS MASTITIS IN COWS 33

S ta tus an d  b o d y  te m p e ra tu re  re tu rn e d  to  n o rm a l (F ig. 1). T hus, no m ed ic in a l 
t r e a tm e n t w as need ed  to  save th e  an im als’ life . P a ra lle l to  th e  ap p ea ran ce  o f 
c lin ical sy m p to m s, an  acu te  p a ren ch y m a l m a s titis  accom pan ied  b y  p ro n o u n ced  
oedem a, re d d e n in g  an d  pa in , developed  in  th e  in fec ted  u d d e r q u a rte rs . T h e  
cows h a rd ly  to le ra te d  even  h a n d  m ilk ing . F ro m  th e  in fec ted  q u a rte rs  a ye llow 
ish -w h ite , tu rb id ,  v iscous secre tion , co n ta in in g  lum ps o f  m ucus an d  floccu les, 
could  be m ilked  as ea rly  as P I  h o u r  5. L a te r  on th e  m ilk  p ro te in s  a n d  th e  
b u t te r fa t  p re c ip ita te d , ren d erin g  th e  u d d e r  q u a rte rs  h a rd  to  m ilk. B y  t h a t  
tim e  th e  co lour o f  th e  secre tion  h a d  ch an g ed  to  yellow ish-greenish . A fte r  P I  
hou rs  22 -24  u d d e r  oedem a ceased to  e x is t, sk in  h y p eraem ia  w as less ex p ressed , 
an d  m ilk ing  becam e  u n d is tu rb e d ; how ever, th e  colour an d  consistence o f  th e  
m ilk  rem a in ed  ab n o rm a l, an d  its  q u a n t i ty  decreased .

D ep en d in g  o n  th e  in fec tive  dose, th e  cell co u n t o f  th e  m ilk  reach ed  50 
to  80 m illion  p e r m l b y  P I  h o u r 8. B y  P I  h o u rs  8 to  10, chloride io n  con-

75

24h A8h 72 h 96h 120h

F ig. 2. N u m b er o f  Б . cereus colonies c u ltu red  fro m  th e  sam ples, dep en d in g  on th e  in fec tiv e  
dose (E x p e r im e n t 2; s tr ia te d  co lum ns: 2 x l 0 3 C F U ; b lack  colum ns: 2 x l 0 4 C FU )

(m eans of values m easu red  in  th e  f irs t 24 h)

Cell coun t in  milk (103/ml) Chloride ion (mmol/1)

r f R r LF L r R p R r Lp L r

7,133 20,800 3,808 2,450 55.6 68.6 47.5 43.8
2,408 7,950 29,175 2,608 58.3 51.8 * n o t

m eas
u rab le

44.2

20,937 2,725 11,775 29,587 73.5 45.9 86.1 96.1
57,437 9,537 16,525 13,950 * 71.3 79.4 68.5
25,094 35,187 7,131 2,406 98.4 77.3 53.1 57.3
2,993 16,087 9,376 15,137 15.6 80.6 78.3 68.8

* N o t m easu rab le  b y  th e  m ethod  applied ; for ex p lan atio n , see Table I
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c e n tra tio n  reach ed  a  v a lu e  o f  100 to  120 m m ol/1; th e n , in  m a n y  cases, i t  w as 
im m easu rab le  because  th e  m ucous, f lo c c u le n t m ilk  could  n o t be sucked  u p  
in to  th e  cap illa ry  o f  th e  R adelk is  O P-50 ch lo ride  ion  m ete r (Tables I I  a n d  I I I ) .  
S u b seq u en tly , b o th  th e  cell co u n t an d , la te r  on , th e  ch loride ion  co n c e n tra tio n  
decreased ; how ever, b o th  p e rs is ted  a t  r a th e r  h igh  levels th ro u g h  a p e rio d  o f 
sev e ra l days, d ep en d in g  on th e  germ  c o u n t o f  th e  inocu lum . T he cell co u n t 
p e rs is te d  a t  20 to  25 m illion  p e r m l, a n d  th e  chloride ion  c o n cen tra tio n  a t  70 
to  100 mmol/1. E lim in a tio n  o f B . cereus b a c te r ia  from  th e  u d d e r to o k  72 to  
120 hours (F ig . 2). T h e  q u a lity  o f th e  ab n o rm a lly  a lte red  secre tion  d id  n o t 
ch an g e  during  th e  su b seq u en t 3 to  6 w eeks. D uring  th is  period  th e  a ffec ted  
u d d e r  q u a rte r  g ra d u a lly  becam e a tro p h ie d  an d  dried  off.

T he blood sam ples ta k e n  re p e a te d ly  a f te r  in fec tion  w ere b ac te rio log ica lly  
n e g a tiv e , suggesting  th e  in v o lv em en t o f  a  possible to x in  effect. A fu r th e r  
e x p e rim en t was c o n d u c ted  to  verify  th is  suggestion . I n  th is  ex p e rim en t m ilk  
a n d  blood  sam ples w ere ta k e n  8 h  a f te r  th e  o n se t of c lin ical sy m p to m s. A fte r 
cen trifu g in g  th e  sam ples, th e  m ilk  p ro te in s  w ere rem o v ed  b y  p re c ip ita tio n  
a n d  a fte r  su b seq u en t f i l tra tio n , th e  p H  o f th e  f i l tra te  w as a d ju s te d  to  6.8. 
B lo o d  serum  an d  m ilk  w hey  from  a h e a lth y  cow were used  as con tro l. T he te s t  
m a te r ia ls  w ere ru b b e d  in to  th e  sh av ed  b a c k  sk in  of tw o  ra b b its  a t  fo u r sites. 
T h e  b lood  serum  an d  m ilk  w hey  of th e  cow in o cu la ted  w ith  2 x  Ю8 C FU  w ere 
ru b b e d  in to  th e  sk in  on th e  le ft side, w hereas th e  con tro l m a te ria ls  on  th e  
r ig h t  side. The o th e r  ra b b i t  w as t re a te d  w ith  th e  b lood serum  an d  m ilk  w hey  
o f  th e  cow in o cu la ted  w ith  2 х Ю 7 germ s. W hile  on th e  “ co n tro l” side on ly  a 
s lig h t redden ing  o f th e  sk in  occurred  24 h  la te r ,  b y  th a t  tim e  th e  te s t  m a te ria ls  
p ro d u c e d  a p a in fu l re d  sw elling 4 to  5 cm  in  d iam eter. T he b io logical te s ts  
in c lu d e d  in o cu la tio n  o f  gu inea-p igs: e ach  guinea-p ig  received  0.1 m l b lood  
se ru m  in tra m u sc u la rly . T he guinea-p ig  in o c u la te d  w ith  th e  b lood  serum  o f th e  
солу t h a t  h ad  rece iv ed  th e  la rg e r in o cu lu m  becam e febrile  w ith in  24 h . T he 
b o d y  te m p e ra tu re  o f  th e  gu inea-p ig  t r e a te d  w ith  th e  serum  o f th e  cow given 
th e  sm aller in o cu lu m  rose, h u t  a f te r  24 h  th e  an im al’s a p p e tite  a n d  b o d y  
te m p e ra tu re  re tu rn e d  to  n o rm al. T he gen era l s ta tu s  o f th e  gu inea-p ig  in o c 
u la te d  w ith  th e  c o n tro l se rum  rem ain ed  u n ch an g ed .

In  th e  f ir s t  an d  second series o f ex p e rim en ts , h isto log ical e x am in a tio n  
o f  sam ples ta k e n  fro m  th e  in fec ted  u d d e r  q u a rte rs  b y  needle b iop sy  on P I  
d a y  8 revealed  an  e x u d a te  co n ta in in g  n e u tro p h ilic  g ranu locy tes in  th e  d ila ted  
a lveo li and  d u c ts , v a cu o la tio n  in  th e  g la n d u la r  ep ithe lium , as well as oedem a 
a n d  in f iltra tio n  b y  n eu tro p h ilic  g ran u lo cy te s  in  th e  in te rs tices  (Figs 3 an d  4).
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D iscussion

E x p e rim e n ta l in fec tion  w ith  В . cereus re su lted  in  a g ra d u a l d e te rio ra tio n  
o f  th e  cow s’ genera l s ta tu s  from  P I  h o u rs  2 -5  onw ards. T he sy m p to m s cu l
m in a te d  betw een  P I  hours 8 an d  10. T h e  an im als becam e lis tless, w eak , show ed 
an o re x ia  an d , in  some cases, th e ir  b o d y  te m p e ra tu re  rose as h igh  as 41 °C. 
S u b se q u e n tly  th e  sy m ptom s g ra d u a lly  subsided , an d  b y  P I  h ou rs 22 to  24 
th e  g enera l s ta tu s  re tu rn e d  to  n o rm a l. O n th e  o th e r h a n d , fro m  P I  h o u r  5 
a n  a c u te  p a ren ch y m al m astitis  d ev e lo p ed , accom pan ied  b y  a s tr ik in g  change 
o f  th e  secre ted  m ilk . M ilk changes p e rs is ted  for 3 to  6 w eeks, d u rin g  w hich  
p e rio d  th e  affec ted  q u a rte r  becam e a tro p h ie d  an d  d ried  off. T h e  p re se n t 
o b se rv a tio n s  su p p o rt tho se  o f G loor (1968) an d  M erck an d  B u ro w  (1973) on 
th e  d ev e lo p m en t o f acu te  m astitis .

Schiefer e t al. (1976) re p o rte d  th e  developm ent o f m a s titis  an d  acu te  
tox ico sis  follow ing B . cereus in fec tio n . T he presence o f  tox icosis has been  con
f irm e d  b y  th e  r a b b it  sk in  te s t  an d  in o cu la tio n  of gu inea-p igs also in  th e  p re s 
e n t  ex p e rim en ts ; how ever, we h a v e  fo u n d  th a t  to x aem ia  la s te d  on ly  24 h . 
I n  B . cereus m astitis , h isto log ical ex am in a tio n s  w ere perfo rm ed  f ir s t  b y  R ö h r 
an d  S chw arz (1961), th e n  b y  G loor (1968), Schiefer e t al. (1976) a n d , f in a lly , 
b y  Jo n e s  and  T u rn b u ll (1981). T hese a u th o rs  rep o rted  a focal in f i l t ra t io n  o f 
th e  alveo li b y  n eu tro p h ilic  g ran u lo cy te s , v acu o la tio n  o f ep ith e lia l cells, in te r 
s t i t ia l  oedem a, an d  d eve lopm en t o f  n ecro tic  foci. T he e x a m in a tio n  o f  th e  
b io p sy  sam ples ta k e n  b y  us y ie ld ed  s im ila r resu lts , w ith  th e  o n ly  d ifference 
t h a t  we failed to  f in d  necrosis. T h is fa c t m igh t be a t tr ib u te d  to  a possible 
low  h i t  p ro b a b ility  of th e  needle b io p sy  tech n iq u e . O ur ex p e rim en ts  fu rn ish  
new  d a ta  on th e  cell co u n t an d  ch lo ride  ion  co n cen tra tio n  o f th e  m ilk  secre ted  
in  B . cereus m astitis .
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F ig . 3. V acuolar degeneration  in th e  a lv eo lar ep ith e liu m  of th e  lac tife rous g land , serous 
e x u d a te  and sm aller and larger groups of n eu tro p h ilic  granulocy tes in th e  lu rn ina  of glands 
an d  in  th e  d ila ted  efferen t du c t. N ote in f iltra tio n  b y  neu trophilic  g ran u lo cy tes  in th e  in te rstices 

(b iopsy  m ateria l). H aem a to x y lin -eo s in , appr. x 2 5 0

F ig. 4. Serous-cellu lar ex u d a te  in  th e  d ila ted  alveoli o f th e  udder; in te rs t i tia l  oedem a (biopsy  
m ateria l). H aem ato x y lin -eo sin , appr. X 80





Acta Veterinaria Hungarica 34 ( l —2 ) ,p p . 37—47 (1986)

INFECTION EXPERIMENTS WITH 
MYCOBACTERIUM PARATUBERCULOSIS STRAINS

B .  K Ö R M E N D Y 1, S . T u B O L Y 2 and G y . N a GY1

1 C en tra l V e te rin a ry  In s t i tu te ,  H -1149 B u d ap est, T áb o rn o k  u . 2;
2 D e p a rtm e n t o f E p izoo tio logy , U n iv e rs ity  o f V e te rin a ry  Science,

H-1400 B u d a p es t, P .O . B o x  2, H u n g ary

(R eceived  J u n e  5, 1985)

T h e  p a th o g en ic  a n d  im m unogenic  p ro p e rtie s  o f M ycobacterium paratuberculosis s tra in s  
iso la te d  from  c a ttle  w ere s tu d ied  in  ra b b its , d a y -o ld  chickens a n d  tu rk e y s , an d  com p ared  
w ith  th e  ch ara c te ris tic s  o f M . paratuberculosis a n d  M . avium  re ference s tra in s .

R a b b its  in o cu la ted  in tra v en o u s ly  w ith  suspensions (ex tin c tio n  v a lu es: 0.07 a n d  0.55) 
o f  th e  M . paratuberculosis re ference s tra in  no . 5889 developed h is to p ath o lo g ica l lesions in d ic 
a tiv e  o f  m y co b acte ria l ac tio n , w hereas in  r a b b its  g iven  sm aller in o cu la  (ex tin c tio n  v a lu e : 
0 .01) o f  th e  sam e s tra in s  no such  lesions w ere seen . O f th e  M . paratuberculosis s tra in s  iso la ted  
fro m  c a ttle , th re e  p ro d u ced  h is to p ath o lo g ica l lesions a fte r  e ith e r in tra v e n o u s  or su b c u ta 
n eo u s a d m in is tra tio n , w hile  2 s tra in s  on ly  w h en  in je c te d  in trav en o u s ly . S ix  o f th e  19 ra b b its  
in o cu la te d  developed  com plem en t-fix ing  (C F) a n tib o d ies  in  th e ir  se ra . T h e  a g a r gel p re c ip ita 
t io n  te s t  (A G PT ) w as consis ten tly  n eg a tiv e , w hile  th e  ly m p h o cy te -s tim u la tio n  te s t  (L ST ) 
p o s itiv e  in  all th e  an im als  tes ted .

I n  chickens a n d  tu rk ey s  th e  d ev elo p m en t o f gross and  h is to p a th o lo g ica l lesions d e 
p e n d e d  on  th e  size o f th e  inocu lum . No a n tib o d ies  w ere dem onstrab le  in  th e  serum  w ith  th e  
m e th o d s  app lied ; how ever, th e  LST w as p o sitive .

T h e  h is to p ath o lo g ica l lesions an d  sero log ical responses o ccurring  in  ra b b its  in o cu la ted  
in tra v e n o u s ly  w ith  th e  M . av ium  s tra in s  used  fo r com parison  were e ssen tia lly  sim ilar, d e p e n d 
in g  on  th e  size o f th e  inocu lum  an d  on  th e  ro u te  o f  app lications, a n d  w ere  id en tica l w ith  th e  
lesions p ro d u ced  b y  M . paratuberculosis.

K eyw ords. M ycobacterium  paratuberculosis, M . avium , c a ttle , ex p erim en ta l in fec tio n , 
p a th o g e n ic ity , im m u n o g en ic ity , h is to p ath o lo g y , r a b b it ,  chicken, tu rk ey .

I n  re c e n t y ea rs  new  d a ta  h av e  b een  o b ta in ed  on th e  p a th o lo g ica l ro le of 
M ycobacterium  paratuberculosis. H o w ev er, th e  d a ta  on th e  v iru len ce  o f s tra in s  
iso la te d  from  d iffe ren t species are in c o n s is te n t, freq u en tly  ev en  co n tra d ic to ry . 
A cco rd ing  to  L om insk i e t al. (1956), th e  path o lo g ica l lesions caused  b y  in t r a 
v en o u s ly  a d m in is te red  M . paratuberculosis  d iffer from  th o se  follow ing o ra l 
in fe c tio n  w ith  th e  sam e o rgan ism . I n  th e ir  com p ara tiv e  s tu d ie s  on M . p a ra 
tuberculosis, M . av ium  an d  M . intracellulare  s tra in s b y  d iffe ren t m e th o d s  
(m o rta li ty , gross p a th o lo g y , an d  a lle rg y  te s ts  in  calves, ra b b its , ch ickens, 
gu inea-p igs an d  m ice), Collins e t al. (1983) drew  th e  conclusion  th a t  th e  
ap p lie d  m eth o d s w ere u n su itab le  fo r ch a rac teriz in g  th e  v iru lence  o f  th e  
iso la te s .

In  th e  p re se n t in v es tig a tio n s  th e  p ro p e rtie s  of M . paratuberculosis  s tra in s  
iso la te d  from  c a ttle  w ere s tu d ied  in  in fec tio n  ex perim en ts co n d u c ted  w ith  
r a b b i ts ,  chickens an d  tu rk e y s , in  co m p ariso n  to  those  o f  s ta n d a rd  M . p a ra 
tuberculosis an d  M . avium  s tra in s . W e a tte m p te d  to  c o rre la te  th e  p ro d u ced
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path o lo g ica l lesions w ith  th e  ro u te  o f  in fec tio n  and  th e  in fec tive  dose. F u r 
th e rm o re , th e  h u m o ra l an d  ce llu lar im m u n e  responses o f  th e  ex p e rim en ta l 
an im als  were s tu d ie d .

M ateria ls an d  m ethods

In fec tion  experim ents in  rabbits

O f th e  reference s tra in s , d iffe ren t d ensities (ex tin c tio n  values: 0.55; 0 .07; 
0.01; Specol Zeiss J e n a  450 nm ) o f th e  M . paratuberculosis  reference s tr a in  
d es ig n a ted  5889 P ra g u e , an d  o f th e  M . avium  re ference  s tra in  d esig n a ted  
16909-3380 ATCC (e x tin c tio n  valu es: 1.9; 0.33; 0.04) w ere used. W ith  1 m l 
live suspension  o f each  d e n s ity  g rade  o f  M . paratuberculosis  tw o  ra b b its , w hile 
w ith  t h a t  of M . a v iu m  one ra b b it  (b o d y  m ass: 3000 to  4000 g) was in o cu la ted  
in trav en o u sly . T he ra b b i ts  w ere b led  on p o st-in o cu la tio n  (P I)  d ay  15 a n d  14, 
re sp ec tiv e ly . The b lo o d  sam ples w ere ex am in ed  b y  th e  ly m p h o c y te -s tim u la 
tio n  te s t  (LST), th e  co m p lem en t f ix a tio n  te s t  (C FT), a n d  th e  agar gel p re 
c ip ita tio n  te s t  (A G PT ). A fte r  gross p a th o lo g ica l ex am in a tio n , histo logical sec
tio n s  w ere p rep ared  fro m  th e  spleen, liv er, an d  ileum . T he sec tions were s ta in e d  
w ith  h aem ato x y lin  a n d  eosin , and  w ith  th e  Z ieh l-N eelsen  (ZN) sta in .

One ra b b it  w as in o cu la ted  in tra v e n o u s ly , a n o th e r su b cu tan eo u sly , each  
w ith  1 m l of live b a c te r ia l  suspensions (e x tin c tio n  v alues ran g in g  betw een  0.30 
a n d  0.41 fo r th e  d iffe re n t s tra in s) o f  5 M . paratuberculosis s tra in s  (d esigna ted  
599/81 G, 601/81 Sz, 663/81 P , 7/82 Sz, an d  104/82 0 )  iso la ted  in  H u n g a ry  
an d  id en tified  acco rd in g  to  T horel an d  V a le tte  (1976). T h e  ra b b its  w ere k e p t  
u n d e r  observa tion  fo r a m o n th  an d  su b seq u en tly  k illed  b y  bleeding. T h e ir  
o rg an  an d  blood sam p les  w ere exam ined  as described  ab o v e .

In fec tion  o f  day-old chickens and turkeys

Seven day-o ld  ch icks w ere in o cu la ted  su b cu tan eo u sly  w ith  0.5-m l su s 
pensions of M . paratuberculosis  s tra in  5889 an d  M . paratuberculosis W eybridge , 
7/82 Sz, 599/81 G, 601/81 Sz, an d  663/81 P  live s tra in s  (ex tin c tio n  v a lu es : 
0.87; 0.46; 0.51; 0 .39; a n d  0.32). Tw o 3 w eeks old tu rk e y s  w ere in fected  p e r  os 
on  th re e  occasions (on  tw o  successive d ays an d  one w eek th e re a fte r)  w ith  th e
M . av ium  s tra in  d e s ig n a te d  16909-3380 ATCC. F o r p e r  os in fection  a h o m o 
geneous m ash  w as p re p a re d  from  a 4-w eek-old S au to n  c u ltu re  and  th e  flo u r-  
fin e  m ixed-feed g ris t. T h e  b ird s  w ere g iven  on ly  th is  feed  an d  drink ing  w a te r , 
b o th  ad  lib itu m . F u r th e rm o re , one 3 w eeks old tu rk e y  each  was in o cu la ted  
su b cu tan eo u sly  w ith  a 1-m l live b a c te r ia l suspension  (e x tin c tio n  v alue: 0.14) 
p re p a re d  from  s tra in  599/81 G, 7/82 Sz, an d  th e  M . paratuberculosis reference 
s tra in  designated  5889 P rag u e , re sp ec tiv e ly . T he sam ples w ere processed as 
described  u n d er th e  h ead in g  “ In fec tio n  ex perim en ts in  r a b b i ts ” .

Acta Veterinaria Hungarica 34,1986



INFECTION EXPERIMENTS WITH M YCOBACTERIUM  PARATU BERCU LO SIS 39

A ntigens

T he co m p lem en t-fix in g  a n tig e n  w as p rep ared  acco rd in g  to  th e  m e th o d  
o f  G orrie (1959) from  th e  M . paratuberculosis B ergey  1923 s tra in  d eriv ed  
fro m  P rague.

The g e l-p rec ip ita tio n  an tig en  w as p rep ared  from  4-w eek-o ld  S au to n  b ro th  
cu ltu re s  o f th e  sam e M . paratuberculosis  s tra in , sterilized  b y  f i l tra tio n  th ro u g h  
S eitz  f ilte r . T he cu ltu res  w ere con d en sed  to  co n ta in  6.93 m g /m l d ry  m a tte r  
(K ö rm en d y  e t a l., 1984).

F o r th e  L ST , 1 m g/m l P P D  tu b e rc u lin  (50,000 IU /m l) p rep a red  fro m  
th e  A N 5 s tra in  o f  M . bovis, an d  0.5 m g/m l (25,000 IU /m l) p u rif ied  tu b e rcu lo - 
p ro te in  p re p a re d  fro m  th e  D 4 s t r a in  o f  M . avium  w ere  u sed  as an tig en s .

Complement f ix a t io n  (C F )  test
In  th e  m a in  ex p erim en t, 1%  excess o f com plem en t w as ad d ed  to  th e  

low est com plem en t d ilu tio n  causing  fu ll haem olysis. S era  to  be  te s te d , d ilu te d  
1 : 10, were in a c tiv a te d  a t  58 °C fo r 30 m in . The CF te s t  w as carried  o u t fo r 
2 x 2 0  m in in  a w a te rb a th  o f  37 °C. T h e  te s ts  d isp lay ing  no  haem olysis in  th e  
d ilu tio n  o f 1 : 10 w ere considered  p o sitiv e .

Gel precip ita tion  test ( A G P T )

The te s t  w as p erfo rm ed  in  0 .8 %  agarose p rep a red  in  0.15 M S orensen’s 
p h o sp h a te  bu ffer o f  p H  7.0. In  th e  do u b le  rad ia l gel d iffu sion  te s t  th e  vo lu m e 
o f  th e  reservo irs w as 0.075 cm 3. T h e  reactions were re a d  d a ily  on 5 succes
sive days.

Lym phocyte-stim ula tion  test ( L S T )

L eucocytes se p a ra te d  from  th e  b lood  sam ples w ith  F ico ll-P aq u e  w ere 
re su sp en d ed  in  H a n k s ’ so lu tion  c o n ta in in g  10%  fe ta l c a lf  serum  an d  a n t i 
b io tic s , u p  to  a cell d en sity  o f 10e. O ne an d  a h a lf  m l v o lu m es o f  th e  cell su s
pen sio n  w ere m easu red  in to  L e ig h to n  tu b e s  to  each o f  w h ich  200 pg  an tig e n  
so lu tio n  was ad d ed . In to  th e  co n tro l tu b e s  0.1 m l P B S  w as m easu red . I n  th e  
5 7 th  h  o f in c u b a tio n  a t  37 °C, 10 pCi t r i t ia te d  th y m id in e  w as added  to  each  
tu b e  con ta in in g  a n tig e n -s tim u la te d  cell cu ltu res. S ix teen  h  la te r  th e  p la te s  
w ere fixed  in  m e th a n o l an d  w ashed  w ith  P B S . S u b seq u en tly  th e  p la te s  w ere 
im m ersed  in  I lfo rd -N u c lear K2 em u lsio n , d ried , and  th e  d ry  p la te s  w ere k e p t 
in  dark -room  a t  4 °C fo r 6 days. T he p la te s  were th e n  dev e lo p ed  in  49-O R W O  
so lu tio n , fix ed , s ta in e d  accord ing  to  M ay-G riinw ald , a n d  ex am in ed  in  lig h t 
m icroscope.

H istopathological studies

Frozen  sec tions p rep ared  from  sp leen , liver and  in te s tin e  sam ples fix ed  
in  10%  n e u tra l  fo rm alin  were s ta in e d  w ith  h aem a to x y lin  an d  eosin. T h e  
Z ieh l—N eelsen s ta in  w as used for d e m o n s tra tin g  m y co b ac te ria  in  tissu e  sections.
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R esu lts

T he resu lts  o f  th e  ex p erim en ts  co n d u c ted  in  ra b b its  are show n in  
T ab le s  I  and  I I .

I n  rab b its  in o c u la te d  w ith  th e  M . paratuberculosis re ference  s tra in  a 
sw elling  of th e  sp leen  ap p ea red  on P I  d a y  14; b y  h is to lo g ica l exam in a tio n  
b o th  th e  spleen a n d  th e  liv e r  sam ples show ed tissue  changes ch a rac te ris tic  o f 
m y co b ac te ria l in fe c tio n . M ycobacteria  w ere d e m o n s tra te d  in  th e  ileum  o f 
tw o  anim als.

O f th e  ra b b its  in fe c te d  w ith  M . a v iu m , ra b b its  nos 7 a n d  8 developed 
e ssen tia lly  sim ilar le s ions. H ow ever, in  r a b b i t  no . 9, w h ich  h a d  received th e  
sm a lle s t inoculum , th e  h is to p a th o lo g ica l lesions w ere re s tr ic te d  to  th e  spleen.

In fec tion  w ith  th e  M . paratuberculosis  s tra in s  iso la ted  from  ca ttle  failed 
to  p ro d u ce  gross lesions in  ra b b its  b led  on P I  d a y  30. B y  h is to lo g ica l ex am in a
t io n , how ever, m o st o f  th e  ra b b its  show ed lym pho id  cell p ro life ra tio n  in  th e  
l iv e r  an d  spleen, w ith  th e  p resence o f  L an g h an s-ty p e  g ia n t cells, and  acid -fast 
b a c te r ia  in  a n est-lik e  a rra n g e m en t (T able I I ) .

The A G PT w as n e g a tiv e  fo r all an im als , w hile th e  C FT  w as positive fo r 
th r e e  anim als in  each  g ro u p  (Tables I  a n d  I I ) .  O n th e  o th e r  h an d , th e  LST 
gave  positive re su lts  w ith  all sam ples te s te d , excep t for r a b b i t  no. 9 (Table I) .

T he resu lts  o f  th e  ex p erim en ts  co n d u c ted  in  ch ickens are  show n in  
T a b le  I I I .

I n  th e  spleen o f  b ird s  in fec ted  w ith  suspensions h a v in g  e x tin c tio n  values 
b e tw een  0.46 and  0 .87 , h is to p a th o lo g ica l ex am in a tio n  re v e a le d  h y p e rtro p h y  
o f  M alpighian bod ies , ly m p h o id  cell p ro life ra tio n  an d , w ith  th e  exception  o f 
ch ick en  no. 4, m asses o f  ac id -fast b a c te r ia  show ing n es t- lik e  a rran g em en t. 
I n  th e  liver of ch icks nos 1, 2 an d  3, in  a d d itio n  to  f a t ty  degen era tio n , th e re  
w e re  clum ps o f m o n o n u c lea r ly m p h o id  cells a ro u n d  th e  c e n tra l veins an d  
cong lom erates o f  a c id -fa s t b a c te ria . I n  th e se  chicks, e x c e p t fo r chicks nos 1 
a n d  4, num erous m o n o n u c lea r cells w ere observed  am ong th e  connective tissue  
e lem en ts of th e  ilea l m u co sa , an d  th e  so lita ry  ly m p h o id  follicles of th e  su b 
m ucosa  becam e en la rg ed  because of th e  p ro life ra tio n  o f ly m p h o id  cells. In  these  
p laces acid-fast b a c te r ia  w ere seen e ith e r  sing ly  or in  n e s t- lik e  a rran g em en t.

No gross p a th o lo g ic a l lesions w ere fo u n d  in  b ird s  nos 6 and  7, i.e. th e  
b ird s  infected  w ith  a m ore  d ilu ted  ino cu lu m . H is to p a th o lo g y  revealed  p ro 
life ra tio n  of ly m p h o id  tissu es  in  th e se  o rg an s, w ith o u t th e  presence of acid- 
f a s t  bacteria .

The resu lts  o f  th e  ex p erim en ts  co n d u c ted  in  tu rk e y s  are  show n in  
T ab le  IV.

In  th e  10 th  w eek  a f te r  M . a v iu m  in fec tio n , a lth o u g h  no gross lesions 
w ere presen t, h is to p a th o lo g ic a l ex a m in a tio n  revealed  p ro life ra tio n  of lym pho- 
re tic u la r  tissue in  th e  M alp igh ian  bodies o f  th e  sp leen  a n d  a perivascu la r

Acta Veterinaria Hungarica 34, 1986



Acta Veterinaria H
ungarica 34,1986

Table I

Results obtained for rabbits inoculated w ith reference strains

Serial num ber M ycobacterium 
of rabbits strain

Bacterium
density

(extinction)
Time of inoculation 

and killing

Gross pathology 
L =  liver 

S =  spleen 
I  =  intestine

H istopathology Blood tests LST

H -E. ZN CFT AGPT M . a v iu m  AN t 
P PD  P P D

R a b b it 1 M . paratuber- 9 4 . 0 4  Я9 L: - L: ly.g. +
culosis 5889 
1 m l, iv. 0.55 died 07. 06 S : swollen 

I :  -
S: ly.g.
I: -

+ n o t tested

R a b b it 2 M . paratuber- 9 4 . 0 4  R9 L : - L: ly.g. +
culosis 5889

0.55 08. 06. 82 S: swollen S: ly.g. + +  12 6
1 m l, iv. I :  - I :  ly.g. + —  —

R a b b it  3 M . paratuber- 9 4 . 0 4  Й9 L: - L: ly.g. +
culosis 5889 
1 m l, iv. 0.07 08. 06. 82 S: swollen 

I: —
S: ly.g. 
I :  ly.g.

+
+

—  -  10 4

R a b b it  4 M . paratuber- 24. 05. 82 
08. 06. 82

L: - L: ly.g. +
culosis 5889 S: swollen S: ly.g. +
1 m l, iv. 0.07 I: — I :  - +  -  19 7

R a b b it 5 M . paratuber- 9 4 . 0 4  R9 L: - L: ly.g. —
culosis 5889 
1 m l, iv. 0.01 08. 06. 82 S: swollen 

I: -
S: ly.g. 
I :  — __

-  -  21 6

R a b b it 6 M . paratuber- 24 05 8° L: - L : ly.g. —
culosis 5889 
1 m l, iv. 0.01 08. 06. 82 S: swollen 

I :  -
S: ly.g.
I :  -

— +
-  6 11

R a b b it 7 M . avium  16909 24. 05. 82 
07. 06. 82

L: - L: - +
13380 
1 m l, iv. 1.9

S: swollen 
I: -

S: ly.g. 
I: ly.g.

+
+ -  29

R a b b it 8 M . avium  16909 9 4 . 04 Я9 L: - L: ly.g. + +
13380 
1 m l, iv. 0.33 07. 06. 82 S: swollen 

I: —
S: ly.g.
I :  —

+ antic lp . —  25 17

R a b b it 9 M . avium  16909 24. 05. 82 
07 06 ft9

L: — L: - —
13380 S: swollen S: ly.g. — an tic lp . —  2 2
1 m l, iv. 0.04 I :  - I :  - —

an tic lp . =  
granulom a

an ti com plem entary  ; ZN =  acid-fast bac teria  sta in ing w ith  Z iehl-N eelsen’s sta in ; H -E . = h aem atoxy lin -eosin ; ly.g. == lym phoid
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Table II

Results obtained for rabbits inoculated w ith strains isolated from cattle

R abbits M ycobacterium
strain

Bacterium
density

(extinction)
Time of inoculation 

and killing

Gross pathology 
L =  liver 

S =  spleen 
I  =  intestine

Histopathology Blood tests LST

H -E . ZN CFT AGPT M. avium PPD

R a b b it 1 M . paratuber- 29. 06. 82 - L: _ L: ly.g. +
culosis 599/81 G died  26. 07. 82 S: swollen S: ly.g. + n o t tes ted
1 m l, iv. 0.30 I: — I: -

R a b b it 2 M . paratuber- 29. 06-29. 07 L: — L: ly.g. —
culosis 599/81 G S: — S: ly.g. — + — 16
1 m l, sc. 0.30 I: — I: - —

R a b b it 1 M . paratuber- 29. 06-29. 07 L: — L: ly.g. —
culosis 601/81 Sz S: — S :— ly.g. — — — 20
1 m l, iv. 0.30 I: — I: -

R a b b it 2 M . paratuber- 29. 06-29. 07 L: — L: ly.g. —
culosis 601/81 Sz S: — S: ly.g. + — 14
1 m l, sc. 0.30 I: — I: -

R a b b it 1 M . paratuber- 29. 06-29. 07 L: — L: - —

culosis 663/81 P S: — S: - — — — 12
1 m l, iv. 0.31 I: — I: - —

R a b b it 2 M . paratuber- 29. 06-29. 07 L: — L: — —
culosis 663/81 P S: — S: - — — — 12
1 m l, sc. 0.31 I: — I: - —

R a b b it  1 M . paratuber- 29. 06-29. 07 L: — L: ly.g. —
culosis 7/82 Sz S: S: ly.g. — + — 28
1 m l, iv. 0.41 I: — I: - —

R a b b it 2 M . paratuber- 29. 06-29. 07 L: — L: -
culosis 7/82 Sz S: — S: ly.g. — — — n o t tes ted
1 m l, sc. 0.41 I: — I: - —

R a b b it 1 M . paratuber- 29. 06-29. 07 L: — L; ly.g. —
culosis 104/82 0 S: — S: ly.g. — — — 9
1 m l, iv. 0.35 I: — I :  - —

R a b b it 2 M . paratuber- 29. 06-29. 07 L: — L : - —
culosis 104/82 0 S: — S: - — — — n o t tes ted
1 m l, sc. 0.35 I: — I: -

H -E . =  h aem atoxy lin -eosin ; ZN  =  Z iehl-N eelsen s ta in ; ly.g. =  lym phoid  granulom a
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Table II I

R esults o f infection experim ents in chickens

Serial number 
o f chickens

M ycobacterium 
strain  and route 

of infection

Bacterium
density

(extinction)
Time of inoculation 

and killing

Gross pathology 
L = liver 

S = spleen 
I  = intestine

Histopathology 

H -E . ZN

Blood tests 

CFT AGPT

LST a t killing 

M .  avium P PD

Chicken 1 M . paratuber- 01. 04. 8 2 - L: foci L: ly.g. +
culosis 5889 04.06 S : swollen S: ly.g. + — — n o t tes ted
0.5 m l, sc. 0.87 I:  - I :  -

Chicken 2 M . paratuber- 01. 04-04. 06 L: foci L: ly.g. +
culosis 5889 S : swollen S: ly.g. + — — n o t te s ted
0.5 m l, sc. 0.87 I:  - I: ly.g. +

Chicken 3 M , paratuber- 17. 05-28. 06 L: - L: ly.g. +
culosis W. S: swollen S: ly.g. + — — 9
0.5 m l, sc. 0.46 I:  - I :  ly.g. +

Chicken 4 M . paratuber- 17. 05-11. 06 L: - L: ly.g. —
culosis 7/82 Sz S: swollen S: ly.g. + — — 32
0.5 m l, sc. 0.51 I:  - 1: -

Chicken 5 M . paratuber- 17. 05-11. 06 L: - L : ly.g. _
culosis 599/81 G S : swollen S: ly.g. + — — n o t tes ted
0.5 m l, sc. 0.50 I:  - I: -

Chicken 6 M . paratuber- 17. 05-28. 06 L: - L : ly.g. _
culosis 601/81 Sz S: - S: ly.g. — — — 20
0.5 m l, sc. 0.39 I:  - I: ly.g. —

Chicken 7 M . paratuber- 17. 05-28. 06 L: - L : ly.g. _
culosis 663/81 P S: - S: ly.g. — — — 16
0.5 m l, sc. 0.32 I:  - I: ly.g. —

H -E . =  h aem atoxy lin -eosin ; ZN =  Z iehl-N eelsen s ta in ; ly.g. =  lym phoid  granulom a
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Table IV

R esults o f infection experim ents in  tu rk ey s

Serial num ber 
of turkeys

Bacterium 
strain  and route 

of infection

Bacterium
density

(extinction)
Time of inoculation 

and killing

Gross pathology 
L =  liver 

S — spleen

Histopathology Blood tests LST

H -E . ZN CFT AGPT M. avium PPD

T urkey  1 M . avium, 
16909-3380 
pe r os

14. 07. 8 2 -
15. 07-21. 0 7 - 
28. 09

L: - L: ly.g. — - — 12

T u rk ey  2 M . avium  
16909-3380

14. 07-15. 0 7 - 
21. 07-28. 09

L: -  
S: -

L: ly.g. 
S: ly.g. _ — 8

per os —

T urkey  3 M . paratuber- 
culosis 599/81 G 
1 m l, sc. 0.14

15. 07-28. 09 L: sm all foci 
S: swollen

L: ly.g. 
S: ly.g. - - — 16

T urkey  4 M . paratuber- 
culosis 7/82 Sz 
1 m l, sc. 0.14

15. 07-28. 09 L: -  
S: -

L : -  
S: -

6

T u rk ey  5 M . paratuber- 
culosis 5889 
1 m l, sc. 0.14

15. 07-28. 09 L: sm all foci 
S: swollen

L: ly.g. 
S: ly.g. — — — n o t tes ted

H -E . =  h aem atoxy lin -eosin ; ZN =  Z iehl-N eelsen sta in : ly.g. =  lym phoid  granulom a
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pro life ra tio n  o f  ly m p h o id  cells in  th e  liv er. H ow ever, no acid-fast b a c te r ia  
w ere observed .

S im ilar h is to p a th o lo g ica l changes w ere fo u n d  in  th e  liver and  sp leen  o f  
tu rk e y s  in fe c te d  su b cu tan eo u sly  w ith  M . paratuberculosis  s tra in s  599/81 G, 
7/82 Sz an d  th e  M . paratuberculosis reference s tr a in  5889 P rag u e .

D iscussion

D uring  in v e s tig a tio n s  in to  th e  p a th o g e n ic ity  o f  M . paratuberculosis 
s tra in s  in  d iffe re n t la b o ra to ry  an im als i t  has a lre a d y  b een  observed t h a t  th e  
gross an d  h is to p a th o lo g ica l changes p ro d u ced  b y  th e m  depend  on th e  ro u te  
o f in fec tion  (L o m in sk i e t a l., 1956). T h u s, no conclusions as to  th e  v iru len ce  
o f  s tra in s  can  be  d raw n  from  th ese  changes.

In  th e  p re se n t in fec tion  ex p erim en ts  we s tu d ie d  th e  p a tho log ica l lesions 
p roduced  in  r a b b its ,  chickens an d  tu rk e y s  as a fu n c tio n  o f th e  size of in o cu lu m . 
P a ra lle l to  th is , we assayed  th e  h u m o ra l an d  ce llu lar im m u n e  response d ev e lo p 
in g  in  th e  e x p e rim e n ta l an im als.

In  ra b b its  in fec ted  in tra v e n o u s ly  w ith  suspensions o f th e  M . para tuber
culosis reference s tra in  no. 5889 (ex tin c tio n  v a lu es: 0.55 an d  0.07; T ab le  I)  a 
sw elling o f  th e  sp leen  ap p eared  on  d a y  14. H isto log ica lly , lesions c h a ra c te ris tic  
o f  m y co b ac te ria l in fec tion  w ere observed  in  b o th  th e  spleen and  th e  liv e r . 
I n  ra b b its  g iven  a d ilu te  inocu lu m  (ex tin c tio n  v a lu e : 0.01) o f th e  sam e s t r a in  
th e  spleen w as sw ollen, b u t h isto log ica lly  on ly  a p ro life ra tio n  of ly m p h o id  
cells a ro u n d  th e  c e n tra l veins o f  th e  liv e r an d  an  en la rg em en t o f th e  M al
p ig h ian  bodies o f  th e  spleen could  be observed . N e ith e r  L an g h an s-ty p e  g ia n t 
cells n o r ac id -fa s t b a c te r ia  w ere seen in  th ese  lesions.

O f th e  ra b b i ts  in o cu la ted  w ith  d iffe ren t doses o f  th e  M . avium  s tra in , 
th e  gross an d  h is to p a th o lo g ica l f in d in g s in  ra b b it  no . 7 (Table I) w ere co n 
s is te n t w ith  th o se  in  ra b b its  nos 1, 2, 3 an d  4. T he gross a n d  h is to p a th o lo g ica l 
p ic tu re  o f th e  sp leen  and  liv er o f r a b b it  no . 8 w as s im ila r to  th a t  in  r a b b its  
nos 5 and  6. I n  r a b b i t  no. 9 in fec ted  w ith  a suspension  h av in g  an  e x tin c tio n  
v a lu e  of 0.04 o n ly  th e  spleen sam ple show ed h is to p a th o lo g ica l changes su g 
gestive of m y c o b a c te ria l in fec tion .

The M . paratuberculosis  s tra in s  iso la ted  from  c a ttle  fa iled  to  cause gross 
lesions in  r a b b its  in o cu la ted  in tra v e n o u s ly  or su b c u ta n e o u s ly  an d  a u to p s ied  
on P I  d ay  30, w ith  th e  excep tion  o f  one ra b b it  (T able I I ) .  T he ra b b it  in o cu la ted  
in tra v e n o u s ly  w ith  s tra in  599/81 G d ied  on  d a y  27 P I .  U pon  th e  gross a n d  
h is to p a th o lo g ica l ex am in a tio n  o f  th is  r a b b it  a h y p e raem ic  swelling o f  th e  
sp leen , ly m p h o id  cell foci a ro u n d  th e  ce n tra l veins o f  th e  liver, en la rg em en t 
o f  th e  M alp igh ian  bodies an d  ly m p h o id  cell p ro life ra tio n  in  th e  spleen, a few  
L an g h an s-ty p e  g ia n t cells an d  num ero u s ac id -fast b a c te r ia , d ispersed o r  in
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n est-lik e  a rra n g e m en t, w ere found . I n  th e  ra b b its  in o c u la te d  w ith  s tra in  
601/81 Sz in tra v e n o u s ly  or su b cu tan eo u sly , th e  above-listed  h is to p a th o lo g ica l 
changes developed in  th e  liv e r and  sp leen , in  an im als in jec ted  w ith  s tra in  7/82 
in tra v e n o u s ly  also in  th e  liver an d  sp leen , w hile in  tho se  g iven  th e  la t te r  
s t r a in  su b cu tan eo u sly  on ly  in  th e  sp leen .

S tra in  104/82 О p ro d u ced  lesions o n ly  w hen  ad m in is te red  in tra v e n o u s ly , 
w h ereas  s tra in  663/81 P  failed to  cause lesions e ith e r in tra v e n o u s ly  or su b 
cu tan eo u sly .

W ith  th e  ex cep tio n  o f one ra b b it ,  no  ac id -fast b a c te ria  cou ld  be dem on
s tr a te d  in  th e  sp leen , liv e r  an d  ileal p o r tio n  o f ra b b its  show n in  T ab le  I I ,  
irre sp ec tiv e  of w h e th e r tissu e  reac tio n s in d ic a tiv e  of m y co b ac te ria  w ere p re sen t 
o r  a b se n t.

O f th e  19 ra b b its  in fec ted  w ith  in o cu la  o f d ifferen t sizes o f M . para- 
tuberculosis s tra in s , 6 an im als developed  co m plem en t-fix ing  an tib o d ie s  (Tables 
I  a n d  I I ) .  The A G P T  w as co n sis ten tly  n e g a tiv e .

The ra te  o f in  v itro  b lastogenesis d e te rm in ed  b y  th e  L ST  show ed th a t  
a ll th e  exam ined  an im als  in fec ted  w ith  th e  M . paratuberculosis re ference  s tra in  
w ere  in  a sensitized  s ta te . A ntigenic  s tim u la tio n  w ith  M . a v iu m  re su lted  in  a 
h ig h e r ra te  of b lastogenesis  th a n  th e  a n tig e n  o f  M . bovis A N S s tra in  (T able I). 
O f th e  ra b b its  in o c u la te d  w ith  M . paratuberculosis  s tra in s  iso la ted  fro m  c a ttle , 
7 w ere su b jec ted  on  d a y  30 to  LST in  w h ich  M . avium  P P D  w as used . T he 
n u m b e r  o f ly m p h o b la s t cells ran g ed  b e tw e e n  9 an d  28, a n d  in  th is  ex p e ri
m e n ta l design th e  te s t  in d ica ted  a p o s t- in o c u la tio n  im m une response . A ltho u g h  
in fe c tio n  w ith  s tra in  663/81 P  failed  to  p ro d u ce  a tissue  resp o n se  in  th e  r a b 
b its ,  th e  LST w as p o sitiv e . The s tra in s  cou ld  n o t be d iffe re n tia ted  b y  using  
th e  LST.

In  day-o ld  ch ickens and  tu rk e y s  th e  p ro d u ced  gross an d  h is to p a th o lo g ica l 
lesions depended  on  th e  size of th e  in o cu lu m  (Tables I I I  an d  IV ). No an tibod ies 
w ere  dem o n strab le  in  th e  sera o f  e x p e rim e n ta l b irds w ith  th e  serological 
m e th o d s  app lied ; h ow ever, th e  r a te  o f  b lastogenesis assessed b y  th e  LST 
in d ic a te d  a s ta te  o f  sen sitiza tio n . S u m m in g  u p  th e  re su lts  o f  th e se  ex p e ri
m e n ts , i t  appears t h a t  M . paratuberculosis  s tra in s  m ay  cause in  th e  liv er, 
sp leen  an d  ileum  a  focal tissue  re a c tio n , m o st freq u en tly  a p p e a rin g  as a p ro 
life ra tio n  of ly m p h o id  cells and  occasio n a lly  con ta in in g  L an g h an s-ty p e  g ian t 
cells. These lesions resem ble  th o se  o ccu rrin g  in  tubercu lo sis ; h o w ever, th e y  are 
fre e  from  necrosis an d  ca lc ification . T h e  p roduced  h is to p a th o lo g ica l lesions 
d ep en d  on th e  size o f  inocu lum  an d  th e  ro u te  o f  in fection .

A t th e  conclusion  o f th e  e x p e rim e n ts , th e  СГТ in d ic a te d  in fec tio n  on ly  
in  a ra th e r  sm all p ro p o rtio n  o f cases: o f  th e  16 and  3 ra b b its  in fec ted  w ith  
M . paratuberculosis a n d  M . avium , re sp ec tiv e ly , 5 gave a po sitiv e  reac tio n , 
tw o  gave a d o u b tfu l reac tio n , w hich m a y  be regarded  as g roup  reac tio n s due 
to  an tigen ic  re la ted n ess  (Table I).
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T he LST is sensitive  an d  su ita b le  fo r assessing th e  s ta te  o f  sen s itiz a tio n  
develop ing  a fte r  in fec tion . W ith  p u r if ie d  an tig en s, th is  te s t  could  be used  even  
fo r d iffe ren tia tio n  betw een  s tra in s  causing  infec tion .
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B IO C H E M IC A L  A N D  S E R O L O G IC A L  
C H A R A C T E R IS T IC S  O F  CAMPYLOBACTER J E J U N I  

S T R A IN S  IS O L A T E D  F R O M  C H IC K E N S

J .  V a r g a , L . F o d o r  and Z. B i t a y 1

D e p a rtm e n t o f E pizootio logy , U n iv e rs ity  o f  V e te rin a ry  Science, H-1581 B udapest, P .O . B o x  22; 
a n d  1 C en tra l V e te rin a ry  I n s t i tu te ,  H -I1 4 9  B u d a p e s t, T á b o rn o k  u. 2, H u n g a ry

(R eceived  Ju n e  10, 1985)

B iochem ical an d  serological c h a rac te ris tic s  o f 62 C am pylobacter stra ins iso la te d  fro m  
cases o f ch ick en  C am pylobacter (v ib rion ic) h e p a titis , fro m  th e  caecum  of clin ically  h e a l th y  
hens, a n d  fro m  th e  surface of s la u g h te red  chickens a re  desc rib ed . T he tu b e  a g g lu tin a tio n  
te s t  w as u sed  fo r  th e  serological c lass ifica tio n  w ith  h e a te d  (10 m in  a t  100 °C) an tigens. T y p in g  
sera w ere p re p a re d  in  ra b b its  ag a in st sev era l Campylobacter j e ju n i  isolates.

I n  th re e  flocks affected  w ith  C am pylobacter h e p a titis  egg p ro d u c tio n  d ro p p ed  b y  8 .7 , 
14.1 a n d  1 6 .4 % , respec tive ly . A b o u t 5 %  o f th e  b ird s su ffe red  fro m  d iarrhoea b u t  th e  r a te  o f  
m o rta lity  d id  n o t  exceed 2 .3%  on th e  av erag e  of th e  th re e  flocks.

S ix ty  s tra in s  w ere id en tified  as C. je ju n i ,  one as C. coli, a n d  one belonged to  th e  n a lid ix ic - 
a c id -res is ta n t th erm o p h ilic  C am p y lo b acter group . M ost o f th e  C. je ju n i  s tra in s  show ed ty p ic a l  
g row th  a n d  b iochem ical ch arac te ris tics , b u t  som e d id  n o t  g row  in  th e  presence of g ly c in e , 
tr ip h e n y lte tra z o liu m  chloride (TTC) or sod ium  selenite.

A ccord ing  to  th e  h e a t-s tab le  an tig en s, 34 o u t o f 41 C. je ju n i  s tra ins could be  a ss ig n e d  
in to  one o f six  serogroups.

K eyw ords. Chicken, C am pylobacter, h ep a titis , Campylobacter je ju n i, b iochem ical a n d  
serological ch arac te ris tics .

A v ian  C am pylobacter (v ibrion ic) h e p a titis , a  d isease w hich ap p ears  m o st 
o ften  in  la y in g  hens, causes s ig n ifican t d rop  in  egg  p ro d u c tio n  an d  low  m o r
ta l i ty  ra te s . S ince its  f irs t reco g n itio n  (H o fs tad  e t  a l., 1958; P eckham , 1958; 
W in te rfie ld  e t  a l., 1958) th e  d isease has been  d esc rib ed  in  several c o u n trie s  
(B isp ing  e t  a l., 1963; K öbl, 1964; B ertsch in g er, 1965; P a ly a  e t a l., 1971). 
F ro m  th e  liv e r , gall-b ladder, h e a r t  blood an d  in te s tin e  o f th e  su ccu m b ed  
ch ickens m icroaeroph ilic  v ib rios w ere iso la ted , w h ich  in  th e ir  m orpho log ica l, 
c u ltu ra l a n d  b iochem ical c h a rac te ris tic s  were v e ry  s im ila r (P eckham , 1958) to  
K in g ’s (1957) re la te d  v ib rio  iso la ted  from  ch ild re n  w ith  d iarrhoea . M icro
aeroph ilic  v ib rio s  causing h e p a tit is  in  chickens w ere re s is ta n t to  b a c itra c in , 
po lym y x in -B  (W in te rfie ld  e t a l., 1958) and , like Vibrio fe tu s  s tra in s  c u ltu re d  
from  c a ttle  (P la s trid g e  an d  K o th s , 1961), also to  novobiocin . T hese th re e  
an tib io tic s  ad d e d  to  th iog ly co lla te  m edium  en ab led  th e  selective iso la tio n  o f  
m icroaeroph ilic  v ibrios fro m  chickens (W in k en w erd er and  B isping, 1964; 
W in k en w erd er a n d  M aciak, 1964).

R e c e n tly  m icroaerophilic  v ib rio s are  assigned  to  th e  genus Campylobacter 
(V éron an d  C h âte la in , 1973; S m ib e rt, 1978) a n d  th e  s tra in s  iso la ted  from  
av ian  v ib rio n ic  h e p a titis  are  now  considered  to  be C. je ju n i  and  C. coli. D u rin g  
th e  p a s t te n  y ea rs  i t  has also b een  lea rn ed  th a t  th e  d is tr ib u tio n  of C. je ju n i

4 A c t a  V e te r in a r ia  H u n g a r ic a  3 4 ,1 9 8 6  
A k a d é m ia i  K ia d ó , B u d a p e s t
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is m u ch  w ider th a n  i t  w as th o u g h t (S m ib e rt, 1978; Skirrow  a n d  B en jam in , 
1980; Sk irrow , 1982; G arc ia  e t a l., 1983). T h ey  m ay cause n o t  o n ly  av ian  
C am py lobacter h e p a titis  h u t  also a b o rtio n  a n d  in fe rtility  in  sheep  (B erg  e t al., 
1971; S m ib ert, 1978; G arc ia  e t  a l., 1983), e n te r itis  in  dogs a n d  c a ts  (Skirrow , 
1981) an d  v e ry  o ften  e n te ritis  w ith  d ia rrh o e a  in  m an  (Skirrow  a n d  B en jam in , 
1980; Skirrow , 1982; B laser e t a l., 1983). T h e ir  significance in  th e  ae tio logy  of 
h u m a n  e n te ritis  has becom e ev id en t since th e  in tro d u c tio n  o f  an tib io tic - 
c o n ta in in g  m edia  fo r th e ir  selective iso la tio n  from  hum an  faeces (B u tz le r  e t a l., 
1973; Skirrow , 1977; L auw ers e t a l., 1978). C. je ju n i  is a n o rm a l in h a b i ta n t  of 
th e  in te s tin e s  o f m ost an im als, in c lu d in g  sev era l species o f  b ird s  (S m ibert, 
1978; S k irrow  an d  B en jam in , 1980; S k irro w , 1982; B laser e t a l., 1983; G arcia 
e t  a l., 1983). C. je ju n i-c a rry in g  an im als a n d  th e ir  food p ro d u c ts , am ong  th em  
v e ry  o fte n  raw  ch icken  m ea t, m ay  tra n s m it  in fec tion  to  th e  h u m a n  consum er, 
th e re fo re  th e  disease seem s to  be a zoonosis (Skirrow , 1982; B laser e t a l., 1983).

T h e  purpose  o f  th is  s tu d y  w as to  ex am in e  biochem ical a n d  serological 
c h a ra c te r is tic s  o f  C am pylobacter s tra in s  iso la te d  from  lay ing  hen s succum bed 
to  C am pylobacter h e p a titis  an d  from  th e  m e a t o f slaugh tered  ch ickens.

M aterials an d  m eth o d s

Source o f  stra ins. S ix ty -tw o  C am py lobacter stra in s w ere ex am in ed . O ut 
o f  th e m  15 w ere iso la ted  from  th e  liv e r , ga ll-b ladder or sm all in te s tin e  of 
la y in g  hens succum bed  to  C am pylobacter h e p a titis  in  flocks o f  th re e  farm s. 
F u r th e r  7 s tra in s  w ere iso la ted  from  th e  caecum  o f clin ically  h e a lth y  hens, 
w hile  40 w ere recovered  from  c o tto n  sw abs ta k e n  from  th e  su rface  o f s lau g h 
te re d  chickens a t  th e  en d  o f th e  dressing  lin e .

C ultural methods, biochemical and antib io tic  sensitivity  tests. A ll s tra in s  
w ere iso la ted  on se lective blood ag a r c o n ta in in g  vancom ycin , po lym y x in -B  
a n d  tr im e th o p rim  (S kirrow , 1977) an d  g ro w th -p ro m o tin g  su p p lem en t (George 
e t  a l., 1978). T he cu ltu re s  w ere in c u b a te d  u n d e r m icroaerophilic  cond itions 
(6 %  0 2, 10%  C 0 2 a n d  84%  N 2) a t  37 °C. G row th  and  b iochem ica l ch a rac 
te r is tic s , excep t for H 2S p ro d u c tio n , tr ip h e n y lte tra z o liu m  ch lo ride (TTC) and  
so d iu m  selen ite  red u c tio n , w ere ex am in ed  in  th io l m edium  (D ifco) accord ing  
to  s ta n d a rd  c rite r ia  (V éron an d  C h â te la in , 1973; S m ibert, 1978). F o r H 2S 
p ro d u c tio n  b rucella  b ro th  (Difco) w ith  0 .1 %  ag ar and  w ith  0 .0 2 %  cyste ine , 
a n d  T S I (triple su g ar iron ) ag ar (D ifco) w ere  used. G row th in  th e  presence 
a n d  re d u c tio n  o f 0.1 %  TTC and  o f sod ium  selen ite  were te s te d  on  b lood  agar. 
H ip p u ra te  hyd ro lysis  w as exam ined  acco rd in g  to  th e  rap id  m e th o d  o f H éb e rt 
e t  al. (1982). A ll sem isolid  m ed ia  w ere in c u b a te d  a t  norm al a tm o sp h eric  con
d itio n s . A n tib io tic  se n s itiv ity  o f 10 se lec ted  s tra in s  was ex am in ed  on blood 
a g a r  w ith  discs co n ta in in g  an tib io tic s  (R e s is te s t H um an).
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Serological exam inations. F o rty -o n e  s tra in s  were exam ined  b y  th e  tu b e  
a g g lu tin a tio n  te s t .  A n tise ra  were p re p a re d  in  ra b b its  ag a in st severa l C. je ju n i  
iso la tes; fre sh  cu ltu res  were w ashed  o ff w ith  saline con ta in in g  0 .15%  fo rm alin . 
E ach  r a b b i t  rece ived  a  series of in tra v e n o u s  inocu la tions a t  in te rv a ls  o f  3 -4  
days. As a n tig e n  for th e  tu b e  a g g lu tin a tio n  te s t  suspensions o f C am pylobacter 
s tra in s  w ash ed  o ff w ith  saline w ere h e a te d  fo r 10 m in  a t  100 °C. T he te s t  w as 
re a d  a f te r  a n  in c u b a tio n  a t  37 °C fo r 24 h .

R esu lts

E gg  p ro d u c tio n  decreased b y  8.7 , 14.1 an d  16.4% , resp ec tiv e ly , d u rin g  
th e  3-w eek ex istence  o f  clinical signs o f  C am pylobacter h e p a titis  in  th e  3 flocks 
ex am in ed . A b o u t 5%  o f th e  b irds w ere affec ted  w ith  d ia rrh o ea , b u t  th e  m o r
ta l i ty  d id  n o t  exceed 2 .3%  on th e  av erag e  o f  th e  3 flocks.

W ith  tw o  excep tions, all s tra in s  iso la te d  were C. je ju n i  (Table I ) . M ost 
o f th e  s tra in s  show ed ty p ic a l b iochem ical b eh av io u r, b u t  te n  d id  n o t grow  in  
th e  presence  o f  1%  glycine, one w as re s is ta n t  to  na lid ix ic  acid , one d id  n o t 
hyd ro ly se  h ip p u ra te  an d  th e  m a jo rity  o f  th e  s tra in s  failed to  grow  in  th io l 
m ed ium  c o n ta in in g  1%  ox bile. W ith  som e excep tions, s tra in s  grew  w ell an d  
reduced  b o th  TTC an d  sodium  se len ite , w hile form ing  red  or o range co loured  
colonies on b lood  ag ar. Ten ou t o f  th e  14 T T C -negative s tra in s  d id  n o t  grow  
on selen ite  ag a r, th e  rem ain ing  4 grew  w ell an d  reduced  sodium  se len ite .

A ll th e  C. je ju n i  s tra in s ex am in ed  w ere re s is ta n t to  su p e rsep ty l, t r i 
m e th o p rim , pen ic illin  (penicillin G, o x ac illin  an d  m eth icillin ), novob iocin  an d  
v an co m y c in , b u t  w ere sensitive to  all o th e r  an tib io tic s  an d  ch em o th erap eu tic s  
te s te d , in c lu d in g  e ry th ro m y c in , s tre p to m y c in , O xytetracycline, n eo m y c in , 
k a n a m y c in , g en tam ic in , ch lo ram phen ico l, o leandom ycin , po lym y x in -B  an d  
fu ra d a n tin e .

W ith  th e  tu b e  ag g lu tin a tio n  te s t  34 o u t o f th e  41 C. je ju n i  s tra in s  e x 
am ined  cou ld  be  assigned in to  one o f s ix  serogroups (Table I I ) .  A lth o u g h  we

Table I

G row th  and  biochem ical characteris tics o f C am pylobacter stra ins iso lated  
from  laying hens a n d  chickens

No. of Catalase
G row th a t

i%
H 2S
lead TSI 

acetate 
strip

N alidixic
acid

40 //g/m l
3.5% 0.1% 0.1% Na 1% ox H ippurate

strains
25 °C 43 °C

glycine NaCl TTC selenite bile hydrolysis

62 + -  + +
( - 1 0 )

+  -
( + i )

— +
( - 1 4 )

+
( - 1 0 ) (+ 1 8 )

+
( - 1 ) *

* O nly 22 s tra in s  were exam ined
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Table II

Serogroup d is tr ib u tio n  
of C. je ju n i  s tra in s  iso lated  

from  lay ing  hens a n d  chickens

Serogroups
N um ber 

o f  strains

l 7
2 1
3 7
4 9
5 8
6 2

U n ty p eab le  stra in s 7

T o ta l 41

u sed  u n ab so rb ed  se ra , no  m ajo r cross reac tio n s  w ere observed . Seven s tra in s  
cou ld  n o t be c lassified  w ith  ou r sera.

D iscussion

T he resu lts  in d ic a te  th a t  C. je ju n i  s tra in s  iso la ted  from  cases o f  a v ia n  
C am pylobacter h e p a tit is , from  in te s tin a l c o n te n ts  o f chickens or from  co n 
ta m in a te d  ch icken  m e a t c a n n o t be d iffe re n tia te d  from  one a n o th e r b ased  on 
th e  g row th  and  b iochem ica l ch a rac te ris tic s  o f  th e  iso lates. A m ong our iso la tes  
o n ly  one was h ip p u ra te -n e g a tiv e  C. coli, an d  a n o th e r  belonged to  th e  na lid ix ic  
ac id  re s is ta n t th e rm o p h ilic  (N A RTC) s tra in s  (S kirrow  an d  B en jam in , 1980). 
M ost C. je ju n i  s tra in s  red u ced  TTC a n d  in  th is  re sp ec t th e y  differ from  b o th  
C. fe tu s  subspecies.

C. je ju n i  is considered  to  be a n o rm a l in h a b ita n t  o f th e  in te s tin a l t r a c t  
o f  a  w ide v a r ie ty  o f  w ild  an d  dom estic  an im a ls , inc lu d in g  b ird s. A m ong th e  
possib le sources o f  in fec tio n  for m an , ch ick en  m ea t is p ro b ab ly  th e  m o st 
f re q u e n t one (M arja i e t  a l., 1982; B laser e t a l., 1983).

B ased  on  h e a t-s ta b le  an tig en s L au w ers  e t  al. (1981) assigned C. je ju n i  
s tra in s  cu ltu red  fro m  h u m a n  faeces in to  f i f ty  se ro types. Some s tra in s  iso la ted  
fro m  ca ttle  an d  dogs belonged  to  th e  sam e se ro ty p e  to  w hich also sev era l 
h u m a n  iso lates w ere assigned  (L auw ers e t a l., 1981). U sing th e  tu b e  a g g lu tin a 
t io n  te s t , we could  classify  ou r C. je ju n i  s tra in s  in to  six  serogroups, b u t  p ro b 
a b ly  several fu r th e r  g roups ex is t am ong th e m . T he differences in  h e a t-s ta b le  
an tig en s  of C. je ju n i  iso la tes  fro m  ch icken  m a y  give an  ex p lan a tio n  fo r th e  
reap p ea ran ce  o f  C am pylobacter h e p a titis  in  th e  sam e flocks o f lay in g  h en s.
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3 C en tra l V e te rin a ry  In s t i tu te ,  H-1581 B u d ap est, P .O . B o x  2; and

4 V e te rin a ry  In s t i tu te  o f M iskolc, H -3501 M iskolc, P .O . B o x  170, H u n g a ry

(R eceived  A u g u st 2, 1985)

C am p y lo b acter s tra in s  iso lated  fro m  a b o rte d  bovine fe tuses w ere  ex am in ed  b io 
chem ica lly  and  serologically . O ut o f th e  31 iso lates, recovered  fro m  th e  s to m ach  c o n te n ts , 
lu n g  a n d  liv e r o f 28 a b o rte d  fetuses, 29 p ro v e d  to  be  C. fe tu s  subsp . venerealis, th e  re m a in in g  
tw o  w ere  C. fe tu s  subsp . fe tu s  and  C. je ju n i ,  re sp ec tive ly . T he s tra in s  show ed ty p ic a l g ro w th  
a n d  b iochem ical ch arac te ris tic s  and , a p a r t  fro m  sup ersep ty l, tr im e th o p rim , penicillins, v a n c o 
m y c in  a n d  novobiocin , th e y  were sensitive  to  all th e  o th e r an tib io tic s  te s te d .

W ith  th e  tu b e  ag g lu tin a tio n  te s t  u sin g  h e a ted  antigens (10 m in  a t  100 °C) all C. fe tu s  
s tra in s  te s te d  could b e  assigned to  serog roup  01 (A). T he C. je ju n i  s tra in  belonged  to  a  se p a ra te  
se ro g ro u p , b u t  show ed serological re la tio n  to  C. je ju n i  s tra ins iso la ted  fro m  th e  faeces o f  dogs 
suffering  from  d iarrhoea.

K eyw ords. Campylobacter, a b o rted  b o v in e  fe tuses, biochem ical a n d  serological c h a ra c 
te riza tio n .

B ovine g en ita l cam py lobacterio sis  (vibriosis) invo lv in g  d elayed  co n cep 
tio n , a b o rtio n  an d  o ften  in fe rtility  h as  a g rea t econom ic sign ificance in  b o th  
d a iry  an d  b eef c a tt le  herds. T he d isease has been know n fo r a long tim e , i ts  
o ccu rrence  has been  rep o rted  in  sev era l coun tries (M oynihan an d  S tovell, 1955; 
S zabó , 1955; C lark , 1971; S m ibert, 1978; G arcia e t a l., 1983). I n  th e  ae tio lo g y  
o f  th e  disease tw o  b io ty p es of Campylobacter fe tu s  (F lo ren t, 1959) are  in v o lv ed , 
n am e ly  C. fe tu s  su b sp . venerealis, w h ich  corresponds to  th e  fo rm er C. fe tu s  
su b sp . fe tu s  (S m ib ert, 1974), an d  C. fe tu s  subsp . fe tu s , w h ich  w as fo rm erly  
n a m e d  C . f etus su b sp . in testinalis  (V éron an d  C hâtelain , 1973; S k erm an  e t  a l., 
1980). T he n a tu ra l  h a b i ta t  o f C. fe tu s  subsp . venerealis is th e  bov ine  re p ro 
d u c tiv e  t r a c t ,  i t  causes enzootic a b o r tio n  an d  in fe rtility  in  c a tt le  an d  is t r a n s 
m itte d  venerea lly . C. fe tu s  subsp . fe tu s  com m only  occurs in  th e  in te s tin a l 
t r a c t  o f  sheep an d  c a ttle  and  can  cause  sporad ic  a b o rtio n  an d  in fe r ti l i ty  in  
c a ttle  a n d , m ore o ften , in  sheep. A lth o u g h  i t  was supposed  n o t  to  be t r a n s 
m itte d  v en erea lly , re c e n t rep o rts  in d ic a te  th a t  th is  o rgan ism  is ab le to  colonize 
th e  re p ro d u c tiv e  o rgans of b o th  heifers an d  bulls fo r m ore  th a n  a m o n th  
(A gum bach  an d  O gaa, 1979). T h erefo re , its  venereal tran sm iss io n  has to  be 
considered . C. fe tu s  subsp . venerealis h as  no p u b lic -h ea lth  sign ificance , b u t  
C. fe tu s  subsp . fe tu s  m ay  be e n c o u n te re d  in  sep ticaem ic d iseases in  m a n  
(H a lle tt e t al., 1977).
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A lthough a r t if ic ia l  in sem in a tio n  is now  a general p ra c tic e  in  d a iry  herds 
in  o u r  coun try , re c e n tly  sporad ic , b u t  in c rea s in g  n u m b ers  of, C am pylobacter 
a b o rtio n s  have b een  observ ed . This p a p e r  re p o rts  th e  b iochem ical and  sero 
lo g ica l ex am in a tio n  o f  Campylobacter s tra in s  iso la ted  from  ab o rted  bovine 
fe tu se s  during th e  la s t  tw o  years in  H u n g a ry .

Materials and m ethods

Source o f  strains

A borted b o v in e  fe tu ses sen t to  V e te r in a ry  In v e s tig a tio n  Centres fo r 
d iag n o stic  purposes w ere  exam ined . I n  case o f  su spec ted  C am pylobacter a b o r
tio n s , sam ples fro m  th e  s tom ach  c o n te n ts , lu n g s an d  liv e r  w ere in ocu la ted  on 
b lo o d  agar, and  o n  b lood  agar c o n ta in in g  tr im e th o p rim , vancom ycin  an d  
p o ly m y x in  (Oxoid) (S k irrow , 1977) an d  g ro w th -p ro m o tin g  su p p lem en t (George 
e t  a l., 1978). T he p la te s  w ere in cu b a ted  a t  37 °C for 7 d ay s u n d e r m icroaero- 
p h ilic  (6%  0 2, 10%  C 0 2, 84%  N 2) co n d itio n s. O u t o f  28 a b o rte d  fetuses, from  
26 d a iry  ca ttle  h e rd s  lo ca ted  in  d iffe ren t p a r ts  o f  th e  c o u n try , 31 Cam pylo
b a c te r  stra ins w ere iso la te d .

Biochem ical and antib io tic-sensitiv ity  tests

G row th an d  b iochem ical c h a ra c te ris tic s , ex cep t H 2S p ro d u c tio n , tr i-  
p h en y lte trazo liu m  ch lo rid e  (TTC) an d  sod iu m  selen ite  re d u c tio n , were exam ined  
in  th io l m edium  (D ifco) accord ing  to  s ta n d a rd  c rite r ia  (V éron and  C hâte la in , 
1973; S m ibert, 1974). F o r  H 2S p ro d u c tio n , b ru ce lla  b ro th  (Difco) w ith  0 .1 %  
a g a r  and w ith  0 .0 2 %  cyste ine , and  T S I (T rip le  S ugar Iro n ) ag a r (Difco) w ere 
u sed . G row th in  th e  presence and  re d u c tio n  o f  0 .1 %  TTC an d  o f sod ium  
se len ite  were te s te d  on  blood agar. H ip p u ra te  h y d ro ly sis  w as exam ined  as 
described  b y  H é b e r t  e t  al. (1982). A ll sem iso lid  m ed ia  w ere in c u b a te d  in  n o rm al 
a tm ospheric  co n d itio n s . A n tib io tic  s e n s itiv ity  o f  16 s tra in s  was exam ined  
w ith  a n tib io tic -c o n ta in in g  discs (R esis te s t, H u m an ) on b lood  agar. F o r check 
in g  th e ir  g ro w th , a ll iso la tes were in o c u la te d  on b lood  a g a r and  in to  th io l 
m ed ium , b o th  c o n ta in in g  th e  selective su p p lem en t (O xoid) suggested  b y  
L auw ers et al. (1978).

Serological exam ina tions

T w enty-four s tra in s  were ex am in ed  w ith  tu b e  ag g lu tin a tio n . Sera w ere 
p roduced  in  r a b b its  a g a in s t C. fe tu s  su b sp . venerealis (0 1 )  an d  C. fe tu s  su b sp . 
fe tu s  (02) (M itscherlich  and  Liess, 1958). As an tig en s , fresh ly-grow n s tra in s  
w ashed  off from  b lo o d  ag ar p la tes w ith  sa line  c o n ta in in g  0 .1 %  fo rm alin  w ere 
u sed . E ach ra b b it  rece ived  five rising  doses (0.2, 0.5, 1.0, 1.5, or 2.0 ml) in t r a 
venously , a t  3- to  4 -d a y  in te rv a ls . T he ra b b its  w ere b led  on d ay  7 a f te r  th e
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la s t in jec tio n . T h e  end  t i t r e  o f b o th  sera  w as 1 : 640. As an tig en  fo r th e  tu b e  
a g g lu tin a tio n  te s t ,  a b a c te ria l suspension  w ashed  o ff w ith  saline w as u sed  
a fte r  h e a tin g  a t  100 °C for 10 m in . A g g lu tin a tio n  w as read  a fte r  24 h  a t  37 °C.

Results

C am p y lo b ac te r s tra in s  w ere cu ltu re d  in  a ll o f  o u r cases from  th e  s to m ach  
co n ten ts  o f a b o rte d  fetuses. In  tw o cases th e  sam e s tra in  could be iso la te d  
also from  th e  lu n g s and  in  one case from  th e  liv e r o f  th e  fe tus as w ell. A ll 
s tra in s  grew  w ell, and  a lm ost alw ays in  p u re  cu ltu re  on b lood  agar c o n ta in in g  
tr im e th o p rim , v ancom ycin  an d  po ly m y x in . O u t o f  th e  31 s tra in s  cau sin g  
ab o rtio n , 29 belonged  to  C. fe tu s  subsp . venerealis, th e  rem ain ing  tw o to  C. fe tu s  
subsp . fe tu s  a n d  C. je ju n i,  re sp ec tiv e ly  (Table I) .

T he a n tib io tic  sen s itiv ity  o f th e  iso la tes w as un ifo rm . All w ere r e s is ta n t 
to  su p e rsep ty l, tr im e th o p rim , penicillins (penicillin  G, oxacillin , m eth ic illin ), 
novobiocin  a n d  vancom ycin , an d  all w ere sensitive  to  all o th e r te s te d  a n t i 
b io tics or ch em o th e rap eu tic s , inc lud ing  e ry th ro m y c in , s trep to m y c in , O x y te tra 
cycline, n eo m y c in , k an am y c in , g en tam ic in , ch lo ram phen ico l, o leandom ycin , 
p o lym yx in -B  a n d  fu rad an tin e .

C o n tra ry  to  our C. fe tu s  subsp . fe tu s  an d  C. je ju n i  s tra in s , none o f  th e  
C. fe tu s  su b sp . venerealis s tra in s  grew  e ith e r  on b lood  ag ar or in  th io l m ed iu m  
co n ta in in g  th e  selective an tib io tic  su p p lem en t o f  L auw ers e t al. (1978).

Table I

C haracteristics of Campylobacter s tra in s  iso lated  
from  abo rted  bovine fetuses

C. fetus C. jejuni

T e s t
subsp .

venerealis

(29 s tra in s )

su b sp . fetus 

(1 s tra in ) (1 s tra in )

C atalase + + +
43 °C — +
25 °C + + —

H 2S (lead ace ta te  strips) — + +
T rip le  Sugar Iron  (TSI) agar — — —

1%  glycine — + +
3 .5 %  NaCl — — —
40 /ig /m l nalidixic acid + + —
1%  ox  bile
0 .1%  tripheny lte trazo lium

+ / - * + +

chloride (TTC) — + +
0.1%  N a  selenite — + +
H ip p u ra te  hydrolysis — — +

* 10  s tra ins did n o t grow in  th io l m edium  contain ing  1%  bile
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O u t o f th e  24 s tra in s  exam ined  in  th e  tu b e  ag g lu tin a tio n  te s t  18 C. fe tu s  
su b sp . venerealis an d  th e  on ly  C. fe tu s  su b sp . fe tu s  gave a g g lu tin a tio n  u p  to  
th e  e n d  t i t re  w ith  se ru m  p ro d u ced  ag a in s t C. fe tu s  subsp . venerealis 0 1 . F o u r 
s tra in s  could  n o t be te s te d  due to  a u to a g g lu tin a tio n  a fte r  h ea tin g . T he on ly  
C. je ju n i  s tra in  iso la ted  in  th is  series d id  n o t  re a c t w ith  a n y  sera  a g a in s t 
C. fe tu s  b u t  reac ted  u p  to  1 : 1280 w ith  a se ru m  produced  a g a in s t a C. je ju n i  
s t r a in  (N o. 89/1982), w h ich  h a d  been iso la ted  from  th e  faeces o f a dog suffering  
fro m  d ia rrh o ea .

Discussion

T he resu lts suggest th a t  in  H u n g a ry  C am pylobacter ab o rtio n s in  cows 
a re  m o st o ften  due to  C. fe tu s  subsp . venerealis, b u t  ra re ly  C. fe tu s  subsp . fe tu s  
a n d  ev en  C. je ju n i  s tra in s  m ig h t he in v o lv ed . G row th  ch a rac te ris tic s  an d  b io 
ch em ica l behav iou r o f  th e  s tra in s  were ty p ic a l, no in te rm ed ia te  ty p e s  o f  C. fe tu s  
(E la z h a ry , 1968) w ere fo u n d . The C. fe tu s  su b sp . venerealis s tra in s  grow  m uch 
slow er th a n  C. fe tu s  su b sp . fe tu s , and  w hile th e  fo rm er do n o t grow  on  blood 
a g a r  co n ta in in g  e ith e r  0 .1 %  TTC or 0 .1%  so d ium  selenite , C. fe tu s  subsp . fe tu s  
a n d  C. je ju n i  s tra in s  do grow  on 0 .1%  TTC m edium  and , due to  red u c tio n  o f 

T T C , th e ir  colonies a re  re d .
F o r th e  selective iso la tio n  of C am pylobacters from  bovine fe tu ses , b lood 

a g a r  co n ta in in g  tr im e th o p r im , v an co m y cin  an d  po lym yx in  as suggested  b y  
S k irro w  (1977) p ro v ed  to  be v e ry  usefu l. O n th e  o th e r h a n d , th e  an tib io tic  
su p p le m e n t of L auw ers e t  al. (1978), sugg ested  for selective iso la tio n  o f  C. 
j e ju n i  from  faeces, in h ib its  th e  g row th  o f  C. fe tu s  subsp . venerealis; th e re fo re , 
its  u se  should  he av o id ed  w hen  ab o rted  b o v in e  fetuses are  exam ined .

Serologically  all o f  o u r C. fe tu s  su b sp . venerealis s tra in s  te s te d  belonged 
to  se rog roup  0 1  (M itscherlich  an d  L iess, 1958), e ith e r  A (M organ, 1959) o r A1 
(B erg  e t al., 1971), w hile  th e  C. fe tu s  su b sp . fe tu s  iso la te  belonged  also to  0 1 , 
b u t  A2 (B erg e t a l., 1971; D édié e t a l., 1977). T he C. je ju n i  s tra in , based  on 
i ts  h e a t-s ta b le  a n tig en , belonged  to  a se rog roup  to  w hich severa l C. je ju n i  
s tra in s  iso la ted  from  d ia rrh o e ic  dogs can  also be assigned (unpub lished  d a ta ) .
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SIMPLE METHOD FOR OBSERVING 
MIGRATING LEUCOCYTES IN THE SKIN 

OF MIRROR CARP (CYPRINUS CARPIO L.)

J .  F . S Ö V É N Y I1 an d  G. BOROS2

1 V e te rin a ry  M edical R esearch  I n s t i tu te  o f th e  H un g arian  A c ad e m y  of Sciences, 
H-1581 B u d ap es t, P .O . B ox  18; a n d  2 D ep artm en t o f  P a th o lo g y , 

U n iv e rs ity  of V e te rin a ry  Science, H -1400 B udapest, P .O . B o x  2, H u n g a ry

(R ece iv ed  J u n e  20, 1985)

A  special a d a p ta tio n  of R eb u ck ’s sk in  w indow  for th e  m irro r c a rp  (C yprinus carpio  L.) 
w as developed . T h e  m eth o d  is based  on in se rtio n  of a  piece of a  th in  g lass sq u are  (coverslip) 
in tra d e rm a lly . D u rin g  a n  in cu b a tio n  of less th a n  24 h , m ig ra ting  leuco cy tes  a tta c h  to  th e  
g lass squ are , w here  th e y  can  be sta in ed  fo r o bservation . I t  w as d e m o n s tra te d  w ith  M yco
bacterium  phlei b a c te ria  t h a t  th e  glass sq u a res  can  also be used  fo r  lo ca lly  in tro d u c in g  sub
s ta n c e s  w hich influence th e  a c tiv ity  o f  m ig ra tin g  leucocytes.

K eyw ords. M igrating  leucocytes, m e th o d , m irro r carp  (C yprinus carpio  L.).

T he m ethods app lied  in  th e  s tu d ies  on im m unological p ro p ertie s  o f fish  
m o s tly  o rig in a te  from  those  developed  fo r lan d  an im als . M uch in fo rm a tio n  
h a s  b een  g a th e red  b y  d irec t ap p lic a tio n  o f  these m e th o d s. H ow ever, a d a p ta 
t io n  h as  o fte n  been  n ecessary  to  acco m m o d a te  th em  to  th e  special ana to m ica l 
o r  fu n c tio n a l ch a rac teris tic s  o f th e  fish . I n  th is  w ork, w e tr ie d  to  develop an  
a d a p ta t io n  o f  th e  in  v ivo leucocy te  m ig ra tio n  te s t b y  R e b u c k ’s sk in  w indow  
(R e b u c k  an d  Crow ley, 1955) fo r th e  m irro r carp .

Materials and methods

M irror carp  of 20 to  150 g, o rig in a tin g  from  com m ercia l f ish  ponds, 
w ere tr e a te d  ag a in st e c to p aras ites  a n d  w ere kep t in  f lo w -th ro u g h  ta n k s  a t 
1 kg  fish /80  1 w a te r  d en sity  w ith  a e ra tio n .

I n  th e  sk in  o f an aesth e tized  f ish , a pocket o f a b o u t 5 m m  w id th  and  
7 m m  le n g th  w as p rep ared  on th e  d o rso la te ra l a rea  o f  th e  a n te r io r  p a r t  o f 
th e  b o d y . T he pock e t opened  c a u d a lly  to  p rev en t th e  w a te r  s tre a m  from  
re o p e n in g  i t  (F ig . 1). T he ep ith e liu m  w as c u t, m aking  a l im ite d  p ressu re  m ove 
d o rso v e n tra lly , an d  a b lu n t in je c tio n  needle  was in se r te d  in to  th e  s lit an d  
fo rw a rd e d  carefu lly  u n d er th e  M alp ig h i’s lay er of th e  ep ith e liu m , i.e . th e  
s t r a tu m  spongiosum  of th e  corium  (Szabó  an d  P rig li, 1977), c ran ia lly .

T h e  surface for adhesion  o f d iffe ren t cells m ig ra tin g  in to  th e  p o ck e t was 
p ro v id e d  b y  a  3 X  3 m m  sterile  coverslip  w ith  even edges. T h e  coverslips w ere 
p re p a re d  w ith  th e  help  o f a ru le r an d  a d iam ond  g lass-cu tte r. F iv e  m icro litres 
o f  s te r iliz e d  0 .5%  agarose so lu tion  in  d istilled  w ate r w ere d ried  on each  piece
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as to  furn ish  i t  w ith  a  c a r r ie r  for soluble s tim u la n ts  o r in so lu b le  m a tte rs , e.g . 
c a rb o n  partic les or b a c te r ia ,  w hich stick  to  th e  agarose su rface  b u t get free in  
th e  sk in  pocket. S o lub le  su b stan ces, i f  h e a t-s ta b le , a re  to  be dissolved in  th e  
agarose  solu tion; p a r t ic u la te  m a tte rs  suspended  in  d is tilled  w a te r  can  be d is
p e rsed  on th e  dried  f i lm  o f  agarose and  d ried  again  in  s te rile  air. G elatine is 
n o t  su itab le  for th e  sa m e  pu rpose . In  th is  p a p e r, we p u b lish  ab o u t ap p ly ing  
in  th e  skin-pocket M ycobacterium  ph lei b a c te r ia , w hich  a re  sim ple to  dem on
s tr a te  for th e ir  spec ia l s ta in in g . A suspension  o f th re e  d ay s  old cu ltu re  o f 
M . p h le i on egg-yolk a g a r  w as m ade to  give 0.1 ab so rb an ce  a t  525 nm . F iv e  
m icro litres of th e  su sp en sio n  were d ispensed  on glass sq u ares  p recoated  w ith  
agarose .

The square co v ers lip s  were p laced  in to  th e  sk in -p o ck e t a f te r  ca re fu lly  
lif tin g  th e  free layers o f  th e  sk in  off. T he agarose f ilm  w as tu rn e d  tow ards th e  
b o d y . T hen, th e  e p ith e liu m  w as sm oothed  back . T he g lass squares were le f t 
in  th e  skin-pockets fo r  v a r io u s  du ra tio n s in d ic a te d  in  th e  R esu lts .

F o r m icroscopic a n a ly s is  of m ig ra tin g  leucocy tes, th e  glass squares w ere 
lif te d  aw ay from  th e  b o d y  b y  a p a ir  of p incers, pu lled  o ff an d  gently  rin sed  
in  ste rile  0.65%  N aC l so lu tio n  to  e lim ina te  excess cells a n d  exuda te . T h en  
th e y  were d ipped in to  m e th a n o l for fix a tio n , an d  w ere d ried . Glass squares 
fro m  several fish  c a n  b e  hand led  sim u ltan eo u sly , s tu c k  on a slide w ith  a 
v itre o u s ly  tra n s p a re n t g lue . C anada ba lsam  w as n o t su ita b le . S ta in ing  can  be 
done as blood sm ears a re  sta in ed . O ur specim ens w ere su b jec ted  to  Z iehl— 
N eelsen , M ay -G riin w ald -G iem sa  sta in in g  an d  to  th e  perox idase  te s t  fo r 
n eu tro p h ils .

In  situ  h is to lo g ica l ex am in a tio n  o f th e  m ig ra tin g  cells was done on 
m a te ria ls  fixed  w ith  4 %  form alin  an d  s ta in ed  w ith  h aem alau n -eo sin . F o r 
th is , 24-h sk in -pockets w ere cu t a round  a f te r  th e  f ish  w as k illed , and  w ere 
f ix e d . The glass sq u a re s  w ere rem oved on ly  a fte r  f ix a tio n .

The cells w ere d e n o te d  accord ing  to  th e  n o m en c la tu re  used  b y  Iv a n o v a  
(1983).

R esults

W e a tte m p te d  unsuccessfu lly  to  include scaled  ca rp  because th e  sk in - 
p o c k e t could close d u e  to  th e  presence of scales. C hanne l ca tf ish  (Ic ta lurus  
p u n cta tus  R afinesque) o r  th e  E u ro p ean  c a tf ish  (S ilu ru s g la n is  L.) o f th e  sam e 
b o d y  m ass range w ere  a lso  unsu itab le  for th e ir  ep ith e liu m  te a rs  easily .

The fish  w ith  g lass  squares in  th e ir  sk in  show ed no sign  of ex c item en t. 
A  f ish  could have  m o re  th a n  one sk in -pocket a t  a t im e , th u s , th e  ce llu la r 
processes could be fo llow ed  as a function  o f tim e . T he sk in -p o ck e t itse lf  closed 
so t h a t  th e  e x u d a te  in s id e  form ed a vesicle. S tro n g ly  an tig en ic  m a tte rs  like  
m yco b ac te ria  e lic ited  su b ep ith e lia l v a so d ila ta tio n  v isib le  b y  th e  n aked  eye.
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Plate 1

Fig. 1. D orso la tera l a rea  o f th e  bo d y  of a m irro r carp  w ith  tw o sk in -pockets c u t open. The
free layers of th e  sk in  a re  reflected

F ig. 2. C ontinuous lay e r o f leucocytes on th e  glass sq u are  a f te r  24-h in cu b a tio n  in  th e  skin- 
po ck et a t  18 °C. T he group  of d a rk er cells consists of less d iffe ren tia ted  n eu tro p h ils . M ay-

G riinw ald -G iem sa  s ta in ing , X 780
F ig. 3. Y oung an d  ripe neu tro p h ils  in th e  ex u d a te  o f th e  sk in-pocket. A h isto logical section .

H aem a lau n -eo sin  sta in in g , X780
Fig. 4. P seudobasophilic  cell a tta ch e d  to  th e  glass square . M ay—G rünw ald -G iem sa  sta in in g ,

X 780
Fig. 5. P h ag ocy tosed  M . phlei b ac te ria  and  m elan in  p a rtic les in th e  m acrophage , in  s itu  on 

th e  glass square. Ziehl—N eelsen s ta in , X 950
Fig. 6. Two days old sk in -pocket. N ote  th e  sm all necroses o f th e  sk in  a ro u n d  th e  glass square  
F ig. 7. Cross-section of a sk in-pocket. Space betw een  th e  ep ith e liu m -b asa l m em b ran e -s tr . 
subepithelia le  (above) and th e  corium  (below ) is filled w ith  an  ex u d a te  co n ta in in g  leucocytes. 

A h isto logical section. H aem a lau n -eo sin  sta in in g , x 6 3  
Fig. 8. A g ian t cell on th e  glass square. M ay -G riinw ald -G iem sa  sta in in g , x 9 5 0
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E m p ty  sk in -p o ck e ts  healed  p er p rim a m , leav ing  b eh in d  a d isco loura tion  o f  th e  
a ffec ted  sk in  su rface . F ish  h av in g  th in  an d  w eak ly -b u ilt sk in  were u n su ita b le  
fo r p rep a rin g  p o c k e t. Som etim es, w hen  th e  sk in -p o ck e t w as n o t long  enough  
or go t to rn , th e  g lass square got lo s t.

C om parison o f  glass squares w ith  an d  w ith o u t agarose film  on th e m  
show ed th a t  no s ig n if ican t d ifference in  th e  a m o u n t an d  q u a lity  o f th e  m i
g ra tin g  leucocy tes w as caused b y  th e  film . D ifference w as found  in  how  m a n y  
cells rem ain ed  a t ta c h e d  on th e  g lass sq u are  a f te r  rin sin g  in  saline. The agarose 
film  k e p t a g re a te r  p a r t  o f th e  a t ta c h e d  cells th a n  th e  glass surface. T he w ell- 
d ried  agarose f ilm  d id  n o t te n d  to  peel off. Careless h an d lin g  could cause 
creases o f  th e  film .

A n e x p e rim e n ta l group of f ish  w as held  a t  10 °C, a n o th e r a t  16 °C. E a c h  
o f th e  24 fish  in  each  group h ad  fo u r sk in -pocke ts th a t  w ere em p tied  in  ev e ry  
second h o u r, one b y  one. No cells a tta c h e d  to  th e  agarose film  d u rin g  th e  f i r s t  
tw o  hours. In  f ish  k e p t in  10 °C w a te r , th e  f ir s t  so lita ry  m yelob last cells, u p  
to  20, ap p eared  in  th e  pockets o f  six  f ish  b y  th e  end  o f th e  4 th  h o u r. A 6-h 
in c u b a tio n  re su lted  in  12 fish  w ith  m yelo b last cells, som e o f w hich s ta r te d  to  
p ro life ra te . A fte r e ig h t hours, m y e lo b last cells an d  m ore d iffe ren tia ted  m yelo id  
form s w ere on th e  agarose film  o f 18 specim ens. T h e  m y e lo b last cells fo rm ed  
g roups o f young m yelo id  cells in  e ig h t f ish  (F ig . 2).

I n  th e  fish  g ro u p  k ep t a t  16 °C, th e  sam e process ad v an ced  a t  a fa s te r  
ra te . Cell m ig ra tio n  to o k  place w ith in  th e  f irs t  tw o  h o u rs , an d  groups o f y o u n g  
m yelo id  cells ap p e a re d  b y  th e  end  o f th e  4 th  hou r.

T h e  in d iv id u a ls  o f fish  show ing  th e  m ost ad v an ced  cell m ig ra tio n  an d  
p ro life ra tio n  w ere n o t  th e  sam e a t  th e  su b seq u en t sam plings.

A 24-h perio d  a t  18 °C allow ed g re a t m asses o f  ripe  n e u tro p h ils  to  a p p e a r  
in  th e  sk in -pocke t o f  te n  from  f if te e n  carp  (F ig . 3). T he re s t o f th e  sq u ares  
also h a d  an  a lm o st con tinuous law n  o f cells. A b o u t 94 %  o f th e  cells belonged  
to  th e  n e u tro p h il lin e ; abou t 4 %  w ere m acrophages an d  a b o u t 2 %  pseudo- 
basoph ilic  (F ig . 4) an d  u n id en tified  cells. A round  a th ird  o f th e  n eu tro p h ils  
w ere rip e . Is le ts  o f  young  cells su rro u n d in g  b la s t- ty p e  m yeloid  cells re p re 
sen ted  a ro u n d  a n o th e r  th ird . O lder n e u tro p h ils  s ta r te d  to  vacuolize an d  som e 
m elt to g e th e r  in to  g ia n t cells o f tw o  o r m ore nuc le i (F ig . 8). These nuclei lin ed  
side-by-side a long  th e  m em brane, less fre q u e n tly  c lum ped  to g e th e r in  th e  
cen tre . T here  w ere d isru p ted  n e u tro p h ils , to o . L y m p h o cy tes  w ere ra re . R ed  
blood  cells u su a lly  occurred  in  a lim ite d  n u m b er. T here  w ere no eosinophils 
p re sen t.

In  a fu r th e r  ex p erim en t, glass sq u ares  c a rry in g  M . ph le i w ere ap p lied  
to  th e  sk in -p o ck e ts  o f  14 carp  a t  18 °C. E ach  h a d  a c o n tra la te ra l co n tro l 
c o u n te rp a r t . A fte r 24 h  o f in c u b a tio n , a w ell-expressed  sw elling w ith  cap illa ry  
d ila tio n  w as o bserved  in  th e  sk in -p o ck e ts  co n ta in in g  b ac te ria . E x a m in a tio n  o f 
th e  glass squares p ro v e d  th a t  h a rd ly  a n y  (a ro u n d  6% ) o f th e  b a c te ria  rem ain ed
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on th e  surface o f th e  sq u ares , an d  even  th e se  w ere p h ag o cy to sed  b y  m acro 
p h ag es (F ig . 5).

H isto log ical e x a m in a tio n  rev ea led  a th in n in g  o f th e  ep ith e liu m  o u tside  
th e  sk in -pocket, p re su m a b ly  a re su lt o f in su ffic ien t c ircu la tion . Cells s im ilar to  
th o se  p re sen t on th e  glass squares could  be seen in  th e  tissues su rro u n d in g  th e  
sk in -p o ck e t an d  in  th e  c a v ity  (F ig . 7). T he cells w hich w ere in  connection  
w ith  th e  glass sq u are  d u rin g  f ix a tio n  h a d  a f la t  side. M . ph le i in d u ced  a  la rg e r 
a m o u n t o f cells to  m ig ra te  an d /o r p ro life ra te . No specific d ev ia tio n  w as n o ted  
co ncern ing  th e  ty p e s  o f  cells as co m p ared  to  th e  cells in  b ac te riu m -free  skin- 
p o c k e ts . H isto log ica l sec tions also d e m o n s tra te d  an  am ple e x u d a tio n  in  an d  
a ro u n d  th e  sk in -p o ck e t as well as an  e c ta sy  o f  capillaries.

D iscussion

R eb u ck ’s sk in  w indow  (R eb u ck  a n d  Crow ley, 1955) p rov ides a sim ple 
to o l for v isu a liza tio n  o f  th e  f irs t  ce llu la r ev en ts  o f th e  defence m echan ism . 
T h is  te s t  is done on th e  fo rearm  o f h u m a n s . F irs t , an  erosion is m ade to  th e  
d e p th  o f th e  d erm al-ep id erm al ju n c tio n , th e n  a glass coverslip  is p ressed  
s lig h tly  to  th e  su rface  o f  th e  ab rasio n  fo r o p tio n a l d u ra tio n  from  2 to  24 h . 
T h e  coverslip  can  also b e  exchanged  a t  re g u la r  in te rv a ls . T he cells a tta c h e d  to  
th e  coverslip  are th e n  s ta in e d  w ith  M ay -G riin w ald -G iem sa .

T he d ifficu lty  o f  keep ing  an im als liv ing  in  w a te r  free o f m icrob ia l con
ta m in a tio n  and  th e  p ro b lem  o f how  to  fa s te n  th e  coverslip  to  th e  f ish  were 
overcom e b y  p re p a rin g  sk in -pocke t. I t  does n o t req u ire  m ore th a n  one m in u te  
a n d  does n o t p ro d u ce  considerab le  b leed ing . R e la tiv e ly  few  red  b lood  cells 
w ere found  in  th e  sk in -p o ck e ts . T he glass squares can  be changed  fo r new  
ones in  th e  sk in -p o ck e ts . H ow ever, a f te r  a period  longer th a n  one d a y  one 
h a s  to  th in k  ab o u t m a ln u tr it io n  o f th e  tissu es  ou tside  th e  sk in -p o ck e t, d ep en d 
in g  on te m p e ra tu re  because  d eg en era tio n  com bined  w ith  th e  n e u tro p h il ac tiv - 
i t v  inside m ay  lead  to  sm all n ecro tic  u lcers an d  in fec tio n  o f  th e  sk in -p o ck e t
(F ig . 6).

R eb u ck ’s sk in  w indow  gives an  in s ig h t in to  cell m ig ra tio n  b u t  is n o t 
su ita b le  for q u a n ti ta t iv e  c h a ra c te riz a tio n  o f  th is  process. N o rm ally , how ever, 
one can  fin d  in  th e  f i r s t  6 to  8 h n eu tro p h ils  w hich  are  g ra d u a lly  rep laced  b y  
m acrophages. T he l a t t e r  w ill p red o m in a te  b y  th e  2 4 th  h .

W e could n o t ch a rac te rize  th e  cell m ig ra tio n  in  th e  sk in -pocke ts s ta t is 
t ic a lly . This is th e  reaso n  w hy  we p u b lish  a p p ro x im a te  va lu es  o f  re la tiv e  
a m o u n ts  of cells. T he f i r s t  cells to  a p p e a r w ere b la s t- ty p e , p e ro x idase-positive  
cells th a t  assum edly  g en era ted  g roups o f  y o ung  cells b y  p ro life ra tio n , an d  b y  
24 h  a t  18 °C a co n tin u o u s lay e r o f  m o stly  y o u n g  and  ripe  n eu tro p h ils  covered  
th e  glass square. M acrophages w ere n o t p re se n t a t  a  h igh  ra tio , so no process
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in  th e ir  o v e rtak in g  cou ld  be s ta te d . T h e  p h en o m en a  w ere ch a rac te ris tic  o f f ish  
in  th e  respect o f  th e  tem p era tu re -d ep en d en ce  an d  p resence  an d  a c tiv ity  o f  
b la s t-s tag e  cells. T h ese  cells le t us h av e  a look , besides th e  m ig ra tion , a t  th e  
p ro life ra tion  o f th e  n eu tro p h ils  as well.

The sk in -p o ck e t m ethod  com bined  w ith  th e  c a rr ie r  agarose lay er can  
possib ly  be used in  te s tin g  in h ib ito ry  an d  cy to to x ic  ag en ts .

In  th e  s tu d y  o f  n eu tro p h il a c t iv i ty  p e r  se in  ca rp , sk in -pocke ts m ay  ag a in  
h av e  a w ide range  o f  possib ility  for use.

T he questio n  w h e th e r R eb u ck ’s sk in  w indow  in d u ces a  foreign b o d y  
reac tio n  ra th e r  th a n  th e  early  p h ase  o f  th e  n e u tro p h il defence has rem ained  
open. The sam e th e o re tic a l p rob lem  m a y  be ra ised  in  th e  case o f th e  sk in - 
pock e ts , all th e  m ore  so because o u r know ledge ab o u t th e  cellu lar defence in  
f ish  is m uch less th a n  th a t  of h u m a n  im m uno logy . In  ou r v iew , sk in -pocket o f  
m irro r carp  m ay  be  a n  in  v ivo  m e th o d  easily  app licab le  in  an y  la b o ra to ry , 
p e rh ap s  c o n tr ib u tin g  to  th e  answ er to  th e  above q u estio n , to o .
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BIOLOGY AND HISTOPATHOLOGY 
OF THELOHANELLUS HOVORKAI ACHMEROY, 1960 

(MYXOSPOREA, MYXOZOA),
A PROTOZOAN PARASITE OF THE COMMON CARP 

(CYPRINUS CARPIO)
K .  M o l n á r 1 a n d  É v a  K o v á c s - G a y e r 2

1 V eterin ary  M edical R esearch I n s t i tu te  o f th e  H u n g a ria n  A cadem y of Sciences, 
H-1581 B u d a p es t, P .O . B o x  18; a n d

2 C entral V e te r in a ry  In s titu te , H -1149 B u d a p es t, T áb o rn o k  u . 2, H u n g a ry  

(R eceived A pril 12, 1985)

Thelohanellus hovorkai, a  p ro tozoan  in tro d u c e d  in  H u n g a ry  from  th e  F a r  E a s t,  is a  
f re q u e n t p a ras ite  o f one- a n d  tw o-sum iner com m on  ca rp  re a re d  in  fish  ponds. T he p lasm od ia  
a re  dem o n strab le  m o st f req u e n tly  in th e  su m m er m o n th s , in  th e  buccal tissues of th e  h ead  
o f f ry . In  one-sum m er com m on carp, p lasm o d ia  occur m ore freq u e n tly  on th e  sw im b lad d er 
serosa . A certa in  se a so n a lity  can  he obse rv ed  in  th e  occu rren ce  of T . hovorkai; nam ely , in fec
tio n  ap p ea rs  in early  su m m er and d isap p ears  b y  th e  end  o f sum m er. T he f irs t  d ev elo p m en ta l 
s tages w ere d em o n s trab le  in  4 weeks old f ry ;  in  6 to  8  w eeks old fish  m ostly  cy sts co n ta in in g  
on ly  spores occurred . T . hovorkai is a ty p ic a l co n n ec tiv e -tissu e  p a ra s ite ; its  d ev elo p m en t is 
a lw ay s associated  w ith  th e  dense connective  tis su e . T h e  c y s ts  o f T . hovorkai a re  0.3 to  0.5 m m  
in  d iam e te r, are su rro u n d e d  b y  one or tw o row s of co n n ec tiv e -tissu e  cells, and  m o st freq u e n tly  
s it  on  ligam en ts, fasciae  o r  on  th e  a d v e n titia  c o n s titu tin g  th e  w alls o f blood vessels.

K eyw ords. Thelohanellus hovorkai, P ro to z o a , p a ra s ite , bio logy, h is topatho logy , com m on 
carp  (C yp rin u s carp io).

In  an  earlie r p a p e r  (M olnár a n d  K o v ács-G ay er, 1981-82) we re p o rte d  
th e  occurrence in  H u n g a ry  of tw o com m on  ca rp  p a ra s ite  Thelohanellus species 
in tro d u c e d  from  th e  F a r  E a s t, Thelohanellus n iko lsk ii  A chm erov , 1955 an d  
T . hovorkai A ch m ero v , 1960. O f th e se  tw o  species, th e  b io logy a n d  h is to 
p a th o lo g y  of T . n ik o lsk ii  were described  in  d e ta il b y  M olnár (1982), a n d  its  
u ltra s tru c tu re  b y  D esser e t al. (1983).

In  th e  p re se n t p ap er our o b se rv a tio n s  m ade on th e  bio logy, p a th o -  
m echan ism  an d  tis su e  specificity  o f  T . hovorkai d u rin g  th e  d issec tion  an d  
h isto log ica l e x a m in a tio n  of com m on ca rp  rea red  in  p o n d  farm s are  re p o rte d .

M aterials an d  m ethods

Com m on c a rp  fro m  th e  fry -rea rin g  an d  rea rin g  ponds o f d ifferen t H u n 
g a rian  fish  farm s w ere  used. The in v e s tig a tio n s  w ere s ta r te d  in  1980, w hen  
th e  p a ra s ite  was f i r s t  d em o n stra ted  h is to lo g ica lly  in  com m on carp  su b m itte d  
fo r ro u tin e  la b o ra to ry  ex am in a tio n . I n  1981 an d  1982 m ain ly  tw o -su m m er 
f ish  w ere exam in ed , b u t  in  1982 to  1984 th e  in v es tig a tio n s  w ere e x ten d ed  
to  th e  fry  as w ell. A t tw o-w eek in te rv a ls  sam ples w ere ta k e n  from  th e  fish  
p o n d s th a t  h ad  b een  found  infected  in  earlie r y ea rs , an d  th e  sam pled  f ry  w ere
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e x a m in e d  b y  d issection  co n tin u o u sly . R esu lts  on tw o -su m m er f ish  cam e from  
th e  processing  of f ish  s e n t fo r ro u tin e  la b o ra to ry  ex am in a tio n .

In fec tio n  was m o n ito re d  b y  ligh t-m icroscop ic  ex a m in a tio n  o f  sq u ash  
p re p a ra tio n s  m ade fro m  th e  organs a n d  sm aller p a r ts  o f th e  f ish  ( th e  organs 
a n d  b o d y  p a rts  w ere sq u a sh e d  b e tw een  g lass-p la tes). W hen  spores o r  cysts  
w ere  p re sen t, th e  in fe c te d  organs w ere f ix e d  for h isto log ical ex am in a tio n . 
I n  1983 an d  1984, 2- to  3-cm -long fry  fro m  co n sis ten tly  in fec ted  f ish  ponds 
w ere  f ix e d  in  th e ir  e n tir e ty ,  w ith o u t p rev ious ex am in a tio n .

F o r  histo logical f ix a tio n , 10%  n e u tra l  fo rm alin  or B o u in ’s so lu tio n  w as 
u sed . A fte r em bedding  in  p a ra ff in , 4 /xm th ic k  sections w ere m ad e  fro m  th e  
o rg a n s , an d  from  fry  c leav ed  in  th e  lo n g itu d in a l p lane  o f th e  b o d y . T he sections 
w ere  s ta in ed  w ith  h a e m a to x y lin  an d  eosin, a n d  accord ing  to  F a rk a s—M allo ry ’s 
a n d  v a n  Gieson’s te c h n iq u e .

R esu lts

Observations

I n  a h isto logical sec tio n , a Thelohanellus hovorkai cy st w as f ir s t  observed  
in  1980, on th e  sw im b lad d er serosa o f a tw o -su m m er com m on ca rp . I n  1981 
f u r th e r  cysts were fo u n d  in  tw o -su m m er f ish  in  th e  subserosal connective  
tis su e  o f  th e  sw im b lad d er, an d  such  cy s ts  occurred  also in  th e  co nnective  
tis su e  o f  th e  gill a rch . I n  th a t  y ea r cy sts  w ere found  on th e  sw im b lad d er in  
n a tiv e  s ta te , an d  th e  e x a m in a tio n  o f spores o b ta in ed  from  th e  c y s t ren d ered  
p o ssib le  a precise d e f in itio n  of th e  p a ra s ite  species. In  1982 i t  becam e clear 
t h a t  T . hovorkai w as a f re q u e n t p a ra s ite  o f  c e r ta in  fish  fa rm s; in te n s iv e  in fec
tio n  o ccu rred  m ain ly  in  f ry . In v es tig a tio n s  co n d u c ted  b e tw een  1982 a n d  1984 
re v e a le d  th a t  th e  f ir s t  c y s ts  occurred  a lre a d y  in  one-m on th -o ld , 2 to  2.5 cm  
long  fry , and  in  6 to  8 w eeks old fish  even  sp o re -con ta in ing  cy sts  w ere d e 
m o n s tra b le . In  some s to ck s th e  in fec tion  ra te  reach ed  80 to  9 0 % . I n  th e  m a jo rity  
o f  cases, T . hovorkai in fe c tio n  occurred  jo in tly  w ith  T . n iko lsk ii in fec tio n . T he 
c lin ica lly  ap p a ren t T . n ik o lsk ii  in fec tio n  w as pa th o g n o m ic  since i t  o ccu rred  
sy n ch ro n o u sly  w ith  T . hovorkai in fec tio n , w h ich  could n o t be d iagnosed  solely  
b y  e x te r io r  ex am in a tio n . B y  n a tiv e  e x a m in a tio n  T. hovorkai in fec tio n  w as 
e a s ie s t to  d em o n stra te  f ro m  th e  h ead  o f  th e  fish . U nder a stereom icroscope 
th e  sm all, p inhead -sized  cy s ts  0.3 to  0.5 m m  in  d iam e te r could  be re leased  
fro m  th e  buccal tissues w ith  a d issecting  need le . T he cysts c o n ta in e d  re la tiv e ly  
few , m o s t freq u en tly  200 to  400, spores. As a  ru le , in fec tion  ceased  to  e x is t b y  
th e  e n d  o f A ugust. I n  S ep tem b er on ly  a few  sc a tte re d  spores w ere fo u n d  in  
th e  m elanom acrophage c en tre s  o f th e  k id n ey s an d  spleen. No c lin ica lly  a p p a r 
e n t  d isease  or d ea th s  w ere  observed  in  in te n s iv e ly  in fec ted  s tocks e ith e r .

T . hovorkai in fec tio n  d id  n o t occur in  g rassca rp , silver ca rp  an d  b ig h ead  
s to ck s  k e p t in  th e  in fe c te d  fish  ponds.
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Histological studies
In  fry , T . hovorkai cyst= o ccu rred  m ost f re q u e n tly  in  th e  p e r io rb ita l 

loose connective tissu e  (Fig. 1) a n d  a ro u n d  th e  nose ; how ever, cysts w ere o f  
f req u en t o ccu rrence  also in  th e  o p ercu lu m , am ong  th e  m uscles b o rd erin g  th e  
gill-opening (F ig . 2) and  in  th e  p e rire n a l conn ec tiv e  tissu e . Less f re q u e n tly , 
so lita ry  cysts w ere d em o n stra ted  also  in  th e  gill a rch , am ong  th e  ta i l  m uscles, 
a n d  in  th e  co n n ec tiv e  tissue su rro u n d in g  th e  v e r te b ra l colum n. In  tw o - 
sum m er fish , cy s ts  w ere found  in  th re e  lo ca tio n s : m o st freq u en tly  in  th e  
subserosal co n n ec tiv e  tissue o f th e  sw im bladder a n d  in  th e  com pact c o n 
n ec tiv e  tissue co vering  th e  gill a rc h  cartilag e . H ow ever, on one occasion a 
cy s t con ta in ing  n u m ero u s spores w as found  u n d e r  th e  serosa o f th e  e x tra -  
h ep a tic  p ancreas ly ing  on th e  in te s tin a l w all, em b ed d ed  in  th e  p an c re a tic  
substance .

The p lasm o d ia  alw ays s ta r te d  to  develop am ong  connective-tissue  cells, 
irrespec tive  o f  th e  o rg an  in  w hich  th e y  developed . T h e y  show ed p ro n o u n ced  
a ff in ity  for th e  co m p ac t connective tissu e ; th e re fo re , even  th e  cysts s i tu a te d  
in  th e  loose co n n ec tiv e  tissue fre q u e n tly  sa t on  lig a m e n ts , fasciae, or on th e  
a d v e n tit ia  c o n s titu tin g  th e  w all o f  b lood  vessels (F igs 1, 4 an d  5). A m ong 
th e  m uscles th e  co nnec tive  tissue se p a ra tin g  m uscle f ib re s , w hereas in  th e  case 
o f  th e  serous m em b ran es  th e  co nnec tive  tissu e  ly in g  b e n e a th  th e  coelo thel o f  
th e  serosa was th e i r  s ite  o f e s tab lish m en t. In  p a re n c h y m a l organs no p lasm od ia  
o ccu rred  excep t th o se  ly ing  b e n e a th  th e  serosa co vering  th e se  organs; how ever, 
a f te r  th e  d is ru p tio n  o f cysts th a t  h a d  developed  in  o th e r  p a r ts  o f th e  b o d y , 
one or tw o spores w ere fre q u e n tly  d e m o n s tra te d  in  th e  m elanom acrophage 
cen tres  o f th e  a b o v e  organs. T . hovorkai p la sm o d ia  w ere su rro u n d ed  b y  a 
r a th e r  th in  capsu le  consisting  o f one or tw o  row s o f  connective  tissue cells. 
T h e  youngest p la sm o d ia  observed b y  us w ere 16 to  20 p m  in  d iam ete r an d  
ap p ro x im a te ly  ro u n d  in  shape (F ig . 3); w ith in  th e m , a 4 -p m -th ick  ec top lasm  
a n d  an  endop lasm  c o n s titu te d  b y  12 to  20 cells w ere d is tingu ishab le . T he 
p lasm o d iu m  w as su rro u n d ed  b y  conn ec tiv e-tissu e  cells h a v in g  re la tiv e ly  la rg e  
nucle i. The p la sm o d ia  show ing a m ore  ad v an ced  s tag e  o f  developm ent an d  
co n ta in in g  p a n sp o ro b la s ts  and  im m a tu re  spores w ere also spherica l in  sh ap e . 
W ith in  th e  cyst 80 to  120 pm  in  d ia m e te r , th e  8 to  10 pm  th ic k , eosinophilic  
ec top lasm  an d  th e  endoplasm  w ere w e ll-d istingu ishab le  (F ig . 4). T he cy s ts , 
a tta c h e d  w ith  one pole  to  th e  a d v e n tit ia  o f  b lood  vessels or to  o th e r co m p ac t 
connective tissu es , w ere sep a ra ted  from  th e  su rro u n d in g  loose connective  
tis su e  b y  a th in  cap su le . The m a tu re , sp o re -co n ta in in g  cy sts  w ere m o stly  o v a l 
o r ellipsoidal in  sh a p e  an d  reached  a  size o f 160-200 X 7 0 -1 1 0  pm  in  fry  (F ig . 5) 
an d  even 3 0 0 x 1 4 0  p m  in  tw o -su m m er com m on ca rp . T h e ir ec top lasm  d is
ap p eared , th e  connec tive-tissue  cells covering  th e  cy s t becam e f la tte n e d . 
B eside th e  loose co nnec tive  tissue , th e  cy st w all w as fre q u e n tly  con tiguous 
w ith  th e  coelo thel, m uscle cells or p a re n c h y m a l cells; how ever, th e  co m p ac t
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co n n ec tiv e  tissue  in d ic a tin g  th e  o rig in  w as p resen t on one o f  th e  poles o f  th e  
c y s t also in  th ese  cases (F ig . 5).

D iscussion

T he p resen t s tu d ies  in d ica te  t h a t  T . hovorkai is a com m on carp  p a ra s ite  
w id esp read  in  H u n g a ry ; i t  is a t  le a s t as f re q u e n t as th e  f in  p a ra s ite  T . n iko lsk ii. 
S ince th e  p lasm od ia  o f  T . hovorkai a re  re la tiv e ly  sm all a n d  develop  in  th e  
tis su es , w ith o u t m icroscopic e x a m in a tio n  i t  is d ifficu lt to  d iagnose th e  in fec
tio n , w hich  fre q u e n tly  rem ains u n n o tic e d . O bviously , th e  p a ra s ite  w as in tro 
d u ced  in to  H u n g a ry  from  th e  F a r  E a s t ,  s im ila rly  to  T . n iko lsk ii  (M olnár and  
K o v ács-G ay er, 1981/82) an d  h a s  b ecom e w idesp read  am ong  com m on  carp  
c u ltu re d  in  pond  fa rm s. A ccord ing  to  o u r in v es tig a tio n s , th e  in fe c tio n  is m ost 
f re q u e n t in  th e  y o u n g  f ry ; how ever, i t  occurs in  tw o -su m m er f ish  as well. 
T . hovorkai is a conn ec tiv e-tissu e  p a ra s i te ;  th u s , i t  m a y  occu r in  a ll b o d y  
p a r ts  w hich are  rich  in  connective  tis su e . I n  fry , th e  m ost f re q u e n t lo ca tio n  
o f  th e  p a ra s ite  is th e  connective  tissu e  se p a ra tin g  th e  m uscles o f  th e  h ead  an d  
th o se  a ro u n d  th e  p h a ry n x , w hile in  o ld e r f ish  th e  p a ra s ite  w as d e m o n s tra te d  
in  th e  connective tissu e  o f serous m em b ran es  and  gill a rches m o st fre q u e n tly . 
A  m ore  precise loca liza tio n  o f th e  in fe c tio n  in  o lder fish  w as h a m p e re d  b y  th e  
fa c t  t h a t  in  fry  th e  lo ca tio n  w as d e te rm in e d  b y  processing an d  ex am in in g  all 
o rg an s, w hereas in  tw o -su m m er f ish  o rg an s less im p o r ta n t fro m  th e  aspec t o f 
ro u tin e  ex am in a tio n s w ere n o t a lw ays s tu d ie d .

T herefo re , i t  c a n n o t be ex c lu d ed  t h a t  in  o lder fish  in fec tio n  occurs also 
in  p laces o th e r  th a n  th e  gills an d  serous m em branes. T he d ev e lo p m en t of 
T . hovorkai show s a y ea rly  cycle p a t te rn .  Y oung  p lasm od ia  a p p e a r  in  th e  fish  
in  J u n e  or J u ly . Spores are  form ed w ith in  th e  p lasm odia  a f te r  a d ev e lo p m en ta l 
p e rio d  o f 4 to  6 w eeks, d ep en d in g  on  th e  te m p e ra tu re . I n  6 to  8 w eeks old 
f ish  m a in ly  sp o re -con ta in ing  cy sts  a re  fo u n d . Y oung cysts  a re  su rro u n d ed  b y  
conn ec tiv e-tissu e  cells rich  in  p lasm ; la te r  on , para lle l to  th e  g ro w th  o f p las
m o d ia , these  cells becom e f la t te n e d  a n d  fo rm  a th in  rin g  o f  1 o r 2 cell row s. 
A fte r  th e  d isru p tio n  o f cy sts  th e  200 to  400 spores ge t in to  th e  ne ighbouring  
co n n ec tiv e  tissu e , from  w here th e  ly m p h  o r blood c ircu la tio n  t ra n s p o r ts  th em  
to  v a rio u s o rgans. T he ex c re tio n  o f  spo res to  th e  o u tw orld  is o b v io u sly  sim ilar 
to  t h a t  described  for th e  m uscle p a ra s ite  M yxobolus cyp rin i b y  M olnár and  
K ov ács-G ay er (1985); i.e . th e  spores a re  expu lsed  from  th e  cap illa ries  o f th e  
gills, sk in , ren a l tu b u le s  an d  in te s tin e  to  th e  ou tw orld  th ro u g h  local necroses. 
A t th e  sam e tim e , spores s tu c k  an d  e n c ap su la ted  in  th e  c y s t, o r d e s tro y ed  in  
th e  m clanom acrophage cen tres  o f th e  sp leen  and  k idneys, w ere fo u n d  also in  
T . hovorkai in fec tion .

In  th e  F a r  E a s t,  besides T . hovorkai several o th e r  Thelohanellus spp . 
p a ra s itiz e  th e  com m on carp  (C y p r in u s  carp io). O f th ese , A ch m ero v  (1960)
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re p o rte d  T . n iko lsk ii fro m  th e  fins, T . dogieli from  th e  sk in , T . hovorkai from  
th e  p e rito n eu m , T . acum inatus  from  th e  gill lam ellae , an d  T . am urensis  from  
th e  liv e r  o f th e  co m m o n  carp . Ja p a n e se  a u th o rs  w idened  th e  circle o f  th e se  
p a ra s ite s . H osh ina  a n d  H oshoda (1957) re p o r te d  th e  species T . cyp rin i fro m  
th e  f in s , w hile E g u sa  a n d  N akajim a (1981) T . k itauei from  th e  in te s tin a l w all. 
A lth o u g h  S hu lm an  (1966) considered th e  m a jo r ity  o f th e  species to  be s y n 
onym ous w ith  T . dogieli an d  T. fu r m a n n i,  b ased  upon  spore m orpho logy  a n d  
th e  p ronounced  o rgano-specific ity  to d a y  i t  is u n q u estio n ab le  th a t  on ly  T . cy
p r in i  c an  be reg a rd ed  as a synonym  o f  T . n iko lsk ii, w hile th e  v a lid ity  o f  th e  
rem a in in g  species seem s to  be proved. T h e  e x tra o rd in a ry  o rgano-spec ific ity  o f 
Thelohanellus spp . w as f i r s t  described  b y  A chm erov  (1955). L a te r  on , h is 
o b se rv a tio n  was su p p o rte d  b y  th e  re su lts  o f  M olnár (1982) an d  M olnár an d  
K ovács-G ayer (1981-82) on  T . n iko lsk ii a n d  T . hovorkai. T he  d eve lopm en t o f  
T . hovorkai w ith in  th e  f ish  indicates t h a t  in  th e  case o f Thelohanellus spp . th e  
te rm  “ tissu e -sp ec ific ity ”  should  be used  in s te a d  o f  o rgano-specificity .

A lth o u g h , s im ila rly  to  A chm erov (1960), we also found  T . hovorkai f i r s t  
on th e  serosa, m ore d e ta iled  in v estig a tio n s h av e  revea led  th a t  th is  species 
occurs in  all organs r ic h  in  connective tis su e . T . hovorkai is a co n nec tive-tissue  
p a ra s ite , as opposed  to  th e  cartilage p a ra s ite  T . n iko lsk ii, w hose d ev e lo p m en t 
is asso c ia ted  w ith  p e rich o n d ria l cells (M olnár, 1982), o r to  T . k itauei w hose 
ty p ic a l s ite  o f d ev e lo p m en t is th e  in te s tin a l m ucosa . In  a d d itio n  to  th e  tissue- 
sp ec ific ity  o f Thelohanellus spp. p a ra s itiz in g  th e  sam e h o st, p ronounced  a n a 
to m ica l differences e x is tin g  in  spore m o rp h o lo g y  ensure  an  a c cu ra te  species 
id e n tif ic a tio n . S im ilarly , th e  various species a re  ch a rac te rized  b y  d iffe ren t h o s t 
responses. T . hovorkai spores, differing fro m  th e  spores o f T . n iko lsk ii in  th e ir  
co n sid e rab ly  la rg e r p o la r  capsules, develop  in  re la tiv e ly  sm all cy sts  co n ta in in g  
s ig n ifican tly  few er spores th a n  those o f  T . n iko lsk ii. I n  T . hovorkai in fec tio n , 
th e  h o s t response develop ing  around  th e  sm all cy s ts  an d  re s tr ic te d  to  a  con
n ec tiv e-tissu e  capsule co n sisting  of a few  cell row s, can  be considered  negligible 
as co m p ared  to  th e  th ic k , cartilageous a n d  conn ec tiv e-tissu e  capsu le  develop
in g  a ro u n d  T . n iko lsk ii p lasm odia.

U n fo rtu n a te ly , n o  conclusions on th e  p a th o g e n ic ity  o f  T . hovorkai can  be 
d raw n  from  th e  p re se n t s tu d ies . T. hovorkai seem s to  be a species o f low  p a th o 
gen ic ity ; since i t  is lo c a te d  in less v ita l  o rg an s , i t  p re su m ab ly  does n o t cause 
d e a th s  am ong  th e  fish . H ow ever, because o f  i ts  reg u la r an d  co n sis ten t occur
rence p rim a rily  in  f ry , i ts  role in  decreasing  th e  h o s t’s re s is tan ce  shou ld  n o t 
be neg lec ted .
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Fig. 1. Thelohanellus hovorkai cysts in th e  p e rio rb ita l connective  tissue. O rb ita l c av ity  (a), 
cysts ( t ) ,  dense connective tis su e  (t) . H a em a to x y lin -eo s in , XlOO

Fig. 2. Thelohanellus hovorkai cysts am ong th e  m uscle bu n d les ne ighbouring  th e  gill c av ity . 
Gill c av ity  (gc), gill (g), cysts  (t) . H . an d  E ., X 100

Fig. 3. Y oung Thelohanellus hovorkai p lasm od ium  in  th e  loose connective  tissue of th e  h ead  of 
a com m on carp fry . H . and  E ., X 1200



F ig . 4. D eveloping p lasm od ium  co n ta in ing  y oung  spores in  the  loose con n ec tiv e  tissue. Loose 
con n ec tiv e  tissue ( 1 ), dense  connective  tissu e  ( t) ,  connective  tissue cells co n s titu tin g  th e  

capsule of th e  cy st ( t) . H . an d  E ., X400

F ig . 5. Thelohanellus hovorkai cysts co n ta in in g  m a tu re  spores in th e  in te rm u scu la r connective  
tissu e  of com m on carp  fry . Cysts (c), loose co n n ec tiv e  tissue (1), dense connective  tissue  (d),

m uscle fib res (m ). H. an d  E ., X400
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HAEMONCHUS CONTORTUS: LIPID BIOSYNTHESIS 
FROM 14C-LABELLED PALMITIC ACID 

AND SODIUM BICARBONATE

J y o t i k a  K a p u r  a n d  M . L. S o o d *

D e p a rtm e n t o f Zoology, P u n ja b  A g ricu ltu ra l U n iv e rsity , L udhiana-141004 , In d ia  

(R eceived A pril 22, 1985)

A d u lt H aem onchus contortus (R u d ., 1803) w as in v es tig a ted  fo r its  ab ility  to  sy n th es ize  
lip ids from  sim ple 14C -precursors. I t  w as show n to  h av e  ex ten siv e ly  ac tiv e  m echan ism s fo r 
sy n th esiz in g  all classes o f com plex lip ids p re sen t, in clud ing  free  cho lestero l from  H С О a n d  
14C -palm itic  acid. In sig n ifican t am o u n ts  o f  lip id s w ere  syn thesized  fro m  HCOjj" re la tiv e  to  
t h a t  fro m  p a lm itic  acid. W ith  b o th  th e  p recu rso rs , th e re  is m ore  o f nonpo lar (N P ) t h a n  
p o lar (P )  lip id  sy n th esis, th e  N P /P  ra tio  being  1.258 in  case o f H C O a n d  1.917 in  case  o f  
p a lm itic  acid . A m ong N P  lip ids, free f a t ty  acids a n d  triacy lg lycero ls w ere syn thesized  to  a 
g re a te r  e x te n t th a n  th e  o th e r  com ponents. S ig n ifican tly , th e  sy n th esis  o f  h y d ro carb o n s a n d  
p ig m en ts  w as m ore in ten siv e  from  H C 0 3 th a n  fro m  p a lm itic  acid . A s regards th e  P  lip id s, 
m o st o f  th e  labe l w as in co rp o ra ted  in to  p h o sp h a tid y l choline (PC ) a n d  pho sp h a tid y l e th a n o l-  
am ine  (P E )  irresp ec tiv e  o f th e  p recu rso r em ployed , th e  P C /P E  ra tio  being  1.237 in  case  o f  
HCOj~ a n d  1.313 in  case o f p a lm itic  acid. P h o sp h a tid y l serine w as syn thesized  o n ly  to  a  
sm all e x te n t  from  p a lm itic  acid  re la tiv e  to  th e  sy n th es is  from  H C 0 3. A lso, m ore lab e l fro m  
H C O 3 th a n  from  p a lm itic  acid  w as in co rp o ra ted  in to  eerebrosides.

K eyw ords. Haem onchus contortus, lip id , b io sy n th es is , pa lm itic  acid , sodium  b ica rb o n a te .

H aem onchus contortus (R u d ., 1803) is th e  m ost pa thogen ic  n e m a to d e  
p a ra s ite  o f  sheep , goats an d  o th e r ru m in a n ts . I t  has a t t r a c te d  considerab le  
a t te n tio n  o f  in v es tig a to rs  in  d ifferen t p a r ts  o f  th e  w orld  (see Sood an d  K a p u r ,
1982). H ow ever, no  a t te m p t  has been  m ad e  to  s tu d y  its  lip id  m e tab o lism , 
a lth o u g h  its  c a rb o h y d ra te  m etabo lism  h as  been  s tu d ied  ex tensive ly  (W a rd , 
1974; W ard  a n d  H usk isson , 1978; W ard  a n d  H usk isson , 1980; W ard , 1982; 
K a u r  a n d  Sood, 1982).

N em ato d es are d ep en d en t on c a rb o h y d ra te s  for th e ir  su rv iv a l; lip id  b io 
sy n th es is  is less im p o r ta n t  as a m eans o f  en erg y  s to rage . H ow ever, lip id s  a re  
n o t so lely  u sed  as en erg y  sources. L ip ids a re  in co rp o ra ted  in to  eggs a n d  a re  
im p o r ta n t  c o n s titu e n ts  o f  m em branes w h ich  tu r n  over co n s ta n tly . A ll th e se  
fac ts  do n o t e lim in a te  th e  possib ility  o f lip id  b io syn thesis  in  n em atodes. A lso, 
ca rb o n  fro m  linoleic acid  is in co rp o ra ted  in to  v a rious m em b ran e  s tru c tu re s  o f  
a d u lt Schistosom a m ansoni (R u m jan ek  a n d  S im pson, 1980). A d u lt H . contortus 
has b een  show n to  be capab le  o f sy n th esiz in g  f a t ty  acids, com plex lip ids a n d  
sim ple p recu rso rs such  as a c e ta te  and  glucose (K a p u r an d  Sood, 1984a). H o w 
ever, th e re  are  on ly  a few  rep o rts  in  p a ra s itic  h e lm in th s  reg a rd in g  th e  im p o r-

* To w hom  re p rin t req u ests  should  be ad dressed
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ta n c e  o f  long-chain  f a t ty  acids in  lip id  b io sy n th esis . T hese inc lude  s tu d ies  on 
A sca r is  (Jezy k , 1968; G reichus an d  G reichus, 1970), H ym enolep is d im in u ta  
(L u m sd en  and  H a rr in g to n , 1966; Ja co b sen  a n d  F a irb a irn , 1967; O v e r tu rf  an d  
D ry e r , 1968), Caenorhabditis briggsae a n d  Panagrellus redivivus  (R o th s te in , 
1970) an d  Spirom etra mansonoides (M eyer e t  ah , 1966a). T h e  role o f  long- 
c h a in  f a t ty  acids in  th e  lip id  b io syn thesis  o f  H . contortus h as  n o t been  s tu d 
ied  a t  all.

F ix a tio n  o f C 0 2 b y  a d u lt H . contortus h as  been w ell e s tab lish ed  (W a rd  
a n d  H u sk isson , 1980). P ro d u c ts  form ed in  th e  C 0 2 f ix a tio n  p a th w a y  (Saz an d  
L escu re , 1965), e.g. a c e ty l CoA, are im p o r ta n t  p recurso rs in v o lved  in  lip id  
b io sy n th es is . A cety l CoA also comes from  p y ru v a te . Also, succ ina te  (p ro d u c t 
o f  C O 2 fix a tio n ) m ay  be  in co rp o ra ted  in to  g lycerol an d  th e  am ino or su g a r 
p o r t io n  o f phospho lip ids. P ro p io n a te  is also in v o lv ed  in  f a t ty  acid  b io syn thesis . 
H o w ev er, th e re  is no d ire c t re p o rt re g a rd in g  the  im p o rtan ce  o f C 0 2 in  lip id  
b io sy n th es is .

T h e  p resen t s tu d ies  w ere u n d e rta k e n  to  in v estig a te  th e  m etabo lic  ro le o f 
lo n g -ch a in  fa t ty  acids (pa lm itic  acid) a n d  C 0 2 in  lip id  b io syn thesis  in  a d u lt  
H . contortus.

Materials and m ethods

A dults  o f  H . contortus were co llected  from  th e  abom asa  o f goats s la u g h 
te re d  a t  local a b a tto ir s . A dhering  m a te ria ls  were rem oved  b y  w ash ing  in  
sa lin e . l-C 14-palm itic  ac id  (specific a c t iv i ty , 21.1 m C i/m m ol) and  so d ium  
C14-b ica rb o n a te  (52 m C i/m m ol) w ere p ro c u re d  from  th e  Iso to p e  D iv ision  o f 
B h a b h a  A tom ic R esea rch  C entre , B o m b ay , In d ia .

Incubations. T h e  in c u b a tio n  m ed iu m  w as a m odified  T y ro d e’s so lu tio n  
(W a rd , 1974). T en  m l o f  th e  in c u b a tio n  m ed iu m  w as tra n s fe rre d  to  each  o f 
tw o  fla sk s . C 0 2 w as p assed  th ro u g h  one o f  th e  flasks an d  12.5 pCi o f  1-14C 
p a lm itic  acid w as a d d e d . Before ad d ed , p a lm itic  acid  w as co n v erted  to  its  
p o ta ss iu m  sa lt b y  sap o n ifica tio n  w ith  K O H . I n  th e  o th e r f la sk  (w ith o u t C 0 2), 
12.5 pCi of sodium  14C -b icarbonate  w as ad d ed . T he f in a l p H  o f each  w as 
a d ju s te d  to  6.6 rfc 0.1. W orm s 500 m g in  w eight w ere tra n s fe rre d  to  each  
f la s k , im m ed ia te ly  a f te r  th e ir  recovery  fro m  th e  host. T he fla sk s  were in c u b a te d  
a t  30 ±  1 °C in  a m e tab o lic  shaker for 4 h .

A fte r com ple tion  o f  th e  in c u b a tio n  p e rio d , a few d rops o f ch lo ro fo rm  : 
m e th a n o l (2 : 1 v /v ) w ere added  to  each  f la s k  in  order to  s to p  th e  in c o rp o ra 
tio n . M edia were p o u red  o u t o f th e  fla sk s  a n d  th e  w orm s w ashed  severa l tim es  
w ith  d istilled  w a te r.

Extraction o f  lip id s . W orm s o f th e  above groups w ere processed  se p a 
r a te ly  for th e  e x tra c tio n  o f lip ids. T h ey  w ere b lo tted  d ry  a n d  hom ogenized  in  
ch lo ro fo rm  : m e th an o l (2 : 1 v/v) in  a g lass hand-hom ogen izer. E x tra c ts  w ere
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k e p t on a sh ak er for 3 -4  h  a n d  f ilte re d  b y  suc tion  th ro u g h  a G rade 3 -sin te red  
glass funne l. R esidues w ere re e x tra c te d  th rice  w ith  ch lo ro fo rm  : m e th an o l 
(2 : 1 v /v ). A ll th e  lip id  e x tra c ts  w ere pooled . W ater-so lub le  im p u ritie s  w ere 
rem o v ed  b y  su b jec tin g  th e  c ru d e  lip id  e x tra c t  to  w ash ing  (F o lch  e t ah , 1957). 
C hloroform  phases c o n ta in in g  lip id s w ere s to red  a t  — 20 °C u n til  th e  analyses 
w ere com plete .

Fractionation o f  lip id s . T o ta l  lip ids w ere sep a ra ted  in to  p o la r an d  n o n 
p o la r lip ids b y  th e  m e th o d  o f N ichols (1964). F u r th e r  fra c tio n a tio n  o f p o la r 
a n d  n o n p o la r lip ids w as ach ieved  b y  un id im ensional th in - la y e r  ch ro m a to g 
ra p h y , on  silica gel G p la te s  (250 p m  th ic k ). F o r th e  fra c tio n a tio n  o f  p o la r 
lip id s , th e  ch ro m a to g ram s w ere developed  in  a so lven t sy s tem  o f ch lo ro fo rm  : 
m e th an o l : w a te r  (65 : 25 : 4 v /v ). N onp o lar lipids w ere f ra c tio n a te d  b y  dev e l
op ing  th e  ch ro m a to g ram s in  p e tro leu m  e th e r : d ie th y l e th e r  : ace tic  acid  
(80 : 20 : 1 v /v ). A fte r co m p le tio n  o f deve lopm en t, th e  ch ro m ato g ram s w ere 
a ir-d ried .

Id en tifica tion  o f  lip id s . V arious classes o f po lar an d  n o n p o la r lip ids w ere 
id en tif ied  b y  co ch ro m a to g rap h y  w ith  a u th e n tic  s ta n d a rd s  an d  b y  th e  use of 
specific  sp ra y  reag en ts  (K a p u r  a n d  Sood, 19846). Once th e  id e n tif ic a tio n  w as 
co n firm ed , silica gel fro m  each  sp o t w as tran sfe rred  d ire c tly  in to  sc in tilla tio n  
v ia ls , fo r m easu ring  ra d io a c tiv ity .

M easurem ent o f  rad ioactiv ity . A liquo ts o f  to ta l , p o la r an d  n o n p o la r lip ids 
w ere ta k e n  in to  sc in tilla tio n  v ia ls  an d  th e  so lvent e v a p o ra te d  a t  low  te m 
p e ra tu re . R a d io a c tiv ity  w as m easu red  using  a ^ -sc in tilla tio n  sp ec tro m ete r. 
T h e  sc in tilla tio n  flu id  u sed  fo r th e  to ta l  an d  nonpo lar lip ids h a d  th e  follow ing 
com po sitio n : 4 g P P O  (2 ,5 -d ipheny loxazo le), 200 m g P O P O P  (l,4 -b is/5 - 
p h eny loxazo ly l/benzene) an d  th e  vo lum e was m ade u p  to  one litre  w ith  
to lu en e . F o r p o la r lip ids, B ra y ’s (B ray , 1960) sc in tilla tio n  f lu id  was used  w ith  
th e  fo llow ing com position : 4 g P P O , 200 m g P O P O P , 60 g n a p h th a le n e , 20 m l 
e th y len e  glycol, 100 m l m e th a n o l, an d  th e  volum e was m ade u p  to  one litre  
w ith  d ioxan . I n  each  v ia l, 10 m l o f th e  a p p ro p ria te  sc in tilla tio n  flu id  was ad d ed .

Results

R esu lts  o f in co rp o ra tio n  o f  HC in to  to ta l ,  po lar an d  n o n p o la r lip ids are 
g iven  in  T ab le  I .  O nly  a sm all a m o u n t o f labe l from  sod ium  b ica rb o n a te  was 
in c o rp o ra te d  in to  total lip id s , as co m p ared  to  th a t  from  p a lm itic  acid . W ith  
b o th  p recu rso rs , th e re  is m ore o f  n o n p o la r th a n  po lar lip id  sy n th esis , th e  
N P /P  ra tio  being  1.258 in  case o f  HCO-j” an d  1.917 in  case o f pa lm itic  acid .

R esu lts  o f in c o rp o ra tio n  o f lab e l in to  various frac tio n s on nonpolar lip id s 
are  g iven  in  T ab le  I I .  I n  b o th  cases, th e re  was leas t in co rp o ra tio n  o f lab e l 
in to  s te ro ls . M ost o f th e  ra d io a c tiv ity  w as in co rp o ra ted  in to  free f a t ty  acids
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Table I

In co rp o ra tio n  o f rad io ac tiv ity  in to  to ta l ,  po lar and non p o lar lipids 
o f H . contortus (R u d ., 1803)

L ip ids*
N P /P

T o ta l P o la r  (P ) N o n p o la r  (N P )

Sodium b ica rb o n a te -14C 14.44 6.39 8.05 1.26
(1.25) (0.55) (0.70)

Palm itic a c id - l-14C 460.19 157.73 302.45 1.91
(98.24) (33.67) (64.56)

Values are expressed/g  of fresh  tissue. F igures in  paren theses in d ica te  nm ols o f th e  rad io 
iso tope  incorporated.

* dpm X  1 0 -4

a n d  triacy lg lycero ls. In c o rp o ra tio n  o f lab e l from  p a lm itic  acid  in to  h y d ro 
ca rb o n s  and p igm en ts w as in sig n ifican t.

R esults o f in c o rp o ra tio n  o f  label in to  various frac tio n s  o f polar lip ids 
a re  g iven in  T ab le  I I I .  I t  is clear th a t  th e  o rd er of in c o rp o ra tio n  from  b ic a r
b o n a te  was som ew hat d iffe ren t from  th a t  o f in co rp o ra tio n  from  p a lm itic  ac id .

Table II

Inco rp o ra tio n  o f  ra d io ac tiv ity  in to  v arious fractions o f non p o lar lipids 
o f H . contortus (R u d ., 1803)

P recu rso r MG D G S te ro l F F A T G S. e ste rs
H y d . +  

P»g-

Sodium  b ica rb o n ate -14C 4.7 6 .0 3.66 52.30 16.7 5.8 1 0 .8
Palm itic  ac id -l-14C 3.3 6 .6 2 .0 57.8 23.9 5.4 0 . 8

R esults are expressed  as th e  re la tive  percen tage  of inco rpora tion  of to ta l  nonpolar lipids. 
M G: m onoacylglycerols; D G : diacylglycerols; F F A : free fa tty  acid; TG : triacylg lycerols; S. esters: 
s te ro l esters; H yd. +  p ig .: H y d ro carb o n s +  p igm ents

Table III

In co rp o ra tio n  of ra d io a c tiv ity  in to  various fractions o f p o lar lipids o f H . contortus (R u d ., 1803)

Precurso r P I PS
S ph . +  

L PC L P E PC P E Cereb. I Cereb. I I

S od ium  b ica rb o n ate -14C 10.9 8.1 6.7 4.9 24.4 19.7 15.0 1 0 . 0

P a lm itic  ac id -l-14C 3.2 0.7 5.4 7.7 41.3 31.5 4.3 5.7

Values are expressed  as th e  re la tive  percen tage  incorpora tion  o f to ta l  po lar lipids. P I :  
pho sp h a tid y l inositol; P S : p h o sp h a tid y l serine; Sph. -f- LPC : sphingom yelin  -f- ly sophosphatidy l 
choline; L PE : ly so p h o sp h a tid y l ethanolam ine; PC: p h o sp h a tid y l choline; P E : p h o sp h a tid y l 
e thanolam ine; Cereb.: cerebrosides
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D iscussion

In  th e  p resen t s tu d ie s , in  H . contortus m ore labe l w as in c o rp o ra te d  in to  
n o n p o la r  (N P ) th a n  p o la r (P) lip ids, regard less o f  th e  p recu rso r em p lo y ed . 
T h is o b se rv a tio n  is in  good ag reem en t w ith  th e  fin d in g s in  A . lum bricoides 
(Je z y k , 1968), H . d im in u ta  (L um sden  an d  H a rr in g to n , 1966; Ja c o b se n  a n d  
F a irb a irn , 1967), D iro fila ria  im m itis  an d  Fasciola hepatica  (B a r re t t  a n d  
K ö rtin g , 1976). On th e  c o n tra ry , w ith  a c e ta te  an d  glucose, m ore la b e l w as 
fo u n d  in  P  th a n  N P  lip id s o f I I . contortus (K a p u r  an d  Sood, 1984a). T h u s , i t  
c an  be concluded  th a t  th e  N P /P  ra tio  does n o t  m ere ly  re flec t th e  m ass ra tio  
o f  th ese  tw o  classes o f lip id s , r a th e r  i t  m ay  in d ic a te  th e ir  specific m e tab o lism . 
F u r th e r , in  S . mansonoides, oleic acid is in c o rp o ra te d  in  equal am o u n ts  in  P  
an d  N P  lip id s  (M eyer e t ah , 1966a). D isp a rity  in  th ese  find ings m a y  he  due 
to  th e  fa c t t h a t  only a sm all a m o u n t o f th e  lab e l is in co rp o ra ted  in to  to ta l  lip id s .

Since th e  g rea te s t p a r t  o f th e  labe l from  p a lm itic  acid  was in c o rp o ra te d  
in to  F F A , i t  is p o s tu la te d  th a t ,  as in  v e r te b ra te s , p a lm itic  ac id  is f i r s t  co n 
v e rte d  to  a c e ta te , w hich is fu r th e r  in c o rp o ra te d  in to  various co m p o n en ts  v ia  
its  in c o rp o ra tio n  in to  f a t ty  acids. O nly  a p a r t  o f p a lm itic  acid  is c o n v e rte d  
d ire c tly  to  acylglycerols. T herefo re , f a t ty  acids being  n o n p o lar, m ore a c t iv i ty  
is fo u n d  in  N P  lipids. F u r th e r , since N P  lip id s  are h igh ly  labelled  co m p ared  
to  P  lip id s , a n d  also am ong  N P  lip id s, tr iacy lg ly ce ro ls  arc  th e  m ost in te n se ly  
labe lled , i t  is p o s tu la te d  t h a t  N P  lip ids are  th e  p recu rso rs o f P  lip id s, th ro u g h  
th e  tra n s fe r  o f  f a t ty  acids to  phospho lip ids.

R eg a rd in g  th e  in c o rp o ra tio n  o f ca rb o n  from  H C O ^, th e  e x tra m ito c h o n - 
d ria l sy s tem  fo r de novo sy n th es is  o f f a t ty  acids req u ires  HGO^“ (as a source 
o f C 0 2) fo r th e  in itia l re a c tio n , i.e ., th e  ca rb o x y la tio n  o f ace ty l CoA to  m a lo n y l 
Co A. 14C 0 2 is rap id ly  in c o rp o ra te d  in to  su cc in a te  a n d  p ro p io n a te  in  A . lu m b ri
coides eggs (Saz and  L escure, 1965). A scaris  m uscle form s succ ina te  an a e ro b ic 
a lly  b y  m eans o f C 0 2 f ix a tio n  in to  p y ru v a te  (Saz a n d  V idrine, 1959). S u cc in a te  
serves as a  p recu rso r o f p ro p io n a te , w hich  in  tu r n  is u tilized  for th e  sy n th es is  
o f o d d -n u m b ered  f a t ty  acids. D isap p earan ce  o f  HCO^~ from  in c u b a tio n  m ed ia  
co n ta in in g  N em atodirus  sp p . an d  A scarid ia  ga lli w as re p o rte d , th u s  su g g es t
ing  C 0 2 f ix a tio n  (R ogers a n d  L azarus, 1949). Also H eterakis gallinae  has b een  
d e m o n s tra te d  to  be capab le  o f  f ix in g  rad io a c tiv e  C 0 2 in to  succ ina te , b y  u sin g  
N a H 14C 0 3 (F a irb a irn , 1954, 1960). C 0 2 was also  found  to  be essen tia l fo r th e  
in c o rp o ra tio n  o f p ro p io n a te  in to  lip ids o f A . lum bricoides (H arris , 1968). I n  th e  
p re sen t s tu d ie s , only  tra c e  am o u n ts  o f lab e l fro m  b ic a rb o n a te  re la tiv e  to  
p a lm itic  ac id  w ere in c o rp o ra te d  in to  to ta l  lip id s . H ow ever, th e  r a te  o f  in 
co rp o ra tio n  o f  labelled  p recu rso r does n o t in d ic a te  th e  a c tu a l ra te  o f sy n th es is  
in  te rm s  o f  w eigh t of lip id  syn th esis /g  tis su e /u n it tim e  (O v e rtu rf  an d  D ry e r, 
1968). T he e x a c t am o u n t o f lip id  syn thesis  c a n n o t he d e te rm in ed  un less th e  
d ilu tio n  o f  exogenous su b s tra te s  w ith  endogenous su b s tra te s  from  th e  m e ta b 
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olic pool is d e te rm in e d . H ow ever, th is  c a n n o t be done from  th e  p re sen t d a ta . 
A lso , i t  is possible t h a t  th e  a v a ila b ility  o f  C 0 2 in  gaseous fo rm  w ould  increase  
f ix a tio n . T herefo re, fu r th e r  stud ies need  to  be  ca rried  o u t em ploy ing  14C 0 2 in  
gaseous form .

B iosynthesis o f  cho lestero l req u ires  m o lecu la r oxygen , an d  H . contortus 
h a s  been  show n to  be capab le  o f h igh  ra te s  o f  re sp ira tio n  a t  low  P 0 2 (R ogers, 
1949). Also, m ito c h o n d ria  from  th e  o v id u c t o f  H . contortus resem ble th o se  
fro m  highly  resp irin g  r a t  b row n ad ipose tis su e  (W ard , 1982). T herefo re , i t  is 
n o t  su rp rising  t h a t  a d u lt  H . contortus is cap ab le  o f  s te ro l b io sy n th esis  from  
p a lm itic  acid an d  HCO j" as rep o rted  in  th e  p re se n t stud ies. A lso, s te ro l b io 
sy n th es is  has been  re p o rte d  from  a c e ta te  in  D . im m itis  (T u rner an d  H u tch iso n , 
1979) and  A . lum bricoides  (B eam es e t a l., 1967).

In c o rp o ra tio n  o f  labe l from  p a lm itic  ac id  in to  acylglycerols is in  th e  
o rd e r : triacy lg lycero ls  >• d iacy lg lycero ls >  m onoacy lg lycero ls as also re p o rte d  
in  H . d im inu ta  (O v e r tu r f  and  D ry er, 1968) a n d  A . lumbricoides (Je z y k , 1968). 
T h is  is in  c o n tra s t to  th e  find ings on D . im m itis  (T u rner and  H u tch iso n , 1979). 
In c o rp o ra tio n  o f  la b e l in to  h y d ro ca rb o n s a n d  p igm en ts  w as found  in s ig n ifican t 
a n d  has n o t been  re p o r te d  in  an y  o th e r  h e lm in th .

Am ong p o la r  lip id s , m ost o f th e  la b e l is found  in  com ponen ts co n ta in in g  
cho line  and e th a n o la m in e  as also in  H . d im in u ta  (O v e rtu rf  an d  D ry e r, 1968). 
I n  H . contortus, a g re a te r  p a r t  o f th e  a c t iv i ty  w as found  in  p h o sp h a tid y l 
cho line  th a n  in  p h o sp h a tid y l e th a n o la m in e , w hile th e  reverse  w as tru e  for 
H . d im inu ta . H o w ev er, th e  find ings are  in  ag reem en t w ith  th o se  o b ta in e d  in
A .  lumbricoides ( J e z y k , 1968), S . m ansonoides, S . m ansoni an d  D ugesia doroto- 
cephala  (M eyer e t  a l., 1966a; 19666). B o th  p h o sp h a tid y l choline an d  p h o s
p h a tid y l  e th a n o la m in e  are eq ua lly  im p o r ta n t  c o n s titu e n ts  o f  m em b ran es as 
th e se  help  in  m a in ta in in g  a c o n tin u ity  b e tw een  th e  aqueous an d  lip id  phases 
in s id e  and o u tside  o f  th e  cell, re sp ec tiv e ly . H . contortus resem bles H . d im in u ta  
in  t h a t  only  tra c e  a m o u n t o f labe l is fo u n d  in  cerebrosides. H ow ever, in  S . 
m anson i no lab e l w as found  in  cereb rosides. H . contortus also in c o rp o ra te d  
la b e l from  p a lm itic  ac id  in to  p h o sp h a tid y l in o sito l and  p h o sp h a tid y l serine as 
a lso  rep o rted  in  S . m ansoni, D . dorotocephala an d  S . m ansonoides. H ow ever, 
th e  b iosyn thesis o f  p h o sp h a tid y l serine fro m  p a lm itic  acid w as in s ig n ifican t. 
M ore syn thesis o f  cerebrosides from  H C O jf m ig h t be due to  its  f ix a tio n  in to  
su cc in a te  w hich is glycogenic.

I t  m ay  be  concluded  th a t  th e  a d u lt  H . contortus has e x trem e ly  ac tive  
m echanism s fo r th e  syn thesis  o f  com plex  lip id s from  exogenously  supp lied  
f a t t y  acids an d  b y  C 0 2 f ix a tio n . F u r th e r  s tu d ie s  invo lv ing  tim e-course  in co r
p o ra tio n  of o th e r  p recu rso rs like g lycerol m a y  e luc ida te  th e  p recu rso r/p ro d u c t 
re la tio n sh ip .
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O E S O P H A G O G A S T R IC  U L C E R  I N  S W I N E  A N D
V IT A M IN  U

I I I .  R E D U C T IO N  O F  E C O N O M IC  L O S S E S  B Y  
V IT A M IN  U

J .  T a m á s , M. H e g e d ű s  a n d  J .  B o k o r i

D e p a r tm e n t o f  N u tr itio n , U n iv e rs ity  o f  V e te r in a ry  Science, H-1400 B u d a p es t, P . O. B o x  2,
H u n g a ry

(R eceived  S e p tem b e r 3, 1985)

V itam in  U  (S -m eth y lm eth io n in e  su lfon ium  sa lt)  p re p a ra tio n s  im p o rte d  from  d iffe re n t 
sources w ere te s te d  in  large-scale  pig fa tte n in g  tr ia ls  to  de te rm in e  th e ir  su ita b ility  fo r red u c in g  
th e  econom ic losses cau sed  b y  oesophagogastric  u lce r  o f pigs.

F iv e  large-scale  fie ld  tr ia ls  w ere co n d u c ted ; to  th e  feed  o f 2639 pigs v ita m in  U  w as ad d ed  
re g u la rly , w hile 3127 pigs w ere used  as co n tro l.

B y  p re v en tin g  ag g rav a tio n  o f th e  u lce ra tiv e  p rocess, s tim u la tin g  re p a ra tiv e  ones a n d  
m a rk e d ly  red u cin g  or com ple te ly  p re v en tin g  d e a th s  due  to  haem o rrh ag e , th e  t re a tm e n t  re su lte d  
in  a  4 .5 4 %  re d u c tio n  o f  m o rta lity  a n d  em erg en cy -slau g h te rin g , a n  8 .8 6 %  decrease  o f th e  spec if
ic feed  u tiliz a tio n , a  7 .5 2 %  increase  o f  th e  av erag e  d a ily  b o d y  m ass gain , an d  a sh o rten in g  of 
th e  m ea n  d u ra tio n  o f th e  fa tte n in g  p e rio d  b y  13.3 d ay s  ( th e  figures re p re se n t th e  m ean , c a lcu 
la te d  fro m  th e  five  tr ia ls ) .

I n  th e  a u th o rs ’ op in ion, econom ic losses cau sed  b y  o esophagogastric  u lce r can  be  consid 
e rab ly  re d u ce d  i f  th e  p igs are fed  v ita m in  U  re g u la rly , fro m  th e  s ta r t  o f  d ry  feeding u p  to  th e  
d a y  o f m ark e tin g  fo r s lau g h te r , in  a  q u a n ti ty  o f 2 0 0  m g /k g  feed.

K eyw ords. Sw ine, oesophagogastric  u lce r, v i ta m in  U .

I n  sp ite  o f th e  large n u m b e r o f  p u b lic a tio n s  dealing  w ith  fac to rs  consid 
e red  to  be  th e  possib le  or a c tu a l causes o f  oesophagogastric  u lcer o f pigs (these  
p u b lic a tio n s  w ere rev iew ed  in  d e ta il b y  K o v ács 1974; K ow alczyk , 1969; a n d  
O ’B rie n , 1969), th e  e x a c t aetio logy  o f th e  d isease has rem ain ed  u n e lu c id a ted  so 
fa r . S evera l a u th o rs  p resum e th a t  d iffe re n t fac to rs  can  p la y  a ro le in  i t  
s e p a ra te ly  or in  coop era tio n . T his h y p o th e s is  seem s to  be  su p p o rte d  b y  th e  fa c t  
t h a t  n o  co n sis ten t success w as ach ieved  b y  p re v e n tio n  an d  t re a tm e n t a t te m p ts  
a im ed  a t  supposed  aetio log ical fac to rs .

T h e  u n e lu c id a te d  aetio logy , th e  fre q u e n t inc idence  o f  th e  disease in  
H u n g a ry  (K ovács, 1974; T am ás a n d  B o k o ri, 1979; T am ás e t  a l., 19776), a n d  
th e  considerab le  econom ic losses in flic te d  b y  i t  (K ovács, 1974; T am ás e t  a l., 
1977a, 19776) p ro m p te d  us to  search  fo r a co m p o u n d  su itab le  fo r red u c in g  th e  
econom ic losses caused  b y  oeso p h ag o g astric  u lcer, b y  p re v e n tin g  th e  d isease 
fro m  develop ing  in  large  p ig  fa rm s. C om pounds w hich  can  be ad d ed  to  th e  m ix ed  
fo d d ers  w ith o u t a lte r in g  th e  g iven  m a n a g e m e n t an d  feed ing  techno logy  a re  
p re fe ra b le  fo r th is  p u rpose . V itam in  U  (S -m eth y lm eth io n in e  su lfon ium  sa lt) , 
a co m p o u n d  w ith  a n tih is ta m in e  an d  an tise ro to n in e  effec t, w as th o u g h t to  
m ee t a ll th e  above req u irem en ts . I t  h as  a g enera l p ro te c tiv e  effect on ep ith e lia , 
i t  s tim u la te s  th e  p ro life ra tio n  o f ep ith e lia l cells, a n d  has a th e ra p e u tic  effect on  
g a s tr ic  an d  d u o d en a l u lcers of m an  (H egedűs e t al., 1977, 1983).

6 A c ta  V e te r in a r ia  H u n g a r ic a  3 4 ,1 9 8 6  
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E xperim en ta l design

F ive large-scale  p ig  fa tte n in g  tr ia ls  w ere co n d u c ted  w ith  d ifferen t v ita m in  
U  p re p a ra tio n s  (a M erck  p re p a ra tio n  a n d  a  p re p a ra tio n  o b ta in ed  from  th e  S ov ie t 
U n io n ). All tr ia ls  w ere  conducted  as fo llow s: (i ) th e  v itam in -fed  (ex p erim en 
ta l)  a n d  th e  co n tro l g ro u p s w ere acco m m o d a ted  in  th e  sam e bu ild ing ; (i i ) th e  
m an ag em en t an d  feed in g , e tc ., te ch n o lo g y  w as com ple te ly  id en tica l fo r b o th  
g ro u p s , and  i t  d id  n o t  d iffe r from  th a t  u sed  in  th e  fa rm  earlie r; (i i i ) pigs o f b o th  
g ro u p s received an  in d u stria lly -p ro cessed  m ixed  fo d d er o f id en tica l com posi
t io n , show ing no d iffe rence  from  th a t  fed  in  th e  fa rm  earlie r, excep t t h a t  th e  
feed  o f  th e  e x p e rim e n ta l groups c o n ta in e d  v ita m in  U ; (iv ) v ita m in  U , w h ich  
h a d  been  m ixed in  th e  b ra n  p rev iously  (v ita m in  U  p rem ix ), w as ad d ed  to  th e  
feed  w hen  th e  in d u s tr ia l  fo d d er m ix  w as p roduced .

T he lesions fo u n d  in  th e  s tom achs o f  an im als d ied  or em ergency -slaugh
te r e d  during  th e  e x p e rim e n ts  or s lau g h te red  a t  th e  a b a tto ir  w ere classified as 
follow s:

— no lesion w as seen in  th e  m ucous m em b ran e  o f th e  oesophageal 
p a r t  (p ars  oesophagica) o f th e  s to m ach  (code used  in  th e  tab le s  an d  
te x t:  1);

— m ild, c ircu m scrib ed  lesions in  th e  ep ithe lium , re s tr ic te d  to  th e  edge o f 
m ucosal fo ld s (code: 2);

— severe, d iffu se  lesions in  th e  ep ith e liu m  (code: 3);
— ep ithelia l lesions o f v a ry in g  sev e rity , w ith  one or m ore erosions 

(code: 4 );
— c h a ra c te ris tic  sm all u lcer th e  size o f a p in h ead  or cornel seed (code: 5);
— large, deep , ch a rac te ris tic  u lcer (code: 6);
— ulcer h ea led  w ith  c ica triza tio n  (code: 7).

T r ia l I

T he v ita m in - tre a te d  group com prised  276 tw o m o n th s  old pigs, a n d  th e  
u n tre a te d  contro l g ro u p  515 an im als o f th e  sam e age. F ro m  th e  6 0 th  d a y  o f  life 
u n t i l  th e  pigs re a c h e d  th e  b o d y  m ass o f  105 kg, v ita m in  U  (M erck) w as fed  
con tin u o u sly , in  a q u a n t i ty  o f 100 m g/kg  o f  feed.

T r ia l I I

T he v ita m in - tre a te d  group com prised  473 pigs. F ro m  th e  age o f  10-12  
d a y s  to  29 days th e  p ig s  w ere fed 50 m g /k g  o f  feed , fro m  30 day s o f  age 
100 m g/kg of feed v ita m in  U  (M erck), co n tin u o u sly . F eed ing  o f v ita m in  U  w as 
te rm in a te d  one m o n th  before th e  e x p ec tab le  d a te  o f s laugh te ring . T he co n tro l 
g ro u p  con ta ined  580 pigs.

M aterials an d  m ethods
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Trial I I I

T he v ita m in - tre a te d  g roup  com prised  177 pigs. T h e  feed w as com ple ted  
w ith  50 m g/kg  o f feed v ita m in  U  (M erck) from  10-12  day s o f age, w ith  100 
m g/kg v ita m in  U  from  42 d ay s o f  age, and  w ith  150 m g /k g  v ita m in  U  fro m  80 
days o f  age u n til  th e  pigs reach ed  th e  body  m ass o f 105 kg . T he co n tro l g roup  
com prised  184 pigs. T his tr ia l  w as conduc ted  in  a p ig  fa rm  w here  oesophago- 
gastric  u lcer h a d  caused  severe econom ic losses d u rin g  th e  p rev ious y ea rs .

Trial I V

T he v ita m in - tre a te d  g roup  com prised  1107 p igs. P igs w ere fed  100 m g/kg  
o f feed v ita m in  U  (im p o rted  fro m  th e  Soviet U nion) f ro m  10-12 d ay s o f age, 
150 m g/kg  v ita m in  U from  40 d ay s  o f age, an d  200 m g/kg  v ita m in  U from  
90 days o f age u n til  th e  pigs reach ed  th e  body  m ass o f 105 kg, co n tin u o u sly . 
T he con tro l g roup  co n ta in ed  1241 pigs.

Trial V

T he v ita m in - tre a te d  g roup  com prised  606 pigs. T h e  pigs w ere fed  200 
m g/kg of feed v ita m in  U (im p o rted  fro m  th e  Soviet U nion) from  30 d ay s  o f  age 
u p  to  th e  d ay  o f m ark e tin g  fo r s la u g h te r  ( i.e .,th e  b o d y  m ass o f 105 kg), c o n tin 
uously . T he co n tro l g roup  com prised  607 pigs.

Trial I

Results and evaluation

1) In  sto m ach s o f pigs d ied  or em ergency -slaugh tered  d u rin g  th e  ex p eri
m en ta l period  (T able I)

( i )  th e  incidence o f lesions in  anim als lo s t fro m  th e  con tro l g roup  
exceeded  19 .09% ;

( i i )  a considerab le  d ifference existed  be tw een  th e  tw o g roups in  th e  
sev e rity  o f lesions. W hile  in  th e  v ita m in - tre a te d  group  th e  ep i
th e lia l lesions (codes 2 and  3) p re d o m in a te d  (18.18% ), an d  
la rg e  u lcers ex te n d in g  to  deeper lay e rs  o f  th e  sto m ach  w all (6) 
w ere ab sen t, in  th e  succum bed o f em erg en cy -s lau g h te red  con tro l 
pigs ex tensive  u lc e ra tio n  (code: 6) w as c h a ra c te ris tic  (36 .36% );

( i i i )  in  th e  con tro l g ro u p , 15 .4%  of th e  to ta l  n u m b e r  o f d e a th s  w as 
due to  h aem o rrh ag e  in to  th e  lu m en  o f th e  sto m ach , s ta r tin g  
from  a large u lcer; no  d ea th s  due to  such  a cause occurred  in  th e  
ex p erim en ta l g roup ;

6 * Acla Veterinaria Hungarica 34,1986
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Table I

R esu lts  of stom ach ex am in a tio n  o f pigs d ropped  o u t  o r p resen ted  a t  th e  a b a tto ir ,  in  %
(T ria l I)

Code of lesions

Stom ach exam ination results of

pigs dropped out pigs presented a t the  ab a tto ir

E xperim ental
group

Control
group

Experim ental
group

Control
group

l 68.18 49.09 14.42 15.62

2 4.55 — 29.33 22.92

3 13.63 3.64 29.81 23.17

4 — 1.82 5.77 7.81

5 9.09 9.09 6.25 18.89

6 — 36.36 — 2.27

7 4.55 — 14.42 9.32

( iv )  as opposed  to  th e  ex p e rim en ta l g roup , in  th e  co n tro l group no 
u lcer hea led  w ith  c ica tr iza tio n  (7) w as fo u n d .

2) The ex am in a tio n  o f sto m ach s o f pigs p re sen ted  a t  th e  a b a tto ir  (Table I) 
rev ea led  th a t

( i )  th e  d isease show ed n e a rly  id e n tic a l re la tiv e  inc idence  in  th e  
tw o g ro u p s;

( i i )  th e re  w ere considerab le  d ifferences b e tw een  th e  tw o  groups in  
th e  s e v e rity  o f lesions; n am ely , w hile in  th e  e x p e rim e n ta l group 
m ild  lesions (2, 3 a n d  4) p red o m in a ted  (64 .91% ), in  th e  contro l 
one sev ere  lesions occurred  in  n u m ero u s p igs; no  large  u lcer 
(6) w as fo u n d  in  th e  ex p e rim en ta l g roup;

( i i i )  in  th e  v i ta m in - tre a te d  g roup  healing  w ith  c ica triza tio n  was 
co n sid e rab ly  m ore  f re q u e n t th a n  in  th e  c o n tro l g roup . O f all 
th e  u lc e ra tiv e  lesions (5—[-6—}-7) 69.77 an d  30 .58%  w ere ulcers 
healed  w ith  c ic a tr iz a tio n  (7) in  th e  e x p e rim e n ta l an d  contro l 
g roup , re sp ec tiv e ly .

3) In  th e  v i ta m in - tre a te d  g roup  losses due  to  d e a th s  a n d  em ergency
s lau g h te rin g  w ere b y  2 .8 %  low er; th e  specific  feed c o n su m p tio n  w as b y  18.2%  
lo w er; th e  average d a ily  b o d y  m ass gain  w as b y  6 .7%  h ig h e r; an d  th e  m ean 
d u ra tio n  of th e  fa tte n in g  perio d  w as b y  13.3 d ays sh o rte r  th a n  in  th e  contro l 
g roup .

T r ia l  I I

1) In  pigs died  o r em erg en cy -s lau g h te red  d u rin g  th e  e x p e rim e n ta l period 
(T ab le  II)
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T able  I I

R esu lts  o f stom ach  ex am in atio n  of pigs d ro p p ed  o u t or p resen ted  as th e  a b a tto ir , in  %
T ria l I I

Code of lesions

S tom ach exam ination results of

pigs dropped o u t pigs presented a t  the  abatto ir

Experim ental
group

Control
group

Experim ental
group

Control
group

l 69.09 40.74 3.49 3.08
2 7.27 6.48 9.01 20.93
3 10.90 11.11 65.11 42.73
4 3.64 8.33 2.62 7.05
5 1.82 10.19 3.78 12.34
6 3.64 20.37 — 2.64
7 3.64 2.78 15.99 11.23

( i )  th e  incidence of lesions in  th e  p a rs  oesophagica o f th e  sto m ach s 
of pigs d ro p p ed  o u t fro m  th e  co n tro l g roup  w as b y  28 .35%  
h ig h er th a n  th e  incidence  in  th e  ex p e rim en ta l g roup;

( i i )  w hile th e  ex p erim en ta l g roup  w as ch a rac te rized  b y  m ild lesions 
(2, 3 an d  4; show ing an  incidence ra te  o f  21 .81% ), in  th e  co n tro l 
g roup  th e  occurrence o f  severe lesions (5 an d  6) w as ty p ic a l 
(30 .56% );

( i i i )  in  th e  co n tro l g roup , d e a th  due to  h aem o rrh ag e  in to  th e  lu m e n  
o f th e  sto m ach , s ta r t in g  from  a large  u lcer (6), occurred  in  13 
cases d u rin g  th e  e x p e rim e n ta l period ; th ese  rep resen ted  2 0 .0 %  
o f th e  to ta l  n u m b e r o f  d e a th s  an d  59 .1%  ( ! !) o f th e  pigs w ith  
large  u lcers. In  th e  v ita m in - tre a te d  g roup  no d ea th s  d u e  to  
h aem o rrh ag e  occurred . I n  th e  co n tro l g roup  a large p ro p o rtio n  
(81.1% ) o f th e  ex ten siv e  u lcers (6) w ere fo u n d  in  th e  s to m ach s  
of pigs d ro p p ed  o u t b e tw een  160 an d  190 day s o f age. A lso, 9 o f 
th e  ab o v e-m en tio n ed  13 d ea th s  due to  in te rn a l h aem o rrh ag e  
(69.2% ) occurred  in  t h a t  period . I t  shou ld  be n o ted  th a t  in  t h a t  
period  d is tu rb an ces in  d rin k in g -w ate r su p p ly , la s tin g  2 x 3  d ay s  
an d  ex ten d in g  to  th e  w hole fa rm , an d  a fa ilu re  o f feeding in s ta l
la tio n s  occurred , an d  f i t t in g  w ork  o f severa l d ay s’ d u ra tio n  
inside th e  b u ild ing  w as done a t  th e  sam e tim e ;

( i v )  in  th e  ex p e rim en ta l g roup , a h igh  p ro p o rtio n  (40% ) of th e  u lc e r 
a tiv e  lesions healed  w ith  c ica triza tio n  (7); in  th e  con tro l g ro u p  
th e  co rrespond ing  p e rcen tag e  w as 8 .6% .

2) B efore e v a lu a tin g  th e  re su lts  o f  s tom ach  ex am in a tio n s perfo rm ed  a t  
th e  a b a t to ir  (Table I I ) ,  i t  should  be m en tio n ed  th a t  dosing of v ita m in  U  w as
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te rm in a te d  one m o n th  befo re  th e  ex p ec ted  d a te  of m ark e tin g  fo r s lau g h te r, 
in  o rd e r  to  show w h e th e r  i t  is ju s tif ie d  to  c o n tin u e  dosing o f v ita m in  U up  to  
th e  en d  o f fa tte n in g .

In  spite  o f te rm in a tin g  th e  a d m in is tra tio n  of v ita m in  U  before  th e  end  
o f  fa tte n in g , i t  w as fo u n d  th a t

( i )  in  th e  v ita m in - tre a te d  g ro u p  m ild  an d  in c ip ien t lesions w ere 
p re p o n d e ra n t;

( i i )  c h a ra c te r is tic  ulcers (5 a n d  6) w ere found  in  3.78 an d  14.98%  
o f th e  cases in  th e  e x p e rim e n ta l an d  con tro l g roup , respective ly . 
A t th e  sam e  tim e , no la rg e  u lcers (6) w ere fo u n d  in  th e  ex p eri
m e n ta l g ro u p ;

( i ii)  in  th e  e x p e rim en ta l g roup  th e  p ro p o rtio n  o f  u lcers healed  w ith  
c ic a tr iz a tio n  (7) am ong u lc e ra tiv e  lesions ( 5 + 6 + 7 )  w as consid
e ra b ly  h ig h e r (80.88% ) th a n  in  th e  co n tro l g roup  (42.86% ).

3) In  th e  e x p e rim e n ta l group, losses d u e  to  d e a th  or em erg en cy -s lau g h te r
in g  w ere b y  7 .0%  lo w e r; specific feed co n su m p tio n  w as 6 .1 %  low er; th e  av e r
age  d a ily  body  m ass g a in  w as b y  9 .8%  h ig h e r; an d  th e  m ean  d u ra tio n  o f th e  
f a t te n in g  period w as b y  18.6 days sh o rte r  th a n  in  th e  con tro l group .

T r ia l  I I I

1) The e x a m in a tio n  o f stom achs o f  p igs d ropped  o u t (T able I I I )  show ed
t h a t

( i )  th e  re la t iv e  incidence o f  lesions w as b y  16.38%  h ig h er in  th e  
c o n tro l g ro u p ;

( i i )  in  th e  v ita m in - tre a te d  g ro u p  ep ith e lia l lesions (2 a n d  3; 37 .92% ),

Table III

R esu lts  o f stom ach  e x a m in a tio n  of pigs d ro p p ed  o u t  o r p resen ted  a t  th e  a b a tto ir , in  %
T ria l I I I

Stom ach exam ination  results of

Code of lesions pigs dropped out pigs presented a t  the  aba tto ir

Experim ental
group

Control
group

Experim ental
group

Control
group

l 41.38 25.00 0.72 —

2 17.24 7.14 14.18 1.50

3 2 0 .6 8 7.14 47.52 27.61

4 6.90 14.29 6.38 10.45

5 6.90 14.29 11.35 25.37

6 6.90 32.14 5.67 31.34

7 — — 14.18 3.73
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w hile in  th e  co n tro l g roup  ch a ra c te ris tic  u lce ra tiv e  lesions (5 a n d  
6; 46 .43% ) w ere p rev a len t. T he re la tiv e  incidence o f ty p ic a l 
la rg e  u lcers (6) was 32 .14%  in  th e  c o n tro l, an d  6.90%  in  th e  
ex p e rim en ta l g roup;

( i i i )  h aem o rrh ag e  in to  th e  lum en  of th e  s to m ach , s ta r tin g  from  a la rg e  
u lcer (6), w as th e  d irec t cause o f d e a th  in  2 7 .3%  and  3 .7 %  o f 
to ta l  d e a th s  in  th e  co n tro l an d  th e  ex p e rim en ta l g roup , r e 
sp ec tiv e ly ;

( i v )  c ica trized  u lcers w ere n o t fo u n d  in  e ith e r  o f th e  groups.
2) A ccord ing  to  th e  re su lts  o f s to m ach  e x am in a tio n s  perform ed a t  th e  

a b a tto ir  (T able I I I ) ,
( i )  oesophagogastric  u lcer disease occurred  in  p rac tica lly  all th e  

pigs in  b o th  groups;
( i i )  w hile in  th e  ex p erim en ta l g roup  m ild  ep ith e lia l lesions (2 a n d  3) 

p re d o m in a te d  (61.70% ), in  th e  con tro l g ro u p  ty p ica l u lce ra tiv e  
lesions (5 an d  6) p revailed  (56.71% ). T h e  re la tiv e  incidence o f  
la rg e  u lcers (6) w as 31 .34%  in  th e  co n tro l an d  5.67%  in  th e  
e x p e rim e n ta l g roup;

( i i i )  in  th e  ex p erim en ta l g roup  th e  p ro p o rtio n  o f  c ica trized  u lcers (7) 
am o n g  u lce ra tiv e  lesions (5 —J-6-f-7) w as considerab ly  h ig h e r 
(45 .45% ) th a n  in  th e  co n tro l g roup  (6 .17% ).

3) In  th e  e x p e rim e n ta l group , th e  losses due to  d e a th s  and  em ergency- 
-s lau g h te rin g  w ere b y  6 .8 %  low er; th e  specific  feed c o n su m p tio n  was b y  8 .7 %  
low er; th e  av e rag e  d a ily  b o d y  m ass gain  w as b y  2 .9 %  h ig h e r; and  th e  m ean  
d u ra tio n  o f th e  fa tte n in g  period  w as b y  6.6 day s s h o r te r  th a n  in  th e  c o n tro l 
g roup .

Trial I V

1) T h e  e x a m in a tio n  o f stom achs o f pigs d ro p p ed  o u t  due to  d e a th  o r  
em erg en cy -s lau g h te rin g  (T able IV) show ed th a t

( i )  th e  re la tiv e  incidence o f lesions in  th e  s to m a c h  of pigs d ro p p ed  
o u t from  th e  con tro l g roup  w as b y  17 .16%  h ig h er th a n  in  th e  
v itam in -fed  g roup;

( i i )  in  th e  ex p erim en ta l g roup  th e  ep ith e lia l lesions rep resen ted  a 
co n sid e rab ly  la rg e r p a r t  o f th e  cases th a n  in  th e  v itam in -fed  
g ro u p ; th e  incidence o f la rge  u lcers (6) w as 7 .25%  and  0 .8 8 %  
in  th e  co n tro l an d  ex p erim en ta l g roup , re sp ec tiv e ly ;

( i i i )  in te rn a l  haem o rrh ag e  s ta r tin g  from  a la rg e  u lcer (6) w as th e  
d ire c t cause o f d e a th  in  13.0 an d  2 .2 %  o f  th e  to ta l  fa ta l cases 
in  th e  co n tro l an d  ex p erim en ta l g roup , re sp ec tiv e ly ;

( i v )  u lce r hea led  w ith  c ica triza tio n  (7) w as fo u n d  in  th e  s to m ach  o f 
1 a n d  2 pigs in  th e  ex p erim en ta l an d  co n tro l g roup , respective ly .
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T able  IV

R e su lts  o f stom ach  ex am in atio n  of pigs d ro p p e d  o u t or p resen ted  a t  th e  a b a tto ir , in  %
T ria l IV

Stom ach exam ination results of

Code o f lesions pigs dropped o u t pigs presented a t  th e  ab a tto ir

Experim ental
group

Control
group

Experimental
group

Control
group

l 86.73 69.57 0.28 —

2 6.19 8.70 11.78 5.05

3 2 .6 6 5.07 57.73 35.19

4 0 .8 8 2.16 7.80 11.19

5 1.78 5.80 8.23 14.19

6 0 .8 8 7.25 7.80 32.61

7 0 .88 1.45 6.38 1.77

2) The sto m ach s exam ined  a t  th e  a b a tto ir  (T able IY ) show ed th a t
( i )  oesophagogastric  u lcer d isease  occurred  in  a lm o s t all o f th e  pigs 

in  b o th  g roups;
( i i )  th e re  w ere considerab le  d ifferences in  th e  se v e rity  o f lesions; 

n am e ly , w hile in  th e  e x p e rim e n ta l g roup  th e  ep ith e lia l lesions 
(2 a n d  3; 69 .51% ), in  th e  c o n tro l group th e  ty p ic a l u lcers (5 an d  
6; 4 6 .80% ) w ere c h a ra c te r is tic . The inc idence  o f  ty p ic a l la rge  
u lcers (6) was 32.61%  a n d  7 .80%  in th e  co n tro l an d  ex p erim en 
ta l  g ro u p , resp ec tiv e ly ;

( i i i )  th e  p ro p o rtio n  of c ica tr ized  u lcers (7) w ith in  u lce ra tiv e  lesions 
(5 —{-6—f-7) w as 28 .48%  in  th e  exp erim en ta l a n d  3 .65%  in  th e  
co n tro l group .

3) In  th e  e x p e rim e n ta l g roup , losses due to  d e a th s  a n d  em ergency 
s la u g h te rin g  w ere b y  4 .5 %  low er; th e  specific  feed co n su m p tio n  w as b y  5 .6%  
lo w er; th e  average d a ily  bo d y  m ass g a in  w as b y  5 .8 %  h ig h e r; an d  th e  m ean  
d u ra tio n  of th e  f a tte n in g  period  w as b y  13.2 days sh o rte r  th a n  in  th e  co n tro l 
g ro u p .

T r ia l  V

1) T he e x a m in a tio n  o f s tom achs o f  pigs dropped  o u t (T able  Y) in d ica ted
t h a t

( i )  th e  re la tiv e  incidence  o f  lesions was b y  15 .41%  h igher in  th e  
s to m ach s  o f co n tro l p igs;

( i i )  in  th e  ex p erim en ta l g ro u p  th e  ep ith e lia l lesions (2 an d  3; 
4 8 .8 4 % ), while in  th e  c o n tro l one th e  c h a ra c te r is tic  u lce ra tiv e
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Table V

R esu lts o f sto m ach  e x am in a tio n  o f pigs d ropped  o u t o r p re sen te d  a t  th e  ab a tto ir , in  %
T ria l V

Stom ach exam ination results of

Code of lesions pigs dropped o u t pigs presented a t  the  abatto ir

Experim ental
group

Control
group

Experim ental
group

Control
group

l 27.91 12.50 _ _
2 11.63 — 0 .6 8 —

3 37.21 6.25 60.88 21.48
4 9.30 10.42 12.25 9.40
5 6.98 33.33 9.86 19.46
6 4.65 37.5 7.82 45.97
7 2.32 — 8.51 3.69

lesions (5 a n d  6; 70 .83%  !) w ere p re d o m in a n t. The incidence 
of la rg e  u lcers w as 37 .50%  and  4 .65%  in  th e  con tro l an d  th e  
e x p e rim e n ta l g roup , resp ec tiv e ly ;

(H i)  in te rn a l h aem o rrh ag e  s ta r tin g  from  a la rg e  u lcer (6) w as th e  
d irec t cause  o f d e a th  in  11.1%  an d  5 .9 %  o f th e  to ta l  fa ta l  cases 
in  th e  co n tro l an d  ex p erim en ta l g roup , resp ec tiv e ly ;

( i v )  no c ica trized  u lcers w ere found  in  th e  c o n tro l group.
2) T he sto m ach s ex am in ed  a t  th e  a b a tto ir  (T able  V) revealed  th a t

( i )  th e  inc idence  o f  oeasophagogastric  u lce r disease was 100%  in  
b o th  g ro u p s;

( i i )  also in  th is  tr ia l ,  m ild  lesions (2 an d  3) p rev a iled  in  th e  ex p e ri
m e n ta l g ro u p  (61 .56% ), w hile in  th e  co n tro l group th e  ty p ic a l 
u lce ra tiv e  lesions (5 a n d  6) w ere p re d o m in a n t (65.43% ). L arge  
u lcers o ccu rred  in  45 .97%  ( ! !) o f th e  cases in  th e  con tro l g roup  
an d  in  o n ly  7 .82%  o f th e  cases in  th e  e x p e rim e n ta l g roup;

( i i i )  also in  T ria l У , th e  p ro p o rtio n  o f c ica trized  ulcers (7) w ith in  
u lc e ra tiv e  lesions (5-)-6-f-7) w as co n sid e rab ly  h igher (32.47% ) 
in  th e  e x p e rim e n ta l g roup  th a n  in  th e  co n tro l one (5 .43% ).

3) In  th e  e x p e rim e n ta l g roup , losses due to  d e a th s  a n d  em ergency-slaugh
te r in g  w ere b y  1 .6%  low er; th e  specific  feed co n su m p tio n  w as b y  5 .7%  low er; 
th e  average  da ily  b o d y  m ass gain  w as b y  12.4%  h ig h er; a n d  th e  m ean  d u ra tio n  
o f  th e  fa tte n in g  perio d  w as b y  14.9 d ay s  sh o rte r th a n  in  th e  con tro l g roup , 
desp ite  th e  fa c t t h a t  th e  co n tro l pigs w ere m a rk e te d  a t  a low er b o d y  m ass 
(101.30 kg) th a n  th e  e x p e rim e n ta l ones (106.70 kg).
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D iscussion

1) The d ev e lo p m en t of m ucosal lesions in  th e  s to m ach  o f fa tte n in g  pigs 
c o u ld  n o t be p re v e n te d  b y  reg u la r feed ing  o f  v ita m in  U in  sm all doses. H ow ever, 
a g g ra v a tio n  of th e  p a th o lo g ic  process w as m ark ed ly  in h ib ite d , an d  th e  n u m b er 
o f  d e a th s  due to  severe  u lce ra tiv e  lesions (6) w as considerab ly  red u ced . W hile in  
p ig s dropped  o u t o r s e n t to  th e  a b a tto ir  fro m  th e  e x p e rim e n ta l groups m ild  
e p ith e lia l lesions (2 a n d  3) p red o m in a ted  in  all o f th e  five  tr ia ls , in  th e  con tro l 
g ro u p s  usually  th e  sev ere  u lce ra tiv e  lesions (5 an d  6) p rev a iled . I t  is im p o r ta n t 
to  s tre ss  th is  fin d in g  f ro m  th e  follow ing tw o  aspects:

( i)  The m ore  sev ere  th e  p a th o lo g ica l process in  a g iv en  an im al is, th e  
g re a te r  th e  indirect losses w ill be ; in d ire c t losses arise from  re d u c e d  feed u tiliz a 
t io n , decreased av e rag e  d a ily  b o d y  m ass gain , an d  pro longed  fa tte n in g  period .

( i i )  Direct losses (d ea th s  due to  h aem o rrh ag e  in to  th e  lu m e n  o f th e  s to m 
ac h , o r em ergency -slaugh te ring  in  d isease cases ch a rac te rized  b y  large u lcers
(6) a re  n e ither neg lig ib le . Large d ifferences w ere found  b e tw een  th e  experim en
t a l  a n d  contro l g ro u p s also in  th is  re sp ec t. N am ely , ta k in g  th e  m ean  of th e  
f iv e  tr ia ls , in th e  g ro u p s  fed  v ita m in  U  o n ly  2 .36% , while in  th e  con tro l groups 
1 7 .3 6 %  of the  to ta l  n u m b e r  of d e a th s  w as due  to  in te rn a l h aem o rrh ag e . Losses 
a re  fu r th e r  a g g ra v a te d  b y  th e  fa c t t h a t  d e a th s  due to  h a e m o rrh a g e  u sua lly  
o c c u r in  pigs of la rg e r  b o d y  m ass (70-100  kg), in  th e  la s t m o n th s  o f th e  f a t te n 
in g  period .

2) In  T rial I I ,  th e  large n u m b e r o f  d e a th s  due to  h aem o rrh ag e  betw een  
160 an d  190 days o f  age su p p o rts  th e  op in ion  o f several a u th o rs  (B arzoi e t a l., 
1968; C urtin  e t al., 1963; K ovács, 1976; D obos-K ovács e t a l., 1979; Reese e t a l., 
1966; T am ás and  B o k o ri, 1979; T am ás e t a l., 1978, 1983), n am e ly , th a t  s tom ach  
le sions induced  b y  a n o th e r  cause or o th e r  causes can be co n sid e rab ly  ag g ra 
v a te d  b y  adverse e n v iro n m e n ta l fac to rs  (stressors) w ith in  a s h o r t  tim e . T hus, in  
su c h  cases th e  n u m b e r  o f  d ea th s  d u e  to  haem o rrh ag e  in to  th e  lum en  of th e  
s to m a c h , s ta rtin g  fro m  a  large u lcer (6), can  show  an  a b ru p t increase .

B y  feeding v i ta m in  U to  th e  p igs th e  ab ove-m en tioned  losses caused b y  
ad v e rse  en v iro n m en ta l fac to rs  can  be p rev en ted .

3) A certa in  p a r t  o f  th e  u lce ra tiv e  lesions can  undergo  sp o n tan eo u s  healing
(7) w ith  c ica triza tio n . H ow ever, in  th e  ex p erim en ta l g roups p ro v id ed  w ith  
v i ta m in  U c ic a tr iz a tio n  of u lcers w as considerab ly  m ore f re q u e n t an d  m ore 
co m p le te . E . g. in  p igs p re sen ted  a t  th e  a b a tto ir ,  of th e  c h a ra c te r is tic  u lce ra tiv e  
le sions (5-)-6-f 7) o n ly  51.4 an d  17 .7%  w ere re p a ra te d  u lcers (7) in  th e  ex p eri
m e n ta l and con tro l g ro u p s , re sp ec tiv e ly  (m ean  o f th e  fiv e  tr ia ls ) . T his suggests 
t h a t  v itam in  U h as  a n  u lcer-healing  effect. T he ex istence o f  su ch  an  effect is 
su p p o rte d  by  th e  f a c t  t h a t  m ost o f  th e  few  u lcers th a t  dev e lo p ed  in  v itam in - 
- tr e a te d  anim als fa iled  to  becom e ex ten s iv e  b u t  qu ick ly  re p a ire d  in s tead , as 
in d ic a te d  b y  th e  sm a lle r , fin e r c icatrices fo u n d  in  th e  fiv e  e x p e rim e n ta l g roups;
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such  c ica trices  caused no  d e fo rm atio n  o f th e  affected  g as tric  area . C o n stric tio n  
of th e  oesophageal orifice due to  c ica triza tio n  was observed  v e ry  ra re ly . C on tra - 
rily , in  th e  co n tro l g roups th e  c ica trices w ere u n ev en  a n d  co n sis ten tly  accom 
p an ied  b y  m ark ed  co n stric tio n  of th e  oesophageal orifice.

Such oesophageal constric tio n s d ire c tly  (m echan ically ) h in d e r feed in ta k e  
an d , in d ire c tly , re su lt in  decreased  av erag e  bo d y  m ass gain , o r even  m ak e  
em ergen cy -s lau g h te rin g  necessary .

4) T h e  resu lts  o f  a ll fie ld  tr ia ls  h a v e  p roved  th a t  b y  ad d in g  v ita m in  U  
w ith  p re v e n tiv e  p u rpose  to  th e  in d u s tr ia l  fodder m ix  fed  in  th e  u su a l w ay , 
w ith o u t h av in g  to  a lte r  th e  m an ag em en t an d  feeding techno logy  used  in  th e  
given fa rm , i t  was possib le  to

( i )  m ark ed ly  red u ce  th e  losses due  to  d ea th s  an d  em erg en cy -s lau g h te r
ing  (m ean  o f th e  five  tr ia ls :  b y  4 .5 4 % );

( i i )  im prove  th e  specific feed u tiliz a tio n  (by 8 .86%  in  th e  m ean  o f th e  
five  tr ia ls ) ;

( i i i )  increase th e  average  d a ily  b o d y  m ass gain  (m ean  o f th e  f iv e  tr ia ls :  
b y  7 .52% );

( i v )  sh o rten  th e  m ean  d u ra tio n  o f  th e  fa tte n in g  period  (m ean  o f th e  
five  tr ia ls : b y  13.3 days).

5) F ro m  th e  ev a lu a tio n  of th e  re su lts  i t  has been concluded  th a t  th e  econom 
ic losses caused  b y  th e  oesophagogastric  u lcer of pigs can  be reduced  m ark ed ly  
if  th e  pigs are  co n tin u o u sly  fed a d ie t su p p lem en ted  w ith  200 m g/kg v ita m in  U  
from  th e  s ta r t  of d ry  feed ing  up  to  th e  d a y  o f m ark e tin g  fo r s lau g h te r.
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OESOPHAGOGASTRIC ULCER IN SWINE AND
VITAMIN U

IV. EFFICIENCY OF THE HUNGARIAN VITAMIN U
PREPARATION*

IN REDUCTION OF ECONOMIC LOSSES
J .  T a m á s , M. H e g e d ű s  a n d  J .  B o k o r i

D e p a rtm e n t o f  N u tr i tio n , U n iv e rs ity  o f V e te rin a ry  Science, H -1400 B u d a p es t, P . O. B o x  2,
H u n g a ry

(R eceived S ep tem ber 3, 1985)

A H u n g a rian  v i ta m in  U  (S -m ethy lm eth ion ine  su lfon ium  ch loride) p re p a ra tio n  w as 
te s te d  in  large-scale p ig  f a tte n in g  tr ia ls . T h e  p re p a ra tio n  w as fo u n d  to  be  as su itab le  for re d u c in g  
econom ic losses due to  oeso p h ag o g astric  u lcer o f pigs as th e  im p o rte d  p re p a ra tio n s  used  fo r th is  
pu rp o se  earlie r ( th e  M erck  p re p a ra tio n  a n d  th e  one o b ta in e d  fro m  th e  S ov ie t U nion).

Two large-scale  f ie ld  tr ia ls  w ere co n d u cted , on a to ta l  o f 528 ex p erim en ta l an d  555 co n tro l 
an im als. T he feed of th e  fo rm er group w as su p p lem en ted  w ith  v ita m in  U , 200 m g/kg of feed .

V itam in  U , b y  p re v e n tin g  a g g rav a tio n  of th e  p a th o lo g ic  process an d  d ea th s due  to  
h aem o rrh ag e , b y  in c reas in g  reg en e ra tio n  (rep a ra tio n ), a n d  as a  re su lt o f  o th e r fav o u ra b le  
effects, red u ced  th e  losses d u e  to  d ea th s an d  em erg en cy -slau g h te rin g  b y  4 .2 % , decreased  th e  
specific feed  u tiliz a tio n  b y  1 9 .2% , increased  th e  average  da ily  b o d y  m ass g a in  b y  10 .5% , a n d  
sh o rten ed  th e  m ean  d u ra tio n  o f th e  fa tte n in g  period  b y  9.2 d ay s  (m ean  o f th e  tw o tr ia ls ) . 
To red u ce  th e  econom ic losses caused b y  oesophagogastric  u lce r, th e  a u th o rs  recom m end  to  
su p p lem en t th e  feed  o f p ig s w ith  200 m g/kg  of feed  v ita m in  U  fro m  th e  s ta r t  o f d ry  feeding up  to  
th e  d a y  of m ark e tin g  fo r s lau g h te r.

K eyw ords. P ig , oeso p h ag o g astric  u lcer, v ita m in  U .

In  th e  acco m p an y in g  p ap e r (T am ás e t al., 1986; see p . 81 in  th e  p re sen t 
issue) we rep o rted  large-scale  pig fa tte n in g  tr ia ls  in  w hich  tw o  im p o rted  v ita m in  
U p rep a ra tio n s  w ere te s te d  for efficacy  in  red u c in g  econom ic losses in flic ted  
b y  oesophagogastric  u lc e r  o f  sw ine. T he resu lts  w ere fav o u rab le .

R ecen tly , th e  R E A N A L  F ine Chem icals Co. (B u d ap est)  has e lab o ra ted  
a p rocedure  fo r th e  p ro d u c tio n  of v ita m in  U in  H u n g a ry . In  th e  p resen t s tu d y , 
th e  H u n g a rian  v ita m in  U  (S -m ethy lm eth ion ine  su lfon ium  chloride) p re p a ra tio n  
was te s te d  in  tw o  p ig  feed ing  tr ia ls , to  d e te rm in e  w h e th e r i t  w as as su itab le  fo r 
red u c in g  th e  econom ic losses due to  oesophagogastric  u lcer as th e  im p o rted  
p rep ara tio n s .

Materials and methods

P rio r  to  te s tin g  in  pig-feeding tr ia ls , th e  v ita m in  U p re p a ra tio n  p roduced  
b y  R E A N A L  w as su b je c te d  to  laboratory analysis.  I t s  chem ical com position  
an d  p u r i ty  w ere te s te d  b y  c h ro m a to g rap h y  (on M N-300 cellulose-, K ieselgel-G  
an d  F ix ion  io n -ex ch an g e  layers, in  p la n a r  system ), w hile its  biological a c tiv ity

* P ro d u ced  b y  R E A N A L  Fine Chem icals Co., B u d a p es t, X IV . T elepes u, 53. H u n g a ry . 
T he ex p erim en t w as c o n d u c ted  w ith  financia l su p p o rt p ro v id ed  b y  R E A N A L  Fine C hem i
cals Co.
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w as checked in  m icrob io log ica l m odel ex p e rim en ts  (H egedűs e t a l., 1977) in  
co m p ariso n  w ith  t h a t  o f  th e  im p o rt p re p a ra tio n s .

T he pig-feeding trials  w ere co n d u c te d  in  an  in d u stria l-sca le  p ig  fa rm  w ith  
a n  a n n u a l o u tp u t o f  a b o u t 10,000 f a t te n e d  pigs. In  Trial I ,  th e  v itam in -fed  
(ex p erim en ta l)  an d  th e  co n tro l g roup  com prised  265 an d  282 fo u r w eeks old 
p ig s , respective ly . In  T ria l  I I ,  th e  e x p e rim e n ta l g roup  com prised  263, w hile 
th e  co n tro l one 273 fo u r  w eeks old p igs. D u rin g  th e  feed ing  tr ia ls , th e  m an ag e
m e n t an d  feeding e tc . tech n o lo g y  w as th e  sam e for b o th  g roups as t h a t  used 
in  th e  fa rm  earlie r, a n d  th e  e x p e rim e n ta l an d  co n tro l g roups w ere alw ays 
h o u sed  in  th e  sam e b u ild in g . T he co m p o sitio n  of in d u s tr ia l m ixed  fodders fed 
to  th e  ex p erim en ta l a n d  con tro l pigs w as alw ays th e  sam e, w ith  th e  on ly  d iffer
ence  th a t  to  th e  feed o f  th e  fo rm er 200 m g /k g  v ita m in  U  p re p a ra tio n  (p roduced  
b y  R E A N A L ) w as a d d e d  an d  fed  c o n tin u o u s ly  from  28 d ay s o f  age u p  to  th e  
d a y  o f  m ark e tin g  fo r  s lau g h te r.

T he lesions fo u n d  a t  th e  e x a m in a tio n  o f stom achs o f pigs d ied  or em ergen
cy -s lau g h te red  d u rin g  th e  ex p erim en t a n d  o f  those  p re sen ted  a t  th e  a b a tto ir  
w ere  classified as describ ed  in  th e  acco m p an y in g  p a p e r (T am ás e t a l., 1986; 
see page  81 in  th is  issue).

Results and evaluation

A )  Results o f  laboratory analysis

1) The v ita m in  U  p re p a ra tio n  p ro d u ced  b y  R E A N A L  show ed a re te n tio n  
(Rf) v a lue  id en tica l w ith  th a t  of th e  im p o rte d  p re p a ra tio n s  m a rk e te d  b y  th e  
com pan ies M erck, F lu k a , R u d ip o n t a n d  M s-Chem icals.

T he level of m e th io n in e  an d  ho m o serin e  co n tam in a tio n  w as a t  th e  d e tec 
ta b i l i ty  lim it. No o th e r  n in h y d rin -p o s itiv e  spo ts were seen.

2) T he bio logical a c tiv ity  o f th e  R E A N A L  p re p a ra tio n  w as p rac tica lly  
th e  sam e (Fig. 1) as t h a t  o f th e  p ro d u c ts  m ark e ted  b y  th e  com panies M erck, 
R u d ip o n t and  M s-C hem icals. (The v ita m in  U  p re p a ra tio n  p ro d u ced  b y  F lu k a  is 
a b ro m id e  sa lt, w hile a ll th e  o th e r p re p a ra tio n s  are ch loride sa lts .)

B )  Results o f  the p ig-feeding trials 

T r ia l  I

1) The e x a m in a tio n  of sto m ach s o f  pigs sp o n tan eo u sly  d ied  d u rin g  th e  
e x p e rim e n t (Table I) show ed th a t

( i )  th e  re la tiv e  incidence o f  lesions w as b y  14 .3%  h ig h er in  th e  
co n tro l s tom achs th a n  in  th e  stom achs o f v itam in -fed  pigs;

( i i )  th e re  w as a m arked  d ifference  betw een  th e  tw o  g roups as regards 
th e  se v e rity  of lesions. W hile  in  th e  ex p erim en ta l g roup  ep ithe lia l
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F ig . 1. M icrobiological a c t iv ity  o f v a rio u s v ita m in  U  p re p a ra tio n s

Table I

R esu lts  o f stom ach  ex am ination  of pigs died  during  th e  ex p erim en t, in %
T ria l I

Lesions found in  the  pars oesophagica Experim ental
group

Control
group

N o lesion  in  th e  m ucous m em brane 18.2 3.9

M ild, circum scribed  ep ithelial lesion — —

Severe, diffuse ep ithe lia l lesion 45.5 19.2

E p ith e lia l lesion o f v a ry in g  severity ; w ith  erosion 27.2 34.6

Sm all u lcer (the  size o f a cornel seed) 9.1 11.5

L arg e  u lcer — 30.8

U lcer healed  w ith  c ica triza tio n — —
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lesions p red o m in a ted  (45 .5% ) an d  no la rg e  u lcers ex ten d in g  to  
th e  d e e p e r lay e rs  o f th e  s to m a c h  w all w ere fo u n d , in  th e  co n tro l 
pigs d ied  o f  oesophagogastric  u lcer th e  ty p ic a l u lce ra tiv e  lesions 
(42 .3% ), a n d  w ith in  th e m , fo rm a tio n  o f  la rg e  ulcers, w as ty p ic a l 
(30 .8% );

( i i i )  in  th e  c o n tro l group, d e a th  d u e  to  h aem o rrh ag e  in to  th e  lu m en  
o f th e  s to m a c h , s ta r tin g  fro m  a large  u lcer, occurred  in  5 cases, 
re p re se n tin g  19.2%  o f to ta l  d e a th s  an d  6 2 .5%  of cases o f la rge  
u lcer fo rm a tio n . No d e a th s  due  to  th is  cause occurred  in  th e  
e x p e rim e n ta l group;

( iv )  no re p a ire d  (healed) u lcers w ere o b serv ed  in  e ith e r o f th e  
g roups;

( v )  in  th e  s to m a c h  of one p ig , d ied  a t  28 day s o f age (on d ay  0 o f  th e  
ex p e rim e n t)  a lread y  a severe  ep ithe lia l lesion w as found  in  th e  
m ucous m em b ran e  of th e  p a rs  oesophag ica. The f irs t sm all 
u lcer, th e  size of a cornel seed , w as o bserved  in  th e  s to m ach  of 
a p ig  d ied  a t  40 days o f age, w hile th e  f ir s t  la rg e  u lcer in  th a t  o f a 
co n tro l p ig  died a t 45 d ay s  o f  age. I n  th e  la t te r  an im al, th e  
d irec t cau se  o f dea th  w as in te rn a l h aem o rrh ag e  s ta r tin g  from  
th e  la rg e  u lcer.

2) A ccording to  re su lts  o f stom ach  e x am in a tio n s  perfo rm ed  a t  th e  a b b a t-  
to i r  (Table II)

( i )  all th e  p ig s suffered from  o esophagogastric  u lcer disease in  b o th  
g roups;

( ii)  in  th e  ex p e rim en ta l g roup  u lcers w ere fo u n d  in  36 .6% , in  th e  
co n tro l g ro u p  in  69.4%  o f  th e  cases; la rg e  u lcers w ere observed  
in  1 3 .3 %  an d  34.7% , resp ec tiv e ly ;

T ab le  I I

R esu lts o f  s to m ach  exam inations perform ed a t  th e  a b a tto ir , in  %
T ria l I

Lesions found in  th e  pars oesophagica Experim ental
group

Control
group

N o lesion in the  m ucous m em b ran e — —

M ild, circum scribed ep ith e lia l lesion 3.4 0 .6

Severe, diffuse epithelial lesion 32.0 7.3

E p ith e lia l lesion of v a ry in g  sev erity , w ith erosion 9.3 14.7

S m all u lcer (the size o f a  co rn e l seed) 23.3 34.7

L arge  u lcer 13.3 34.7

U lcer healed w ith  c ic a tr iza tio n 18.7 8 .0
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( i i i )  h ea ling  o f  th e  ty p ic a l u lcers w ith  c ic a tr iz a tio n  was considerab ly  
m ore  f re q u e n t in  th e  exp erim en ta l g ro u p  (33.7% ) th a n  in  th e  
co n tro l (10 .3% ).

3) Lesions in  o th e r  o rgans:
( i )  a t  au to p sy  o f pigs d ied  d u rin g  th e  e x p e rim e n t i t  was fo u n d  th a t  

e n te r itis  an d  p n eu m o n ia  w ere th e  causes o f  d e a th  in  18 .2%  an d  
5 7 .7%  o f th e  cases in  th e  e x p e rim e n ta l an d  co n tro l g roup , 
re sp ec tiv e ly ;

( i i )  a t  th e  ex a m in a tio n  o f  lungs a t  th e  a b b a to ir ,  m ilder o r m ore 
severe , su b acu te  or chronic  b ro n ch o p n eu m o n ia  or c a ta rrh a l-  
-p u ru le n t p n eu m o n ia  w as found  in  th e  ex p e rim en ta l an d  co n tro l 
g roups w ith  an  inc idence  ra te  o f 38 .6%  a n d  55 .3% , resp ec tiv e ly .

4) In  th e  ex p e rim en ta l g roup , losses due to  d e a th  a n d  em ergency -slaugh
te r in g  w ere b y  5 .3 %  low er, specific  feed u tiliza tio n  w as b y  18.8%  low er, av erag e  
d a ily  bo d y  m ass gain  w as b y  5 .7%  h ig h er, and  th e  m ean  d u ra tio n  of th e  f a t te n 
ing period  w as b y  12.1 day s sh o rte r  th a n  in  th e  co n tro l g roup .

Trial I I

1) A ccord ing  to  s to m ach  e x am in a tio n  resu lts  o f p ig s  d ied  du ring  th e  ex 
p e rim en t (T able I I I )

( i )  th e  re la tiv e  incidence o f lesions in  th e  p a rs  oesophagica o f th e  
s to m ach  w as b y  17 .9%  h igher in  th e  c o n tro l group th a n  in  th e  
ex p e rim en ta l g roup ;

( i i )  in  th e  ex p e rim en ta l g roup  th e  ep ith e lia l lesions (28.7% ), w hile 
in  th e  co n tro l g roup  th e  ty p ica l u lc e ra tiv e  lesions (31.3% ) 
p red o m in a te d . T h e  incidence  ra te  o f  la rg e  u lcers was 7 .1 %  an d  
2 5 .0 % , resp ec tiv e ly ;

Table III

R esu lts  o f sto m ach  ex am in atio n  of pigs died  d u rin g  th e  experim ent, in  %  
T ria l II

Lesions found in  the  pars oesophagica E xperim ental
group

Control
group

No lesion in  th e  m ucous m em brane 42.9 25.0

M ild, circum scribed ep ithelial lesion — —

Severe, diffuse ep ith e lia l lesion 28.7 18.7
E p ithe lia l lesion o f v a ry in g  severity , w ith  erosion 7.1 25.0
Sm all u lcer (th e  size o f  a  cornel seed) 7.1 6.3
L arge u lcer 7.1 25.0

U lcer healed  w ith  c ica triza tio n 7.1 —

7 Acta Veterinaria Hungarica 34,1986



98 TAMÁS et al.

( i i i )  in  th e  co n tro l g roup , 3 d e a th s  due to  h aem o rrh ag e  s ta rtin g  
from  la rg e  u lcers occurred , i.e . in  18.8%  of th e  to ta l  n u m b er of 
d ea th s  a n d  75 .0%  o f pigs w ith  large ulcers. N o d ea th s  due to  
th is  cau se  o ccu rred  in  th e  ex p erim en ta l g roup ;

( iv )  no u lcers h ea led  w ith  c ica triza tio n  were fo u n d  in  th e  contro l 
group .

2) S tom ach ex a m in a tio n s  p erfo rm ed  a t  th e  a b a tto ir  (T ab le  IV ) in d ica te
t h a t

( i )  in  th e  co n tro l g roup  all th e  an im als  were a ffec ted  b y  th e  disease; 
( i i )  in  th e  e x p e rim e n ta l g roup  u lce ra tiv e  lesions o ccu rred  in  36.3% , 

w hile in  th e  co n tro l one in  69 .5%  of th e  cases. L arge  u lcers 
w ere fo u n d  in  11 .5%  an d  4 2 .4%  o f th e  cases, re sp ec tiv e ly ;

( i i i )  of u lc e ra tiv e  lesions, th e  p ro p o rtio n  o f u lcers h ea led  w ith  cica
tr iz a tio n  w as s ig n ifican tly  h ig h e r in  th e  e x p e rim e n ta l group 
(32.9% ) th a n  in  th e  con tro l (9 .9% ).

3) Lesions in  o th e r  o rgans:
( i )  e n te ritis  a n d  p n eu m o n ia  ac ted  as th e  cause o f  d e a th  in  14.3 an d  

43 .8%  o f an im als d ied  in  th e  ex p erim en ta l a n d  th e  con tro l 
g roup , re sp ec tiv e ly ;

( i i )  a t  th e  e x a m in a tio n  o f lungs a t  th e  a b a tto ir , m ore  o r  less severe 
p n eu m o n ia  w as fo u n d  in  37 .3%  an d  57.9%  o f th e  ex p erim en ta l 
and  c o n tro l p igs, re spec tive ly .

4) In  th e  e x p e rim en ta l g roup , losses due  to  d ea th  an d  em ergency -slaugh
te r in g  w ere b y  3 .1%  low er, th e  specific feed u tiliz a tio n  w as b y  1 9 .5%  low er, th e  
a v e ra g e  daily  bo d y  m ass gain  w as b y  15.3%  h igher, and  th e  m ean  d u ra tio n  o f 
th e  fa tte n in g  period  w as b y  6.2 day s sh o rte r  th a n  in  th e  c o n tro l g roup .

I t  should he n o te d  th a t ,  due to  c ircu m stan ces in d e p e n d e n t o f  us, T ria l I I  
h a d  to  he te rm in a te d  a t  th e  age o f 224 d ay s. U p to  th a t  age 5 9 .9%  o f th e  ex-

ТаЫ е IV

R esults o f  s to m ach  exam inations perfo rm ed  a t th e  a b a tto ir ,  in  %  
T rial I I

Lesions found in  th e  pars oesophagica Experim ental
group

Control
group

N o lesion  in  th e  m ucous m em brane 4.5 —

M ild, circum scribed ep ithelial lesion 5.1 —

Severe , diffuse epithelial lesion 27.4 8.5

E p ith e lia l lesion of v a ry in g  sev erity , w ith  erosion 8.9 14.4

Sm all u lcer (the size o f a cornel seed) 24.8 27.1

L arg e  u lcer 11.5 42.4

U lcer healed  w ith c icatriza tion 17.8 7.6
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p e rim en ta l pigs a n d  46 .5%  of th e  co n tro l ones h ad  been  m a rk e te d  for s lau g h te r. 
T hus, th e  6 .2 -day  difference rep resen ts  th e  difference be tw een  th e  above 
p ercen tag es o f th e  ex p erim en ta l an d  con tro l g roups in  th e  m ean  d u ra tio n  o f th e  
fa tte n in g  period . T h e  difference w ould  h av e  been  g rea te r  i f  th e  stom achs h a d  
been  exam ined  la te r  (a t  105 kg b o d y  m ass).

T h e  g ro w th  ra te  of pigs in  th e  co n tro l g roup  w as m ore u n ev en  th a n  th a t  
o f th e  e x p e rim e n ta l pigs. A t th e  te rm in a tio n  o f th e  ex p erim en t a t  224 day s o f  
age th e  average  in d iv id u a l b o d y  m ass o f  th e  86 pigs t h a t  rem ained  in  th e  
ex p e rim en ta l g roup  w as 91.5 kg, w hile th a t  o f th e  126 pigs t h a t  rem ained  in  th e  
con tro l g roup  w as on ly  72.4 kg.

Discussion

F eed ing  tr ia ls  using  a p rev en tiv e  dose (200 m g/kg o f feed) o f th e  H u n g a ri
an  v ita m in  U  p re p a ra tio n  gave sim ilar re su lts  as our p rev ious experim en ts 
(T am ás e t a l., 1986; see th e  accom pany ing  p ap er, p . 81 in  th is  issue) in  w hich  
im p o rted  v ita m in  U  p rep a ra tio n s  w ere used.

1) N am ely , a t  th e  ex am in a tio n  o f sto m ach s o f pigs d ied  d u rin g  th e  ex 
p e rim en t an d  o f th o se  p resen ted  a t  th e  a b b a to ir  i t  w as found  th a t

( i )  th e  d ev e lopm en t o f severe form s o f oesophagogastric  u lcer w as 
p re v e n te d ;

( i i j  h ea ling  o f ty p ica l u lcers w as s tim u la te d ;
( i i i )  d e a th s  due to  haem o rrh ag e  in to  th e  lu m en  o f th e  sto m ach , 

s ta r t in g  from  large  u lcers, could  be  p rev en ted . N am ely , in  th e  
co n tro l g roup  19.0%  o f to ta l  losses (m ean  o f th e  tw o  experim en ts) 
w as due  to  haem orrhage  in to  th e  lum en  o f th e  s tom ach , w hile 
no  d e a th s  due to  such  a cause occurred  in  th e  exp erim en ta l 
groups.

2) T here  w ere differences b e tw een  th e  ex p erim en ta l an d  con tro l g roups 
also in  th e  lesions found  in  o th e r organs (lungs, in te s tin e ) o f pigs died d u rin g  
th e  ex p erim en t an d  o f tho se  p resen ted  a t  th e  a b a tto ir , since (in  th e  m ean o f th e  
tw o  experim en ts)

( i )  in  an im als died d u rin g  th e  ex p erim en ts  th e  re la tiv e  incidence of 
p n eu m o n ia  and  en te ritis  as th e  cause o f d e a th  w as by  34 .5%  
low er in  th e  exp erim en ta l g roups;

( i i )  in  p igs p resen ted  a t  th e  a b a tto ir  th e  incidence o f pneum onia  
w as b y  18.7%  low er in  th e  ex p erim en ta l g roups th a n  in  th e  
co n tro l groups.

3) D ue to  th e  above-lis ted  ad v an tag eo u s  effects o f v ita m in  U , its  p rev en 
tiv e  dose (200 m g /k g  o f feed) resu lted  in  m ark ed ly  im p ro v ed  fa tte n in g  resu lts ; 
n am ely , th e  losses due  to  dea th s  an d  em ergen cy -s lau g h te rin g  w ere reduced  b y  
4 .2 % , th e  specific  feed u tiliza tio n  w as im p ro v ed  b y  19.2% , th e  average daily
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b o d y  m ass gain  in c reased  b y  10 .5% , a n d  th e  m ean d u ra tio n  o f th e  fa tte n in g  
p e rio d  was sh o rten ed  b y  9.2 days.

4) I t  w as also in  T ria l I  th a t  th e  m ild  fo rm  o f oesophagogastric  u lcer w as 
a lre a d y  p resen t in  th e  s to m ach  o f a p ig  d ied  a t  28 d ays o f age; fu rth e rm o re , 
in  a  45 days o ld  p ig  h aem o rrh ag e  s ta r t in g  from  a large  u lce r w as th e  cause o f 
d e a th . Since ea rlie r w e h ad  o b se rv ed  t h a t  oesophagogastric  u lcer occurred  
a lre a d y  in  few  d a y s  o ld  p ig lets (T am ás e t  a l., 1978), fu rth e rm o re , d e a th  due to  
h aem o rrh ag e  o ccu rred  a lread y  in  34 d a y s  o ld  (T am ás e t a l., 1978) or even in  29 
d a y s  old (T am ás e t  a l., 1981) p ig le ts , w e recom m end  to  p rov ide  p ig le ts  w ith  
v i ta m in  U from  th e  s t a r t  o f d ry  feed ing  u p  to  th e  d ay  o f m a rk e tin g  fo r s lau g h te r, 
reg u la rly .

5) S im ilarly  to  th e  p rev en tiv e  dose o f th e  im p o rted  v ita m in  U p re p a ra 
tio n s , th e  p re v e n tiv e  dose o f th e  H u n g a r ia n  v ita m in  U  p re p a ra tio n  te s te d  b y  
us also fa iled  to  p re v e n t  th e  d ev e lo p m en t o f ep ithe lia l lesions in  th e  p a rs  oeso- 
p h ag ica  of th e  s to m a c h . T his is n o t  su rp ris in g  since a 100%  “ an ti-u lce r”  an d  
“ h ea lin g ”  e ffec t o f v ita m in  U  m an ife s ts  itse lf  on ly  a t  a m u ch  h ig h er dose 
(a b o u t 0.1 g /kg b o d y  m ass daily ), ev en  in  th e  case o f ex p e rim en ta lly  induced  
p e p tic  u lcers (H eg ed ű s e t  al., 1980). T h e  low  p rev en tiv e  v ita m in  U  dose a d 
m in is te red  b y  us co rresponds to  o n ly  0.01 g/kg bo d y  m ass/d ay  even  a t  th e  
b eg inn ing  o f th e  p ig le t-rea rin g  p erio d . T h e re a fte r  th e  d a ily  dose ca lcu la ted  fo r 
b o d y  m ass decreases fu r th e r , an d  e.g . fo r pigs of 80 k g  b o d y  m ass i t  is on ly  
a b o u t 0 .007-0 .008 g /kg  b o d y  m ass. I t  is o n ly  a question  o f  econom ical c h a ra c te r  
to  de term ine  th e  leve l to  w hich th e  v ita m in  U dose shou ld  he increased  to  
ach ieve  m ax im u m  p ro f ita b ili ty  in  p ig  p ro d u c tio n . Since fa tte n in g  resu lts  can  
be  im proved  co n sid e rab ly  an d , a t  th e  sam e  tim e , econom ically  a lread y  b y  using  
th e  200 m g/kg o f feed  p rev en tiv e  dose p roposed  b y  u s , th is  co n cen tra tio n  is 
recom m ended  fo r use  in  th e  p rac tice  also  in  th e  fu tu re .
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LYMPHOSARCOMA IN PIKE-PERCH 
(STIZOSTEDION LUCIOPERCA L.): A CASE REPORT

L. B ék ési a n d  É va  K o v íc s-Ga y e r  

C en tra l V e te rin a ry  In s t i tu te ,  H -1149 B u d ap est, T áb o rn o k  u . 2, H u n g a ry  

(R eceived  J u n e  20, 1985)

A tu m o u r  th e  size o f a  n u t  w as o b se rv ed  on a p ike-perch  o f a b o u t  2000 g b o d y  m ass, 
c au g h t in  th e  u p p e r  reaches o f  th e  R iv e r  T isza . B y  h isto log ical e x a m in a tio n  th e  n eop lasm  
p ro v ed  to  be  a ly m phosarcom a. A lth o u g h  th e  fo reign  lite ra tu re  is  a b u n d a n t  in  d a ta  o n  n e o 
plasm s of th e  p ike-perch , in  H u n g a ry  no  tu m o u rs  hav e  been re p o rte d  in  th is  fish  species so f a r .

K eyw ords. L ym phosarcom a, p ik e -p e rch  (Stizostedion lucioperca  L .), h is to p ath o lo g y .

D u rin g  th e  reg u la r p a th o lo g ica l ex am in a tio n  o f f ish , n eo p lastic  g row ths 
a n d  lesions a re  observed  ra th e r  in fre q u e n tly , since, as opposed  to  o th e r  d is
eases, neop lasm s are  u su a lly  o f  sp o rad ic  occurrence. S p o rad ic  neoplasm s m a y  
escape th e  a t te n tio n  o f th e  non -p ro fessional exam iner b ecau se  th e y  are ra re ly  
assoc ia ted  w ith  a p p a re n t d isease o r d e a th s . In  sp ite  o f  th is  fa c t, various neo
p la s tic  d iseases are be ing  re p o rte d  in  increasing  n u m b e r in  severa l species o f 
fish , b o th  in  sa lt- an d  fre sh w a te r  fishes. Schlum berger a n d  L ucké (1948) gave 
a good acco u n t o f these  lesions, co m m en ted  upon  b y  M aw desley-T hom as (1975) 
from  th e  m orpho log ica l an d  ae tio log ica l p o in t o f view . D escrip tio n s and  re p o rts  
h av e  been  pu b lish ed  a t  an  in c reased  ra te  since th e n , p a r tic u la r ly  on lesions 
occu rring  in  large  n u m b ers  w ith in  a c ircum scribed  geograph ic  a rea  (L jum berg , 
1976; S o n steg a rd , 1975) an d  on neop lasm s from  w hich  v iru ses  can  be iso la ted , 
o r  d e m o n s tra te d  b y  e lec tro n  m icroscopy .

N o w ad ay s, research  a c tiv itie s  a re  focussed on th e  ae tio lo g y  o f n eo p lastic  
d iseases. A lth o u g h  v iruses h av e  b een  p ro v ed  to  have  a ro le  in  th e  ae tio logy  o f 
severa l n eo p lastic  diseases, e.g . th e  s to m ato -p ap illo m ato s is  o f  eels (M cA llister, 
1977), in  o th e r  disease cases n o  in fec tio u s agents cou ld  be  d em o n stra ted . 
P r im a rily  in  e x te rn a l lesions occu rring  on  th e  body  su rface  a re  en v iro n m en ta l 
p o llu tio n , v a rio u s  b iocides, p o ly ch lo rin a ted  d iphenyls a n d  d e te rg en ts  su spec ted  
to  have  a ro le (M aw desley-T hom as, 1975).

T he p ik e-p erch  o f a b o u t 2000 g b o d y  m ass o rig in a te d  fro m  th e  ca tch  o f 
a fish e ry  co -opera tive  o f  th e  U p p e r T isza  region. T he p a th o lo g ica lly  a lte red  
p a r t  w as excised  an d  fix ed  in  10%  n e u tra l  fo rm alin . O f th e  fix ed  m a te ria l, 
p a ra ffin -em b ed d ed  sections w ere c u t, a n d  sta in ed  w ith  h a e m a to x y lin  an d  eosin.

O n th e  ta i l  s tem  o f th e  p ik e -p e rch , v en tra lly , n e a r  th e  an u s and  th e  a n a l 
f in , a scaleless p ro tru s io n  th e  size o f a n u t ,  com pact to  th e  to u c h  an d  h av in g
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a  tu b e ro u s  surface w as observed . T he o u te r  layers o f th e  a ffec ted  area w ere 
n e c ro tic , w ith  signs o f  h aem o rrh ag e  here  an d  th e re  (F ig . 1). I n  cross-sections 
o f  th e  altered  reg ion  i t  w as a p p a re n t t h a t  th e  disease p rocess h a d  ex ten d ed  
in to  th e  muscle la y e r. A t d issection , n o  path o lo g ica l lesions w ere seen in  th e  
in te rn a l  organs.

L ig h t m icroscopy  rev ea led  th a t  th e  a lte red  areas w ere  devoid  o f ep i
th e liu m , and  th e  co riu m  an d  su b cu tis  w ere in f il tra te d  b y  tu m o u r  cells (Fig. 2). 
I n  th e  dense co n n ec tiv e  tissu e  la y e r  o f  th e  corium  th e  co llagen  fib res h ad  
b eco m e pushed a p a r t  a n d  w idened  to  sev era l tim es o f th e ir  o rig in a l size (F ig. 3). 
T h e  in te rfib rilla r spaces w ere filled  w ith  m asses of n eo p la s tic  cells hav ing  an  
in te n se ly  sta in ing  n u c le u s  an d  li ttle  cy to p lasm . T he loose connective  tissue 
la y e r  o f th e  sub cu tis  w a s  also w idened  a n d  co n ta in ed  s im ila r  cells in  foci or 
d isp e rsed . In  th e  m u sc u la r  lay e r, tu m o u r  cell in f il tra tio n  p rogressed  in  th e  
m y o se p ta  sep ara tin g  th e  m uscle b u n d les . H ere  an d  th e re  th e  tu m o u r cells 
p e n e tra te d  th e  in te r f ib r i l la r  spaces as well. In  th e  sev ere ly  in f iltra te d  
a re a s , p rim arily  in  th e  co riu m  an d  less ex ten s iv e ly  in  th e  m u scu la r lay e r, cell 
d eg en era tio n  and n ec ro s is  occurred  b o th  in  th e  in f il tra tin g  a n d  in  th e  som atic  
cells (F ig . 4).

No signs in d ic a tiv e  o f in fla m m a tio n  or d em arca tio n , i.e . h o s t response, 
co u ld  be observed.

B ased upon  th e  h is to p a th o lo g ica l fin d in g s, th e  m ass p ro v ed  to  be a 
lym phosarcom a o f ly m p h o c y tic  ch a ra c te r .
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Fig. 1. L ym phosarcom a appearing  as a tu b ero u s m ass th e  size of a n u t.

Fig. 2. In f iltra tio n  of th e  corium  (C) and  subcu tis (Sc) b y  tu m o u r cells; M =  m u scu la r tissue.
H -E .,  app r. X 200



Fig. 3. In  th e  dense connective  tis su e  la y e r  of th e  corium  (C) th e  collagen fib res hav e  becom e 
p u sh ed  a p a r t  and  th e  spaces a re  filled  w ith  lym phocy te-like  cells. H -E .,  ap p r. X 200

Fig. 4. In f iltra tiv e  g row th of th e  tu m o u r be tw een  m uscle fib res an d  in  th e  m y o sep tu m .
H -E .,  appr. X 200
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BLOOD GAS AND ACID-BASE VALUES IN DOGS 
WITH EXPERIMENTALLY INDUCED 

HYPOPOTASSAEMIA

F .  F e l k a i 1, О. S z e n c i 2 a n d  I .  M ä r c z 3

1 O u tp a tie n t Clinic a n d  2 D e p a rtm e n t a n d  Clinic o f  O b s te tric s , U n iv e rs ity  o f V e terin ary  Science, 
H -1400 B u d a p es t, P .O . B ox  2; a n d  3 H o sp ita l an d  O u tp a tie n t  Clinic 

o f th e  H u n g a rian  R ailw ays C orpora tion , H-1062 B u d a p es t, R u d a s  L . u . I l l ,  H u n g a ry

(R eceived  Ju n e  20, 1985)

E x p e rim en ta l h y p o p o tassaem ia  (hypokaliaem ia) w as in d u ced  in  11 m ongrel dogs b y  
t re a tm e n t  w ith  a  c a tio n  exch an g er (R esonium -A ® ) a n d  a d iu re tic  (H y p o th iaz id e® ) on  5 
successive days. V enous b lood  sam ples w ere w ith d raw n  da ily  a n d  a n a ly sed  fo r serum , w hole- 
b lood  an d  in tra ce llu la r  K + levels, se rum  N a +, b lood  gas a n d  acid -base  values.

T he ex p erim en ta lly -in d u ced  decrease in  th e  e x trace llu la r  K +  co n ce n tra tio n  acco u n ted  
fo r a  sh if t o f  th e  acid -base  ba lan ce  to w ard s m etab o lic  alkalosis. T h e  changes in  m ean  b ase  
excess (B E ), e x trace llu la r  base  excess (E B E ) an d  a c tu a l b ica rb o n a te  (H C O ^ ) were h ig h ly  
s ig n ifican t, w hereas th e  changes in  blood p H  w ere o f  low  significance d u rin g  th e  h y p o p o ta s -  
saem ic cond ition . No ap p rec iab le  changes w ere o bserved  in  th e  m ean  b lood  gas (p C 0 2, p 0 2), 
0 2-sa tu ra tio n  an d  haem oglob in  values.

K eyw ords. H y p o p o ta ssaem ia , dog, b lood gas, acid-base  b a lan ce , serum  K + , N a + , 
haem oglobin.

E le c tro ly te  an d  acid -base d is tu rb an ces a re  com m on in  carn ivores, a n d  
u su a lly  assoc ia ted  w ith  diseases o f th e  d igestive  t r a c t ,  ch ron ic  ren a l d isease, 
c ircu la tio n  d isease. S u p erv en in g  com plica tions as a ru le a g g ra v a te  th e  p r im a ry  
d isease, n o t in fre q u e n tly  to  th e  degree o f life h a z a rd . C ornelius an d  R aw lings 
(1981) d e m o n s tra te d  ac id -base  d is tu rb an ces in  28%  o f 220 dogs diseased w ith  
v a rio u s sy m p to m s, such  as v o m itin g , d ia rrh o ea , d e h y d ra tio n , p o ly d ipsia , 
p o ly u ria  an d  dysp n o ea . S ix ty -n in e  p er c en t o f th e  dogs show ed m etabo lic  
acidosis, 13%  re sp ira to ry  acidosis, 15%  m etab o lic  a lkalosis, a n d  3%  re sp ira to ry  
alkalosis.

M uir (1982) in v e s tig a te d  th e  acid-base a n d  e lec tro ly te  s ta tu s  o f 57 dogs 
w ith  g astric  d ila ta tio n  vo lv u lu s , an d  d e m o n s tra te d  ac id -base  d is tu rb an ces in  
38; 32 suffered  fro m  m etabo lic  acidosis, w h ich  w as asso c ia ted  w ith  h y p o 
p o ta ssaem ia  in  11 (34 .3% ); m etabo lic  or re sp ira to ry  a lkalosis w as d iagnosed  
in  6 dogs; th e  la t te r  co n d itio n  was associa ted  w ith  h y p o p o tassaem ia  in  f iv e  
cases (83 .3% ).

A gain st th is , W ingfield  e t al. (1982) fo u n d  n o rm al ac id -base , К  and  N a 
values in  a ll o f  20 dogs w ith  g astric  d ila ta tio n  vo lvu lus.

A lthough  th e  e lec tro ly te  an d  acid-base s ta tu s  o f  dogs is o f  g rea t p rac tica l 
im p o rtan ce , as fa r  as we are in fo rm ed  on ly  sh o rt- te rm  e x p e rim e n ta l hyper- or 
h y p o p o tassaem ia  has been  s tu d ied  for in fluence  on these  p a ra m e te rs  (C oulter
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a n d  E n g e n , 1972; C o u lte r e t a l., 1975). T o  o b ta in  m ore in fo rm a tio n  on th e  
p ro b le m , we exam ined  th e  changes ta k in g  p lace  in  th e  b lood  gas an d  acid -base 
v a lu e s  o f  dogs d u rin g  e x p e rim e n ta l h y p o p o tassaem ia  la s tin g  severa l days.

M ateria ls an d  m ethods

E lev en  clin ically  h e a lth y  m ongrel dogs o f b o th  sexes, 2 to  4 y ea rs  o ld, 
a n d  8 to  17 kg in  b o d y  m ass, w ere used .

T h e  in itia l b lood  gas an d  ac id -base  va lu es  were d e te rm in ed  on  th e  f irs t 
d a y  o f  th e  ex p erim en t. H y p o p o ta ssa e m ia  w as induced  b y  o ra l a d m in is tra tio n  
o f  N a -p o ly s ty ren e -su lp h o n a te  (R esonium -A ® , W in th ro p  L td .,  E n g lan d ) in  
a q u e o u s  so lu tion  th ro u g h  an  oesophageal tu b e , tw ice d a ily  a t  th e  dose level 
o f  1 g p e r kg b o d y  m ass , an d  w ith  h y d ro ch lo ro th iaz id e  (H ypoth iazide® , 
C h in o in , H u n g ary ) d a ily , in  a dose o f  10 m g per kg  b o d y  m ass. T h e  hypo- 
p o ta ssa e m ic  cond ition  w as m a in ta in e d  b y  th is  tre a tm e n t fo r 5 successive days. 
D u r in g  th e  ex p erim en t th e  dogs w ere caged  singly an d  received  a com m ercial 
dog  food  (K uké delikát® , A g ricu ltu ra l C ooperative, T a h itó tfa lu , H u n g a ry ) 
a n d  d rin k in g  w a te r ad  lib itu m .

F u r th e r  to  re g u la r  clin ical o b se rv a tio n  th ro u g h o u t th e  period  o f s tu d y , 
b lo o d  sam ples w ere w ith d ra w n  from  th e  ju g u la r  vein  o f  th e  dogs d a ily  (a t 
9 .00  a .m .), for d e te rm in a tio n  o f th e  K +, N a + , blood gas, acid-base, h aem o 
g lo b in  an d  h a e m a to c rit v a lu es .

W hole b lood an d  se ru m  K +, a n d  se ru m  N a +, w ere d e te rm in ed  b y  flam e 
p h o to m e try  (P u lfrich  p h o to m e te r , F R G ). In tra c e llu la r  K + w as ca lcu la ted  
f ro m  w hole b lood a n d  se ru m  K + a n d  th e  h a e m a to c rit va lue . H ep arin ized  
b lo o d  sam ples w ere w ith d ra w n  u n d e r  anaerob ic  co n d itions an d  s to red  in  
m e ltin g  ice u n til  u sed  in  p H , p C 0 2, a n d  p 0 2 assays, w h ich  were ca rried  o u t 
in  a n  A B L  2 acid-base a n a ly se r  (R ad io m e te r , C openhagen, D enm ark ) a t  37 °C, 
w ith in  h a lf  an  h o u r a f te r  w ith d raw a l. T h e  p H , p C 0 2 a n d  p 0 2 values w ere 
c o rre c ted  for 39 °C (S iggaard -A ndersen , 1963), th e  average  bo d y  te m p e ra tu re  
o f  th e  dog. The o th e r p a ra m e te rs  re q u ire d  for d e te rm in a tio n  o f th e  acid-base 
v a lu e , such as base excess (B E ), e x tra c e llu la r  base excess (E B E ), an d  a c tu a l 
b ic a rb o n a te  (H C O ^), w ere  ca lcu la ted  fro m  th e  p H , p C 0 2 an d  haem og lob in  
(H b ) values.

T he H b c o n c e n tra tio n  w as d e te rm in ed  w ith  th e  cyanm ethaem og lob in  
m e th o d , th e  h a e m a to c rit (H T) v a lu e  w ith  an  E ry th ro v o lm e t (F ok-G yem , 
H u n g a ry )  a p p a ra tu s . O xygen  s a tu ra t io n  (SAT) was ca lcu la ted  acco rd ing  to  
M arso n er and  H a rn o n c o u rt (1976).

T he m ean  va lu es  o f  all th e  above  p a ram ete rs  w ere ca lcu la ted  fo r every  
d a y , an d  w ere co m p ared  to  th e  in it ia l  v a lu e  b y  one-w ay analysis o f  va rian ce  
(S tee l an d  T orrie , 1980).
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R esu lts

T he dogs te n d e d  to  becom e in c rea s in g ly  ap a th ie  an d  less re s is ta n t  to  
in te rv e n tio n s  w ith  th e  progression  o f  ex p erim en ta l h y p o p o tassaem ia . T h e y  
show ed  a s lig h t m ov em en t in c o o rd in a tio n , s taggered , rose  an d  m oved re lu c 
ta n t ly .  F la c c id ity  an d  occasional co n v u ls iv e  co n trac tions o f  e x tre m ity  m uscles 
w ere observed  in  recum bency . In a p p e te n c e , nausea, b lo a tin g  and  c o n s tip a tio n  
w ere developed  in  succession. T he w a te r  in ta k e  was o n ly  sligh tly  in c rea sed , 
b u t  a d is tin c t p o ly u ria  was developed  d u rin g  th e  five d ay s . Slowly p rogressive  
b ra d y c a rd ia  tu rn e d  severe b y  th e  e n d  o f th e  ex p e rim en ta l h y p o p o ta s 
saem ia .

T he in itia l m ean  serum  K + lev e l, 4.31 mmol/1, decreased  g ra d u a lly  to  
3.07 mmol/1 b y  th e  f if th  day . D ifference fro m  th e  in itia l v a lu e  was s ig n if ic a n t 
th ro u g h o u t, a t  P  <  0.01 on th e  second  d a y , and  a t  P  <  0.001 on a ll f u r 
th e r  d ay s.

T he m ean  K + level te n d e d  to  d ecrease  sligh tly  in  th e  w hole b lo o d , h u t  
d id  n o t change in tra c e llu la rly  d u rin g  th e  period  of s tu d y .

T he m ean  se ru m  N a + decreased  fro m  158.2 mmol/1 to  150.3 mmol/1 b y  
th e  en d  o f e x p e rim e n ta l h y p o p o ta ssaem ia ; th e  difference from  th e  base line  
w as s ig n ifican t a t  th e  P  <  0.01 level on  d ay s 3 and  5 (T able I).

T he m ean  B E  an d  E B E  va lu es  ch an g ed  from  -—1.87 mmol/1 to  -|-2 .87  
mmol/1 an d  from  — 1.5 mmol/1 to  -(-3.65 mmol/1, re sp ec tiv e ly , d u rin g  th e  
perio d  o f  s tu d y . T he increase over th e  base line  was h ig h ly  s ign ifican t (P  <[ 
<C 0.001) from  th e  second d ay  o f th e  e x p e rim e n t on.

Table I

M ean values of K +, N a +, h a e m a to c rit  and h e a rt r a te  (H K ) 
during  th e  5-day hypopo tassaem ic  condition

Days
K + (itnmol/1) Na+

(mmol/1)
H aem atocrit

value
H R

(beats/m in)
serum whole blood in tracellu lar

l 4.31 6 .2 1 8.23 158.2 0.49 157.0
2 3.72 6.07 8.28 154.1 0.52 143.6
3 3.44 5.98 8.26 151.3 0.53 129.6
4 3.19 5.76 8.29 154.0 0.52 113.7
5 3.07 5.69 8.17 150.3 0.53 106.1

F  value* 12.38*** 0.80 0 .0 1 3.83* 0.64 6.95***

P  =  0.05 0.40 0 .6 8 1 .2 1 4.74 0.07 22.3
P  =  0.01 0.52 0 .8 8 1.62 6.16 0.09 29.0
P  =  0.001 0.69 1.17 2 .1 1 8.19 0.13 38.7

* P  <  0.05; *** P  <  0.001
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T he m ean  HCO-C v a lu e  rose from  23.71 to  28.65 m mol/1. The in crease  
o v e r th e  baseline w as h ig h ly  sig n ifican t, a t  P  <  0.01 on d ay s 2 and  3, a n d  a t  
P  <7 0.001 on days 4 a n d  5.

T h e  blood p H  rose  s lig h tly  d u ring  e x p e rim en ta l h y p o p o tassaem ia . T h e  
s ign ificance  of d ifference  from  th e  base line  w as a t  th e  P  <7 0.05 level on  a ll 
d ay s  ex cep t d ay  3, w h e n  i t  w as h igher (P  < ( 0.01).

T he m ean  p C 0 2, p 0 2, H b  an d  SAT v a lu es  d id  n o t ap p rec iab ly  ch an g e  
d u rin g  th e  h y p o p o ta ssaem ic  co n d ition  (T ab le  I I ) .

T h e  m ean  h a e m a to c r it  v a lue  show ed a sligh t, n o t s ig n ifican t, in crease  
th ro u g h o u t.

T he in itia l h e a r t  r a te ,  157.0 b e a ts /m in  decreased to  106.1 bea ts /m in  b y  
th e  f i f th  d ay ; th e  d ifference  w as h igh ly  s ig n if ic a n t, P  <  0 .001, on days 4 a n d  5.

D iscussion

M inor changes in  th e  ex trace llu la r K + co n cen tra tio n  cause d is tu rb an ces  
in  in tra c e llu la r  m e tab o lism , above all o f c a rb o h y d ra te s . T o g e th e r w ith  C a + + , 
e x tra c e llu la r  К + p lay s  an  im p o r ta n t role in  th e  no rm al fu n c tio n  of th e  h e a r t  
a n d  m uscles (E ttin g e r  a n d  S u te r, 1970; P a rk e r  an d  A dam , 1977; R ub in , 1968). 
I n  physio log ical co n d itio n s  in tra -  an d  e x tra c e llu la r  K + levels are in  e q u ilib 
r iu m , w hich m ay , how ever, change in  e ith e r  d irec tio n  u n d e r ce rta in  in fluences.

T he ca tio n -ex ch an g er an d  d iu re tic  t r e a tm e n t  app lied  caused a s ig n ifi
c a n t  decrease in  th e  e x tra c e llu la r  level o f  K  + , h u t  h ad  no influence on  its  
in tra c e llu la r  level. E x tra c e llu la r  h y p o p o ta ssaem ia  accoun ted  fo r a c h a ra c te r 
is tic  w eakness o f th e  s tr ia te d  m uscles, a n d  for m ov em en t inco o rd in a tio n ,

Table II

V alues of th e  acid -base  pa ram ete rs  on th e  5 d a y s  o f experim ental hypopotassaem ia

Days pH
PC O , P O , Hb BE EBE H C 07 SAT
k P a kP a mmol/1 mmol/1 mmol/1 mmol/1 %

l 7.313 6.50 5.23 10.36 — 1.87 -1 .5 0 23.71 59.63
2 7.356 6.66 4.92 10.59 1.48 1.93 26.76 58.95
3 7.370 6.72 4.53 10.73 2.46 3.02 27.64 61.00
4 7.357 7.12 5.19 10.27 2.93 3.70 28.66 61.93
5 7.354 7.28 5.39 10.06 2.87 3.65 28.65 64.34

F  value* 3.12* 1.18 0.76 0.34 1 0 .0 2 * * * 8.78*** 6.27*** 0.26

P =  0.05 0.034 0.96 1.09 1.29 1.80 1.97 2.31 11.84
P =  0.01 0.045 1.25 1.41 1.68 2.34 2.56 3.00 15.39
P =  0.001 0.059 1.66 1.88 2.23 3.11 3.40 3.99 20.48

* P <  0.05; *** P <  0.001
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lis tlessness, an d  decreased  m uscle  fu n c tion . S m o o th  m uscle d y sfu n c tio n  w as 
m o s t conspicuous in  th e  g a s tro in te s tin a l t r a c t ,  to  ju d g e  from  loss o f  a p p e tite , 
occasional n au sea , decrease in  in te s tin a l p erista lsis  a n d , f in a lly , co n stip a tio n . 
A  s ig n ifican t decrease  in  th e  h e a r t  ra te  was also o b serv ed . D ecrease in  e x tr a 
ce llu la r K + w as asso c ia ted  w ith  a sligh t decrease in  N a +, in  consequence o f 
in creased  d iuresis.

F o r e v a lu a tio n  o f  th e  ac id -base  p a ram e te rs  d e te rm in ed , we re lied  fo r 
re ference  on th o se  assessed b y  M uir (1982) in  ven o u s (ju g u la r) b lood sam ples 
o f  100 c lin ically  h e a lth y  dogs as follows: p H  7.36 (7 .25-7 .50); pC O , 34.9 
(26-42) m m H g; p 0 2 36.6 (33—40) m m H g (m m H g  X 0.133 =  k P a ); p la sm a  
b ic a rb o n a te  21.6 (15-25) mmol/1; B E  — 3.0 (— 5.7—(-1-2) mmol/1.

T he in it ia l  b lo o d  p H  a n d  p C 0 2 dete rm in ed  b y  us w as som ew hat low er 
a n d  h igher, re sp ec tiv e ly , p ro b a b ly  because o f  co rrec tio n  o f th e  m easu red  
v a lu es  for 39 °C b o d y  te m p e ra tu re  (S iggaard -A ndersen , 1963); in  M uir’s c ited  
re p o r t ,  in fo rm a tio n  is lack ing  a b o u t th e  te m p e ra tu re  a t  w hich  th e  m easu re 
m en ts  w ere perfo rm ed .

T he f iv e -d a y  e x p e rim e n ta l h y p o p o tassaem ia , in d u ced  w ith  ca tio n  e x 
c h an g e r an d  d iu re tic  t r e a tm e n t, accoun ted  for a g ra d u a l decrease in  th e  e x t r a 
ce llu la r K + c o n c e n tra tio n , a n d  th e re b y  for a sh if t o f  th e  acid-base s ta tu s  
to w a rd s  m etabo lic  a lkalosis, to  ju d g e  from  a s ta tis t ic a lly  sign ifican t increase 
in  th e  m ean  B E , E B E  and  HCO^" values, while th e  p H  o f th e  venous b lood  
rose on ly  sligh tly .

A ccord ing  to  C ou lter a n d  E n g en  (1972), h y p e rp o ta ssaem ia  (8.3 ±  2.3 
m m ol/1), in d u ced  b y  p a re n te ra l  ad m in is tra tio n  o f  iso to n ic  KC1 (11.2 g K Cl in  
one l i tre  o f an ion -free  H 20 )  w as associa ted  w ith  a  p a ra lle l decrease in  b lood  
p H  from  7.27 ^  0.07 to  7.22 ^  0.06, w ith o u t, h ow ever, an y  a lte ra tio n  in  
b lood  p C 0 2 and  p 0 2, e x a c tly  as in  our s tu d y .

I t  ap p ears  t h a t  changes in  th e  ex trace llu la r K + co n cen tra tio n  cause an  
o p p o site  sh if t in  th e  acid -base b a lan ce , so th a t  h y p o p o ta ssaem ia  m a y  u l t i 
m a te ly  lead  to  m etab o lic  a lkalosis, w hereas h y p e rp o ta ssaem ia  (C oulter and  
E n g en , 1972) to  m e tab o lic  acidosis.
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A C ID -B A S E  B A L A N C E  O F  D O G S  
I N  O B S T E T R IC A L  C L IN IC A L  P R A C T IC E

0 .  S z e n c i 1, G. R ó n a y 1 and  I .  M ä r c z 2

1 D e p a r tm e n t a n d  Clinic of O b ste tric s  a n d  R ep ro d u ctio n , U n iv e rs ity  o f V e te rin a ry  Science, 
H -1400 B u d ap est, P .O . B ox  2; 2 H o sp ita l and O u tp a tie n t Clinic 

o f  th e  H u n g a ria n  R ailw ays C orpora tion , H-1062 B u d ap est, R u d a s  L . u . I l l ,  H u n g a ry

(R eceived  M ay 9, 1985)

T h e  acid-base  s ta tu s  o f 63 dogs o p e ra ted  w ith  d ifferen t o b ste tric a l in d ic a tio n s  was 
in v es tig a te d . A tte n tio n  is called to  th e  fa c t t h a t  th e  ac tu a l acid -base  s ta tu s  o f dogs c an  be 
b e s t  e v a lu a te d  on th e  basis o f th e  b ase  excess (B E ) value . In  acco rdance  w ith  d a ta  o f  th e  
l i te ra tu re ,  B E  va lues betw een  ; 2.5 a n d  —5.9 mmol/1 can  be  considered  physio log ica l in  
c lin ica lly  h e a lth y  dogs.

O f th e  46 dogs o p erated  because  o f p y o m etra , cystic  g lan d u la r  h y p e rp la s ia  (h y p e r
p las ia  g lan du laris cy stica; HGC) o r d y sto c ia  (p a rtu s  gravis), 27 (58 .7% ) h a d  physio log ica l 
b ase  excess (B E ) va lues, while 19 (41 .3% ) show ed a n  expressed  m etab o lic  acidosis (w ith  
B E  v a lu es low er th a n  — 6 mmol/1). O f th e  dogs hav in g  B E  v a lu es low er th a n  —9 mmol/1, 
3 d ied  w ith in  24 h  a f te r  th e  o p e ra tio n  (on  d a y  0 o r 1).

A tte n tio n  is called to  th e  fa c t t h a t  in  o u r d ay s m easu rem en t o f th e  a c tu a l ac id -base  
s ta tu s  is ind ispensab le  before p e rfo rm ing  o b ste tr ic a l o p erations on  c lin ically  d iseased  an im als .

Keywords. A cid-base s ta tu s , base  excess (B E ), dog, obste tric s , operation .

T he a c tu a l acid-base s ta tu s  o f  dogs can  be d e te rm in ed  from  th e  a r te r ia l , 
c a p illa ry  an d  venous blood as w ell. T h e  a rte ria l ac id -base  values considered  
physio log ica l for clinically  h e a lth y  dogs b y  various a u th o rs  are  show n in 
T ab le  I .

U n d er p rac tica l cond itions a r te r ia l  b lood  sam pling  is d ifficu lt to  p e rfo rm  
p a r tic u la r ly  from  n o n -an aesth e tized  dogs o f  sm all b o d y  size. A t th e  sam e tim e  
th e  s tre ss  c o n s titu te d  b y  u n fam ilia r s tim u li (securing th e  an im al, b a n d ag in g  its  
m o u th , lay in g  i t  dow n for b lood  sam p lin g , e tc .) m ay  e lic it re s is tan ce  acco m 
p a n ie d  b y  h y p o - o r h y p e rv e n tila tio n  w hich  m igh t le ad  to  a sh ift o f  th e  acid- 
b a se  ba lance  (R o d k ey  e t a l., 1978). A ccord ing  to  th e  s tu d ies  o f  R o d k ey  e t  al.
(1978) an d  S an d m an n  e t al. (1983), th e  acid-base ba lan ce  o f  th e  c a p illa ry  
b lo o d  w ith d raw n  from  th e  m arg in a l p a r ts  o f th e  e a r  o r fo o tp ad  is n e a rly  
id e n tic a l w ith  t h a t  o f th e  a r te r ia l b lood  (T able I I ) .  A n a d v a n ta g e  o f  c ap illa ry  
b lo o d  sam p lin g  is th a t  i t  is easy  to  pe rfo rm  on n o n -an aes th e tized  p a tie n ts  o f  
sm alle r b o d y  size as well. O n th e  o th e r  h a n d , several a u th o rs  (R o d k ey  e t  ah , 
1978; S luijs e t ah , 1983) call a t te n tio n  to  th e  fac t th a t  in  hypovo lem ic shock  
cap ilp e rip h e ra l c ircu la to ry  d is tu rb an ces  th e  acid-base values m easu red  in  th e  
a n d  la ry  blood can n o t be rep laced  b y  th o se  o f th e  a r te r ia l  b lood.

As co m p ared  to  th e  a r te r ia l b lood , th e  p H  and  p C 0 2 o f th e  venous b lood  
is s lig h tly  low er an d  h igher, re sp ec tiv e ly , w hile its  p 0 2 v a lu e  is m uch  low er 
(T ab le  I I ) .  O th e r au th o rs  (C arte r a n d  B ro b st, 1969; B rig h t an d  G reen , 1976),
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Table I

Mean v a lu es o f  param eters characteriz ing  th e  acid-base ba lance , 
m easu red  in  th e  a rteria l blood o f clin ically  h e a lth y  dogs

Authors pH pCO,
mmHg*

pO„
mmHg*

BE
mmol/1

НСОГ
mmol/1

R o d k e y  e t  al. (1978) 7.416 33.9 82.7 - 1 . 9 2 1 .2
R ose an d  C arter (1980) 7.372 32.5 96.2 — 5.0 —

Cornelius and  Rawlings (1981) 7.450 31.0 90.7 — 20.9
W ingfield  e t al. (1982) 7.386 31.6 79.7 — 18.2
S an d m an n  e t al. (1983) 7.416 36.1 97.6 +  0 .2 22.7

* 1 m m H g X 0.133 =  k P a

h o w ev er, rep o rted  a  la rg e r  p H  difference (0 .03-0 .10) b e tw een  a rte ria l an d  
v en o u s  blood. As o p p o sed  to  p H , th e re  is no ap p rec iab le  difference in  th e  
m e tab o lic  p a ra m e te rs , i.e . base excess (B E ) a n d  a c tu a l b ica rb o n a te  (HCO/f), 
as show n  in T able I I .  T h u s , th e  q u a n ti ty  o f  bu ffer so lu tio n  needed  to  com 
p e n sa te  for acidosis c a n  be  assessed w ith  h ig h  p ro b a b ility  also from  th e  values 
m easu red  in  th e  v en o u s  b lood .

T he aim  o f th e  p re se n t in v es tig a tio n s  w as to  assess how  fre q u e n tly  
d iso rd e rs  of acid-base b a la n c e  should  be reck o n ed  w ith  in  th e  clin ical p rac tice  
o f  sm all-an im al o b s te tr ic s , in  cases w ith  v a rio u s  o p e ra tiv e  in d ica tio n s.

M aterials an d  m ethods

T h e  acid-base s t a tu s  o f 63 fem ale dogs o f  d iffe ren t b reeds and  age w as 
d e te rm in e d  from  th e  v e n o u s  b lood w ith d ra w n  im m e d ia te ly  p rio r  to  an aes th es ia  
fo r  op era tio n .

T he num ber o f  o p e ra tio n s  p erfo rm ed  b ecau se  of m a m m a ry  tu m o u r (neo
p la sm a  m am m ae), d y s to c ia  (partu s g rav is) , cystic  g lan d u la r  h y p erp lasia

Table II

D ifferences b e tw een  th e  m ean acid-base  values of a rte ria l and  
cap illa ry , a n d  betw een those of a r te r ia l  an d  venous blood

Parameter
Arterial < -  

blood
—>- Capillary 

blood
Arterial -<--- >-

blood
Venous
blood

A В A В

p H 0.016 - 0 .0 0 4 — 0 .0 1 1 — 0.046
p C 0 2, m m H g - 0 .5 0.7 2 .7 8.3
p 0 2, m m H g 1.2 - 5 . 6 - 3 0 .6 52.1
B E, mmol/1 - 0 .7 0.2 -  0 .6 0.6
HCO3 , mmol/1 - 0 .6 0 .2 1.1 — 2.4

A: R o d k e y  e t al. (1978); В : S an d m an n  e t al. (1983)
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(hy p erp lasia  g landu laris  cy s tic a ; H G C ), p y o m e tra , o r w ith  th e  p u rp o se  o f 
o v ariec to m y , is show n in  T ab le  I I I .  B lood sam ples w ere w ith d raw n  from  th e  
v en a  sap h en a  p a rv a  u n d e r an aero b ic  cond itions in to  hep arin ized  sy ringes. 
T he syringes w ere im m ed ia te ly  closed a ir tig h t w ith  a ru b b e r  cap , an d  s to red  
in  m e lting  ice u n til  u sed  fo r th e  m easu rem en ts . T h e  sam ples w ere assay ed  
fo r p H , p C 0 2 an d  p 0 2 w ith  an  acid  —base an a ly se r (A B L  2, B ad io m e te r , 
C openhagen, D enm ark) w ith in  h a lf  an  h o u r, a t  37 °C. T he o b ta in e d  
values w ere co rrec ted  fo r 39 °C (S iggaard -A ndersen , 1963), th e  average  b o d y  
te m p e ra tu re  o f  th e  dog. T he haem oglob in  (H b) c o n c e n tra tio n  w as d e te rm in ed  
b y  th e  cy an m eth aem o g lo b in  m e th o d . T he o th e r  p a ra m e te rs  ch a rac te riz in g  
th e  acid -base s ta tu s  [B E , e x tra c e llu la r  base excess (E B E ), HCOjj”] w ere ca l
cu la ted  b y  using  th e  eq u a tio n  c o n stru c ted  for h u m a n  b lood  (Szenei a n d  N yíró , 
1981), since th e  to ta l  p ro te in  an d  haem oglob in  c o n cen tra tio n s  o f  can ine 
b lood  are  p ra c tic a lly  id e n tic a l w ith  tho se  o f h u m a n  b lood  (S halm  e t al., 
1975). F ro m  th e  o b ta in ed  v a lu es  s ta tis t ic a l  m eans (x  +  SD) w ere ca lcu la ted  
an d  com pared  to  one a u o th e r  b y  one-w ay, in d ep en d en t-sam p le  analy sis  of 
v a rian ce  (S teel an d  T orrie , 1980).

R esults

T he re su lts  o f  th e  ac id -base  m easu rem en ts p e rfo rm ed  before th e  o b s te t
rica l o p e ra tio n s o f various in d ica tio n s  are  g iven in  T ab le  I I I .

No ap p rec iab le  difference w as found  b e tw een  th e  p H  m eans o f  th e  d if
fe re n t g roups. A nim als to  be  o p e ra te d  w ith  th e  a im  o f o v a riec to m y  an d  th o se  
w ith  m am m a ry  tu m o u r h a d  h ig h er p C 0 2 m eans th a n  th o se  o p e ra te d  b e 
cause o f p a r tu s  gravis, HGC an d  p y o m etra . A t th e  sam e tim e , th e  l a t te r  tw o  
groups h a d  s ig n ifican tly  low er p 0 2 m eans. T he m ean  haem og lob in  c o n c e n tra 
tio n s o f c lin ica lly  d iseased an im als  w ere low er th a n  th o se  found  fo r h e a lth y  
dogs; in  dogs o p era ted  w ith  p y o m e tra  an d  d y sto c ia  th e  difference reach ed  
th e  level o f  significance.

T he m etabo lic  p a ra m e te rs  (B E , E B E , HCOg~) show ed  a sh ift to w a rd s  
expressed  m etabo lic  acidosis in  th e  follow ing o rd e r o f  sev e rity : dogs w ith  
p y o m e tra , HG C, and  d y stoc ia .

T ab le  IV  w as co n s tru c te d  on th e  basis o f B E  v a lu es  m easu red  in  th e  b lood  
w ith d raw n  p rio r  to  o p era tio n s o f d iffe ren t in d ica tio n s . T h e  blood B E  v a lu e  of 
c lin ically  h e a lth y  dogs (o v ariec to m y , m am m ary  tu m o u r)  w as b e tw een  + 2 .5  
an d  — 3.5 mmol/1 in  64 .7%  o f th e  cases, w hile in  th e  rem ain in g  dogs i t  w as 
betw een  — 3.6 an d  —5.9 mmol/1. I n  10 (21.7% ) o f  th e  46 clin ica lly  d iseased  
an im als th e  B E  value  ran g ed  be tw een  — 6 an d  — 9 mmol/1, w hereas in  9 
(19.6% ) a va lu e  low er th a n  9 mmol/1 w as m easu red . T h ree  dogs of th is  la t te r  
g roup  died  soon a fte r  o p e ra tio n  (on days 0 or 1). O f th e  rem ain in g  dogs,
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Table Ш

M onitoring  th e  acid-base  balance  of dogs

P aram eter
Group a b

n 12 5

pH 7.287 ±  0.056 7.270 ± 0 .0 1 9

p C 0 2 (kPa) 7.0 ±  1 ,2 7.0 ± 0 .6

p 0 2 (kPa) 5.3 ±  0 .8b** 7.1 ± 1 .8

H b (mmol/1) 1 1 .0 ± 1 . 5 10.3 ± 0 . 9

B E  (mmol/1) - 2 . 4 ± 1 .8 - 3 . 1 ±  2 .2

E B E  (mmol/1) - 1.6 ± 1 . 9 - 2 . 3 ± 1.2

HCOjf (mmol/1) 23.9 ±  2 .0 23.4 ±  2 .6

Age (years) 2 .6 ±  2.4 6 .0 ±  2.9

a: ovariectom y; b : neoplasm a m am m ae (m am m ary  tu m o u r); c: h y p e rp la sia  g landularis 
cy stica  (HGC); d: p y o m e tra ;  e: p a rtu s  g rav is (dystocia)

5 8 .7 %  h ad  B E  v a lu es  p ra c tic a lly  id e n tic a l w ith  th o se  o f th e  c lin ica lly  h e a lth y  
an im als .

D iscussion

M uir (1982) m easu red  th e  p a ra m e te rs  ch a rac te riz in g  th e  ac id -base  s ta tu s  
o f  clinically  h e a lth y  dogs (n =  100) in  b lood  sam ples w ith d ra w n  from  th e  
ju g u la r  vein. H e re p o r te d  th e  fo llow ing v a lu es : p H  =  7.36 (7 .25 -7 .50 ); p C 0 2 =

Table IV

Base excess (B E ) values as d e term ined  before o b ste trical op era tio n s 
o f d ifferen t ind ica tions

Tjrpe of operation
B E , mmol/1

+ 2 .5 -0 0— —3.5 — 3.6----- 5.9 - i ----- 9 < —9

O variectom y l 8 3 _ _
N eoplasm a m am m ae 0 2 3 — —

T o ta l
(5-9% )

10
(58 .8% )

6
(35.3% )

H y p erp lasia  g landularis
cystica — 2 2 2 1

P y o m etra 3 5 12 7 6 *
P a r tu s  gravis — 1 2 1 2

T o ta l 3 8 16 10 9
(6.5% ) (17-4% ) (34.8% ) (21 .7% ) (19.6% )

* Of them , 3 dogs d ied  on day  0  or 1 p o st-o p era tio n
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p rio r to  d ifferen t o b ste trical operations

C d e

7.275
7
±  0.038

33
7.278 ±  0.070

6
7.290 ±  0.044

5.9 ±  l . l a- b* 6.1 ±  1.4 5.2 ±  0 .5*’»**
4.6

b*** 
±  1.0e* 4.2

b*** 
±  1 .6e* 6.1 ± 1.4

9.5 ±  2.0 8.5
a**

±  2.0b* 8.7 ±  1 .8 ***
- 5 .6 ±  4.0“ - 5 .2 ±  3.4“ - 6 .7

a* *
±  2.8b*

- 5 .4
a* *

±  4.3b* - 5 .0 ±  3.5*.»* - 6 .8 ±  2.6*’ b***
20.0 4 4a, b* 20.3 ±  3.3*.b* 18.2 ±  2.4*’ b*

9.7 ± 3 .4 8.1 ±  2 .8 6.1 ±  3.4

* P  <  0.05; ** P  <  0.01; *** P  <  0.001

34.9 (26-42) m m H g  (m m H g X 0.133 =  k P a ) ;  p 0 2 =  36.6 (33-40) m m H g ; 
B E  =  — 3.0 (— 5.7—1-1.2) mmol/1; HCOjf =  21.6 (15-25) mmol/1. O n th e  
o th e r  h a n d , R o d k ey  e t al. (1978) an d  S a n d m a n n  e t a l. (1983) found  th e  m ean  
p H , p C 0 2, p 0 2 an d  HCOjf values o f b lood  sam ples w ith d raw n  from  th e  v e n a  
cep h a lica  an te b ra c h ii s ligh tly  h igher, w hile th e  B E  v a lu e  som ew hat low er. 
I n  th e  c lin ica lly  h e a lth y  dogs o f ou r te s t  m a te ria l, th e  m ean  p H , p 0 2 an d  
p C 0 2 va lu es  o f th e  b lood were found  to  be s lig h tly  low er an d  h igher, re sp e c 
tiv e ly . A t th e  sam e tim e , th e re  was no ap p rec iab le  d ifference in  th e  m e tab o lic  
p a ra m e te rs .

T h e  differences o b ta in ed  betw een  th e  m ean  v a lu es , w hich hold  t ru e  also 
fo r va lu es  m easu red  in  a r te ria l b lood  (T ab le  I) , can  p re su m ab ly  he tra c e d  
b a c k  to  th e  fac t th a t  p H , p C 0 2 an d  p 0 2 w ere m easu red  a t  d iffe ren t te m 
p e ra tu re s  [R o d k ey  e t  al. (1978) a t  38 °C] o r w ere co rrec ted  for th e  a c tu a l b o d y  
te m p e ra tu re  (Cornelius an d  R aw lings, 1981; W ingfield  e t  a l., 1982), w hile 
o th e r  a u th o rs  failed  to  specify  th e  te m p e ra tu re  ran g e  in  w hich th e ir  m e a su re 
m en ts  h a d  been  ca rried  o u t (R ose an d  C a rte r , 1980; M uir, 1982; S a n d m a n n  
e t a l., 1983; S luijs e t  al., 1983). Since th e  p rev a ilin g  p H , p C 0 2 an d  p 0 2 v a lu es  
depend  on  th e  b o d y  te m p e ra tu re , c o rrec tio n  o f th e  va lu es  m easured  a t  37 °C 
fo r th e  a c tu a l or average b o d y  te m p e ra tu re  is in d isp en sab le  (S iggaard -A nder- 
sen , 1963).

A t th e  sam e tim e  i t  m ust n o t be  d isreg a rd ed  th a t  unu su a l e n v iro n 
m e n ta l s tim u li m ay  evoke resistance  fro m  th e  an im als’ p a r t  an d  induce  h y p o - 
o r h y p e rv e n tila tio n  w hich, depend ing  on  th e ir  degree, m ig h t lead  to  a  sh if t 
o f th e  ac id -base  ba lance  tow ards re sp ira to ry  acidosis (R o d k ey  e t a l., 1978). 
I n  o u r te s t  m a te r ia l th e  h igher p C 0 2 va lu es  o f c lin ica lly  h e a lth y  dogs as 
co m p ared  to  th e  o th e r  groups su p p o rt th is  s ta te m e n t.
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Since in  a co n sid erab le  p ro p o rtio n  o f  cases th e  m etab o lic  p a ra m e te rs  
(B E , E B E ) are  scarce ly , o r n o t a t  all, in flu en ced  b y  th e  e n v iro n m en ta l fa c to rs , 
th e se  p a ra m e te rs  re f le c t th e  ac tu a l ac id -b ase  s ta tu s  in  a  re liab le  m an n e r. 
In  acco rd an ce  w ith  th e  re su lts  of M uir (1982), th e  B E  v a lu es  o b ta in ed  fo r 
c lin ica lly  h e a lth y  dogs (betw een  + 2 .5  a n d  — 5.9 mmol/1) can  be considered  
physio log ical.

S ix ty  %  o f th e  dogs o p era ted  w ith  p y o m e tra  an d  HGC h a d  physio logical 
B E  v a lu e s , w hereas in  th e  rem ain ing  4 0 %  th e re  w as an  expressed  m etab o lic  
acidosis (B E  <  — 6 m m ol/1). T hree o f  th e  dogs hav ing  B E  values low er th a n  
— 9 mmol/1 died  soon a f te r  th e  o p e ra tio n  (on  d ay  0 or 1). O ur re su lts  a re  
c o n s is te n t w ith  th o se  o f  Cornelius a n d  R aw lings (1981), w ho observed  acid - 
b ase  d is tu rb an ces (m e tab o lic  acidosis in  69 , re sp ira to ry  acidosis in  13, m e ta b 
olic alkalosis in  15, a n d  re sp ira to ry  a lk a lo sis  in  3%  o f th e  cases) in  2 8 %  o f 
th e  dogs ex h ib itin g  v a rio u s  clinical sy m p to m s (vom iting , p o ly d ip sia , p o ly u ria , 
d e h y d ra tio n ). T he sign ificance o f th is  f in d in g  is fu r th e r  em phasized  b y  th e  
fa c t t h a t  in  p a tie n ts  w ith  p y o m e tra  th e se  sy m p to m s m ay , jo in tly  or se p a ra te ly , 
su p e rv en e  on th e  p r im a ry  disease. A t th e  sam e tim e , in  th e  m a jo rity  o f  pyo- 
m e tric  dogs B o rren sen  (1984) d iagnosed  re sp ira to ry  alkalosis, a n d  m etab o lic  
acidosis w as fo u n d  o n ly  in  a sm all p ro p o r tio n  o f  such p a tie n ts .

In  m u ltip a ro u s  an im als  (pigs) w ith  u n co m p lica ted  farro w in g  th e  acid- 
b a se  b a lan ce  is ch a ra c te riz e d  b y  g rea t s ta b i l i ty  (R anda ll, 1982). T he fa c t t h a t  
o u t o f  th e  6 dogs o p e ra te d  because o f  d y s to c ia  3 h ad  an  expressed  m etab o lic  
acidosis in d ica tes  t h a t  p ro longed  la b o u r  m a y  lead  to  a sh ift o f th e  ac id -base  
b a la n c e  to w ard s m e tab o lic  acidosis. F u r th e r  in v estig a tio n s are  n eed ed  to  
d e te rm in e  th e  e x te n t  to  w hich  p ro longed  la b o u r  m ay  in flu en ce  th e  v i ta l i ty  
o f  fe tu ses . T he p re se n t in v estig a tio n s allow  us to  d raw  th e  conclusion  th a t  in  
dogs w ith  p y o m e tra , H G C or dystocia  a  sh if t o f  th e  acid -base ba lan ce  to w ard s  
m e tab o lic  acidosis sh o u ld  be reckoned  w ith  d u rin g  opera tio n .
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COMBINED SURGICAL
AND RADIOTHYROIDECTOMY IN CHICKENS 

(RESEARCH NOTES)

T . V e r e s e g y h á z y , G. P e t h e s  and  P .  R u d a s

D e p a rtm e n t o f Physio logy, U n iv e rs ity  o f  V e te rin a ry  Science,
H-1400 B u d ap es t, P .O . B ox  2, H u n g a ry

(R eceived J u ly  30, 1985)

T h y ro id ec to m ized  an im als are w idely  used  in  o rd e r to  b e tte r  u n d e rs ta n d  
th e  physio log ica l an d  p a tho log ica l ev en ts  govern ing  th y ro id  econom y.

I n  th e  ch ick en , a  series of p ap ers  dea l w ith  th y ro id e c to m y , b o th  w ith  
su rg ica l an d  rad io th y ro id e c to m y  (H ö h n , 1983). T he q u es tio n  of w heth er to ta l  
e x tirp a tio n  o f th y ro id  a c tiv ity  can  be ach ieved  b y  th e se  m ethods is ra ised  
from  tim e  to  tim e , how ever. A p a p e r re c e n tly  p u b lish ed  b y  H arv ey  e t al. 
(1983), concern ing  th e  m a jo r p roblem s o f th y ro id ec to m ies , calls a tte n tio n  to  
th e  fa c t th a t ,  ev en  w ith  w ell-contro lled  su rg ica l m e th o d s , d isappearance  o f 
th y ro id  horm ones from  th e  b lood p la sm a  can  h a rd ly  be a tta in e d . S everal 
reaso n s m ig h t acco u n t fo r th is  p henom enon . T he ra d io th y ro id ec to m y , on  th e  
o th e r  h a n d , f i r s t  suggested  b y  M ellen an d  W en tw o rth  (1962), h ad  severa l side 
effects (K ap p  a n d  P e th es , 1971; P e th es  an d  F o d o r, 1975), th u s  in te rfe rin g  
w ith  som e physio log ica l processes.

In  th is  p a p e r  a co m bina tion  o f su rg ica l an d  ra d io th y ro id ec to m y  is d e 
sc rib ed , w hich  in  m a n y  w ays successfu lly  u n ite s  th e  a d v an tag es  o f  b o th  
tech n iq u es , e lim in a tin g  th e ir  d raw backs.

F iv e  g roups o f H u n n ia h y b rid  ch ickens w ere u sed . T h e  anim als w ere 
k e p t accord ing  to  s ta n d a rd  la b o ra to ry  reco m m en d a tio n s on a con tin u o u s 
lig h tin g  regim e (24 h lig h t) w ith  food an d  w a te r  av a ilab le  ad  lib itu m . A nim als 
a rr iv e d  a t  th e  la b o ra to ry  w hen one d ay  old. F o u r g ro u p s w ere rad io th y ro id -  
ec tom ized  w ith  increasin g  doses o f ca rrie r-free  131I (N a l) . T he doses w ere as 
fo llow s: 300, 600, 900, an d  1200 /tCi/lOO g b o d y  m ass, g iven  in tra p e rito n e a lly  
o n  d a y  2 o f life , in  0.5 m l saline. O n d a y  4, 7, 12, 17 a n d  21 o f  age th e  b ird s  
w ere k illed  an d  b lood  sam ples w ere ta k e n  in  o rd er to  m easu re  th e  concen 
t r a t io n  o f  th y ro id  horm ones [ th y ro x in e  (T4) an d  tr iio d o th y ro n in e  (T3) w ere 
m easu red  acco rd ing  to  P e th es  e t a l., 1978a, 6], an d  co rticoste rone  (C R T). 
T he la t te r  w as d e te rm in ed  b y  co m p e titiv e  p ro te in  b in d in g  assay  (M urphy , 
1967).

One g roup  w as n o t tre a te d  w ith  131I , b u t  su rg ica l th y ro id e c to m y  w as 
p erfo rm ed  in  th e se  b ird s  accord ing  to  a p ro ced u re  describ ed  earlier (R u d as  
an d  P e th e s , 1984). T en  b ird s fo rm ed  one g roup  th ro u g h o u t.

Acta Veterinaria Hungarica 34, 1986
Akadémiai Kiadó, Budapest



118 V ERESEG Y H Ä ZY  e t al.
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F ig . 1. Serum  co n ce n tra tio n  o f T 4 and  T3 in  su rg ically  th y ro idectom ized  (b a rs  a) a n d  rad io - 
th y ro id ec to m ized  (b a rs  b - e )  chickens. R a d io th y ro id ec to m y  was p e rfo rm ed  a t  several doses: 
b  =  300, c =  600, d  =  900 an d  e =  1200 /iCi/100 g bod y  m ass 131I  (N a l)  in tra p e rito n ea lly . 
F u l l  arrow s in d ica te  n o rm al serum  levels, open  a rro w  stands fo r lim it o f  de tection . U p p e r 
r ig h t  in se t shows co rtico s tero n e  (C R T) levels o f  ch ickens exposed to  increasing  am o u n ts  o f 13II

In  a sep a ra te  ex p erim en t su rg ica l th y ro id ec to m y  w as p erfo rm ed  on 10 
a n im a ls , follow ed b y  300 f i d  131I  (N a l) /g  bo d y  m ass in tra p e rito n e a lly , w ith  
s im ila r  sam pling  as above .

Surgical th y ro id e c to m y  and  th y ro id e c to m y  w ith  300 /tCi 131I alone d id  
n o t  depress th y ro id  ho rm one  levels below  th e  de tec tion  lim it (F ig . 1). All th e  
o th e r  groups, how ever, show ed a lm o st u n d e te c ta b le  levels o f  th y ro id  horm ones 
f ro m  7 days a fte r  th y ro id e c to m y . T h e  in se t in  Fig. 1 d em o n stra te s  th a t  th e  
m o s t stressing  in te rv e n tio n  w as th a t  o f  g iv ing  1200 /xCi 131I  in tra p e rito n e a lly , 
n a m e ly  th e  chickens in  th is  g roup  show ed th e  h ighest p la sm a  levels o f co rtico 
s te ro n e . Indeed , in  th is  g roup  losses w ere above 60 p er c e n t w ith in  3 w eeks. 
T h e  chickens in  th e  g roups receiv ing  600 a n d  900 ,«Ci 131I  w ere o f low er b o d y  
m ass  th a n  th e  su rg ica lly  th y ro id ec to m ized  ones, an d  developed  severe lip id  
d ep o sitio n  in  th e  liv e r , like th a t  seen ea rlie r (K app  and  P e th e s , 1971) in  ducks
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(o)T4 nmol/litre T3 (•)

Fig. 2. T h e  serum  level o f T4 (o)  and  T 3 (* )  in  ch ickens thy ro id ec to m ized  w ith  a  com bined  
m eth o d . Surgical th y ro id ec to m y  w as follow ed im m ed ia te ly  b y  300 //Ci >31I  p e r 100 g b o d y
m ass. ?.~1~ I  no rm al va lues fo r T 4; -  -  n o rm al va lues fo r T 3; ----------  d e te c tio n  lim it

fo r T 4; - - - - -  d e tec tio n  lim it for T3

a n d  geese (P c th es  an d  F odor, 1975). In  th e  second ex p e rim en t, w h ich  w as 
done o n  th e  basis o f th e  fo rm er, u n d e te c ta b le  horm one levels could  be  a t ta in e d  
(see F ig . 2), b u t  no increase in  serum  C R T levels and  no f a t ty  liv e r  w as seen.

T hese  ex p erim en ts  suggest th a t  a com bined  su rg ical p lus ra d io th y ro id 
ec to m y  (w ith  low  dose) are ad v an tag eo u s  an d  w ill p roduce  a good m odel fo r 
fu r th e r  in v es tig a tio n . W ith  th is  m e th o d  a series o f  ex p erim en ts  has been  ru n  
in  th is  la b o ra to ry . As a re su lt o f th e  la t te r ,  som e ideas h av e  been  in v e s tig a te d  
concern ing  th e  p ro tec tiv e  m echanism s in v o lv ed  in  a d a p ta tio n  to  h y p o th y ro i
d ism  in  th e  ch icken (R u d as and  P e th e s , 1985).
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IN THE TESTES OF BUFFAUOES, GOATS AND RAMS
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(R eceived A p ril 22, 1985)

T he d is tr ib u tio n  o f deoxyribonucleic acid  (D N A ) was s tu d ied  in  th e  testes of b u ffa lo es, 
g o a ts , and  ram s. T h e  d is tr ib u tio n  of D N A  in  sp e rm atogen ic  cells w as corre lated  to fo u r te e n  
( I—X IV ) specific s tag es  o f  th e  sem iniferous ep ith e lia l cycle (SEC). A s com pared  to  th e  h a em a- 
to x y lin -sta in ed  n u c leu s, th e  d is tin c tio n  of d iffe re n t cell ty p es , especia lly  of th e  d iffe re n t 
ty p es  o f sp e rm ato g o n ia , w as m ore clear in  th e  D N A -sta ined  nuc leu s. B ased on d is tr ib u tio n  
o f D N A , th ree  ty p e s  o f A  sperm atogon ia  (A t, A 2, A 3), one ty p e  o f  in te rm e d ia te  sp e rm ato g o n ia  
(In )  an d  tw o  ty p es  o f  В sperm atogon ia  (B 15 B 2) cou ld  be  d is tin g u ish ed . T he staining in te n s i ty  
an d  d is tr ib u tio n  o f D N A  in  a n o th e r categ o ry  o f  sp e rm atogon ia , i.e. A o sperm atogonia, w h ic h  
rem ain  c o n s tan t th ro u g h o u t SEC w ere, m ore or less, sim ilar to  th o se  o f A -type  sp e rm ato g o n ia . 
T h e  d is tr ib u tio n  of D N A  was also followed in  d iffe ren t phases o f m eiosis. In  sperm atids, th e  
co n densation  of D N A  show s a step-specific p h en om enon . D N A  s ta in a b ili ty  also shows f lu c tu a 
tio n s du rin g  d iffe re n t ph ases o f sperm atogenesis. A n in te re s tin g  fe a tu re  o f the  S erto li cell 
nucleolus is th e  p resen ce  of one or m ore d en se ly -s ta in ed  D N A  g ran u le s  which decrease  in  
size w hile in creas in g  in  n u m b er. In  th e  tu b u la r  w all, only th e  e x te rn a l  an d  in ternal c e llu la r  
lay e rs s ta in  for D N À . I n  th e  Leydig cells, D N A  sta in s  in tense ly  a n d  co n ta in s fine g ra n u le s . 
T he resu lts  have  b een  com pared  and  co n tra s ted  to  find ings in  o th e r  m am m als.

K eyw ords. D eoxyribonucleic  acid, d is tr ib u tio n , testis, b u ffa lo , g o a t, ram .

D ao u st a n d  C lerm ont (1955) localized  th e  d is tr ib u tio n  of d eo x y rib o 
nucleic acid  (D N A ) in  th e  sem iniferous tu b u le s  d u ring  th e  cycle o f sem iniferous 
ep ith e liu m  in  r a ts .  As no o th e r m am m alian  species h as  b een  in v estig a ted  in  
th is  reg a rd , th e  d is tr ib u tio n  of D N A  in  th e  r a t  sem in iferous ep ithelium  serves 
as a m odel. S ince th e ir  s tu d y  w as co m p le ted , m a n y  a u th o rs , p a r tic u la r ly  
C lerm ont (1967), H ilsch er (1967), H o ch ereau  (1967), R oosen-R unge (1969), 
G u ray a  an d  B ila sp u ri (1976a) and  B ila sp u ri and  G u ra y a  (1980, 1984), h a v e  
fu r th e r  d iv ided  d iffe ren t ty p es of sp e rm ato g o n ia  (A, I n ,  B ). M oreover, th e  
d e ta ils  o f cell ty p e s  a n d  th e ir  associations m a y  v a ry  w ith  species; co n sequen tly , 
th e  re su lts  fo r r a ts  m a y  n o t be app licab le  to  all m am m alian  species, especia lly  
in  th e  fa rm  an im a ls , as (i) th e  d is tin c tio n  betw een  d iffe re n t ty p es of sp e rm a 
to g o n ia  can  easily  be  m ade in  ro d en ts  in  c o n tra s t to  th e  fa rm  anim als (C ler
m o n t, 1972; B ila sp u ri, 1978); (i i) th e  s tag es  (1, 2, 3, 4, 8) o f  th e  8-stage c la s 
sifica tio n  h av e  b een  subd iv ided  in  th e  bu ll (H o ch ereau -d e -R eviers, 1970), 
buffalo  (G u ray a  a n d  B ilaspu ri, 19766; B ila sp u ri and  G u ra y a , 1980), goat a n d  
ra m  (B ilasp u ri, 1978), b u t  such a su b d iv is io n  is lack in g  in  ro den ts (B ilasp u ri 
an d  G u ray a , 1984). G ledhill e t al. (1966) d e m o n s tra te d  a  d ram a tic  d ifference

* A ddress fo r correspondence
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in  F eu lg en  sta in in g  asso c ia ted  w ith  th e  d iffe ren tia tio n  o f  e longating  an d  
e lo n g a te d  sperm atid s  in to  te s ticu la r  sp e rm a to zo a . K eep in g  th ese  p o in ts  in  
v iew , th e  d is tr ib u tio n  o f  D N A  in th e  te s te s  a n d  its  b eh av io u r d u rin g  sp e rm a to 
genesis have  been s tu d ie d  in  buffaloes, g o a ts  and ram s. T h e  la s t species is 
in c lu d e d  as in  our s tu d ie s  on th is  species th e  stages o f th e  8 -stage  c lassifica
t io n  w ere  subd iv ided  (B ila sp u ri, 1978) a n d  in  co n trast to  15 s te p s  of acrosom e 
fo rm a tio n  (C lerm ont a n d  L eblond, 1955), w e could re p o rt 18 step s  lead ing  to  
th e  c lassifica tion  of sem in iferous e p ith e lia l cycle in to  14 s tag es  w hich are n o t 
r e p o r te d  in  an y  fa rm  a n im a l species (B ila sp u ri, 1978).

Materials and methods

T h e te s ticu la r  m a te r ia l  from  se x u a lly  m a tu re  bu ffa loes, goats and  ram s 
w as co llected  as d esc rib ed  earlier (B ila sp u ri and  G u ray a , 1982). T he tissu e  
w as p u t  in  0 .9%  sa lin e  a n d  cu t in to  sm a ll pieces, w hich  w ere im m ed ia te ly  
f ix e d  in  a su ffic ien t v o lu m e  o f Z enker’s fo rm o l and  C arnoy’s f ix a tiv e  (H u m aso n , 
1972). T he tissue w as processed  as u su a l a n d  was sectioned  a t  5 /мп. F o r th e  
d is tr ib u tio n  of D N A , th e  sections w ere  s ta in ed  w ith  a m od ified  F eu lgen  
re a c tio n  an d  m eth y l g reen  (Pearse, 1968).

R esults

T h e d is tr ib u tio n  o f  D N A  in v a r io u s  sperm atogenic  cells is d iag ram - 
m a tic a lly  show n in  P la te  1 in  re la tio n  to  specific associa tions o f  cell ty p e s  in  
s ta g e s  I - X I V  of th e  sem iniferous e p ith e lia l cycle (SEC). T h e  p a tte rn s  o f D N A  
s ta in in g  in  Sertoli ce lls, tu b u la r  w all a n d  L eydig cells a re  g iven  in  P la te  2.

Sperm atogonia. T h e  sligh tly  e lo n g a te d  nucleus o f sp e rm a to g o n ia  A show s 
v e ry  f in e  dust-like  g ran u les  un ifo rm ly  s ta in e d  for DNA (P la te  I) . Som etim es, 
a  few  irreg u la r g ran u les  m ay  also be  p re se n t. C o m p ara tiv e ly , m ore in ten se  
re a c tio n  is observed  a long  th e  n u c lea r envelope. In te n se  reac tio n  is fo u n d  
a ro u n d  th e  nucleo lus/nucleo li, w hich rem ain (s) u n sta in ed . I n  ad d itio n , som e 
o th e r  areas in  th e  n u c leu s  a re  no t s ta in e d  fo r DNA. On th e  basis  of d is tr ib u 
t io n  o f  D N A , th re e  ty p e s  o f sp e rm ato g o n ia  A (A t, A 2, A 3) a re  recognized. T he 
s ta in in g  in te n s ity  o f D N A  tow ards th e  c e n tre  and along th e  n uc lear envelope 
as w ell as th e  size o f  D N A -positive  g ra n u le s  in  these sp e rm a to g o n ia  follow  an  
in c rea s in g  order from  sp erm ato g o n ia  A x th ro u g h  A 2 to  A 3.

In te rm e d ia te  sp e rm ato g o n ia  c o n ta in  D N A -positive g ran u les  w hich fu r 
th e r  increase  in  size (P la te  I). T hey  a re  irre g u la rly  d is tr ib u te d  th ro u g h o u t th e  
n u c leu s  an d  are a t ta c h e d  to  th e  nucleo lus a n d  nuclear en v e lo p e . The in te n s i ty  
o f  s ta in in g  for D N A  in  th e se  sp e rm a to g o n ia  goes on in c reas in g  from  stag e  4a 
t i l l  th e y  div ide to  fo rm  B t sp erm ato g o n ia .
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Plate 1. D iag ram s show ing d is tr ib u tio n  of D N A  in  sp e rm atogen ic  cells du ring  stages I—X IV  
o f  sem in iferous ep ith e lia l cycle from  buffalo  testes. Z enker’s fo rm ol fixation , F eu lg en  a n d  
m eth y l g reen  s ta in . S im ilar resu lts  w ere o b ta in ed  in  g o a t an d  ram . E ac h  colum n (I—X IV ) 
in d ica te s  th e  d is tr ib u tio n  of DN A  in  sp e rm atogen ic  cells in  a  g iven  cellu lar association  c las
sified  w ith  P A S -h a em a to x y lin  techn ique. T he A rab ic  le tte rs  show  d iffe ren t steps o f sp e rm a to 
genesis. M deno tes th e  stage in  w hich sperm ato g o n ia l m itosis tak e s  place. F o r le tte r in g  see

the  lis t o f  abb rev ia tio n s

T h e nuclei o f  В г sp erm ato g o n ia , w hich te n d  to  be spherical, h av e  la rg e  
D N A  m asses an d  g ranu les a tta c h e d  to  th e  n u c lea r envelope  an d  th e  nuc leo lus 
(P la te  I) . T he in te n s ity  o f D N A  s ta in in g  an d  th e  size o f granules fu r th e r  
increase  in  B 2 sperm ato g o n ia  as co m p ared  to  th e  B j sp erm ato g o n ia  (P la te  I) .

T h e  s ta in in g  in te n s ity  an d  d is tr ib u tio n  o f  D N A  in  Ao sp e rm a to g o n ia , 
w hich  rem ain  c o n s ta n t th ro u g h o u t th e  SEC , are , m ore o r less, sim ilar to  th o se  
o f  sp e rm ato g o n ia  A (P la te  I).

Sperm atocytes. T he nuclei o f  p re lep to ten e  sp e rm ato cy tes  s ta in  m ore  
in te n se ly  th a n  th o se  o f B 2 sp e rm ato g o n ia  (P la te  I). T h e y  have  d a rk  D N A  
granu les w hich are  re la tiv e ly  large an d  lie a d ja c e n t to  th e  nuclear envelope  
an d  in  th e  c e n tra l nucleoplasm . I n  ad d itio n , fin e  D N A  filam en ts  are  also 
p re se n t in  th e  nucleus. In  lep to ten e  (stage IX ), th e  sp ira l o f  D N A  fila m e n ts  
is red u ced  to  form  th in , long and  s len d er f ilam en ts  (P la te  I) . In  th e  “ g ra n u la r  
le p to te n e ”  (stage X ), D N A  filam en ts  o f lep to ten e  begin  to  undergo c o n tra c 
tio n  an d  sp ira liza tio n , w hich re su lt in  th e  ap p earan ce  o f  fin e  granules on th e m  
(P la te  I) . In  zygo tene  (stages X I —I), D N A  filam en ts , w h ich  are th ic k  a n d  
m ade u p  o f th re a d s  o f coarse g ranu les, occupy on ly  a h a lf  o f th e  nucleus to  
form  a b o u q u e t-lik e  a rran g em en t (P la te  I). In  ea rly  p a c h y te n e , th e  f ila m e n ts  
a re  m ore or less s im ila r to  those  o f  zy go tene ; how ever, th e y  occupy a la rg e r
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P la te  2. D iag ram m atic  sk e tch es to  show th e  p a t te rn  o f D N A  d is tr ib u tio n  in  nucle i o f  d iffe ren t
te s tic u la r  co m p o n en ts

F ig . 1. Two Serto li cell nucle i show ing th e ir  chan g in g  shape  along th e  tu b u la r  w all in  re la tio n  
to  th e  sem iniferous ep ith e lia l cycle; th e  d is tr ib u tio n  of DN A  rem ains u n ch an g ed . N ote  th e  

presence of tw o  o r th re e  D N A -positive  dense  g ran u les in th e  u n s ta in e d  nucleo lus 
F ig . 2. A) F o u r lay e rs  o f tu b u la r  wall (h a em ato x y lin -e o sin ). B ) In  D N A  s ta in in g  on ly  th e  

ex te rn a l a n d  in te rn a l  cellu lar layers are  seen ; th e  non-cellu lar lay e rs  do n o t  s ta in  
F ig . 3. Leydig cell n uc le i show ing u n s ta in e d  ecc en tric  nucleoli. T he nucle i show  d ifferen t 

s ta in in g  in ten sitie s  on th e  p e r ip h e ry  an d  in  o th e r regions

A bbreviations in  plates. A o: Ao sp erm ato g o n ia ; A l5 A 2, A 3: d ifferen t ty p e s  o f  A sp e rm ato g o n ia ; 
B x: B [ sperm ato g o n ia ; B 2: B 2 sp erm ato g o n ia ; 1 ) ! : e arly  d ip lo tene; D 2: la te  d ip lo ten e ; E C : 
e x te rn a l  cellular lay e r; E D : e longated  sp e rm a tid s ; E L : elongating  sp e rm a tid s ; E N C : e x te rn a l 
n o n -cellu la r lay e r; G L : g ra n u la r  lep to ten e ; IC : in te rn a l cellu lar lay e r; IN : in te rn a l non- 
ce llu la r lay e r; In :  in te rm e d ia te  sp e rm ato g o n ia ; L : lep to ten e ; M: s tag e  fo r m itosis; N j n u 
cleo lus; P L : p re le p to te n e ; P t : early  p a ch y ten e ; P 2: la te  p ach y ten e ; 1 -18 : d iffe ren t steps o f

sp erm ato g en esis

vo lum e o f th e  n u c leu s (P la te  I). D urin g  th e  n e x t phase o f  p a c h y te n e , th e  f i la 
m e n ts  are fu r th e r  th ic k e n in g  an d  sh o rte n in g  (P la te  I). In  th e  d ip lo ten e  (stages 
X - X I I I ) ,  th e  f i la m e n ts  disperse an d  te t r a d s  are  form ed (P la te  I) . D ue to  th e  
m a rk e d  increase  in  th e  nu c lear vo lum e o f  th e  la te  p a c h y te n e  an d  d ip lo tene  
sp e rm a to cy te s , th e re  a p p ea r sm all spaces w h ich  do n o t s ta in  fo r D N A  (P la te  I) .

The seco n d ary  sp e rm ato cy tes  (stage  X IV ) have 5 or 6 la rg e  D N A  granules 
o f  various sizes in  a d d itio n  to  n u m ero u s  f in e  granules, w hich  are  connected  
w ith  one a n o th e r  b y  a fine  filam en to u s  n e tw o rk  slig h tly  s ta in in g  for D N A  
(P la te  I). In te n se  re a c tio n  is also seen a long  th e  n uc lear envelope.
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Sperm atids. The d is tr ib u tio n  o f  D N A  and  th e  p a t te r n  o f  its  co n d en sa tio n  
are  s im ila r to  th o se  o f  c h ro m a tin  described  for th e  d ev e lo p m en t o f sp e rm a tid  
nucleus (B ila sp u n  an d  G u ray a , 1985). H ow ever, th e  fo llow ing  differences are 
w o rth y  o f m en tio n  (P la te  I) . T he filam en to u s  n e tw o rk  as w ell as fin e  an d  large 
g ranu les p re se n t in  sp e rm atid s  (steps 1 -9 ; P la te  I) lig h tly  s ta in  for D N A  as 
co m p ared  to  th e  c h ro m a tin . T h e  c lea r zone in  steps 8—11, an d  vacuoles or 
lig h tly -s ta in in g  cav ities are w e ll-m ark ed  in  D N A  s ta in in g  as com pared  to  th e  
ch ro m a tin .

T he s ta in in g  in te n s ity  for D N A  in  ro u n d  sp e rm a tid s  is lesser th a n  th a t  
o f p rem eio tic  sperm atogen ic  cells. T h is  in te n s ity  f irs t  increases in  e longa ting  
sp e rm atid s  an d  th e n  decreases in  e lo n g a ted  sp e rm atid s  an d  te s tic u la r  sp e r
m ato zo a .

Sertoli cells. Irre sp ec tiv e  o f  th e  changes in  shape an d  size o f  Serto li cell 
n ucle i th ro u g h o u t th e  SEC , th e  d is tr ib u tio n  of th e ir  D N A  rem ains u n a lte red  
(P la te  2, F ig . 1). A m ong th e  d iffu sed  F eu lgen-positive  m a te r ia l, fine D N A  
granu les are  u n ifo rm ly  an d  lig h tly  s ta in e d  th ro u g h o u t th e  nucleus in  ad d itio n  
to  2 or 3 sm all, sp herica l and  in te n se ly  s ta ined  g ranu les. H ow ever, irreg u la r 
D N A -nega tive  areas are also seen in  th e  nucleus. T h e  n uc leus also co n ta in s  
D N A -positive  filam en ts  th ro u g h o u t, besides one or m ore nucleo li in  th e  cen tre . 
I t s  p e rip h e ry  does n o t s ta in  w ith  e ith e r  Feulgen or m e th y l green. I n  th e  
nucleo lus, th e re  are one or m ore dense ly -s ta in ed  D N A  gran u les  w hich decrease 
in  size w hile increasing  in  n u m b er.

Tubular wall. O nly  th e  e x te rn a l a n d  in te rn a l ce llu la r lay e rs  o f  th e  tu b u la r  
w all s ta in  fo r D N A , th e  e x te rn a l a n d  in te rn a l n o n -ce llu la r lay ers  rem ain  
u n s ta in e d  (P la te  2, F ig . 2). D N A  along  th e  nuclear envelope  o f fib ro b la s ts  
s ta in s  in ten se ly . T he ce n tra l reg ion  o f  th e  nucleus show s w eak  D N A  sta in in g ; 
i t  m ay  co n ta in  a few  g ranu les. S om etim es a few fila m e n ts  are  also seen.

Leydig  cells. D N A  s ta in in g  is in ten s iv e  along th e  n u c le a r  envelope (P la te  2, 
F ig . 3). T h e  ce n tra l reg ion  o f th e  nucleus sta in s w eak ly  an d  co n ta in s  fine  
g ranu les. Tw o or 3 co m p ara tiv e ly  la rg e  granules are also seen. T he f ilam en ts  
s ta in  w eak ly . T he reg ion  co m p arab le  to  th e  eccentric  nucleo li are  u n s ta in ed  
fo r D N A .

D iscussion

I n  show ing th e  d u st-lik e  g ran u la tio n s  d ispersed in  th e  whole nucleus, 
an  en h an ced  s ta in in g  along th e  n u c le a r  envelope an d  th e  presence o f some 
reg ions in  th e  nucleus free o f s ta in in g  fo r D N A , th e  p re se n t sp erm ato g o n ia  A 
resem ble tho se  described  in  th e  r a t  (D ao u st and  C lerm on t, 1955). H ow ever, 
a  few  irre g u la r  D N A -positive  g ran u les  in  th e  nuc leop lasm  an d  an  in ten se  
reac tio n  a ro u n d  th e  nucleo lus/nucleo li w ere n o t described  in  th e  r a t  b y  D ao u st 
a n d  C lerm ont (1955). T he la rg e  ir re g u la r  m asses a long  th e  nu c lea r envelope
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re p o r te d  b y  the  sam e w o rk ers  in  th e  r a t  could n o t be d e m o n s tra te d  in  th e  
p re se n t studies. I t  is a f u r th e r  difference th a t  no subd iv ision  o f  sperm atogon ia  
A  w as m ade by  D ao u st a n d  C lerm ont (1955) in  th e  ra t .

As com pared to  sp e rm ato g o n ia  A, th e  in te n s ity  o f D N A  sta in in g  in  In  
sp e rm ato g o n ia  increases as also described  b y  D ao u st an d  C lerm ont (1955), 
w ho d id  no t m en tion  th e  v a ria i ions o f th e ir  D N A  s ta in in g  in  d ifferen t stages. 
T h e  nuclei of В sp e rm a to g o n ia  also show  a co m p ara tiv e ly  in ten se  s ta in in g  
b u t  th e y  do no t give th e  cell a ty p ica l w heel-spoke ap p e a ra n ce  as described 
fo r  th e  r a t  (D aoust a n d  C lerm on t, 1955).

T he small nuclei o f  p re lep to ten e  sp e rm ato cy tes  s ta in  m ore in tense ly  th a n  
th o se  o f the  B 2 sp e rm a to g o n ia , b u t in  th e  r a t  (D aoust a n d  C lerm ont, 1955) 
th e y  resem ble th e  p a re n t  cells. The D N A  filam en ts  o f th e  p re lep to ten e  sp e r
m a to c y te s  have n o t b e e n  rep o rted . The g ran u la r  le p to ten e  o f  th is  s tu d y  was 
n o t  rep o rted  by D ao u st a n d  C lerm ont (1955) in  th e  r a t .  In s te a d  o f th e  b o u q u e t
lik e  a rran g em en t o f th e  D N A  m ate ria l in  th e  zygo tene, D ao u s t and  C lerm ont 
(1955) reported  coarse  s tra n d s  filling  th e  w hole nucleus. T h e  sm all DN A - 
n e g a tiv e  spaces w hich  a p p e a r  in  th e  la te  p ach y ten e  an d  c o n tin u e  up to  dia- 
k inesis  are sim ilar to  th e  irreg u la r F eu lgen -nega tive  in te rs tic e s  of th e  r a t  
(D ao u s t and  C lerm ont, 1955).

In s te a d  of 4 o r 5 la rg e  D N A  granu les, num erous such  granules w ere 
re p o r te d  in  the  r a t ,  b u t  th e  fin e  filam en to u s  n e tw o rk  lig h tly  s ta in ed  for D N A  
o b se rv ed  in  the  se c o n d a ry  sp e rm ato cy tes  w as n o t re p o rte d  in  th e  com parab le  
cells o f  th e  ra t (D ao u st a n d  C lerm ont, 1955).

T he increase in  F e u lg e n  s ta in a b ility  in  steps 10-12 m a y  be due to  th e  
re d u c tio n  of nuclear v o lu m e  b y  th e  change in  th e  shape o f  sp e rm a tid  nuclei, 
w h ich  becom es e lo n g a te d  (steps 10—12) com pared  to  th e  sp e rm a tid  nucleus 
(s te p s  1-9), b u t th e  m a sk in g  o f DN A  b y  D N P  has n o t y e t s ta r te d . T he decrease 
in  F eu lgen  s ta in a b ility  in  steps 13-18 m ay  be due to  c h ro m a tin  condensation , 
w h ich  s ta rts  a t s tep  13 a n d  m ay  be a t t r ib u te d  to  a rg in in e-rich  basic p ro te in s 
(B ila sp u ri and G u ray a , 1985). S im ilarly , a decrease in  F eu lg en  re a c tiv ity  an d  
an  increase  in  p ro te in  b o u n d  arg in ine , as show n b y  th e  S akaguch i reac tio n , 
h a v e  also been re p o r te d  in  th e  bu ll (G ledhill, 1966; G ledhill e t al., 1966). 
So th e  decreased F e u lg e n  reac tio n  m ay  n o t  be due to  decrease in  D N A  con
te n t ,  as also suggested  b y  E sn a u lt an d  N icolle (1976). S im ila rly , th e  red u c tio n  
in  th e  in ten s ity  o f th is  s ta in in g  for D N A  in  m am m alian  sp e rm ato zo a  d u ring  
ep id id y m al passage (B o u te rs  e t al., 1967a, b) is n o t due to  red u c tio n  in  D N A  
q u a n t i ty  h u t ap p ears  to  be th e  re su lt o f  increased  fo rm a tio n  o f d isulphide 
b o n d s  (E sn au lt, 1973).

T he p resen t o b se rv a tio n s  on th e  S erto lian  nu c lea r m orpho logy  and  th e  
v a r ia tio n s  in  th e  re g u la r  n u c lea r shape d u rin g  th e  SEC a re  sim ilar to  those  
re p o r te d  by  D aoust a n d  C lerm ont (1955) an d  F a w ce tt (1975). In  th e  d is tr ib u 
t io n  o f  the  lig h tly -s ta in e d  D N A  granu les d ispersed  th ro u g h o u t th e  nucleus
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an d  th e  presence o f som e irre g u la r  F eu lgen -nega tive  a rea s , th e  Serto li nucleus 
o f  th e  p resen t species is s im ila r to  t h a t  o f th e  r a t  (D ao u s t an d  C lerm ont, 
1955), b u t th e  tw o to  th re e  sm all, in ten se ly  s ta in ed  D N A  granu les an d  D N A - 
p o sitive  f ilam en ts  seen in  th e  S erto lian  nucleus o f th e  p re se n t species h av e  n o t 
been  rep o rted  b y  th e  ab o v e  w orkers. O n th e  w hole, th e  nucleop lasm , w hich  is 
re m a rk a b ly  hom ogeneous, m a y  be sim ilar to  th e  elec tron -m icroscop ica lly  fine  
f ib ro g ran u la r  te x tu re  w ith  a la rge  p ro p o rtio n  o f eu c h ro m a tin  (F a w c e tt, 1975). 
T h e  p a u c ity  o f h e te ro c h ro m a tin  in  th e  Serto li cells is c o n s is ten t w ith  its  being  
sy n th e tica lly  ac tive  an d  h ig h ly  versa tile  in  functions.

F eu lgen-positive (one o r m ore) densely  s ta in ed  D N A  granu les (hetero - 
p y cn o tic  bodies) observed  in  th e  nucleolus o f th e  p re se n t species m ay  be 
com parab le  to  th e  one o r tw o  in ten se ly  F eu lg en -positive  g ranules s itu a te d  
close to  th e  nucleolus or ly in g  in  th e  nucleop lasm  in  r a t  (D ao u s t and  C lerm ont, 
1955). S im ilar h e te ro p y cn o tic  bodies w ere rep o rted  b y  F a w c e tt (1975). T he 
physio logical fu n c tio n  o f th e se  bodies rem ain s u n k n o w n . U nlike th e  re p o rts  of 
o th e r  w orkers (N agano , 1966; C ourot e t a l., 1970), no  species-specific  v a r ia 
tio n s in  th e  shape  o f nucleo li could be observed  in  th e  p re se n t species.

T he cellu lar lay ers  o f  th e  tu b u la r  w all, w hich s ta in  fo r D N A  in  th e  
buffa lo , goat and ra m , w ere n o t rep o rted  by  D ao u st a n d  C lerm ont (1955). 
S im ilarly  to  th e  p re sen t s tu d ies , th e  in ten se  s ta in in g  on  th e  p e rip h e ry  of 
fib ro b la s ts  was also re p o rte d  fo r th e  r a t  (D ao u st an d  C lerm o n t, 1955).

The p resen t fin d in g s h a v e  show n th e  a rc h ite c tu re  o f  d iffe ren t com po
n e n ts  o f th e  te s tis  as rev ea led  b y  s ta in in g  for D N A . T he resu lts  o b ta in ed  
will form  th e  basis fo r fu tu re  s tud ies on d iffe ren t a sp ec ts  o f  sperm atogenesis  
inc lu d in g  th e  effects o f  d iffe ren t m an ag em en t cond itions on  th e  te s te s  o f these  
fa rm  anim als.
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IN S T R U C T IO N S TO A U T H O R S

M anuscrip ts a re  accep ted  on th e  basis  o f  sc ien tific  sign ificance and  su ita b ility  fo r p u b li
c a tio n  on  th e  u n d e rs ta n d in g  th a t  th ey  hav e  n o t  been  p u b lish ed , su b m itte d  or accep ted  for p u b li
c a tio n  elsew here. A ccep tan ce  depends on th e  o p in io n  o f  tw o  referees an d  th e  decision  o f th e  
E d ito ria l B oard . P a p e rs  accep ted  for p u b lica tio n  are  su b je c t to  ed ito ria l revision.

M A N U S C R IP T  S T Y L E

M an uscrip ts m u s t  be in  E nglish o r  H u n g a rian  a n d  c learly  an d  concisely w ritte n . T h ey  
sh o u ld  be  ty p e d  d o u b le  spaced  w ith  w ide m arg in s. Tw o copies o f th e  m an u scrip t shou ld  be 
su b m itte d .

FO R M  O F  M A N U S C R IP T

T itle. T he t i t le  sh o u ld  be a  clear a n d  concise s ta te m e n t o f  th e  co n ten ts  in  n o t  m ore  th a n  
14 w ords. A  sh o rt ru n n in g  t i t le  of n o t m o re  th a n  40 le t te r s  shou ld  also be supp lied . T h is is 
follow ed b y  th e  a u th o rs ’ in itia ls  (full f i r s t  n a m e  o f w om en) a n d  su rn am e, and  th e  n am e o f th e  
in s titu tio n  w here th e  w o rk  w as done. T he m ailin g  add ress  o f  th e  a u th o rs  m u st also be  in d ic a te d  
here.

Abstract. T his sh o u ld  n o t exceed 200 w ords a n d  sh o u ld  o u tlin e  b riefly  th e  p u rpose  of th e  
s tu d y  a n d  d e ta il im p o r ta n t  f ind ings and  th e  a u th o rs ’ p r in c ip a l conclusions. R e d u n d a n t p h rases , 
g en era lly  know n in fo rm a tio n  and  rep e titio n  sh o u ld  be av o ided .

Introduction. T h is  p a r t  should s ta te  b rie fly  th e  n a tu re  a n d  purpose  of th e  w ork  an d  c ite  
re c e n t im p o r ta n t  w o rk  b y  o thers.

Materials and m ethods. D escribe m a te ria ls , m e th o d s , a p p a ra tu s , ex p erim en ta l p ro ce
d u re  an d  s ta tis tic a l m e th o d s  in  suffic ient d e ta i l  to  allow  o th e r  a u th o rs  to  reproduce  th e  re su lts . 
T h is p a r t  m ay  h av e  subhead ings.

Results. T he ex p e rim e n ta l d a ta  sh o u ld  be  p re sen te d  c learly  an d  concisely. A void  re
p e a tin g  in fo rm a tio n  p re sen te d  in  tab les a n d  figures.

Discussion sh o u ld  be  focussed on th e  in te rp re ta tio n  o f ex p erim en ta l f in d in g s . Do n o t  
re p e a t  l ite ra ry  d a ta  p re sen te d  in  th e  In tro d u c tio n  or in fo rm a tio n  g iven  in  R esu lts . R eferences 
shou ld  be  c ited  as follow s: e.g. . . .  as o b se rv ed  by  F a ith  a n d  T ru m p  (1976); o r in  p a ren th eses : 
. . . w ere fo u n d  (S ta r r  e t  ah , 1978; M anson a n d  S ta rr , 1979).
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References. C ite o n ly  essential re ferences. T h ey  sh o u ld  be a rran g ed  in  a lp h ab e tica l o rd e r 
o f th e  a u th o rs ’ su rn am es , w ith o u t serial n u m b ers . T he reference  lis t a t  th e  end o f th e  p a p e r 
shou ld  con tain

— fo r jo u rn a ls : n a m e s a n d  in itia ls  of a ll a u th o rs , y e a r  o f  p u b lica tio n  (in  pa ren th eses), co lon , 
E n g lish  t i t le  o f  th e  p a p e r (if th e  o rig in a l t it le  is n o t  E n g lish , in d ica te  in  p a ren th ese s , 
e.g. [in F re n c h ]) , jo u rn a l title  a b b re v ia te d  acco rd ing  to  th e  sty le  used  in  In d e x  V e teri-  
n a riu s , vo lum e n u m b e r, issue n u m b er in  p a ren th eses , f i r s t  a n d  la s t pages;

— fo r books: n am es a n d  in itia ls  o f au th o rs /e d ito rs , y e a r  (in  p a ren theses), t it le , p u b lish e r, 
p lace o f  p u b lic a tio n , page num ber.

Tables. T h ey  sh o u ld  be  ty p ed  on se p a ra te  sh ee ts a n d  hav e  a concise h ead in g  each . 
T ab les  a re  to  be n u m b ere d  sequen tia lly  b y  R o m an  nu m b ers .

Figures. G o o d -q u a lity  glossy p r in ts  o f  h a lf-to n e  illu s tra tio n s  and  clear line  d raw in g s in  
In d ia n  in k  are accep ted . T h e  nu m b er of th e  f ig u re , th e  a u th o r ’s n am e  and  th e  to p  o f th e  fig u re  
shou ld  be  in d ic a te d  l ig h tly  in  soft pencil on  th e  b ack . T h e  fig u res are to  be n u m b ered  seq u en 
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COMPARATIVE STUDY OF TREPONEMA 
STRAINS ISOLATED FROM SWINE AND NUTRIA

L. M o l n á r

D e p a r tm e n t o f E p izoo tio logy , U n iv e rs ity  o f V e te rin a ry  
Science, H-1581 B u d a p es t, P . O. B ox  22, H u n g a ry

(R eceived S e p tem b e r 15, 1985)

An in fec tio u s disease resem bling  sw ine d y se n te ry  (SD ) w as observed  in  a n u tr ia  
s tock . P rom  th e  caeca l m ucosa of th e  su ccu m b ed  n u tr ia s  large  n u m b ers  o f trep o n em es 
iden tica l w ith  Treponem a hyodysenteriae  in  shape , size and  m o til ity  w ere d e m o n s tra ted  
m icroscopically . T h e  Treponema  s t r a in  w as iso la ted  from  carcases o f  a n o th e r n u tr ia  
p o p u latio n . T he s t r a in  o f n u tria  o rig in  w as com pared  w ith  Treponem a  s tra in s  d e riv ed  
fro m  swine, b y  lig h t-  an d  e lectron-m icroscopic , biochem ical a n d  serological m eth o d s. 
B ased  upon  its  haem olysing  ab ility , b iochem ical b eh av io u r a n d  sw in e-p a th o g en ic ity , 
th e  n u tr ia - tre p o n e m a  resem bled T . innocens  r a th e r  th a n  T . hyodysenteriae. H ow ever, 
a f te r  th e  th ird  p a ssag e  in  pigs i t  p ro v ed  to  be  p a th ogen ic  to  sw ine.

K eyw ords. Treponem a, n u tr ia , sw ine, co m p a ra tiv e  s tu d y , sw ine d y sen te ry , T. innocens, 
T . hyodysenteriae.

E arlie r, Treponem a hyodysenteriae w as know n to  be a ty p ica lly  h o st-sp e 
cific p a th o g en . As fa r  as we know , th e re  are  no d a ta  in d ica tin g  th a t ,  u n d e r  
n a tu ra l  conditions, i t  could  produce d isease in  an im al species o th e r  th a n  sw ine.

I n  th e  dog, a d isease resem bling  sw ine d y sen te ry  (SD) h a d  been observed  
s till ea rlie r by  Craige (1948), who a t ta c h e d  im p o rtan ce  to  a sp irochete  in  th e  
ae tio lo g y  of th e  o b se rv ed  cond ition ; fu rth e rm o re , he d e m o n s tra te d  s im ila r 
o rgan ism s from  d ia rrh o e ic  cats. I t  w as e stab lish ed  (U lsen an d  L am bers, 1973; 
A d ach i e t ah, 1979) t h a t  th e  sp irochete  causing  “ dog d y se n te ry ”  (Craige, 1948) 
resem bles T. hyodysenteriae  no t o n ly  m orpho log ically  b u t  also in  an tig en ic  
s tru c tu re . H ow ever, a f te r  th e  dog -sp irochete  h ad  been iso la ted  (T urek  an d  
M eyer, 1977), i t  w as fo u n d  to  be so m ew h at d iffe ren t from  T . hyodysenteriae  b u t  
p ra c tic a lly  iden tica l w ith  th e  s ligh tly  h aem olysing  Treponem a  s tra in s  iso la ted  
from  sw ine; in  one ex p erim en t th is  m icro o rg an ism  even colonized th e  large  
in te s tin e  o f g n o tob io tic  pigs. Meier e t al. (1982) iso la ted  from  dogs (in m ost cases 
fro m  th o se  w ith  d ia rrh o ea) treponem es o f  d iffe ren t p roperties, am ong th e m  ones 
w h ich  w ere ag g lu tin a te d  b y  an ti- T . hyodysenteriae  serum . T . hyodysenteriae w as 
iso la te d  from  th e  faeces o f a dog w hich  h a d  ingested  th e  b lo o d-sta ined  faeces o f a 
d y sen te ric  pig (Songer e t al., 1978). I n  ex p erim en ts  of o th e r  researchers (B ra n 
d e n b u rg  e t ah, 1977) T . hyodysenteriae colonized th e  large in te s tin e  of g n o to 
b io tic  ra ts . F u r th e r  s tu d ie s  revealed  t h a t  T . hyodysenteriae w as n o t on ly  capab le  
o f  colonizing gu inea-p igs and m ice, b u t  i t  e lic ited  in  th e se  species a  non- 
h aem o rrh ag ic , m ucous d iarrhoea a n d  ap p earan ce  of gross an d  m icroscopic
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lesions resem bling th o se  o f SD (Joens e t a l., 1978; Jo en s  an d  Glock, 1979). 
A s com pared  to  SD , th e re  w as an  in te re s tin g  difference, nam ely , in  guinea-p igs 
a n d  m ice th e  p a th o lo g ica l lesions developed  p rim a rily  in  th e  caecum . B ased  
u p o n  th e ir  fu r th e r  re su lts , Jo en s e t al. (1980) fo u n d  th e  CF1 m ouse s tra in  
su ita b le  for d iffe ren tia tin g  b e tw een  T . hyodysenteriae  an d  T . innocens. W hen  m ice 
w ere  ex p erim en ta lly  in fe c te d  w ith  T . hyodysenteriae  an d  accom m odated  in  a 
w a y  th a t  th e ir  faeces fe ll on  th e  pigs’ feed, th e  pigs developed  SD (Joens, 1980). 
Jo e n s  an d  K in y o n  (1982) te s te d  for th e  p resence  o f T . hyodysenteriae  w ild  m ice 
a n d  ra ts  tra p p e d  in  p ig  houses. T . hyodysenteriae  s tra in s  w ere iso la ted  from  th e  
caeca  o f 4 mice c a u g h t in  3 p ig  stocks a ffec ted  w ith  SD ; o f  th e  s tra in s , th re e  
p ro v ed  to  be p a th o g en ic  to  sw ine. Two o f th e  fo u r m ice ex h ib ited  gross lesions. 
B la h a  (1983) iso la ted  Treponem a  s tra in s  (“ B o rre lia”  as called b y  him ) from  
free-liv ing  w ild r a ts ,  g rey  ra ts  c au g h t in  c a tt le  fa rm s, a n d  w hite  la b o ra to ry  
r a ts ;  these  s tra in s  w ere an tig en ica lly  id e n tic a l w ith  T . hyodysenteriae an d  p ro 
d u ced  SD in S P F  pigs. B lah a  has concluded  th a t  m ice are  p o te n tia l trep o n em a- 
ca rrie rs , w hereas r a ts  c a n  be regarded  as a n a tu ra l  reserv o ir o f th e  sw ine d y s
e n te ry  agent.

I n  H u n g ary , an  S D -like disease w as observed  in  a large-scale n u tr ia  s to ck  
(S z to jk o v  e t al., 1982). N um erous m icroorgan ism s resem bling  T . hyodysenteriae 
w ere d em o n stra ted , b y  d ire c t im m unofluorescence an d  s ta in in g , in  th e  caeca of 
n u t r ia  carcases a n d  in  faeca l sam ples co llec ted  from  th e  diseased an im als; th e ir  
iso la tio n , how ever, th e n  fa iled . In  th e  p re se n t p a p e r th e  iso la tio n  of th is  m icro 
o rgan ism  and its  co m p ariso n  w ith  Treponem a  s tra in s  o f sw ine origin are  re 
p o rte d .

M aterials an d  m ethods

A t necropsy  o f th e  tw o  n u tr ia  carcases su b m itte d  to  th e  C en tra l V e te ri
n a ry  In s ti tu te  for d iag n o stic  purposes, th e  caecal m ucosa show ed superfic ia l 
nec ro tic  spots, p a th o lo g ica l lesions id en tica l w ith  tho se  rep o rted  p rev iously , 
(S z to jk o v  e t al., 1982). T rep o n em a iso la tio n  w as m ade on  a selective m ed ium  
c o n ta in in g  sp ec tin o m y c in  (Songer e t a l., 1976). A fte r iso la tio n  an d  p u rif ic a tio n  
th e  s tra in s  w ere m a in ta in e d  on an  ag ar m ed iu m  devo id  o f an tib io tic s . T he 
electron-m icroscopic s tu d y  o f  the  Treponem a  s tra in  iso la ted  from  n u tr ia  w as 
perfo rm ed  a fte r th e  1 2 th  passage on agar, accord ing  to  th e  m e th o d  re p o rte d  b y  
M olnár (1979).

Biochem ical studies

Treponema stra ins. S ix stra in s, all o u r ow n iso lates, w ere exam ined . T h e ir 
m a in  properties a re  showrn  in  T able  I.

In  add itio n  to  th e  p ro p ertie s  show n in  T ab le  I ,  we te s te d  th e  s tra in s  fo r 
in do le  p ro d u c tio n  a n d  fru c to se , lactose, glucose, a rab inose  an d  m altose  de-
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T ab le  I

O rigin and m ain  ch arac te ris tics  o f Treponem a  s tra ins used  in  th e  com parative  stud ies

D esignation 
o f  s tra in

H aem o ly sin g
a b il i ty

S w in e -p a th o 
g e n ic ity O rig in

S-2 strong + swine dysen tery

S-10 strong N* swine d ysen tery

T -l w eak sw ine; m ass disease ch a ra c te r
ized b y  non-m ucous, non- 
haem orrhagic d iarrh o ea

T-3 w eak N* th e  sam e as for T - l

N -l w eak — n u tr ia

N-2 w eak — n u tr ia

N*: n o t exam ined

com position . T he Treponem a  s tra in s  w ere  p ro p ag a ted  in  “ A n aero b ie r—TV LS- 
N ä h rb o d en  Basis”  (M erck) b ro th  c o n ta in in g  10%  horse se ru m . Indole p ro d u c 
tio n  w as te s ted  b y  ad d in g  K o v ács’s re a g e n t to  th e  cu ltu res  on  days 2 ,4 ,6  an d  8. 
C a rb o h y d ra te  fe rm e n ta tio n  w as s tu d ie d  in  m edia  in  w h ich  th e  co n cen tra tio n  
o f th e  given sugar w as 1 % ; th e  te s t  w as considered  po sitiv e  if, a f te r  an in c u b a 
tio n  period  of 5 days, th e  p H  w as a t  le a s t b y  0.5 low er th a n  th a t  of th e  con tro l 
cu ltu res . The cu ltu res w ere k e p t a t  37 °C in  a m ix tu re  o f 2 0 %  CO , -f- 80%  H 2 
gas, in  th e  presence o f p a llad iu m  as c a ta ly s t .

Serological exam inations

T he ag g lu tin a tio n  an d  im m unofluorescence  (IF ) te s ts  w ere perform ed as 
described  prev iously  (M olnár, 1981; M olnár, 1983). A g a in s t s tra in  S-2 we 
ra ise d  a h yperim m une  serum  in  ra b b its ; th is  was used  fo r p re p a rin g  a co n ju g a te  
to  be  used  in  th e  d irec t I F  te s t , an d  w as te s te d  b y  a g g lu tin a tio n  ag a in st th e  
an tig en s p repared  from  o u r six  s tra in s .

T he h y p erim m u n e  serum  p ro d u ced  aga in st s tra in  S-2 w as used in  th e  
im m unodiffusion  te s t ,  too . T he an tig en s w ere o b ta in ed  as follows: th e  six  
s tra in s  w ere grow n on th e  u sual, try p to se -c o n ta in in g  b lo o d  agar; 4 -day-o ld  
cu ltu re s  were w ashed  w ith  P B S  an d  th e  treponem es w ere suspended  in  0 .5%  
sod ium  dodecyl su lp h a te  so lu tio n ; th e n  th e  suspension w as k e p t a t  45 °C fo r 
4 h  (A dachi e t al., 1979). D iffusion  w as m ad e  in  1%  agarose .

E xperim en ta l infection

(1) F rom  a n u tr ia  s to ck  w here n o  disease resem bling  SD had  occurred  
a n d  th e  pathogen ic  ag en t w as n o t d e te c ta b le  in  th e  faeces o f  an im als, six grow 
in g  (ab o u t 4 m o n th s old) n u tr ia s  w ere p u rch ased . Tw o n u tr ia s  each w ere in -
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fe c te d  w ith  s tra in  S-2 a n d  N - l, re sp ec tiv e ly , w hereas tw o  se rv ed  as con tro l. T h e  
4 -d ay -o ld  blood ag ar cu ltu re s  o f th e  re sp ec tiv e  s tra in s w ere  c u t  up  in to  sm all 
p ieces , m ixed to  sm a ll am o u n ts  o f g ra n u la te d  feed, an d  th is  m ix tu re  w as g iven  
to  th e  anim als a t  th e  m orn ing  feeding.

(2) The caeca o f th e  n u tr ia s  from  w hich  th e  Treponem a  s tra in s  N -l and  N-2 
h a d  been  iso lated  w ere c u t u p  in to  sm all pieces and , to g e th e r  w ith  th e  caecal 
c o n te n ts , fed to  tw o  8-w eek-old , trep o n em a-free  piglets, w h ich  w ere o b ta in ed  b y  
th e  m e th o d  rep o rted  b y  M olnár (1981). A  m o n th  la te r  p ig le ts  w ere ex sa n g u in a t
ed  a n d  th e ir  colons w ere  fed  to  tw o  fu r th e r  piglets. W hen  one o f th e  la t te r  fell 
ill (o n  post-in fec tion  /Р 1 / d ay  21), its  colon an d  th e  en tire  colon co n ten ts  w ere 
m ix e d  in  th e  feed o f  th re e  pigs. O ne o f  th e  pigs died on  P I  d ay  9; th e  tw o  
su rv iv o rs  were e x sa n g u in a te d  on P I  d a y  30 an d  45, re sp ec tiv e ly . F aecal ex am i
n a tio n s  using th e  I F  t e s t  w ere p erfo rm ed  on every  second d a y  P I .

R esu lts

W hen ex am in ed  u n d e r p h a se -c o n tra s t m icroscope, a n d  in  s ta in ed  p re 
p a ra tio n s , th e  caecal m ucosa scrap ings o f n u tr ia  carcases u sed  for iso la tio n  
c o n ta in e d  m odera te  n u m b ers  o f m icroorgan ism s resem bling  T . hyodysenteriae 
in  sh ap e  and m o tility . I n  faecal sm ears fix ed  w ith  acetone , u sing  th e  co n ju g a te  
p re p a te d  from  th e  a n ti-T . hyodysenteriae  (s tra in  S-2) se rum , m o d era te  n u m b ers  
o f  m icroorganism s e x h ib itin g  specific  fluorescence an d  ch a rac te ris tic  sh ap e  
w ere  seen (Fig. 1).

F rom  th e  tw o  n u tr ia  carcases successful trep o n em a iso la tio n s w ere m ad e  
on  th e  selective m ed iu m . T he f irs t  fa in t h aem oly tic  zones a p p ea red  as la te  as on  
d a y  13 of in cu b a tio n , w hereas w ith  s tra in s  iso lated  a t  th e  sam e tim e  from  pigs 
th e  cha rac teris tic  haem olysis ap p ea red  as ea rly  as days 3 -5 . U pon  fu r th e r  p a s 
sage , th e  g row th  p e rio d  g rad u a lly  sh o rte n e d  and  a fte r  th e  6 th - 8 th  passage i t  
w as p rac tica lly  th e  sam e  as th a t  of T . hyodysenteriae.

B y ligh t an d  e lec tro n  m icroscopy  no difference w h a tso ev e r was fo u n d  
b e tw e e n  T. hyodysenteriae  an d  th e  n u tr ia -tre p o n e m a . In  c u ltu re , also th e  l a t te r  
h a d  2 to  4 large c u rv a tu re s  (F ig . 2) a n d  its  d iam eter w as a p p ro x im a te ly  0.4 p m .  
T h e re  were 11 or 12 ax ia l fibrils w ith in  a f ib ril bundle . F ib r il  bund les o rig in a ted  
a t  b o th  poles an d  overcrossed  one a n o th e r  co rresponding  to  th e  cu rv a tu res  (F ig .
3) o r ra n  side b y  side (F ig . 4). F ib ril bund les  crossed one a n o th e r  so m an y  tim es  
as m a n y  cu rv a tu res  th e  m icroorgan ism  possessed (Fig. 2).

The resu lts o f  th e  b iochem ical te s ts  are given in  T ab le  I I .
In  th e  a g g lu tin a tio n  te s t  p erfo rm ed  w ith  th e  a n ti  S-2 ra b b it  serum  th e  

fo llow ing titre s  w ere o b ta in ed  w ith  th e  d ifferen t an tig en s: S-2: 2048; S-10: 
1024; T - l :  1024; T -3 : 512; N - l :  512; N -2: 512.

E ach  s tra in  re a c te d  positiv e ly  w ith  th e  1 : 30 d ilu tio n  o f th e  S-2 co n ju g a te  
in  th e  d irect IF  te s t .  T he co n ju g a te  ab so rb ed  w ith  s tra in  T - l  or N - l gave a
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T ab le  I I

B iochem ical p roperties o f  th e  Treponema s tra in s

D esignation  
o f  s tra in

In d o le
F e rm e n ta t io n  o f

p ro d u c tio n
F ru c to se L a c to s e Glucose A rab in o se M altose

S-2 i 1 _ _ _ _ _
S-10 ± — — --  -- —
T -l — — + 2 +  — —
T-3 — + + +  — +
N -l — — + +  — —
N-2 — — + +  — —

1 ±  : v e ry  w eak reac tio n  (hard ly  o b se rv ab le  even a fte r  6 -8  days)
2 - f  : th e  p H  o f th e  cu ltu re  is a t  least b y  0.5 lower th a n  th a t  o f th e  con tro l tubes

positive  reac tio n  only  w ith  s tra in  S-2 a n d  even w ith  th is  o n ly  in  th e  u n d ilu ted  
s ta te .

As show n b y  th e  im m u n o d iffu sio n  te s t , th e  sw ine an d  n u tr ia  s tra in s  
possessed an tigen ic  com ponen ts in  co m m o n ; w ith  th e  hom ologous S-2 an tig en  
tw o , w hile w ith  th e  o th e r  s tra in s  one in te rtw in in g  p re c ip ita tio n  lines were 
o b ta in ed .

In  th e  f irs t  in fec tio n  ex p erim en t, th e  n u tria s  re m a in e d  h e a lth y  over a 
period  of 8 weeks w h ichever s tra in  w as u sed . A tte m p ts  to  d e m o n s tra te  trepo - 
nem es in  th e ir  faeces fa iled .

In  th e  second in fec tio n  ex p e rim en t, on P I  days 4 -6  trep o n em es appeared , 
a lth o u g h  in  v e ry  sm all n um bers, in  th e  faeces of p ig le ts  in fec ted  w ith  th e  
caecum  o f n u tr ia s ; n everthe less, th e  p ig le ts  rem ain ed  h e a lth y . T he sam e held  
tru e  fo r th e  second group . H ow ever, on  P I  d ay  21 one p ig le t o f th e  th ird  group 
developed  d iarrhoea , its  faeces c o n ta in e d  m ucus an d  h ig h  n u m b ers  of tre p o 
nem es. Since th e  p ig le t’s cond ition  d id  n o t change, tw o  days la te r  i t  was 
ex san g u in a ted  an d  its  colon p lus colon c o n te n ts  w ere fed  to  th re e  p ig lets. O n P I  
days 5, 7 an d  8, resp ec tiv e ly , th e  la t t e r  3 pig lets show ed ch a ra c te ris tic  sy m p 
to m s (m ucous, b lo o d -sta in ed  faeces) o f  S D ; one of th e m  d ied  on P I  d a y  9. In  
th e  colon of th e  succum bed  pig an d  in  t h a t  of pigs e x sa n g u in a te d  on  P I  days 
30 an d  45, respective ly , th e re  were p a th o lo g ica l lesions ch a ra c te ris tic  o f SD in 
v a ry in g  severity , i.e. in  th e  succum bed  p ig le t, th e  m ucous m em b ran e  o f th e  
colon w as swollen, d a rk  re d  an d  h ad  a  v e lv e ty  to u ch ; in  th e  tw o  ex san g u in a ted  
p ig lets th e  m ucosa of th e  colon show ed sca ly  necroses in  sm alle r or la rg e r spots. 
T he lesions co n ta ined  m asses of trep o n em es.

D iscussion

D a ta  of th e  l i te ra tu re  have p ro v e d  th a t  T. hyodysenteriae  is capab le  of 
colonizing th e  large in te s tin e  o f species o th e r  th a n  th e  p ig. T h e  questio n  rem ains, 
how ever, w h e th e r u n d e r n a tu ra l  co n d itio n s  i t  p roduces d isease in  th ese  species.
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O bservations r e p o r te d  earlie r (S zto jkov  e t al., 1982) an d  also our re su lts  
in d ic a te  th a t  th e  ep izo o tic  disease observed  in  n u tr ia s , w h ich  is p ra c tic a lly  
id e n tic a l w ith  SD as re g a rd s  its  clin ical sym p to m s an d  pa th o lo g ica l lesions, is 
cau sed  by  T. hyodysenteriae. N o m icroorganism s resem bling  T . hyodysenteriae o f  
co u ld  be d em o n stra ted  in  h e a lth y  n u tr ia s  an d  in  tho se  a ffec ted  w ith  d ia rrh o ea  
o th e r  n a tu re ; on th e  o th e r  h an d , in  th e  ch a rac te ris tic  faecal sam ples ta k e n  fro m  
a n  affec ted  stock a n d  in  carcases , such  m icroorganism s w ere p re se n t in  such la rg e  
m asses which ra re ly  o ccu r even  in  severe SD o u tb reak s . T h e  chances of n u tr ia  
p o p u la tio n s  c o n trac tin g  in fec tio n  an d  th e  resu lts  o f th e ra p e u tic  a tte m p ts  also  
s u p p o r t  th e  in v o lv em en t o f T . hyodysenteriae in  th e  ae tio lo g y  o f th e  d isease 
(S z to jk o v  e t al., 1982).

O ur p resen t re su lts  also speak  in  fav o u r o f th e  ae tio log ical role of T . hyo
dysenteriae. We c a n n o t ex p la in  th e  u n u su a lly  long cu ltu re  perio d  needed fo r  
iso la tio n ; how ever, w e o b serv ed  even w ith  T . hyodysenteriae  s tra in s , a lth o u g h  
v e ry  rare ly , th a t  a t  iso la tio n  th e  appearance  of th e  f irs t  h aem o ly tic  zones to o k  
8 to  10 days. A p a rt f ro m  th is  g ro w th  ch arac te ris tic , b y  lig h t-  an d  e lec tron- 
m icroscopical, b iochem ical an d  serological m eth o d s no d ifference w as found  to  
e x is t betw een Treponem a  s tra in s  of n u tr ia  an d  sw ine origin.

K inyon  and  H a rr is  (1979) assigned th e  s tra in s  no n -p a th o g en ic  to  sw ine 
in to  a new species a n d  p ro p o sed  fo r th em  th e  n am e Treponem a innocens. W ith  
th e ir  s tra in  P43/6/78 iso la te d  from  d iarrhoeic  pigs, T ay lo r e t al. (1980) succeed
ed  in  producing th e  m ild  fo rm  of SD. T hey  em phasized  th a t  th is  m icroorgan ism  
d iffe red  from  T. hyodysenteriae  in  several respects an d  rep re se n te d  a new  Trepo
nem a  species. On th e  o th e r  h a n d , B laha  e t al. (1984) are o f th e  op in ion  th a t  th e  
“ B o rre lia”  organism s co lonizing  th e  large in te s tin e  o f pigs are  pathogen ic  to  
th e  p ig , b u t, d epend ing  on  th e  degree of th e ir  a d a p ta tio n  to  sw ine large in te s 
t in e , th e y  possess d iffe re n t v iru lence an d  alw ays co n s titu te  a p o te n tia l h a z a rd , 
i.e . th e re  exist no a p a th o g e n ic  “ B orre lias” .

T he p resen t s tu d ie s  do n o t allow us to  ta k e  a de fin ite  s ta n d  on th e  p ro p e r 
p lace  of stra ins iso la ted  fro m  th e  n u tr ia , i.e. to  de te rm ine  w h a t species th e y  b e 
lo n g  to . N am ely, i t  seem s to  be c o n trad ic to ry  th a t  in  its  haem olysing  ab ility , 
b iochem ical b eh av io u r a n d  sw ine-pathogen ic ity  th e  n u tr ia - tre p o n e m a  resem bled  
r a th e r  T. innocens t h a n  T . hyodysenteriae ; how ever, a f te r  th e  th ird  passage in  
p igs i t  proved to  be p a th o g e n ic  to  swine.

F rom  results o f th e  second series of ex perim en ts we can  conclude th a t  th e  
Treponem a  s tra in  iso la te d  from  th e  n u tr ia  is a T . hyodysenteriae  v a r ia n t s lig h tly  
a d a p te d  to  the  n u tr ia , w h ich , how ever, recovered  its  sw ine-p a th o g en ic ity  a fte r  a 
few  p ig  passages. A cco rd in g  to  o th e r observations of us, how ever, v iru lence  
c a n n o t depend m ere ly  o n  th e  degree o f a d a p ta tio n , since Treponem a  s tra in s  
w ith  poor haem olysing a b ili ty  are m ost freq u en tly  iso la ted  p rec ise ly  from  stocks 
o f  long -stand ing  in fe c tio n  (our ow n unpub lish ed  o b serva tions).
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F u r th e r  stud ies a re  needed to  d e te rm in e  th e  re la tio n sh ip  of th e  Treponem a  
s tra in s  iso la ted  from  th e  n u tr ia  to  sw ine Treponem a  s tra in s  of d ifferen t v iru lence .
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Fig. 1. M icroorganism s of ch aracte ris tic  shape give specific fluorescence w ith  the  con jugate  
p rep ared  from  the  h y p erim m u n e  serum  raised  ag a in s t T. hyodysenteriae. Sm ear p repared  from

n u tria  faeces

Fig. 2. N u tria -trep o n em a  possessing tw o  g rea t cu rv a tu res . EM , X 20,000



Fig. 3. Fibril bund les cross one a n o th e r  correspond ing  to the  c u rv a tu re s . EM , X 50,000

Fig. 4. F ib ril bund les ru n n in g  side by  side. EM , X 100,000
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EPIZOOTIOLOGICAL STUDIES ON PORCINE 
ATROPHIC RHINITIS X. STUDY OF THE 

HEAT-LABILE EXOTOXIN (HLT) OF 
PASTEURELLA MULTOCIDA IN MICE

B . É l i á s 1, P. G e r g e l y 2, G .  B o r o s 3 and R . V a r r ó 4

d e p a r t m e n t  o f  R esea rch  O rganization  a n d  d e p a r t m e n t  of P a th o lo g y , U n iv ersity  o f V e te ri
n a ry  Science, H -1400 B u d ap es t, P . O. B o x  2; 2I I n d  Clinic o f In te rn a l M edicine of th e  Sem m el
weis U n iv e rsity  M edical School, B u d ap es t; a n d  4H U M A N  In s t i tu te  fo r Serobacterio log ical 

P ro d u c tio n  an d  R esearch , B u d a p es t, H u n g ary

(R eceived S e p tem b e r  2, 1985)

T he e ffec t exerted  b y  th e  Pasteurella  m ú ltoddá  H LT on th e  im m une sy s tem  an d  
d iffe ren tia l b lood  co u n t of m ice a n d , b y  d o u b le  im m unodiffusion , its  im m unolog ical 
re la tio n sh ip  w ith  th e  Bordetella bronchiseptica  H L T  were s tud ied .

T he m ouse  lieno tox ic ity  te s t  w as fo u n d  to  be su itab le  fo r de te rm in in g  th e  H L T - 
p rod u c in g  a b il i ty  (tox igen icity ) o f P . m ú lto d d á  s tra ins. A m ong m ice in tra v en o u s ly  
in fec ted  w ith  b ro th  cu ltu res of to x ig en ic  P . m ú ltoddá  s tra in s  d e a th  occurred  w ith in  a 
few  ho u rs  d u e  to  th e  effect o f th e  to x in . O n th e  o th e r  han d , th e  sp leen  of th e  su rv iv in g  
m ice rem a in ed  unchanged  over a  p e rio d  o f 7 days. C on trarily , a to x ic  s tra in s  in d u ce  
m ark ed  sp len ic  h yperp lasia  and  a m an ifo ld  increase  in th e  m ass o f  th e  spleen, w ith o u t  
g iving rise  to  h istopatho log ical changes.

A  p o sitiv e  co rre la tion  w as d e m o n s tra te d  betw een  H L T  p ro d u c tio n  and  v iru len ce  
of th e  s tra in s .

T he P . m últoddá  H L T  s ig n ific a n tly  a lte re d  th e  blood p ic tu re  w ith in  14 d ay s , 
includ ing  a  m ark e d  decrease o f В ly m p h o c y te  counts. C o n trarily , a tox igen ic  s tra in s  
b ro u g h t a b o u t  a  rise  in  В ly m p h o cy te  c o u n ts . T h e  H LT of g ro u p -D  P . m ú ltoddá  co n 
sists o f 3 com p o n en ts , one of w hich  is im m uno log ica lly  re la te d  to  th e  hom ogeneous 
B . bronchiseptica  H L T .

K eyw ords. A trophic  rh in itis , p ig , Pasteurella m últoddá , heat-lab ile  ex o to x in  
(H L T ), lie n o to x ic ity  te s t, Bordetella bronchiseptica.

In v e s tig a tio n s  in to  th e  ae tio logy  a n d  pathogenesis o f porcine a tro p h ic  
rh in itis  (A R ) h av e  revealed  th a t  b o th  th e  exo tox in -p roducing  Bordetella  
bronchiseptica  a n d  Pasteurella m ú ltoddá  s tra in s  p lay  a role in  th e  in d u c tio n  o f 
th e  disease (É liás e t  al., 1985; P ed ersen  a n d  B arfo rd , 1981; R u t te r  an d  R o jas , 
1982; R u tte r , 1983). In  eliciting th e  p a th o lo g ica l process, th e  hea t-lab ile  ex o 
to x in  (H L T ) p ro d u ced  b y  th e  s tra in s  is o f decisive im portance . Several re sea rch 
ers succeeded in  elic iting  in  pigs’ nose a reg ressive process ch a rac te ris tic  o f  A R  
w ith  H L T -co n ta in in g  sonicated  b a c te r ia l suspensions o f B . bronchiseptica o r b y  
app ly in g  p u rified  B . bronchiseptica H L T  on  th e  nasal m ucosa (É liás e t al., 1985; 
H a n a d a  e t al., 1979; R u tte r  and  M ackenzie , 1984). T herefore, to  jud g e  th e  role 
p lay ed  b y  th e  s tra in s  in  th e  path o lo g ica l p rocess, we have to  know  th e ir  H L T - 
p roduc ing  ab ility .

W e know  m eth o d s by  w hich th e  deg ree  of H LT p ro d u c tio n  of B . B ro n 
chiseptica  s tra in s  (É liás e t al., 1983) an d  th e  H L T  p ro d u c tio n  of P . m ú ltoddá
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(de  Jo n g  et al., 1980; R u t te r  an d  L u th e r , 1984) can  he determ ined . F u r th e r  
s tu d ie s  are needed , h o w ever, to  ge t a closer in sig h t in to  th e  p roperties o f  th e  
H L T  produced  b y  P . m ú lto d d á  s tra in s.

T he ob jectives o f  o u r p resen t s tu d ies  w ere to  d e te rm in e  (i) w h e th e r th e  
m ouse  lien o to x ic ity  te s t  is su itab le  fo r assay in g  th e  degree o f P . m últoddá  H L T  
p ro d u c tio n ; (i i) th e  e ffec t ex e rted  b y  P . m ú lto d d á  H L T  on th e  lym phoid  sy s te m  
a n d  blood  p ic tu re  o f m ice ; an d  (iii) th e  im m unolog ica l p ro p ertie s  of th e  H L T s o f
B . bronchiseptica a n d  P . m últoddá.

M aterials an d  m ethods

B . bronchiseptica and  P .  m últoddá  strains

The tw o B . bronchiseptica  (B-37, B -38), th e  four P . m últoddá  s tra in s  b e 
lo n g ing  to  C arte r’s serog roup  A (219, 96, 1926, 6995) an d  th e  four P . m ú lto d d á  
s tra in s  belonging to  C a r te r ’s serogroup D (2248, 2296, 9949, 2599) were iso la te d  
fro m  sw abs ta k e n  fro m  tb e  nasa l m ucosa o f 7 to  12 weeks old piglets ex h ib itin g  
a c u te  sym ptom s o f a tro p h ic  rh in itis . T he B . bronchiseptica  s tra in s  were iso la te d  
o n  M acC onkey ag ar, w hereas th e  P . m ú lto d d á  s tra in s  on b lood  agar.

H L T  studies

D eterm ination o f  H L T  production by the guinea-pig  sk in  test. F o r th e  selec
tio n  of B . bronchiseptica  s tra in s  p ro d u c in g  th e  H L T  stu d ied , 24-h cu ltu res  of 
n u m ero u s s tra in s  (v iab le  cell co u n t: 1012) w ere sub jec ted  to  sonication  a t  80 W , 
d u rin g  cooling, fo r 4 X 0.5 m in. The b a c te r ia l cu ltu res w ere cen trifuged  a t  
14,000 rpm  for 30 m in , d u rin g  cooling; 3 gu inea-p igs each w ere inocu la ted  in tra -  
cu tan eo u sly  w ith  0.1 m l of th e  clear su p e rn a te . T he sk in  lesions were e v a lu a te d  
48 h  la te r  (É liás e t a l., 1982).

To de te rm ine  th e  H L T  p ro d u c tio n  o f P .  m últoddá  s tra in s , 0.2 m l vo lu m es 
o f  th e  s tra in s’ 24-h  b ro th  cu ltu res w ere used , w ith  w hich 3 guinea-pigs each  w ere 
in je c te d  in tra c u ta n e o u s ly . T he sk in  lesions w ere ev a lu a ted  48 h  la te r  (de J o n g  
e t  a l., 1980). W ith  b o th  th e  B . bronchiseptica  an d  P . m ú ltoddá  s tra in s , th e  e v a 
lu a tio n  of sk in  lesions to o k  place accord ing  to  th e  follow ing key: +  +  : th e  
d ia m e te r  of h aem o rrh ag ic  in flam m atio n  or necrosis ( B . bronchiseptica)  ex ceed 
ed  20 m m ; -)-: th e  d ia m e te r  o f th e  in f la m m a to ry  swelling w as betw een 10 a n d  
20 m m ; th e  d ia m e te r  of th e  in f la m m a to ry  swelling w as less th a n  10 m m ; 
— : th e re  was no p a th o lo g ica l lesion a t  th e  s ite  o f in jec tion .

Production o f  H L T  fraction . B . bronchiseptica  (B -37, B-38) H L T  w as 
p ro d u ced  b y  th e  m e th o d  described above using  th e  clear su p e rn a te  o b ta in ed  b y  
son ica tion . P . m ú lto d d á  (s tra in s D-2296, D -2248) H L T  w as p repared  b y  c e n tr i
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fug ing  48-h b ro th  cu ltu res  a t  14,000 rpm  for 30 m in. T h e  bacterium -free  f i l t r a te  
of th e  su p e rn a te  w as c o n cen tra ted  ten fo ld  in  vacuo . T h e  clear su p ern a te  ( B . 
bronchiseptica) a n d  f i l t ra te  (P . m ú lto d d á )  o b ta in ed  b y  son ica tion  w ere c h ro 
m ato g rap h ed  on S ephacry l S-200 gel w ith  saline (É liás a n d  K rüger, 1983; V an  
d er H eijd en  e t al., 1983). T he H L T -co n ten t of th e  frac tio n s  was de te rm in ed  in  
th e  gu inea-pig  sk in  te s t .

M ouse experim ents. In b re d  (C FL P) alb ino m ice o f 20 g body  m ass w ere
used.

In  th e  f irs t  ex p erim en t fiv e  m ice p e r group  w ere in jec ted  in to  th e  ta i l  
vein , w ith  0.2 m l o f th e  10 _1 to  10 ~4 d ilu tions of 24-h  b ro th  cu ltu res (v iab le  cell 
c o u n t: 109/m l) o f th e  8 P . m ú ltoddá  s tra in s . D ea th s  w ere reco rded  over a perio d  
o f 7 day s; a f te r  th e  7 th  d a y  th e  re la tiv e  spleen m ass p e r  10 g body  m ass, o f  th e  
su rv iv in g  m ice a n d  tho se  k illed in  e th e r  narcosis, w as m o n ito red  (Table I) .

Table I

D em onstra tion  of th e  heat-lab ile  exo tox in  (H L T ) of P. m últoddá  s tra in s  in  the  guinea-pig sk in
te s t  and m ouse lieno tox ic ity  te s t

Guinea-pig skin te s t Infection of 5 mice per group w ith  the following dilutions of 24-h bro th  cultures

S train
Sero-
group

E x ten t 
of nec

rosis 
after
48 h

N um ber of 
guinea-pigs 
died w ithin

12 h
n/group =  3

D

lO“ 1

s D

10~a

s D

lO "3

s D

io -*

s

219 A + + 2 4-5 — 5-5 — 1-4 51 0-2 57
(53-59)

96 A + 2 5-5 — 3-5 — 0-2 64
(57-66)

0-0 65
(56-71)

1926 A ± 1 1-4 79 1-5 — 0-1 90
(78-96)

0-2 87
(82-92)

6995 A 0 0-5 0-3 144
-(136-152)

0 -4 167 0-1 186
(151-197)

2248 D + + 2 5-5 — 3-4 56 2-4 63 0-1 81
(74-90)

2296 D + + 1 1-3 60
(54-66)

1-2 59
(51-63)

0-1 66
(55-70)

0-0 79
(71-93)

9949 D + 1 1-2 62
(53-66)

0-1 58
(57-67)

0-1 84
(75-89)

0-0 97
(77-108)

2599 D 0 0-0 142
(117-165)

0-0 168
(114-196)

0 -0 209
(150-245)

0-0 196
(161-249)

Control 54
(51-58)

D : D eaths; th e  f ir s t  figure  ind ica tes th e  nu m b er o f  m ice d ied  w ith in  12 h, while th e  second 
th a t  o f m ice died w ith in  7 days

S: R ela tive  spleen m ass, m g/10 g b o d y  m ass. In  p a ren theses: th e  ex trem e values o f spleen
m ass
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In  th e  second ex p e rim en t, 10 m ice p e r group were in o c u la te d  in to  th e  
ta i l  ve in , w ith  0.2 m l o f th e  10 ~4 d ilu tio n  o f 24-h b ro th  c u ltu re s  (v iab le  cell 
c o u n t:  109/m l) o f 4 P . m ú lto d d á  s tra in s  (219, 2248, 2296, 2599).

Mice of one g roup  received , also th ro u g h  th e  ta il vein , 0.2 m l/d ay  o f th e  
15-fold  d ilu ted  frac tio n  o f H L T  p ro d u ced  from  th e  f i l t ra te  o f  P . m últoddá  
s t r a in  D-2248 b y  ch ro m a to g rap h y . O n P I  d a y  14 heparin ized  b lood  sam ples 
w ere  ta k e n  from  th e  h e a r t  o f 5 m ice p e r g roup , o f th e  su rv iv in g  m ice, an d  th e  
leu co cy te  coun ts an d , a f te r  G iem sa s ta in in g , th e  ly m p h o cy te /leu co cy te  ra tio  
w ere  de te rm ined . L y m p h o cy tes  w ere se p a ra te d  on a F icoll—U rom iro  g rad ien t 
(B ö y u m , 1968). A fte r th re e  w ashings in  P B S , th e  cell suspension  w as in c u b a te d  
in  R P M I 1640 m edium  (N a tio n a l I n s t i tu te  o f H ygiene, B u d ap est)  con ta in ing  
1 0 %  ca lf serum , a t  37 °C for 1 h  to  rem ove  lab ile  m em brane im m unoglobu lins. 
A f te r  rep ea ted  w ash ings, th e  В cells w ere d em o n stra ted  b y  d irec t im m u n o 
fluo rescence  using  F IT C -labelled  ra b b it  an ti-m ouse  im m unog lobu lin  (H U M A N  
I n s t i tu te  for S erobacterio log ical P ro d u c tio n  and R esearch , B u d ap est) . The 
f lu o resc in g  cells w ere co u n ted  in  a L eitz  O rth o p lan  m icroscope (T able I I I ) .

Table I I

E ffe c t o f th e  heat-lab ile  exo tox in  (H L T ) of Pasteurella multocida on th e  m ass o f spleen, th y m u s and  
ly m p h  node of m ice, m easu red  on th e  14th d ay  a f te r  in travenous infection  in  5 m ice pe r group*

Exotoxin produc
tion o f strain 

(serogroup)

Spleen
m ean o f relative 
mass (mg/10 g)

Thym us
m ean of relative 
m ass (mg/10 g)

M esenteric lym ph 
node m ean of 
relative mass 

(mg/10 g)

219 (A) + + 54 (52-59) 78 (72-90) 6
2248 (D) + + 69 (58-73) 87 (83-90) 7
2296 (D) + + 85 (74-92) 81 (75-87) 8
2599 (D) — 214 (165-270) 142 (117-195) 17 (14-20)
HLT 51 (50-52) 80 (76-84) 7

Control 54 (51-58) 71 (64-78) 6

* In  paren theses: ex trem e  values

Table I I I

E ffe c t o f th e  heat-lab ile  exo tox in  (H L T ) of Pasteurella multocida on th e  d iffe ren tia l blood coun t 
o f m ice on  th e  14th d a y  a f te r  in trav en o u s infection*

E xotox in  produc
tio n  o f strain  

(serogroup)
Leucocyt e counts, m m 3

Lym pho
cyte,
%

Lym phocyte counts, mm3
В

lym pho-
«Г*«. %

В lym phocyte 
counts, mm3

219 (A) + + 300 (200-500) 65 195 (181-209) 14 27 (23-35)
2248 (D) + + 250 (194-325) 80 200 (180-226) 6 12 (8-16)
2296 (D) + + 200 (185-230) 61 122 (115-130) 12 14 (9-19)
2599 (D ) — 2800 (1750-3140) 80 2240 (1550-3010) 16 360 (245-510)
H L T 150 (142-160) 55 82 (72-96) 10 8 (6-11)

C on tro l 1100 (970-1350) 57 625 (490-780) 11 71 (62-81)

*The values rep resen t m eans o b ta ined  fo r 5 m ice; in parentheses: ex trem e  values
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T he spleen, th y m u s  a n d  a m esenteric  ly m p h  n o d e  o f th e  mice w ere r e 
m oved  and , a f te r  th e ir  re la tiv e  m ass h a d  been d e te rm in ed , fix ed  in  10%  fo r
m alin . T he h isto log ica l sec tions w ere exam ined  a fte r  s ta in in g  w ith  h a em a lau n  
an d  eosin (É liás e t al., 1983; T ab le  I I ) .

A n tito x in  production and  stu d y  o f  H L T  relationships

T he a n tito x in  w as p ro d u ced  in  rab b its . T he H L T s o f 2 B . bronchiseptica 
(B-37 an d  B-38) an d  2 P . m ú lto d d á  (D-2296 and  D-2248) s tra in s  were h e a te d  a t  
56 °C fo r 15 m in . T he ra b b its  w ere in ocu la ted  in tra v e n o u s ly  w ith  0.5 m l of 
th e  an tig en  a t  3 -d ay  in te rv a ls  o v er a period  of 6 w eeks. A t th e  end  of im m u n iza 
tio n , th e  a n tito x in  c o n te n t o f  th e  serum  was checked b y  a g a r gel p re c ip ita tio n  
using  ow n H L T . T he im m uno log ica l re la tionsh ips o f  H L T s p roduced  b y  B . 
bronchiseptica  an d  P . m ú lto d d á  s tra in s  were s tu d ied  b y  double  im m u n o d iffu 
sion perfo rm ed  in  1 .5%  N oble a g a r gels dissolved in  v e ro n a l buffer of p H  8.6.

R esults

A m ong th e  gu inea-p igs a n d  m ice in ocu la ted  in tra d e rm a lly  an d  in t r a 
venously , re spec tive ly , w ith  to x ig en ic  serogroup-A  or serogroup-D  P . m últo d d á  
s tra in s , som e o f th e  an im als d ied  w ith in  a few hou rs  a f te r  in jec tion . D ea th s  
occurred  considerab ly  less f re q u e n tly  am ong th e  gu inea-p igs and  mice in fec ted  
w ith  less to x ic  or a to x ic  s tra in s ; th is  held  tru e  for b o th  ea rly  deaths a n d  th e  
m o rta lity  occurring  a f te r  sev era l days. T he spleen m ass o f  m ice in fec ted  w ith  
h ig h er d ilu tions o f th e  b ro th  c u ltu re  of tox ic  s tra in s  a n d  su rv iv in g  up  to  P I  d ay  
7 rem ain ed  p ra c tic a lly  u n ch an g ed ; how ever, t h a t  o f  m ice in fec ted  w ith  less 
to x ic  o r a to x ic  s tra in s  u n d e rw e n t s trik in g  increase. T h e  resu lts  are show n in  
T ab le  I . T able I I  co n ta in s  th e  re su lts  o b ta ined  b y  m easu rin g , on P I  d a y  14, 
th e  m ass of o rgans o f th e  im m u n e  system  in  m ice in tra v e n o u s ly  in fec ted  w ith  
P . m ú ltoddá  s tra in s  an d  tr e a te d  w ith  H L T . S im ilar ten d en c ies  were revealed  
fo r o th e r  organs as fo r th e  sp leen ; nam ely , in  m ice t r e a te d  w ith  H L T  or to x ic  
s tra in s  th e  m ass o f th e  o rgans s tu d ie d  w as alm ost id e n tic a l w ith  th a t  o f u n 
tre a te d  m ice, w hereas in  m ice g iven  th e  atox ic  s tra in  (2599) i t  reached  s trik in g  
sizes.

Changes of th e  d iffe ren tia l b lood coun t inc luded  a m ark ed  decrease in  th e  
n u m b e r o f leucocy tes, f ir s t  o f all В lym phocy tes, in  m ice tre a te d  w ith  H L T  or 
to x ic  s tra in s , w hile in  an im als  in fec ted  w ith  a tox ic  s tra in s  th e re  was a s trik in g  
increase in  leucocy te  co u n ts , as show n in  T ab le  I I I .  H isto p a th o lo g ica lly  no 
appreciab le  change w as o b serv ed  in  th e  spleen o f in fec ted  m ice.

In  th e  im m u n o d iffu sio n  te s t ,  w ith  th e  P . m ú lto d d á  to x in  (PT) th e  P . 
m últoddá  a n tito x in  (PA ) gave th re e  p rec ip ita tio n  arcs, w hereas B . bronchisep
tica  a n tito x in  (BA) fa iled  to  give reac tio n .
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D iscussion

E arlie r s tud ies (É liás e t a l., 1983) h av e  revealed  th a t  th e  m ouse lieno- 
to x ic i ty  te s t is a su ita b le  too l fo r d e m o n s tra tin g  differences in  th e  H L T -pro- 
d u c in g  ab ility  o f B . bronchiseptica  s tra in s . H ig h ly  tox ic  s tra in s  severe ly  dam age 
th e  im m une sy stem ; th u s , th e  H L T  o f such  s tra in s  resu lts  in  reg ressive  changes 
a n d  a m arked  decrease  in  th e  m ass o f th e  im m une  organs, as w ell as a consid
e ra b le  redu c tio n  in  th e  n u m b e r o f В ly m p h o cy te s  w ith in  7 d ay s . A tox ic  s tra in s 
in d u ce  changes o f an  opposite  tre n d , in d ic a tin g  th a t  in  th is  case th e  organism  
is superio r to  th e  to x in .

T he resu lts  o f o u r s tud ies on P . m ú lto d d á  s tra in s  in d ic a te  th a t  fo r d e te r
m in in g  H L T -produc ing  a b ility  th e  m ouse lien o to x ic ity  te s t  c an  be used in  
a n o th e r  sense. In  th e  case o f to x ic  s tra in s , in  ag reem ent w ith  de Jo n g  e t al. 
(1980), num erous m ice d ied  sh o rtly  a f te r  tre a tm e n t am ong th o se  inocu la ted  
in tra v e n o u s ly  or in tra p e rito n e a lly , due to  th e  le th a l effect e x e r te d  b y  th e  tox in . 
H ow ever, th e  spleen m ass o f m ice in fec ted  w ith  tox ic  s tra in s  b u t  su rv iv ing  up  
to  P I  d ay  7 rem ain ed  a lm o st u n a lte re d . T h is fa c t suggests t h a t  th e  P . m últoddá  
e x o to x in , consisting  o f  severa l co m p o n en ts , exerts  an  effect p a r t ly  d ifferent 
f ro m  th a t  of B . bronchiseptica  ex o to x in  on th e  im m une sy s te m  of m ice. The 
u n ch an g ed  spleen m ass is in d ica tiv e  o f a s tro n g  tox igen ic ity  o f  th e  s tra in , while 
th e  m arked  increase in  spleen m ass im plies th e  lack  of to x in  p ro d u c tio n , i.e. 
th e  su p erio rity  o f th e  o rgan ism  over th e  to x in . The m ore to x ic  th e  P . m últoddá  
s t r a in  under s tu d y , th e  sm alle r th e  d ifferences betw een  th e  ex tre m e  values of 
sp leen  mass will be.

The su scep tib ility  o f gu inea-p igs to  th e  le th a l effect o f th e  to x in  is re flec t
ed  in  th e  num erous e a r ly  d ea th s  observed  am ong  th e  an im als  in fec ted  in tra - 
d e rm a lly . O ther a u th o rs  fa iled  to  observe th is  phenom enon, obv iously  because 
in  th e  guinea-pig sk in  te s t  th e y  u su a lly  in jec ted  th e  sterile  f i l t r a te  o f sm aller 
H L T  co n ten t in s tead  o f  th e  b a c te r ia l cu ltu re . T he skin reac tio n  o f  sm aller ex ten t 
o b serv ed  by  th em  (de Jo n g  e t  a l., 1980) is co n sis ten t w ith  th is .

T he resem blances ex isting  b e tw een  th e  biological p ro p e rtie s  o f th e  P . 
m ú lto d d á  H L T  an d  B . bronchiseptica  H L T  are  reflec ted  in  th e  fa c t th a t  b o th  
re su lte d  in  a m ark ed  decrease in  th e  В ly m p h o cy te  counts o f  m ice.

Betw een th e  H L T  p ro d u c tio n  an d  v iru lence  of P . m ú lto d d á  s tra in s  there  
is a positive co rre la tio n  sim ilar to  th a t  re p o rte d  for B . bronchiseptica  s tra in s : 
th e  m ore tox ic  th e  s tra in  w as th e  m ore d e a th s  occurred  am o n g  th e  inocu la ted  
m ice . This fac t show s th a t  th e  H L T  is a v e ry  im p o r ta n t v iru len ce  fa c to r  of P . 
m ú lto d d á  s tra in s as w ell (É liás e t al., 1983).

The P . m últoddá  H L T  w as p ro d u ced  from  th e  b ac te riu m -free  f i l tra te  of 
b r o th  cu ltures b y  ch ro m a to g ra p h y . T o x in  frac tio n s gave d is tin c t peaks in  th e  
ch ro m ato g ram , su ggesting  th a t  th e y  d id  n o t co n ta in  o th e r  an tig en s of cell 
o rig in . In  ag reem ent w ith  th e  re su lts  o f V an  d er H eijden  e t al. (1983), we es tab 
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lished  th a t  th e  H L T  o f serogroup-D  P . m ú ltoddá  consisted  o f 3 com ponen ts, none 
o f  w hich  w as re la te d  to  th e  B . bronchiseptica  H L T  w hich  h a d  been  show n to  b e  
hom ogeneous in  o u r earlier s tud ies (É liás an d  K rü g er, 1983).

A lth o u g h  th e  p re sen t s tud ies com prised  tw o  B . bronchiseptica  H L T s an d  
tw o  serogroup-D  P . m últoddá  H L T s, th e  resu lts  o f im m unolog ica l in v e s tig a 
tio n s can  be generalized , since in  earlie r s tud ies (É liás a n d  K rü g er, 1983) w e 
e lu c id a ted  th e  id e n tity  of th e  H L T  of B . bronchiseptica s tra in s  and , in  ag ree 
m e n t w ith  us, V an  d er H eijd en  e t  al. (1983) es tab lish ed  t h a t  th e  H L T  o f P . 
m últoddá  s tra in s  consisted  of sev era l com ponen ts.
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A NEW SYNTHETIC, SELECTIVE, LIQUID 
MEDIUM FOR DETERMINATION OF COLIFORM

BACTERIA

G. S z i t a  and G. B iró

In s t i tu te  for Food H y g ien e , U n iv ersity  of V e te rin a ry  
Science, H -I400  B u d a p e s t,  P . O. B ox  2, H u n g a ry

(R eceived N o v em b er 27, 1985)

A selective liq u id  m ed ium , com posed  of sy n th e tic  c o n stitu e n ts , w as dev elo p ed  
fo r th e  d em o n s tra tio n  and  d e te rm in a tio n  o f coliform  b acteria . T he m ed ium , co n ta in in g  
o n ly  th e  m in im u m  n u tr ie n ts  for co lifo rm s, does n o t su p p o rt th e  g ro w th  of o th e r  m ic ro 
organ ism s.

T he sy n th e tic  m edium  ac tin g  on  a new  princip le is o f th e  sam e se n s it iv ity  a n d  
rep ro d u c ib ility  as th e  b rillian t g re en -lac to se -b ile  (B L B ) b ro th , th e  m ed iu m  g en era lly  
a ccep ted  in  in te rn a tio n a l fo o d -in sp ectio n  p rac tice , a n d  has several ad v an tag e s  o v e r th e  
o ld  one. F u rth e rm o re , th e  u sa b ility  o f th e  new  sy n th e tic  m edium  does n o t  d ep en d  on  
th e  acco m pany ing  flo ra  o f th e  m a te r ia l  to  be te s ted ; e.g. m ea t, m ilk , d a iry  p ro d u c ts  or 
e v en  w a te r  can  eq u ally  be te s ted . T h e  sam e does n o t hold tru e  for all o f  th e  p rev io u s ly  
u sed  m edia.

T he new  m ed ium  differs in  com p o sitio n  from  th a t  specified  by  th e  in te rn a tio n a l 
reg u la tio n s  concern ing  th e  assay  o f coliform  bac teria  in so fa r  as i t  does n o t c o n ta in  b ile  
o r b ile  sa lts . I t  c an  easily be p re p are d  in  pow der form  and  can  be  s to red  over a  long  p e 
rio d . I t  is easy  to  p rep are : i t  does n o t  req u ire  f i ltra tio n  or p H  a d ju s tm e n t, on ly  th e  
co m p o n en ts  n eed  to  be suspended . T h ere fo re , th e  new  m edium  w ould  be  p a r tic u la r ly  
su itab le  for use in  a un ifo rm , cen tra lize d  m edium  su p p ly  system .

Keywords. Coliform , b a c te r iu m , selective, d ifferen tia l m ed ium , sy n th e tic , in 
h ib ito ry  su b stance.

I n  food m icrobiology th e  q u a lita tiv e  and  q u a n tita tiv e  d e te rm in a tio n  of 
th e  so-called in d ic a to r  flo ra  is a co m m o n ly  used procedure  w hich  allow s us to  
d raw , r a th e r  rap id ly  an d  easily , conclusions concerning possible c o n ta m in a 
tio n  o f  a p ro d u c t in  general, an d  a co n tam in a tio n  b y  path o g en ic  ag en ts  in  
p a r tic u la r . O f th e  in d ic a to r  m icrobes, coliform  organism s are  used  m o st fre 
q u e n tly . T h e ir p resence is in d ica tiv e  o f  ex te rn a l co n tam in a tio n . T he a ssay  o f 
coliform  b a c te ria  in  foods, feeds a n d  w a te r  is inc luded  as a te s tin g  m e th o d  in  
food m icrobiology.

T h e  d e te rm in a tio n  an d  e n u m e ra tio n  o f coliform  b a c te ria  are  governed  b y  
H u n g a ria n  an d  in te rn a tio n a l s ta n d a rd s  an d  regu la tions (H u n g a rian  S ta n d a rd  
3640/17-79; H u n g a ria n  S ta n d a rd  3743/1-78; In te rn a tio n a l S ta n d a rd  IS O /D IS  
4831.)

N um erous selective an d  d iffe ren tia l m edia  are being used  fo r th e  d e te rm i
n a tio n  o f coliform s. T h e ir com m on basic  p rincip le  is th a t  to  th e  b ro th  c o n ta in in g  
p ro te in  h y d ro ly sa te (s) (e.g. p ep to n e) in h ib ito ry  substances are  ad d ed  w hich  
p re v e n t th e  g row th  o f g ram -positive  b a c te ria . As in h ib ito ry  sub stan ce , u su a lly

2* Acta Veterinaria Hungarica 34, 1986 
Akadémiai Kiadó, Budapest



146 SZITA und B ÍR Ó

c ry s ta l  v io let or b r i l l ia n t  green is used. To in h ib it  th e  g ro w th  o f aerobic sporo- 
genic m icroorganism s, th e  m edia co n ta in  ox-bile , to o . A fte r an  in cu b a tio n  period  
o f 48 h , coliform s in d u c e  gas fo rm atio n  in  th e  m edium .

T he ev a lu a tio n  o f  m ed ia  on th e  basis o f  gas p ro d u c tio n  m ay  be h am p ered  
a n d  d is tu rb ed  b y  th e  p resence  o f p ro teo ly tic  b a c te r ia  in  th e  sam ple to  be te s ted , 
since these  p ro d u ce  gas n o t from  lac tose  b u t  fro m  p ep tones. T herefore, in  th e  
case o f a m odera te  gas fo rm atio n , th e  s ta n d a rd s  re la tin g  to  th e  question  o rd a in  
a  su b cu ltu re  on a so lid  selective m ed ium  to  show  w h e th e r th e  cu ltu red  m icrobe 
p ro d u ces acid or n o t . T h is , of course, d e lays th e  d iagnosis w ith  fu r th e r  24 h ; 
h ow ever, its  om ission  m a y  lead  to  false re su lts .

D espite th e  a p p lic a tio n  o f in h ib ito ry  su b stan ces, several g ram -negative, 
non-co liform  m icrobes are  able to  grow  in /o n  selective m edia. Some of th ese  
b a c te r ia  m ight in h ib it  th e  g row th  of coliform s solely b y  th e ir  presence. F ina lly , 
i t  shou ld  be m e n tio n e d  th a t  th e  in h ib ito ry  su b stan ces are  n o t com pletely  in 
d iffe ren t to  th e  v e ry  b a c te r ia  th a t  a re  to  be  d e m o n s tra te d . A ccording to  d a ta  
o f  th e  lite ra tu re  a n d  o u r  ow n experience, ox-bile  used  as an  in h ib ito ry  su bstance  
m a y  in h ib it th e  g ro w th  o f  coliform s.

T he efficiency o f  liq u id  and  solid m ed ia  used  in  th ese  stud ies has a lread y  
b een  com pared  b y  u s  in  H u n g a ry  (Szita  e t al., 1979; S zita  e t al., 1981). I t  w as 
fo u n d  th a t  a lth o u g h  th e  h ith e rto  app lied  m ed ia  m a y  in h ib it th e  g row th  of th e  
b a c te r ia  to  be d e m o n s tra te d , th e  c o n cen tra tio n  o f in h ib ito ry  substances c an n o t 
be  reduced  co n sid e rab ly  w ith o u t co u n te rac tin g  se lec tiv ity . T herefore, th e  effici
en cy  o f m edia c o n ta in in g  in h ib ito ry  su b stan ces  c an n o t be im proved .

M aterials an d  m ethods

Since th e  d isa d v a n ta g e s  of th e  se lective a n d  d iffe ren tia l m edia  used  so fa r  
(b rillian t g re e n -la c to se -b ile  (BLB) b ro th , K ess le r-S w en a rto n ’s b ro th  an d  
M acC onkey b ro th )  c a n n o t he elim inated , we h av e  evo lved  a m edium  fu n c tio n 
in g  on  a new p rin c ip le . I n  essence: i t  co n ta in s  o n ly  th o se  inorgan ic  sa lts  (n itro 
gen  source), ca rb o n  so u rce  and  trace  e lem ents w hich  are  ju s t  su ffic ien t for th e  
g ro w th  of coliform  b a c te r ia  b u t  do n o t su p p o rt th e  g ro w th  o f o th e r m icrobes. 
I n  th is  w ay  we c a n  ach ieve a v e ry  good se lec tiv ity  in  an  in d irec t m anner, 
w ith o u t using an  in h ib ito ry  substance. T h e  m ed iu m  w as n am ed , an d  is h ere in af
t e r  re fe rred  to  as, X  b ro th .*

In  the  p re sen t w o rk  we perform ed a c o m p a ra tiv e  s tu d y  of th e  new m edium . 
T h e  m ateria ls u sed , th e  m ed ium  used fo r com parison  (B L B  b ro th ) an d  th e  te s t  
m e th o d  were c o n s is te n t w ith  those s tip u la te d  fo r in  th e  H u n g a rian  S ta n d a rd  
3743/1-78.

* The new  sy n th e tic  m ed ium  is c u rre n tly  u n d e r  p a te n tin g  in  H u n g ary .
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To check  its  efficiency, th e  X  b ro th  w as co m p ared  w ith  th e  B L B  b ro th  
specified  in  b o th  H u n g a ria n  (H u n g a rian  S ta n d a rd  3743/1-78) and  in te rn a tio n a l 
( In te rn a tio n a l S ta n d a rd  IS O /D IS  4831) s ta n d a rd s . I n  th e  f ir s t  step , b o th  m ed ia  
to  he te s te d  w ere in o cu la ted  w ith  th e  coliform  Escherichia coli, K lebsiella  
pneum oniae  an d  Enterobacter aerogenes s tra in s , w ith  th e  non-coliform  b u t  
g ram -n eg a tiv e  Proteus m irabilis, Salm onella enteritidis  a n d  Pseudomonas aeru
ginosa  s tra in s  an d , o f th e  g ram -positive  b ac te ria , w ith  B acillus cereus, S ta phy lo 
coccus aureus an d  Micrococcus s tra in s .

W e co m p ared  th e  sen s itiv ity  o f th e  tw o m ed ia  fo r coliform s, u sing  th e  
“ m ost p ro b ab le  n u m b ers  (M PN )”  m eth o d  described  b y  H osk ins (1934). F ro m  
d ilu tions o f th e  te s t  sam ples 3 para lle l inocu la tions each  w ere m ade in to  b o th  
m edia. To id e n tify  an d  rem ove possible m ethodo log ica l e rro rs, 2 x 3  p a ra lle l 
in o cu la tions w ere m ade from  b o th  m edia. In  th e  f irs t s tep  th e  pure  cu ltu res  of 
K . pneum oniae  an d  E . coli w ere used  as a m odel. T he use o f m odel ex p erim en ts  
ren d ered  possib le to  exclude th e  com plica ted  in te rac tio n s  (synergism , a n ta g o n 
ism ) occurring  in  m ixed m icro flo ra . S u b sequen tly , we d e te rm in ed  th e  coliform  
co u n t of cam em b ert cheeses of h igh ly  m ixed m icro flo ra , using  our m edia. T h e  
resu lts  w ere e v a lu a te d  b y  m a th e m a tic a l and  s ta tis tic a l m e th o d s  (W eber, 1971).

Results

T he E . coli, К . pneum oniae  an d  E . aerogenes s tra in s  grew  well and  p ro d u ced  
gas in  b o th  m ed ia . H ow ever, th e  o th e r g ram -nega tive  b ac te ria , a lthough  grew  
well in  th e  B L B  b ro th , fa iled  to  p roduce  gas. In  th e  X  b ro th  non-coliform  m i
crobes show ed no g row th  w h a tso ev er even i f  th e  c u ltiv a tio n  period w as p ro 
longed  over severa l weeks. T he g ram -positive  b a c te ria  te s te d  caused tu rb id ity , 
w ith o u t p ro d u c in g  gas, in  th e  B L B  b ro th  an d  d id  n o t grow  a t  all in  th e  X  b ro th .

The b io m etrica l ev a lu a tio n  o f resu lts  o b ta in ed  b y  th e  M PN m e th o d  
in d ica tes  t h a t  th e  B L B  b ro th  an d  X  b ro th  are id en tica l in  sen sitiv ity , a n d  th e  
m ethodo log ica l e rro r o f th e  d e te rm in a tio n s  is s ta tis tic a lly  id en tica l, too . H e re  
we do n o t e n te r  in to  th e  de ta ils  o f th e  s ta tis tic a l ca lcu la tions.

T he resu lts  o f m odel ex p erim en ts  con d u c ted  w ith  p u re  cu ltu res are show n 
in  F ig . 1, w hereas tho se  perfo rm ed  w ith  th e  cam em b ert cheeses T ih an y  an d  
B ak o n y  in  F ig . 2. B o th  figures in d ica te  th a t  th e re  w as no  sign ifican t d iffer
ence b e tw een  th e  coliform  coun ts o b ta in ed  w ith  th e  tw o  m edia  n e ith e r in  th e  
case o f p u re  cu ltu res  n o r in  th a t  o f th e  cam em b ert cheeses.
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log viable cell counts

p n e u m o n i a e  c o l i

F ig . i .  Com parison of th e  b r i l l ia n t  green—lac to se—bile  (B L B ) b ro th  a n d  th e  X  m ed iu m  in 
m odel e x p erim en ts . W h ite  colum ns: B L B  b ro th ; s tr ia te d  co lum ns: X  b ro th

log viable cell counts

"Ti hany" camembert "Bakony" camembert 
cheese cheese

F ig . 2. C om parison of th e  b r ill ia n t g reen -lac to se—bile  (B L B ) b ro th  a n d  th e  X  m ed ium  in  th e  
ex am in a tio n  of cam em b ert cheeses. W hite  co lum ns: B L B  b ro th ; s tr ia te d  co lum ns: X  b ro th
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D iscussion

T he fav o u rab le  experiences gained  w ith  th e  new  m ed iu m  can he su m m a r
ized  as follows.

(1) I t  does n o t req u ire  th e  use o f in h ib ito ry  su b s ta n c e s ; th u s , th e re  is no 
incom plete  in h ib itio n  a n d  th e  g ro w th  o f th e  c u ltu red  m icrobe is n o t in h ib ited  
e ither.

(2) In  th e  X  b ro th  b a c te r ia  o th e r  th e n  coliform s do n o t deve lop— th u s , 
th e  m ed ium  is h igh ly  specific  an d  no an tagon ism  has to  be  reckoned  w ith .

(3) O w ing to  th e  c learness an d  tra n sp a re n c y  o f th e  m ed ium , its  ev a lu a 
tio n  is easy  an d  rap id .

(4) N o fu r th e r  su b c u ltu re s  are  needed  for an  a c c u ra te  d iagnosis; th u s , th e  
te s t  is less tim e-consum ing .

(5) T he m edium  is easy  to  p re p a re : only th e  n ecessa ry  sa lts h av e  to  be 
suspended ; th e re  is no need  even  fo r f iltra tio n .

(6) Less in ten siv e  h e a t- tre a tm e n t is needed fo r th e  s te riliza tio n  of th e  
X  b ro th , since th e  in o rg an ic  sa lts  are  less a b u n d a n t in  germ s th a n  th e  p ep tones, 
an d  are devoid  o f p ro te in s  w hich  could  ex ert a p ro te c tiv e  effect on b ac te ria .

(7) T he m edium  is easy  to  p ro d u ce  in  pow der from .
(8) I ts  p ro d u c tio n  cost is a sm all p o rtio n  of th a t  o f co n v en tio n a l m edia, 

since expensive in g red ien ts  like m ea t p aste , p ep to n e  a n d  bile  are n o t req u ired .
(9) I ts  com position  is s ta n d a rd  an d  easily rep ro d u c ib le  anyw here  an d  a t  

an y  tim e.
(10) I t  can  be s to re d  over v e ry  long periods since th e  decom position  of 

p ro te in s  an d  a possible c o n c e n tra tio n  o f th e  in h ib ito ry  su b stan ce  need n o t be 
reckoned  w ith  (th e  X  b ro th  w orked  excellen tly  even  a f te r  s to re d  a t  room  te m 
p e ra tu re  over a period  o f 6 m o n th s).

I t  can  be concluded  th a t  th is  new  selective b ro th  w ould  he su itab le  fo r th e  
purposes of a un ifo rm , cen tra lized  m edium  supp ly  service.
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A P P L I C A B I L IT Y  O F  C O A G G L U T IN A T IO N  T E S T  
F O R  D E T E C T IN G  AEROMONAS SALMONICIDA  

A N T IG E N S  F R O M  E X T R A C T S  O F  B A C T E R IA L  
C U L T U R E S  A N D  E X P E R I M E N T A L L Y  I N F E C T E D  

T IS S U E S  O F  T H E  COM M ON C A R P  
( C Y P R I N US CARPIO L .)

J .  F . SÖVÉNYI

V e te rin a ry  M edical R esearch  In s t i tu te  o f th e  H u n g a rian  A cadem y of Sciences, H -I581  B u d a 
p est, P . O. B ox  18, H u n g a ry

(R eceived  F e b ru a ry  11, 1986)

A tte m p ts  w ere m ade  to  a d a p t  th e  co ag g lu tin a tio n  te s t  fo r id en tif ic a tio n  o f  a n  
“ a ty p ic a l”  Aerom onas salm onicida  v a r ie ty , th e  b a c te r iu m  causing  carp  e ry th ro d e r-  
m a ti t is  (CE) in  E u ro p e . T he te s t  is b a sed  on d e tec tio n  of th e  p a th o g en ’s an tig en .

R a b b it  a n tise ra  ra ised  w ith  tw o  “ a ty p ic a l”  an d  a  ty p ic a l s tra in  o f A . sa lm onicida  
w ere adso rbed  to  fo rm alin -fixed  Staphylococcus aureus b a c te r ia  p ro d u c in g  p ro te in  A a n d  
b a c te riu m  suspensions th u s  o b ta in e d  w ere used  as sero logical re ag e n ts  in  co ag g lu tin a 
tio n .

E x tra c ts  o f tissues o f carp  in fec ted  a rtific ia lly  a n d  h e a t- tre a te d  b ro th  c u ltu re s  
o f  fish -p a th o g en ic  s tra in s  o f th e  gen era  Aerom onas, Pseudom onas, V ibrio, E dw ardsiella  
a n d  Streptococcus w ere used  as an tig en s.

T he co ag g lu tin a tio n  te s t  p ro v ed  to  be  a sensitive  to o l fo r d e tec tin g  a n tig e n s  o f  
A . salm onicida  in  in fec ted  tissues.

Cross reac tio n s  d id  n o t  occur e x cep t w ith  w eak  la te  reac tio n s  w ith  som e o f th e  
co n tro l tissue  e x tra c ts  a n d  th e  an tig e n  o f A . hydrophila  ssp . anaerogenes.

T he te s t  is considered  to  f i t  th e  req u irem en ts  o f d iagnostic  w ork  b e tte r  th a n  
b a c te riu m  iso la tion  or im m unofluorescence .

K eyw ords. C oagg lu tin a tio n  te s t ,  Aerom onas salm onicida, a n tig en , e ry th ro d e r-  
m a titis ,  com m on carp  (C yp rin u s carpio  L.).

C arp e ry th ro d e rm a titis  (CE) is a disease ch a rac te rized  b y  u lcers on th e  
b o d y  su rface of severa l cy p rin id  species. I t  m ay  be  fa ta l  u p  to  a ro u n d  2 5 %  in  
po n d  cu ltu re , an d  still m ore fish  o f affected  stocks c an n o t be m a rk e te d  fo r 
no ticeab le  signs o f ongoing o r p a s t  disease. T he cau sa tiv e  ag en t is a v a r ie ty  o f 
A erom onas salm onicida  (B oo tsm a e t a l., 1977), a b a c te r iu m  poorly  ca tego rized  
tax o n o m ica lly . I t  is v e ry  h a rd  or even  im possib le to  c lin ically  d iffe ren tia te  CE 
from  u lce ra tiv e  diseases o rig in a tin g  from  o th e r b a c te ria  (Schulz an d  B ulling , 
1981; H e u sch m an n -B ru n n e r, 1978).

L a b o ra to ry  diagnosis has b een  based  on cu ltu rin g  th e  cau sa tiv e  a g e n t 
from  th e  u lcers; fo r its  id e n tif ic a tio n  its  m ost im p o r ta n t  m orphological an d  b io 
chem ical ch a rac teris tic s  w ere ta k e n  in to  accoun t, th o u g h  d irec t a g g lu tin a tio n  
o f h e a t- tre a te d  b ac te ria l cells is also possible. C u ltu rin g  o f th e  b a c te riu m ,
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h o w ev er, is n o t easy  b ecau se  accom pany ing  m em bers of th e  b a c te r ia l f lo ra  can 
q u ic k ly  overgrow  A . salm onicida. F u r th e rm o re , cu ltu rin g  o f th e  CE agen t is 
tim e-consum ing , i t  la s ts  fo u r or five  d ay s.

A  faste r and  e ffic ien t diagnosis is fa c ilita te d  b y  d e tec tin g  th e  causa tive  
a g e n t  o r its  an tigens in  th e  fish  tissu es  b y  im m unolog ica l m e th o d s . A d irec t 
im m unofluorescence  m e th o d , evolved  b y  W ied em an n  (1981), is v e ry  sensitive 
b u t  req u ires  g rea t ex p e rtn e ss  and  an  a p p ro p r ia te  eq u ip m en t.

T h e  co ag g lu tin a tio n  te s t , a n o th e r sen sitiv e  te s t  m e th o d , on th e  o th e r han d , 
does n o t dem and w 'ell-tra ined  p erso n n e l a n d  expensive  too ls. T he te s t  is 
b a se d  on the  specific re a c tio n  betw een  an tib o d ie s  b o u n d  to  th e  su rface of s ta 
b ilized  Staphylococcus aureus  an d  hom ologous an tigens p re se n t in  th e  flu id  
ex am in ed . The re su ltin g  co ag g lu tin a tio n  can  be observed  b y  th e  n ak ed  eye, o r 
b y  low  m agnifica tion  u n d e r  a d issection  m icroscope. T he an tib o d ies  are b o und  
to  th e  p ro te in  A lin k ed  co v a len tly  to  th e  cell w all o f S . aureus  (F orsg rcn  and  
S jo q u is t, 1967). T he te s t  w as used  f ir s t  b y  K ro n v a ll (1971) fo r b a c te riu m  ty p in g ; 
i t  w as in tro d u ced  in  th e  diagnosis o f f ish  d iseases b y  N ew m an e t  al. (1981). In  
th is  w o rk  w ith  sa lm o n id s, th e  co ag g lu tin a tio n  te s t  w as used  successfully  to  
sp ec ifica lly  detec t A . salm onicida  an tig en s , in  accordance w ith  th e  resu lts  of 
K im u ra  and Y oshim izu  (1983).

L ittle  is know n o f th e  an tigen ic  ch a ra c te ris tic s  of th e  v a r ie ty  o f A . sal
m onic ida  causing C E. B o o tsm a an d  B lo m m a e rt (1978) as well as W iedem ann
(1979) m ade a com parison  of som e o f th e  an tig en s  o f th e ir  iso la tes; th e  an tigens 
p ro v e d  to  be of id e n tic a l n a tu re . S övény i e t al. (1984) cla im ed th a t  te n  “ a ty p 
ic a l”  A . salmonicida  s tra in s  iso la ted  in  d iffe ren t p a r ts  o f H u n g a ry  h a d  id en tica l 
h e a t-s ta b le  antigens d e te c ta b le  b y  im m unoelec tro p h o resis . Cross reac tio n  can  
o c c u r betw een A . salm onicida  an d  som e s tra in s  o f th e  A . hydrophila  group 
(M cC arth y  and R o b e rts , 1980).

T h e  aim  of th e  p re se n t w ork  w as to  ex am in e  th e  sen s itiv ity  an d  se lec tiv ity  
o f  th e  co ag g lu tin a tio n  te s t  from  th e  p o in t o f  v iew  o f th e  d iagnosis o f  CE.

Materials and methods

P re p a ra tio n  o f b a c te r iu m  suspension  a n d  its  a d so rp tio n  w ere m ade b y  th e  
m e th o d  described b y  N ew m an  e t al. (1981), w ith  m ino r m o d ifica tions.

Staphylococcus suspension . S . aureus  ATCC 12958, a good p ro tein-A - 
p ro d u c e r, was c u ltu red  in  b ra in  h e a r t in fu sio n  b ro th  (D ifco). I ts  4 8 -hour cu ltu re  
w as cen trifuged  an d  k illed  w ith  0 .3%  n e u tra liz e d  fo rm alin . B ac te ria l bodies 
w ere w ashed  five tim es in  PB S (pH  7.4) an d  s to red  in  P B S  w ith  0 .02%  sodium  
azide  u n til  used.

Rabbit an ti-A . sa lm onicida sera. F o r ty -e ig h t-h  cu ltu res  w ere fresh ly  m ade 
fo r  each  in jec tion  fro m  th e  “ a ty p ica l”  s tra in s  H 2 an d  S20, s tra in s  iso la ted  from
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diseased carp  as w ell as from  th e  ty p ica l A . salm onicida  ATCC 17147. A su sp e n 
sion con ta in in g  40 m g live b ac te riu m /m l P B S  w as m ad e  o f th e  cu ltu re . E a c h  
suspension w as in je c te d  in to  tw o New  Z ealand  w h ite  ra b b its  in tra d e rm a lly  in  
th e  a rea  above th e  b lad e  fo u r tim es, a t  tw o-w eek  in te rv a ls . T en  days a f te r  th e  
la s t in jec tio n , 20 m l of b lood  was w ith d raw n  from  each  ra b b it . The a n tise ra  
th u s  o b ta in ed  w ere t i t r a te d  b y  passive h a e m a g g lu tin a tio n  (Sövényi e t al., 
1984). T he ti tre s  w ere 1 : 4096. T he hom ologous se ra  w ere pooled an d  p re 
served  in  th e  presence o f 0 .02%  sodium  azide.

Absorption o f  antibodies to staphylococci. A 0.2-m l cen trifuged  S tap h y lo 
coccus pe lle t w as resu sp en d ed  in  te n  vo lum es o f se ru m  a n d  in cu b a ted  a t  ro o m  
te m p e ra tu re  for one d ay  w ith  slow stirring . T he b a c te r ia l bodies were w ashed f iv e  
tim es in  P B S  an d  w ere f in a lly  resuspended  to  fo rm  a 1%  suspension. T he r e a 
gents w ere s to red  in  th e  presence of th y m o l c ry s ta ls  a t  4 °C.

In fection  o f  carp and  sam ple preparation . T he  “ a ty p ic a l”  s tra in  S20 w as 
grow n on blood agar. I t s  48-h  g row th  was co llected  an d  suspended  in  s te rile  
0 .65%  saline. T u rb id ity  w as a d ju s ted  to  0.1 sp ec tro p h o to m e trica lly  a t  525 n m . 
F ro m  th e  b a c te ria l suspension , 25 g\ w as in jec ted  su b ep id e rm ally  in to  th e  d o rso 
la te ra l a rea  of each  o f 32 m irro r carp  averag ing  27.2 g b o d y  m ass. The fish  w ere 
k e p t in  18 °C w a te r. T he local reac tio n  w as ju d g e d  on  th e  seven th  d ay  a f te r  
inocu la tion . T he d iagnosis w as “ ulcer”  w hen th e re  w as an  ep ithe lia l d e s tru c tio n  
connected  w ith  th e  in f la m m a to ry  process. L ocal in fla m m a tio n  m ark ed  b y  
c ircu m v en ted  red  zone w as deno ted  “ in f la m m a to ry ” . In  th e  absence o f red  
spo t th e  reac tio n  w as reg a rd ed  as “ ab o rtiv e” . F o r co n tro l, 20 carp of id e n tic a l 
origin w ere in jec ted  in  th e  sam e w ay w ith  saline. T he a rea  su rround ing  th e  s ite  
o f in jec tion , 2 cm  in  d iam e te r, w as excised. T he excised tissu e , including m uscle , 
w as hom ogenized in  5 m l 2/3 X  PB S an d  cen trifuged  fo r 10 m in a t 1000 g. T h e  
su p e rn a ta n t w as te s te d  fo r A . salm onicida  an tig en s.

Other bacteria. A n tigens w ere m ade from  b ro th  cu ltu re s  of the  fo llow ing 
b ac te riu m  s tra in s . “ A ty p ic a l”  s tra in s  iso la ted  from  C E : H 2 , O AI13, S19, S20, 
У75/175, Y75/176, C E O l; ty p ic a l s tra in s  of A . salm onicida : ATCC 17147, I P  
6450; A . salm onicida  ssp. masoucida  NCM B 2020 (m asou  salm on, K im u ra , 
1969); Aerom onas hydrophila  ssp. hydrophila  831, 832, 848 (from  skin u lcers of 
ca rp ); A  hydrophila  ssp. anaerogenes H -34; A . puncta ta  ssp. punctata  602, 623 
(from  th e  liv er o f  ca rp ); Pseudom onas sp. 966; Streptococcus sp., D se ro ty p e  
N H -1 (from  gill necrosis o f carp , secondary  in fec tio n ; F a rk a s  an d  Oláh, 1981); 
Str. faecalis  ssp. zymogenes 1973 (rainbow  tro u t) ;  Edwardsiella  tarda E F -1  
(eel); Vibrio  sp . (E u ro p ean  ca tfish  fry ; F a rk a s  an d  M alik, in  press); Vibrio  
anguillarum  NCM B 6 (eel.) C ultures o f these  b a c te r ia  w ere processed fo r th e  
co agg lu tina tion  te s t  accord ing  to  K im u ra  an d  Y osh im izu  (1984).

Coagglutination. One d rop  of th e  flu id  to  be te s te d  w as m ixed  w ith  th e  sam e 
volum e of c o ag g lu tin a tio n  reag en t on a slide. T he re a c tio n  was checked a f te r  
30, 60 an d  120 m in  o f in c u b a tio n  in  a m oist ch am b er a t  room  tem p era tu re . T h e
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co ag g lu tin a tio n  reac tio n  v isib le  b y  th e  n a k e d  eye was co nsidered  p o sitiv e ; th a t  
v isib le  u n d e r th e  d issec tion  m icroscope in te rm e d ia te , an d  no co ag g lu tin a tio n  
w as reg is te red  as n eg a tiv e .

R esu lts

T he resu lts  o f a r tif ic ia l in fec tio n  a n d  th e  co ag g lu tin a tio n  te s ts  in  connec
t io n  w ith  i t  are  su m m arized  in  T ab le  I .  A ll fish  hav in g  u lce r gave p ositive  
co ag g lu tin a tio n  w ith  all o f  th e  a n ti-H 2 , an ti-S 2 0  or anti-A TCC 17147 sensitized  
Staphylococcus suspensions.

T he sam ples fro m  ca rp  of “ in f la m m a to ry ’1 and  “ a b o rtiv e ”  re a c tio n  h ad  a 
te n d e n c y  to  cause co ag g lu tin a tio n  p rog ressin g  w ith  th e  tim e . H ow ever, d eve lop 
m e n t o f co ag g lu tin a tio n  w as th e  fa s te s t r ig h t  a f te r  m ixing th e  re a g e n ts .

T ab le  I

C oagg lu tination  te s t  w ith  tissue  e x tra c ts  fro m  a rtific ia lly  infected carp  a n d  those  from  the
n eg ative  co n tro l

Local reaction , coaggluti
nation

Incubation  time

30 m in  60 min 120 m in

“ U lcera tiv e”
positive 15 15 15

“ In flam m ato ry ”
n eg ative 2 1 —
in te rm ed ia te 2 2 2
positive 4 5 6

“ A b o rtiv e”
negative 4 4 3
in te rm ed ia te 2 1 2
positive 3 4 4

N egative  con tro l
n egative 20 17 17
in te rm ed ia te — 3 1
positive — — 2

C ontrol tissue  sam ples d id  n o t co ag g lu tin a te  sensitized  staphy lococci 
d u rin g  th e  f irs t 30 m in . L a te r , th re e  sam ples tu rn e d  in te rm e d ia te  an d  tw o 
sh if te d  to  th e  p ositive  co ag g lu tin a tio n  ca teg o ry .

T ab le  I I  d em o n stra te s  th e  c o a g g lu tin a tio n  te s t of b a c te r ia l cu ltu re  ex 
t r a c ts .  A ll s tra in s  be long ing  to  A . sa lm onicida  species gave p o sitiv e  co ag g lu tin a 
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tio n  w ith  all th e  th re e  sensitized  Staphylococcus suspensions. T he an tigen  e x tra c t  
o f A . hydrophila  ssp. anaerogenes induced  la te  co ag g lu tin a tio n .

T he clear cu ltu re  s u p e rn a ta n t o f ty p ic a l A . salm onicida  s tra in s  w as posi
tiv e  in  th e  c o ag g lu tin a tio n  te s t  on th e  second or th ird  d a y  a fte r in o cu la tio n . 
CE agen ts to o k  u su a lly  longer tim e  to  release an tig en ic  su b stan ce  en ough  fo r 
p o sitive  co ag g lu tin a tio n .

Table I I

C oagg lu tination  te s t  w ith  c u ltu re  e x tra c ts  fro m  som e of th e  im p o r ta n t  disease ag en ts  o f  fish ,
re a d  a f te r  30-m in in cu b a tio n

Bacterium  strain  examined
a-H2

Sensitized suspension 

a-S20 a-ATCC
17147

A . salmonicida, “ a ty p ica l”  stra ins 
H2 + + +
OAI13 + + +
S19 + + +
S20 + + +
V75/175 + + - f
V75/176 + + +
C E O l + -f- +

A . salmonicida  ssp. salmonicida
I P  6540 + -j- +
ATCC 17147 + + +

A . salmonicida  ssp. masoucida + + +

A . hydrophila  ssp. hydrophila
831 — — —

832 — — —

848 — — —

A . hydrophila  ssp. anaerogenes - ( + ) * - < + >

A . puncta ta  ssp. punctata
602 — — —

623 — — —

Pseudomonas sp.
966 — — —

Streptococcus sp.
N H -1 — — —

Str. faecalis  ssp. zymogenes — — —

Edwardsiella tarda
E F - l — — —

Vibrio  sp.
A ellO — — —

Vibrio anguillarum
NCMB 6 — — —

* I n  p aren theses, coagg lu tina tion  a f te r  120 m in.
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D iscussion

One of th e  aim s o f o u r s tu d y  w as to  ex am in e  th e  sen s itiv ity  o f th e  coagglu
t in a t io n  te s t for th e  C E ag en t. W e k e p t in  m in d  th e  possible use o f th e  te s t  in  
ro u tin e  diagnosis since  i t  has p ro v ed  u sefu l in  field  ex am in a tio n s  for th e  
d iagnosis  of fish  fu ru n cu lo sis , an  analogous disease of salm onids (K im u ra  an d  
Y osh im izu , 1983). A n tig e n  de tec tion  from  a rtific ia lly -in fec ted  tissu es  shows th a t  
th e  a m o u n t of an tig en  p ro d u ced  in  all th e  ca rp  hav ing  u lcer su fficed  for a fa s t 
a n d  expressed  c o a g g lu tin a tio n . In  th ese  ex p e rim en ta l cond itions, an  in cu b a tio n  
fo r  one week was en o u g h  fo r th e  dev e lo p m en t o f ulcers n o t exceed ing  5 to  6 m m  
in  d iam e te r  and  being  o f  l i t t le  d e p th  (n o t reach in g  below th e  co rium ). Such cases 
a re  n o t  sub jec t to  e x a m in a tio n  in  d iagnostic  lab o ra to rie s  in  th e  p rac tice , w here 
d iseased  fish show ing deep  and  la te , su b acu te  or chronic u lcers are exam ined  
u su a lly . The la t te r  a re  supposed  to  be m ore a b u n d a n t in  th e  an tig en s in  ques
tio n . T he sufficiency o f  th e  sen s itiv ity  o f th e  co ag g lu tin a tio n  te s t  for th e  CE 
a g e n t is underlined  b y  th e  fac t th a t  severa l “ in f la m m a to ry ’4 an d  “ a b o rtiv e ” 
tis su e  sam ples w ere p o sitiv e .

In  some of th e  p o sitiv e  or la te  co ag g lu tin a tio n  reactions o f tissu e  sam ples, 
tis su e  antigens m ay  h a v e  also h ad  a role, as in d ica ted  b y  th e  re su lts  w ith  co n tro l 
sam ples. N ew m an e t al. (1981), using an  A . salm onicida-sensitized  Staphylo
coccus suspension, n o te d  a sim ilar ph en o m en o n  w ith  salm onids.

Selectiv ity  o f th e  te s t  was checked w ith  b ac te riu m  s tra in s  o f id en tica l or 
d iffe ren t species of w h ich  som e are, o th ers  m ay  p o ten tia lly  be, f ish  p a thogens in  
H u n g a ry .

I t  has been k n o w n  for a long tim e  th a t  th e  h e a t-s tab le  an tig en s o f th e  
ty p ic a l  stra ins of A . salm onicida  are  id e n tic a l in  th e  m ost iso la tes, only  p a r tia l  
d ifferences were d e te c te d  (K arlsson , 1964; Popoff, 1969; M cC arthy  and  R aw le, 
1975; H ahnel e t al., 1983). This m ay  be ex p la ined  by  th e  hom ogeneous an d  
sim p le  biochem ical co m position  of th e  О a n tig e n  (Shaw  e t a l., 1983). “ A ty p ica l”  
s tra in s  iso lated  o u ts id e  E urope  an d  A . salm onicida  ssp. m asoucida  show  no 
essen tia l serological d ifference from  ty p ic a l s tra in s  (K im u ra , 1969; M cC arthy , 
1975; P a te rso n  e t a l., 1980). On th e  basis o f re c e n t d a ta , th e  sam e is tru e  fo r th e  
C E ag en t (B ootsm a a n d  B lom m aert, 1978; W iedem ann , 1979). T he resu lts  of 
th e  co agg lu tina tion  te s t  in  th is  s tu d y  are  in  accordance w ith  th e  above d a ta , 
since  cross reac tio n  b e tw een  non-hom ologous an tigens o f A . salm onicida  
species and an ti-A . salm onicida  an tib o d ies  proves th e  p resence  of a m ajo r 
com m on  an tigen . T h erefo re , th e  c o ag g lu tin a tio n  te s t in  th is  la y o u t is n o t 
su ita b le  for d iffe ren tia l d iagnosis of CE a g e n t vs. o th e r A . salm onicida  va rie ties . 
F o r  th is  purpose, b a c te r iu m  iso la tion  rem a in s  th e  safe so lu tion .

Cross reac tion  b e tw een  th e  an tigens o f “  a ty p ica l”  s tra in s  o f A . salm onicida  
a n d  A . hydrophila  d id  n o t  ap p ear b y  th e  3 0 th  m in of in c u b a tio n ; la te r , positive 
re a c tio n  developed w ith  one of th e  s tra in s  used . This co rresponds to  th e  re su lts
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of a co m p a ra tiv e  serological s tu d y  on ty p ic a l s tra in s  an d  som e A . hydrophila  
s tra in s . W ith  th e  m a jo rity  of th e  s tra in s , cross reac tio n  does n o t occur (M cC arthy  
an d  R aw le, 1975), or w eak cross reac tio n  can  be observed  betw een c e r ta in  
s tra in s  (M cC arthy  an d  R oberts , 1980). A n  A . hydrophila , an  A . punctata , a n d  an  
A . liquefaciens s tra in s  w as inc luded  in  K im u ra ’s (1983) w ork  on th e  co ag g lu tin a 
tio n  te s t . H e used  S. aureus suspension  sensitized  w ith  an ti-(ty p ica l) A . sal- 
m onicida  an d  saw  no coagg lu tin a tio n  a f te r  30 a n d  60 m in.

H ow ever, th e  possible cross re a c tio n  o rig in a tin g  from  Aerom onas species 
o th e r th a n  A . salm onicida  is n o t considered  to  be im p o r ta n t in  th e  ap p lica tio n  
of th e  co ag g lu tin a tio n  te s t  fo r CE, because  co ag g lu tin a tio n  inside th e  A .  sa l
m onicida  species a lw ays com pleted  in  30 m in, m ostly  in  less th a n  15 m in ; th e  
reac tions w ere re a d ily  no ticeab le . N a tu ra lly , in  case o f a m b ig u ity , th e  re su lt o f  a 
co ag g lu tin a tio n  can  be checked b y  iso la tio n  o f th e  p a th o g en . T he sam e ho lds fo r 
cross reac tio n s w ith  tissu e  an tigens.

T he h e a t-s ta b le  an tigens of ty p ic a l A . salm onicida  s tra in s  d id  n o t cross- 
re a c t w ith  a n tig en s  of Pseudom onas fluorescens  an d  Vibrio anguillarum  in  th e  
passive h a e m a g g lu tin a tio n  te s t  (M cC arthy  a n d  R aw le, 1975). N egative re a c 
tio n  w as d e m o n s tra te d  w ith  th e  an tig en  o rig in a tin g  from  Vibrio anguillarum  
I ,  I I  b io ty p e  in  co ag g lu tin a tio n  te s ts  p erfo rm ed  b y  N ew m an e t al. (1981) an d  
K im u ra  (1983). T he p resen t re su lts  are  in  fu ll accordance w ith  th a t  o f  th e  
au th o rs  c ited  in  th is  p a rag rap h . F u rth e rm o re , adso rbed  an tibod ies p ro d u ced  
w ith  th e  CE a g e n t d id  n o t couple w ith  a n y  o f  th e  an tig en s ou tside th e  A ero 
monas genus (T ab le  I I ) . T hese fac ts  s tro n g ly  su p p o rt th e  assum ption  th a t ,  
p rac tica lly , th e re  is no need  to  reck o n  w ith  cross-reaction  w ith  b ac te ria l a n t i 
gens o rig in a tin g  from  an  agen t p re sen tly  occu rring  in  H u n g a ry  or one ex p ec tab le  
in  th e  fu tu re .
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SK ELETAL D EVELO PM EN T IN  R U M IN A N TS: 
FU R T H E R  DATA ON SE X U A L  DIM O R PH ISM  IN  

E LK  ( A L C E S  A L C E S )

L. B a r t o s i e w i c z

In s t i tu te  o f A rchaeo logy , H u n g a rian  A cadem y o f Sciences,
1250 B u d a p e s t, Ú ri u . 49, H u n g ary

(R ece iv ed  J a n u a ry  29, 1986)

To th e  m em o ry  o f D r. G y. F á b iá n

T he analysis o f re la tiv e  g ro w th  tendencies in  th e  in te rp re ta tio n  o f ho rm o n al 
changes h as  m ost w idely  been  a p p lied  to  dom estic  an im als. I n  th e  case o f c a t t le  an d  
sheep such  stud ies help  b e tte r  u n d e rs ta n d in g  of m ea t p ro d u c tio n . T h e  o v erlap  be tw een  
th e  e ffects o f b reed , age a n d  sex , ho w ev er, u su a lly  ten d s to  b lu r  th e  p ic tu re .

In  th is  s tu d y , a special se t o f  d a ta  w as used  to  i llu s tra te  th e  sexual d im o rp h ism  of 
sk e le ta l g ro w th  in  re la tio n  to  th e  re s t  o f  th e  body. M etacarpa l m easu rem en ts  as w ell as 
carcass w eigh ts o f elk  (A lces alces) f ro m  th e  H ällefors te r r i to ry  in  Sw eden (90 in d iv i
duals) w ere sub jected  to  reg ress io n  analyses. W hile th e  m e th o d  w as a im ed  a t  th e  
e lim in a tio n  o f env iro n m en ta l e ffects, th e  use o f a w ild an im al species m in im ized  th e  
v a r ia b ili ty  a ttr ib u ta b le  to  d ifferences in  th e  genetic  b ack g ro u n d  (i.e. b reed ), a  c o n s ta n t 
source o f b ias in  th e  osteological ex am in a tio n  o f sexual d im o rp h ism  in  dom estica tes . 
A s a re su lt, sex -dependen t changes in  bone size, d en sity  a n d  p ro p o rtio n s  cou ld  be 
c learly  ascerta in ed , and  lin k ed  w ith  th e  on togeny  of endocrine  fu n c tio n s.

Keywords. Sexual d im o rp h ism , a llom etric  g row th , E u ro p ea n  e lk  (A lces alces).

In v es tig a tio n s  re la ted  to  th e  ske le ta l developm ent o f ru m in a n ts  h av e  
la rg e ly  been  focused on th e  e s ta b lish m e n t of m ea t to  bone p ro p o rtio n s  an d  size 
reco n stru c tio n . Bones of th e  so-called  d ry  lim b, th a t  is th e  d is ta l e x tre m ity  
segm en t, are  w idely  used in  p re d ic tin g  a v a r ie ty  of such  tr a i ts .  B o th  sheep an d  
c a tt le  m etap o d ia ls  are used  to  ca lcu la te  w ithers h e ig h t in  archaeozoology  
(B oessneck, 1956; M atolcsi, 1970, e tc .). D ista l e x tre m ity  p o rtio n s  as w ell as 
d isa rtic u la te d  ta rsa l and  m e tap o d ia l bones p roved  equally  usefu l in  th e  e s tim a
tio n  o f  carcass ch arac teris tics  o f  th e se  tw o  species (P alsson  an d  V erges, 1952; 
L orincz an d  L encsepeti, 1973; N oddle, 1973; B artosiew icz, 19846). A lthough  
sexual d im orph ism  has sy s te m a tic a lly  been  ta k e n  in to  co n sid e ra tio n , m a n y  of 
th ese  w orks are  techn ica l in  n a tu re  a n d  concen tra te  on th e  ap p lied  aspec ts  of 
o steo m etrica l research .

S im ilar s tud ies of w ild ru m in a n ts , especially  C ervids in c lude  a n u m b e r of 
species an d  a g rea te r v a rie ty  o f sk e le ta l p a r ts  (L em ppenau , 1964; B osold , 1968; 
C haix  an d  D esse, 1981). R esearch  in to  th e  age- an d  sex -d ep en d en t v a r ia b ility  
o f d ry  lim b  hones in  E u ro p ean  elk  ca rried  o u t b y  Ireg ren  (1975, 1985) is o f p a r 
tic u la r  im p o rtan ce  to  th e  resu lts  o b ta in e d  in  th is  p ap er w hich  w as aim ed  a t  th e
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q u a n tif ic a tio n  of th e  re la tio n sh ip s  b e tw een  carcass w eig h t an d  ch arac teristics o f 
th e  m e taca rp a l (“ c an o n  b o n e” ) in  th e  m ales an d  fem ales o f th is  species during  
p o s tn a ta l  on togeny .

M ateria ls and  m ethods

The bone m a te r ia l fo r th is  analysis o rig inates from  c e n tra l Sw eden, w here 
th e  h u n tin g  g rounds o f th e  H ällefors S p o rtin g  Club are  lo ca ted  n ea r th e  60 th  
degree o f la titu d e  (Ire g re n , 1975). A ll th e  an im als s tu d ie d  here  w ere killed d u r
in g  th e  1971 h u n tin g  season . T he 47 m ale an d  43 fem ale elks in c lu d e d b o th  calves 
an d  a d u lt ind iv id u a ls  a n d  form  an  ideal age sequence fo r th e  s tu d y  of re la tiv e  
g row th . D etailed  in fo rm a tio n  on th e  orig in  an d  age d is tr ib u tio n  of th e  sam ple 
h a v e  been pub lished  in  th e  p rev iously  m en tio n ed  w orks b y  D r. Ireg ren , 90%  of 
w hose m ate ria l has b een  re -an a ly zed  in  th is  s tu d y . H ere , a llom etric  calculations 
h a v e  been applied  to  in v es tig a tio n s  of th e  g ro w th  o f m e ta c a rp a l bones re la tiv e  
to  carcass w eight. T h is  m e th o d  excluded  th e  d irec t use o f ab so lu te  age d a ta  
re su ltin g  in  th e  m in im iza tio n  o f e n v iro n m en ta l effects w hich  often  a c t in  a 
tim e-d ep en d en t fa sh io n  (for exam ple  seasonal changes in  th e  availab ility  of 
food). T hus, fu n c tio n a l re la tio n sh ip s  betw een  th e  p a r ts  o f  b o d y  m ay  he m ore 
d irec tly  observed (F á b iá n , 1969).

Conform ing to  th e  tra d itio n a l a llom etric  m e th o d , decim al logarithm s o f 
th e  following v a riab le s  w ere used  in  a lin ea r regression  analy sis :

(1) The cubic  ro o t o f d ressed  carcass w 'eight w as used  in  some cases as 
in d e p e n d e n t v a riab le  in  th e  sam e w ay  as is u su a l w ith  live  w eight, a general 
d escrip to r of re la tiv e  (biological) age. C arcass w eigh t (Cw), how ever, was found  
to  be b e tte r  co rre la ted  w ith  sk e le ta l m easu rem en ts  th a n  live w eight in  sheep 
(P alsson  and  V erges, 1952), p ro b ab ly  as a re su lt o f exc lud ing  excess v a riab ility  
caused  b y  in d iv id u a lly  d iffe ren t f a t  deposition  an d  in te s tin a l developm ent. In  
th e  case of elk hu lls , th e  presence or absence as w ell as size o f an tle rs  w ould also 
in tro d u ce  a h a rd ly  co n tro llab le  b ias in  th e  m easu rem en t o f  to ta l  live w eight. 
T he m ath em a tica l tra n s fo rm a tio n  w as used  to  red u ce  th e  th ree-d im ensional 
c h a ra c te r  o f w eigh t, th u s  ren d erin g  i t  m ore co m p arab le  w ith  lin ear ch a rac teris
tics (F áb ián , 1984 — persona l com m unica tion ). O therw ise  th e  resu lting  allo
m etric  equations show  regression coefficien ts th a t  w ould  h av e  been reduced  
b y  tw o th ird s . T h is decline of th e  slope in d ica tes  th e  m uch  fa s te r  g row th  th a t  
ap p ears  w hen th re e  d im ensions are considered .

O f th e  d ry  lim b  bones availab le  fo r s tu d y , m e taca rp a ls  (Me) were chosen 
as early  fusing long bones h av in g  a sex -de te rm ined  re la tio n sh ip  w ith  th e  re s t of 
th e  skeleton  (B artosiew icz , 1985).

(2) The m ed ian  le n g th  o f m e taca rp a ls  (M l), u sed  as in d ep en d en t v ariab le , 
w as m easured  along  th e  m ed ian  p lane o f th e  bone b e tw een  th e  prox im al end
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an d  th e  co rrespond ing  p o in t of th e  d is ta l fusion line on  th e  p la n ta r  side o f th e  
hone. This m easu rem en t is as an  average  7 .3%  sh o rte r  th a n  g rea test len g th  (G l) 
in  b o th  sexes, h u t  is h igh ly  co rre la ted  w ith  th a t  m easu rem en t, th u s  m ak ing  th e  
use of m e taca rp a ls  from  im m atu re  in d iv id u a ls  (w ith  u n fu sed  epiphyses) p os
sible.

(3) T h eo re tica l d en sity  of m e taca rp a ls  (TD) w as u sed  b o th  as an  in d e 
p e n d en t an d  as a d ep en d en t variab le . D u rin g  th e  m easu rem en t of m e taca rp als  
each  hone w as w eighed (Bw). Since th e  w eights o f bones w ith  an d  w ith o u t 
ep iphyses w ould  n o t have  been com parab le , p rox im al b re a d th  (Bp) and  d e p th  
(D p), sm allest b re a d th  (Sb) and  sm allest d e p th  (Sd) o f th e  d iaphysis, as well as 
d is ta l b re a d th  (D b) an d  d is ta l d ep th  (D d) m easu red  a t  th e  lines of d ista l ep ip h y 
seal fusion w ere used  to  estim ate  th e  a reas of cross sections a t  th e  th ree  re le v a n t 
m e taca rp a l segm ents. A veraged  areas o f th ese  “ ellipses”  (Ap, As, and  A q) w ere 
th e n  m u ltip lied  b y  e ith e r g rea test le n g th  or m ed ian  le n g th  depending  on th e  
presence or absence o f epiphysis. D iv id ing  hone w eigh t w ith  th e  th eo re tica l 
vo lum e o b ta in ed  th is  w ay  a value, called  th eo re tica l d e n s ity  (TD), could be 
co m p u ted :

T D  =  B w - i  [G l; M 1(AP +  A s +  A D) • 3 " 1]

D ue to  th e  hollow  inside an d  concave w all s tru c tu re  o f th e se  tu b u la r  bones, th e  
re su lts  sy s tem a tica lly  u n d e re s tim a te  th e  ac tu a l, p h ysica l d en sity  of hone m a 
te ria l, b u t  are  b ased  on a n u m b er of im p o r ta n t  and  w idely  used  m easu rem en ts 
(D u erst, 1926; v o n  den  D riesch, 1976) t h a t  m ake th e m  p erfec tly  su itab le  fo r 
th e  purposes o f com paraison . T hey  shou ld , how ever, be reg a rd ed  as s tr ic tly  
th e o re tic a l in  n a tu re .

(4) T he slenderness index  (In d ex ) w as p lo tte d  as d ep en d en t variab le  
ag a in st th e o re tic a l bone density . I t  is u su a lly  based  on th e  p ro p o rtio n  betw een  
th e  sm allest b re a d th  o f d iaphysis an d  g re a te s t len g th . I n  th is  case, how ever, 
m ed ian  len g th  (M l) w as d iv ided  b y  sm allest b re a d th  (Sb) to  prov ide a n u m b er 
com parab le  even  fo r y oung  ind iv iduals w hich  w ere k illed  before ep iphyseal 
fusion could a c tu a lly  h av e  ta k e n  place.

All th ese  v a riab les  fo r each in d iv id u a l an im al are  lis ted  in  T ables I 
an d  I I .

A llom etric  regression  equa tions su p p o rte d  b y  h igh  o r m odera te ly  high 
corre la tions (G uilford , 1956), s ign ifican t on  a P  <Ç 0.05 level o f p ro b ab ility , 
w ere req u ired  to  accep t th e  hypo thesis th a t  p red ic tab le  cu rv ilin ea r re la tionsh ips 
b e tw een  carcass w eigh t an d  th e  p rev io u sly  described  ch arac teris tic s  of th e  
m e taca rp a l bone ex ist. Should  differences in  th e  curves b e tw een  fem ale and  
m ale elks occur, th e y  m ig h t cast lig h t on fu r th e r  details o f th e  skeletal develop
m en t of ru m in a n ts .
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Table I

Carcass w eigh ts and m e ta ca rp a l m easurem ents o f fem ale m oose 
(s a n d  d  s tan d  fo r le f t an d  r ig h t side respectively)

I n v e n to r y
n o .

Cw
k g

Bw
g

GI
m m

Bp
m m

Sb
m m

B d
m m

Dp
m m

Sd
m m

D d
m m

Ml
m m

T D
g /cm 3 In d e x

23 d 71 202 57.3 25.0 57.5 40.2 23.1 41.8 262.8 0.312 10.51
8 8 d 80 193 58.2 25.9 62.0 40.8 23.1 43.1 160.9 0.281 10.07
89 s 66 167 52.6 24.2 56.3 36.5 22.9 40.8 253.4 0.296 10.47

148 d 60 178 52.1 25.1 57.9 38.2 23.1 40.4 251.0 0.305 10.00
3 d 135 326 57.2 38.7 66.1 38.6 26.9 44.9 284.5 0.367 7.35

16 s 79 220 58.9 27.3 61.9 42.1 23.4 44.9 259.0 0.308 9.49
18 d 76 203 56.5 27.8 62.6 37.2 24.3 43.2 260.8 0.301 9.38
58 d 82 203 56.1 26.7 59.5 40.5 23.9 43.1 258.6 0.304 9.69
61 d 79 196 55.2 26.5 58.7 38.7 23.4 41.8 250.1 0.318 9.44
67 d 59 166 54.9 25.9 54.3 37.2 22.2 40.9 251.4 0.290 9.71
92 s 71 184 56.3 26.2 61.1 39.1 23.1 44.9 248.8 0.289 9.50
54 d 82 200 57.2 27.8 61.2 39.2 24.3 43.6 242.1 0.313 8.71
56 d 74 191 56.1 26.3 60.1 37.2 22.3 41.9 250.9 0.313 9.54
83 s 74 197 57.2 28.1 60.8 38.4 24.0 42.6 256.8 0.295 9.14
84 d 81 209 59.1 29.3 61.0 40.2 23.3 44.9 262.1 0.292 8.95
12 s 142 350 61.1 38.2 65.3 43.1 28.1 47.1 299.2 0.346 7.83
22 d 125 305 56.9 31.0 61.9 38.2 26.9 42.9 283.6 0.389 9.15
27 s 119 304 57.5 29.9 61.5 37.3 24.8 41.2 277.9 0.415 9.29
39 s 106 245 56.1 27.8 59.9 39.2 24.9 41.6 271.9 0.349 9.78
77 d 167 362 60.7 33.1 62.9 40.6 28.4 43.2 293.9 0.407 8 .8 8
85 s 78 203 58.8 27.2 59.8 40.8 22.3 44.1 270.6 0.286 9.95
90 s 130 312 57.1 31.1 67.4 38.4 27.5 46.1 290.8 0.364 9.35

100 s 114 246 55.1 27.9 61.1 37.2 24.1 43.0 269.7 0.360 9.67
101 d 58 166 55.9 26.7 60.7 36.2 22.2 40.9 245.1 0.282 9.18
105 d 61 168 52.1 25.9 55.1 35.9 21.9 40.3 248.5 0.307 9.59
122 s 130 314 58.5 33.6 64.9 38.9 26.9 46.1 287.9 0.364 8.57
126 d 73 191 57.1 26.5 56.1 37.9 22.1 41.1 253.4 0.317 9.56

1 d 171 461 334.5 61.1 33.0 61.5 41.9 26.2 41.5 310.8 -0.464 9.42
2 d 195 461 331.2 61.9 33.2 61.3 43.7 27.8 40.5 308.1 0.454 9.28
5 d 211 334 312.6 60.2 33.7 60.1 41.9 26.9 38.2 289.9 0.395 8.60
6 d 144 531 348.2 62.5 37.2 63.2 43.7 28.1 40.8 325.0 0.468 8.74
8 s 219 501 341.2 58.1 36.2 65.7 41.8 25.7 39.5 318.5 0.479 8.80

14 s 172 447 331.3 56.7 35.4 61.9 37.9 27.9 40.3 308.1 0.471 8.70
17 d 248 614 349.2 61.6 39.2 68.5 44.2 29.8 42.9 322.8 0.500 8.23
20 d 131 444 330.3 59.1 33.5 62.7 42.2 27.0 42.7 307.1 0.445 9.17
24 d 263 543 343.2 62.8 36.1 67.8 43.6 28.8 41.3 319.6 0.472 8.85
28 d 228 505 334.1 61.5 35.1 62.3 41.9 28.4 40.7 315.9 0.488 9.00
52 d 200 456 345.4 61.8 33.5 63.6 40.5 28.2 41.1 321.9 0.467 9.61
63 d 213 532 322.4 58.9 36.2 60.6 40.9 27.9 39.2 304.1 0.553 8.40
75 d 184 453 337.8 61.9 32.1 60.0 42.1 28.3 39.2 278.2 0.456 8.67
87 d 215 411 312.1 57.1 33.5 59.4 39.2 26.1 37.1 292.1 0.483 8.72
97 d 224 507 331.0 62.9 34.8 62.8 44.1 26.2 40.8 310.6 0.486 8.93

108 s 207 518 348.4 63 9 36.1 64.1 41.3 28.1 40.7 324.9 0.466 9.00
110 s 219 528 344.0 63.8 35.8 65.2 42.4 28.7 43.1 320.4 0.467 8.95
119 s 188 305 320.0 62.0 30.2 61.1 42.8 25.2 38.0 299.4 0.335 9.91
125 d 173 414 312.9 55.6 33.2 58.9 40.0 26.2 38.1 291.8 0.486 8.79
X X X s 216 496 326.2 53.8 36.5 59.1 41.0 25.7 37.1 302.9 0.544 8.30
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Table II

Carcass w eights an d  m etaca rp al m easu rem en ts o f  fem ale moose 
(s and  d  s ta n d  for left and r ig h t side respec tive ly)

I n v e n to r y  Cw 
n o . kg

Bw
g

Gl
m m

Bp
m m

Sb
m m

Bd
m m

Dp
m m

S d
m m

D d
m m

Ml
m m

TD
g /cm 3 In d e x

29 d 55 162 49.2 32.1 50.3 33.6 20.7 36.8 238.9 0.361 10.34
50 s 65 170 52.1 24.7 56.1 37.1 2 1 . 0 39.2 247.2 0.314 1 0 .0 1
51 8 61 163 51.9 24.2 55.3 36.1 20.9 40.7 242.9 0.313 10.04

103 d 63 169 50.4 23.5 56.0 35.2 2 1 . 1 39.1 242.9 0.334 10.34
124 d 70 163 51.2 23.1 52.6 34.8 2 1 . 1 39.7 246.6 0.328 1 0 . 6 8

64 s 109 291 58.6 28.2 57.4 39.2 26.2 40.9 262.2 0.145 9.30
25 d 8 8 196 52.8 27.2 55.7 35.0 23.1 41.0 254.3 0.340 9.35
55 s 71 172 52.6 25.3 57.2 35.4 2 1 . 8 40.6 242.4 0.320 9.58
65 d 63 173 54.8 26.0 57.9 36.7 2 2 . 1 39.9 245.1 0.305 9.43
72 d 70 195 55.2 27.1 58.1 37.2 22.5 40.9 257.1 0.317 9.49
81 d 48 167 53.2 25.8 54.1 36.7 2 2 . 1 40.2 237.2 0.317 9.19

116 d 70 188 54.1 27.5 59.6 37.9 2 2 . 8 41.7 248.4 0.308 9.03
53 s 61 165 49.1 26.3 57.5 34.9 2 2 . 1 40.9 249.1 0.301 9.47
76 d 70 195 55.5 27.0 57.1 36.1 2 2 . 8 41.0 247.7 0.335 9.17
95 d 6 8 175 54.2 27.9 58.4 37.1 2 2 . 1 40.1 243.6 0.300 8.73
19 s 54 160 51.7 24.9 54.1 36.9 2 2 . 0 38.8 236.1 0.313 9.48
26 d 65 180 51.4 25.1 57.2 36.8 2 1 . 8 41.0 243.1 0.330 9.69
8 6 d 69 2 0 1 54.6 27.2 59.2 37.2 23.1 43.5 250.3 0.327 9.20
99 8 6 8 180 53.2 26.1 58.0 36.1 2 2 . 2 41.4 251.9 0.310 9.65

117 d 77 196 54.8 27.3 57.2 37.2 22.9 41.9 259.0 0.316 9.49
149 d 76 2 0 1 53.4 27.2 56.1 36.6 24.1 40.2 252.9 0.340 9.30

16 d 150 396 54.9 32.5 61.2 39.1 25.2 36.2 312.2 0.477 9.61
13 8 164 384 58.9 35.2 63.2 40.8 27.9 45.1 288.9 0.430 8 .2 1
2 1 d 124 2 1 1 55.1 29.1 57.9 36.1 25.8 40.3 283.1 0.301 9.73
6 8 d 163 323 58.3 30.9 61.2 39.5 26.1 41.8 293.0 0.397 9.48
69 d 132 292 56.5 30.0 59.9 37.2 25.9 39.9 278.2 0.405 9.27
85 8 78 203 58.8 27.2 59.8 40.8 22.3 44.1 270.6 0.286 9.95
93 d 167 361 58.2 33.1 62.0 39.2 28.6 42.7 293.8 0.421 8 . 8 8

113 d 135 284 54.6 30.8 55.2 38.1 24.1 39.4 271.2 0.423 8.81
4 d 167 369 331.1 57.9 30.6 63.8 38.6 22.9 38.6 310.8 0.416 10.16
7 d 136 414 332.8 58.6 34.1 59.2 38.1 26.2 38.1 309.9 0.453 9.09

57 d 198 405 334.8 55.9 31.5 58.6 38.2 27.2 40.2 314.2 0.454 9.97
59 8 153 365 313.1 58.6 32.1 61.2 41.1 25.5 37.1 292.4 0.417 9.11
6 8 S 163 409 332.9 55.1 31.2 58.1 40.7 26.1 38.1 311.2 0.463 9.97
60 8 171 411 324.5 56.2 33.1 58.9 39.4 26.1 40.0 301.8 0.463 9.11
6 6 8 148 396 330.1 57.8 31.1 63.2 40.4 25.2 39.1 305.7 0.430 9.83
74 d 157 417 329.2 58.2 32.4 57.3 39.2 27.5 38.0 308.7 0.468 9.53
82 8 142 299 297.5 50.0 28.4 53.8 36.1 23.6 37.1 278.1 0.453 9.79
94 S 142 420 336.8 60.3 34.1 61.1 41.2 29.2 42.1 312.6 0.411 9.17

107 8 204 504 346.9 62.1 35.2 64.1 41.1 29.1 44.8 323.1 0.454 9.18
118 d 144 336 319.0 56.1 31.7 57.2 38.0 25.8 36.5 298.8 0.412 9.43
1 2 0 d 228 440 317.9 56.7 33.9 58.9 38.1 24.9 37.1 296.2 0.520 8.74
123 d 184 469 323.9 57.1 36.1 59.3 39.8 27.9 37.8 302.7 0.506 8.39
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R esu lts

M ean values, s ta n d a rd  d ev ia tio n s  an d  coefficients of v a r ia tio n  o b ta ined  
b y  th e  conversion o f u n iv a r ia te  s ta tis tic s  o f  th e  a llom etric  ca lcu la tio n s are 
su m m arized  in  T able I I I .  I n  sp ite  o f  th e  re la tiv e ly  w ide size ra n g e  fo r ind iv i
d u a ls  o f  vary ing  ages, s ig n if ican t d ifferences betw een  th e  tw o  sexes occurred 
in  th e  case of carcass w e ig h t an d  m ed ian  m e ta c a rp a l len g th . M ean va lu es  o f th e  
th e o re tic a l density  a n d  slenderness in d e x  are  less d ifferen t due  to  th e ir  re la 
t iv e ly  large s ta n d a rd  d ev ia tio n s  as is show n b y  th e  coefficients o f  v a r ia tio n .

T h is q u a lity  o f th e  v a riab le s  is also m irro red  in  th e  e x p la n a to ry  pow er of 
a llo m e tric  equations show n  in  T ab le  IV . H ig h est coefficients o f  co rre la tion  
w ere  ca lcu la ted  b e tw een  th e  decim al lo g a rith m s o f th e  tw o v a ria b le s  expressed 
in  ab so lu te  te rm s (carcass  w eigh t a n d  m ed ian  m etaca rp a l le n g th ) . T he firs t 
tw o  equations in d ica te  a m ore degressive ten d en cy  of re la tiv e  g ro w th  for

Table III

U n iv aria te  s ta tis tic s  o b ta in ed  b y  th e  allom etric  equations

V a ria b le /G ro u p M ean  v a lu e
S ta n d a rd
d ev ia tio n

C o effic ien t o f  
v a r ia t io n

Carcass w eight [Cw(kg)] 
males 
females

124.177
102.569

1.622
1.585

0.013
0.015

Me m edian len g th  [Ml (m m )] 
males 
females

289.499
272.273

1.327
1.355

0.005
0.005

Me theoretical d e n s ity  [TD (g/cm )] 
males 
females

0.378
0.364

1.236
1.255

3.270
3.448

Me slenderness in d ex  (In d ex ) 
males 
females

9.141
9.436

1.072
1.056

0.117
0.112

Table IV

A llom etric  grow th of th e  bo n e  ch aracte ris tics re la tiv e  to  carcass w eight an d  th eo re tica l density  
(F o r  ab b rev ia tio n s a n d  u n its  see T ables I  to  I I I )

A llo m e tric  e q u a tio n  .  . . .  . .
_______________________________ ________________________  C o effic ien t o t

G roups _ c o rre la tio n
in te rse c t io n  slope

Males lg M l = 2.071 + 0.181 lg Cw 0.924***
Fem ales lg  Ml = 2.011 + 0.210 lg Cw 0.943***
Males lg  T D  = — 1.275 + 0.407 lg Cw 0.916***
Fem ales lg T D  = — 1.119 + 0.338 lg Cw 0.681***
Males lg In d ex =  0.888 — 0.057 lg TD — 0.529**
Fem ales lg  In d ex =  0.953 — 0.016 lg TD — 0.206
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m etaca rp a l len g th  in  m ales th a n  fem ales. The a llom etric  coefficients b e tw een  
carcass w eight an d  th eo re tica l d e n s ity  suggest th a t  th e  re la tiv e  increase of 
bone d en sity  is, on  th e  o th e r h a n d , m ore in tensive  in  m ales. The lea s t con
v in c in g  a llom etric  eq ua tions, re la tin g  th e  slenderness in d e x  to  th e  th eo re tica l 
d e n s ity  of m e taca rp a ls , show th a t  th e  re la tive  w iden ing  o f  th e  d iaphysis fo l
low s th e  g row th  o f  bone d en sity  m ore consis ten tly  in  m ales. In  th e  case o f 
fem ales no sign ifican t co rre la tion  be tw een  these  t r a i ts  cou ld  be ascerta ined .

D iscussion

T he basic conclusions in  th is  s tu d y  have b een  d raw n  from  th e  well- 
d efin ed  re la tio n sh ip  betw een  carcass w eight and  m ed ian  m e taca rp a l len g th . 
G rap h ic  rep re sen ta tio n  o f th e  tw o  eq u a tio n s is show n in  F ig . 1 in  n a tu ra l u n its . 
As w as evidenced b y  th e  sm all a llom etric  coefficients, th e  g ro w th  of m ed ian  
m e ta c a rp a l len g th  re la tiv e  to  carcass w eigh t m ay  be described  as a degressive, 
cu rv ilin ea r re la tio n sh ip , w hich is m ore  expressed  in  th e  case o f  m ale elk. N o te , 
how ever, th a t  th e  curves rep resen tin g  th e  tw o sexes a re  a p p a re n tly  p a ra lle l 
a t  th e  beginning  o f  p o s tn a ta l o n to g en y . T hey  in te rse c t a ro u n d  th e  140 kg  
th re sh o ld  o f carcass w eight, w hen  th e  re la tive  lo n g itu d in a l g row th  o f m e ta 
carp a ls  becom es m uch  slow er in  m ales. A t th e  sam e tim e , th e  curve rem ains 
close to  lin ear fo r fem ales. W hile a re la tiv e ly  sm all size d ifference m ay  he fo u n d  
in  te rm s o f th e  m e taca rp a l len g th  be tw een  a d u lt m ale a n d  fem ale ind iv idua ls, 
m a tu re  carcass w eig h t is m uch sm aller in  th e  case o f fem ales ( ju s t as th e ir  live 
w eigh t is ap p ro x im a te ly  70%  o f t h a t  o f a bu ll elk). T he sam e phenom enon  is 
show n in  Fig. 2. W hile th e  age d is tr ib u tio n  of fem ale a n d  m ale  elk in  th e  sam ple  
is la rge ly  sy m m etric  (Ireg ren , 1975: T ab le  I), th is  te n d e n c y  m ay  on ly  be 
observed  a t  low er carcass w eights (Cw < 1 0 0  kg). A d u lt e lk  bu lls in  th e  sam ple  
h a v e  ev id en tly  la rg e r carcasses th a n  th o se  o f fem ales, w hile  sex u a l d im orph ism  
in  th e  m ed ian  len g th  o f m e taca rp a ls  is usually  fa r  less p ro n o u n ced  or even s ta 
tis tic a lly  in sig n ifican t (Chaix an d  D esse, 1981).

E p iphysea l fusion , th a t  is th e  cessation  of lo n g itu d in a l bone g row th  in  
general, appears w hen  th e  sex ho rm ones reach  a c ritica l leve l in  th e  b lood o f 
su b a d u lt  in d iv idua ls (A rey, 1965). I t  is well know n, how ever, th a t  d is ta lly  
lo ca ted  e x tre m ity  bones fuse earlie r th a n  m ost p a r ts  o f th e  skele ton . T he fusion  
o f  m e taca rp als  occurred  betw een  one an d  tw o years o f age in  th e  p o p u la tio n  
u n d e r  s tu d y  here (Ireg ren , 1975), w hich  is long before sex u a l m a tu ra tio n  is 
a c tu a lly  com pleted  (elk calves, u su a lly  b o rn  betw een  th e  en d  o f M ay an d  m id 
dle o f Ju n e  in  th e  a rea  u n d er discussion m ay  m ate  b y  th e  fa ll o f th e ir  th ird  y e a r  
o f  life, a lthough  p rac tica lly  no y o u n g  bulls have a chance  d u rin g  th e  f irs t  few  
ru t t in g  seasons). T he early  ossifica tion  o f m etapod ia ls m ean s th a t  c ircu la ting  
fa c to rs  re la ted  to  sex u a l m a tu ra tio n  do n o t effect th e  le n g th  o f  m etacarp als  as 
m u ch  as th e  grow th  o f o th e r long bones or m uscu la tu re .
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F ig . 2

G row th an d  sex u a l m a tu r ity  d ep en d  on m an y  sy n th e tic  processes an d  
m o s t of th e  ho rm o n es are  involved  in  th e ir  contro l. G o n ad a l horm ones in 
flu en ce  th e  d ev e lo p m en t o f secondary  sexual ch a rac te ris tic s  such  as size in  
b o th  sexes. O f th ese , and rogens are  syn th esized  in  th e  L eyd ig  in te rs titia l cells 
o f  tes tes , an d  th e ir  secre tion  is re g u la te d  b y  th e  p ro d u c tio n  o f IC SH  in  th e  
adenohypophysis . T h is  process a lread y  begins in  m ale e lk  calves and  is f ir s t  
acce lera ted  in  y ea rlin g s. As is show n b y  th e  neg a tiv e  ev idence  o f ca s tra tio n  
in  dom estic an im als, th e  o therw ise n o rm al synergism  b e tw een  te s to ste ro n e  an d  
g ro w th  horm ones is dam aged  b y  g onadec tom y  in  m ales, inducing  re la tiv e  
h y p o thy reosis  slow ing dow n in te rm e d ia ry  m etabolism . T h e  lack  o f tes to ste ro n e  
th u s  in d irec tly  is re la te d  to  a low er in te n s ity  of oxygene ab so rp tio n  b y  th e
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tissu es . A t th e  sam e tim e, increased  g lyconeogenesis (in  capons, fo r exam ple : 
B ököny i and  B artosiew icz, 1983) ex ace rb a te s  p ro te in  ca tab o lism  an d  th e  p ro 
te in  c o n te n t o f th e  bone m a tr ix  decreases de lay ing  th e  process o f  ep iphyseal 
fusion . C onsequently , sk e le ta l g ro w th  a n d  m u scu la r dev e lo p m en t a re  re ta rd e d .

A lthough  th e  p rev iously  m en tio n ed  p h en o m en a  occur in  d e fa u lt o f te s to 
s te ro n e , th e y  illu s tra te  th e  role p lay ed  b y  m ale gonadal horm ones in  s tim u la tin g  
th e  increase o f m u scu la tu re  a t  an  age w hen  ep iphysea l fusion has a lread y  lim ited  
th e  lo n g itu d in a l g row th  of m etap o d ia ls . T h e  exam ple  of elk  is an  illu s tra tio n  
o f th e  d ifferen tia l effect o f sex u a l m a tu ra tio n  on tw o  ty p es  o f tissu e . I t  con
tr ib u te s  to  th e  observa tions m ade on v a rio u s  c a ttle  long bones w hich  also 
d isp la y  a sexual d im orph ism  m ore or less p ro p o rtio n a l to  th e  degree o f th e ir  
ex posu re  to  gonadal horm ones. In  th e  case o f a well defined  p o p u la tio n  o f  w ild 
an im als, how ever, even sm aller sam ples w ere reliab le , p rov id ing  m ore  c lear-cu t 
re su lts  th a n  a genetically  heterogeneous se t o f c a ttle  skeletons used  in  a prev ious 
s tu d y  of sexual d im orph ism  in  ske le ta l d ev e lo p m en t (B artosiew icz, 1984a).

T h e  p rac tica l im p lica tio n  o f th is  p a p e r  is th a t  in  th e  case o f su ffic ien tly  
hom ogeneous gam e p o p u la tio n s even  re la tiv e ly  sm all sam ples m a y  be  used  in  
th e  sex  d ep en d en t p red ic tio n  of carcass w eig h t on th e  basis o f m e taca rp a ls . 
A lth o u g h  th e  occurrence o f elk  has o n ly  been  sporad ic  in  H u n g a ry  (Topái 
a n d  V örös, 1984), th e  m eth o d  in  g enera l m a y  enhance  th e  in  situ  e s tim a tio n  of 
m e a t y ield  from  large  bodied  C ervids. F ie ld  w ork  of w ildlife m an ag em en t offi
cials m a y  also be fac ilita ted  w hen  re c o n s tru c tio n  o f m ea t loss due to  n a tu ra l  
causes such  as p re d a to r  a c tiv ity  or ep idem ics is s tu d ied  on th e  basis o f offal. 
L a s t b u t  n o t leas t, th e  a llom etric  eq u a tio n s  m a y  be used  fo r size e s tim a tio n  in  
archaeozoology  w hen  com plete  elk  m e ta c a rp a ls  are b ro u g h t to  lig h t d u rin g  th e  
course o f excava tions. These p ra c tic a l a p p lica tio n s  are  m ade possib le b y  th e  
h igh  coefficien t o f co rre la tion  ca lcu la ted  b e tw een  carcass w eigh t a n d  m ed ian  
le n g th  o f th e  m e taca rp a l w hich  ensures t h a t  e s tim a tes  o b ta in ed  b y  th e  M l =  
=  f(Cw) fu n c tio n  w ould la rg e ly  agree w ith  th o se  ca lcu la ted  from  Cw =  f(M l). 
D e ta iled  s tu d y  o f th is  la t te r  re la tio n sh ip , how ever, is bey o n d  th e  focus o f th is  
p a p e r  concerned  w ith  basic  research .
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OCCURRENCE OF TWO NEW GOUSSIA SPECIES 
IN THE INTESTINE OF THE STERLET 

(AC I PEN SER RUTHENUS)

К . M o l n á r

V eterin ary  M edical R esearch  In s t i tu te  o f th e  H u n g a rian  A cad em y  o f Sciences, H-1581 B u d a 
pest, P . O. B o x  18, H u n g a ry

(R eceived  D ecem ber 10, 1985)

T w o new  Goussia species, G. vargai an d  G. acipenseris, are rep o rted  fro m  th e  
in te stin e  o f s te r le ts  (A cipenser ru thenus) c au g h t in  th e  R iv e r D anube. T he o o cy sts 
o f b o th  p a ra s ite s  a re  ex re ted  in  u n sp o ru la te d  s ta te ;  in  t a p  w a te r  a t  20 °C th e y  sp o ru la te  
w ith in  48 h . B y  histological m e th o d s th e  oocysts an d  d ev elo p m en ta l stages o f th e  p a 
rasite s  can  b e  d e m o n s tra ted  fro m  th e  m ucosal ep ith e liu m  o f th e  pyloric a p p en d ag es  
and  sm all in te s tin e . G. vargai develops in  a u su a l lo ca tio n , i.e. in  th e  cy top lasm  o f e p ith e 
lial cells, w h ereas G. acipenseris c an  be  fo u n d  in  ep ip lasm al lo ca tio n , under th e  cell m em 
brane  of ep ith e lia l cells, p ro tru d in g  in to  th e  in te s tia l lu m en .

K eyw ords. Goussia vargai, G. acipenseris, coccid ium , s te r le t (A cipenser ru the
n u s) ,  in te s tin e , developm ent, loca tion .
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In  re c e n t y ea rs  th e  d e m o n s tra tio n  of fish -p a ra s itic  coccidia has becom e 
successful. In  1983, D yková and  Lorn rep o rted  127 species belonging to  th e  
genera C ryptosporid ium , Crystallospora, E im eria , E p ie im eria , and  G oussia; 
since th e n  th e ir  n u m b e r has increased  b y  fu r th e r  10 species described b y  L i a n d  
D esser (1985a, b), L andsberg  an d  P a p e rn a  (1985) an d  Ja s trz e b sk i (1982, 1985). 
I n  sp ite  of th is , no  coccidia have  b een  know n  to  occur in  species belonging to  th e  
A cipenseridae fam ily .

In  th e  p re se n t paper, tw o  new  Goussia  species are  re p o rte d  from  th e  in te s 
tin e  of th e  s te r le t  ( Acipenser ru thenus).

Materials and methods

T he s te rle ts  exam ined  w ere m a tu re , several y ea rs  o ld  fish  th a t  h a d  b een  
cau g h t from  th e  reach  of th e  D an u b e  n e a r P ak s  (H u n g a ry ) and  tra n sp o rte d , 
fo r p ro p ag a tio n , to  a fry -h a tch in g  p o n d  fa rm  early  in  M ay. In  1984 an d  1985, 
16 an d  24, resp ec tiv e ly , o f th e  s te rle ts  w ere su b je c te d  to  parasito log ica l 
exam in a tio n ; th e ir  in testin es  w ere ex am in ed  for th e  p resence  of coccidia. T h e  
in testin es  o f th e  fish , k ep t on n e ts  or in  basins fo r a few  days, co n ta ined  no 
rem n an ts  o f feed . T h e  m ucus covering  th e  in te s tin a l ep ith e liu m  could be lif te d  
off easily. T he in te s tin e  was alw ays d iv id ed  in to  th re e  p a r ts ;  th e  firs t co n ta in ed  
th e  g lan d u la r b o d y  includ ing  th e  py lo ric  appendages, th e  second th e  fo reg u t, 
w hereas th e  th ird  th e  h ind g u t.

A c t a  V e te r in a r ia  H u n g a r ic a  3 4 , 1 9 8 6  
A k a d é m ia i  K ia d ó ,  B u d a p e s t
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T h e  m ucus an d  m ucosal scrap ings ta k e n  from  th e  d iffe ren t p a r ts  o f th e  
in te s tin e  w ere ex am in ed  u n d e r th e  m icroscope, an d  th e  oocysts fo u n d  in  th em  
w ere  m ad e  to  sp o ru la te  in  ta p  w a te r, in  sm all p e tr i dishes, to g e th e r  w ith  th e  
m u cu s . B ac te ria l g ro w th  w as p rev en ted  b y  ad d in g  penicillin a n d  s trep to m y c in .

T h e  in testin es  o f  som e o f th e  f ish  w ere  processed h isto log ica lly  as w ell; 
th e  in te s tin a l p o rtio n s  w ere fixed  in  B o u in ’s so lu tion , em bedded  in  p a ra ffin , 
a n d  th e  sections w ere s ta in e d  w ith  h a e m a to x y lin  and  eosin.

R esu lts

F o u rte e n  o f th e  16 f ish  exam ined  in  1984 an d  21 of th e  24 ones exam ined  
in  1985 h ad  coccidium  oocysts in  th e ir  in te s tin e . In  the  m ucus ta k e n  from  th e  
in te s t in a l  w all, u n sp o ru la te d  oocysts o f tw o  d ifferen t sizes a n d  ro u n d  shape 
w ere  fo und . The oocysts  w ere of g ra n u la r  s tru c tu re  and  h ad  a u n ifo rm ly  d a rk  
a p p e a ra n ce  (Fig. 1). T h e  sm aller oocysts w ere 7 to  8 pm , w hile th e  la rg e r ones 
11 to  14.5 pm , in  size. I n  ta p  w a te r, a t  20 °C, spo ru la tion  w as co m p le ted  w ith in  
24 h , th e  oocysts in c reased  in  size an d  tra n sfo rm e d  in to  G oussia -type  coccidia. 
A f te r  48 h  th e  sp o ro cy st residuum  co m p le te ly  filled th e  sp o ro cy sts  an d  a fte r 
72 h  i t  becam e co m p ac t. B ased u p o n  th e ir  size and  c h a ra c te r is tic  lo ca tion  
d e te rm in e d  b y  h isto log ica l m ethods, th e  oocysts  proved  to  belong  to  tw o  h i
th e r to  unknow n G oussia  species, w hose d esc rip tio n  is as follow s.

G oussia vargai n . sp. (F ig . 2)

(The p a ra s ite  w as nam ed  in  h o n o u r o f D r. Is tv á n  V arga , th e  n o ted  H u n 
g a ria n  coccidiologist.)

H o st and  lo c a lity : A cipenser ruthenus, R iver D an u b e , a ro u n d  P ak s 
(H u n g a ry ).

L ocation : m ucous m em brane  o f th e  in te s tin e  and  pyloric  aj>pendage.
H o sts/in fec tion : 40/35.

10pm
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D escrip tion  (on th e  basis  o f 25 oocysts exam in ed ): T h e  oocysts are  sp h e r
ica l or short-e llipso idal in  sh ap e . I n  sp o ru la ted  s ta te , th e  spherica l oocysts are 
12.6 to  20 fan  (average: 15.88 ^  1-84), w hereas th e  sho rt-e llip so idal ones 
15-20 X 14-19 /xm (average: 18.06 ^  1 .3 x 1 6 .3 8  ±  0.98) in  d iam eter. The 
oocysts have  a th in , colourless, s ing le-layered  w all; w ith in  th e m  th e  sporocysts  
show  a re la tiv e ly  loose a rra n g e m en t. T here  is n e ith e r  o o cy st residue n o r m icro- 
py le , b u t  th e re  ex is t one or tw o  am orphous po la r g ran u les  1 to  1.5 ц m  in  size. 
T h e  sporocysts are  e longated  ellipso idal in  shape (F ig . 3) a n d  10.5 to  14 X  4.5 to  
6 fim (11.6 ^  0 .6 4 x 5 .1  ^  0.76) in  size. T he spo rocysts  a re  com posed o f  tw o 
hem ispheres an d  h av e  a v e ry  th in  w all; in  th e  oocyst th e y  a re  a rranged  ir re g u 
la r ly  h u t  m ostly  in  one d irec tion . I n  th e  sporocyst th e re  are  tw o verm ifo rm  
sporozoites a rran g ed  in  head  to  ta i l  p re sen ta tio n , w ith  one en d  reflexed . W ith 
o u t th e  reflexed  end , th e  sporozoites are  9 to  11.5 g,m  (10.4 ±  1 .69) in  le n g th  
a n d  1.7 to  2.2 /xm (1.85 ^  0.09) in  th ick n ess . In  th e  spo rozo ites th e re  is a la rge  
re frac tile  globule. A fte r 72-h sp o ru la tio n  th e  spo rocyst re s id u e  is 3 x 4  s tra in  
size, com pact, an d  sho rt-e llip so idal in  shape .

The oocyst is ex cre ted  from  th e  fish  in  u n sp o ru la ted  s ta te . The in te s tin e  
o f  severely  in fec ted  fish  co n ta in s  m erozoites 9.5 X  2.2 /jm  in  size.

Histological studies. The developing  oocyst an d  ea rly  d ev e lo p m en ta l stages 
o f  G. vargai w ere fo u n d  in  th e  ep ith e lia l cells of py loric  sacs o f th e  g lan d u la r 
b o d y  an d  in  those o f th e  fo reg u t m ucosa. T he m eron ts (F ig . 4), each  co n ta in in g  
16 m erozoites 1 1 x 2  /xm in  size, w ere lo ca ted  in  th e  cy to p la sm  o f th e  ep ith e lia l 
cells, an d  v a ried  be tw een  9 -11  X  11-13 /on  in  size. O n one occassion I  fo u n d  a 
su b ep ith e lia lly -lo ca ted  m ero n t 2 3 x 1 7  /a n  in  size; i t  c o n ta in e d  40 m erozoites 
8 x 2  /xm in  size (F ig . 5). T he m acro g am o n ts  (Fig. 6), sized  7 - 1 3 x 1 2 -1 7  /xm, 
a n d  th e  m icrogam onts (F ig . 7) 10-13 X 15-17  /xm in  size w ere m ostly  in  th e  
cy to p lasm  betw een  th e  nucleus o f ep ith e lia l cells an d  th e  lu m e n ; occasionally , 
how ever, th e y  w ere dem o n strab le  b asa l to  th e  nucleus (F ig . 8). The degree of 
in fec tio n  v aried  b e tw een  fish , b u t  w ith in  a given fish  th e re  w as no difference

F ig. 9. G. acipenseris oocyst

I0;um
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b e tw een  th e  n u m b er o f  p a ra s ite s  p resen t in  th e  fo regu t a n d  in  th e  py lo ric  
sac.

G oussia acipenseris n . sp . (F ig . 9)

H o st an d  lo c a lity : A cipenser ruthenus, R iver D a n u b e , a round  P ak s  
(H u n g a ry ).

L ocation : m ucous m em b ran e  of th e  in te s tin e  and  p y lo ric  appendage ; th e  
p a r t  o f ep ithe lia l cells im m e d ia te ly  u n d er th e  surface.

H osts/in fec tion : 40/28.
D escrip tion  (on  th e  basis  o f 25 oocysts exam ined): th e  oocysts (F ig . 3) 

are  short-e llipso idal in  sh ap e  an d  9 .6 -1 0 .7 x 7 .5 -9 .7  p m  (av erag e : 10.17 i  
0 .5 4 x 8 .4 7  i  0.55) in  size; th e ir  wall is v e ry  th in , s in g le -lay e red  an d  co lour

less. T he sporocysts show  ra th e r  com pact, u sually  u n ila te ra l, a rran g em en t 
w ith in  th e  oocysts. T h e re  is n e ith e r oocyst residue n o r  m icropy le , b u t  th e re  
ex is ts  a po lar g ranu le  0.5 to  1.0 pm  in  size. T h e  sporocysts  a re  e longated  e llip 
so idal and  6 .6 -8 .8  X  3 .0 -4 .3  pm  (average: 8 . 1 1 ^ 0 . 8 3 x 3 . 4 ^ 0 . 3 6 )  in  size. 
T h e  sporocyst consists o f tw o  hem ispheres an d  has a v e ry  th in  wall. In  th e  
sp o ro cy st th e re  a re  tw o  v erm ifo rm  sporozoites a rranged  in  h e a d -to -ta il p resen 
ta t io n  w ith  one end  re flex ed . W ith o u t th e  reflexed  end, th e  le n g th  of th e  spo 
ro zo ites  is 7.2 to  8 p m  (av erag e: 7.72 ^  0.17), w hile th e ir  th ick n ess  is 1.1 to  
1.6 (1.31 to  0.18) pm . T h e  sporozoites c o n ta in  a large re fra c tile  globule. A fte r 
72 -h  sp o ru la tio n  th e  sho rt-e llip so idal spo ro cy st residue is 2.5 X  1.3 pm  in  size.

T he p a ras ite  is ex c re ted  from  th e  fish  in  th e  form  o f u n sp o ru la te d  oocysts.
Histological exam ina tion . B o th  th e  developing  oocysts  an d  th e  early  de

v e lo p m en ta l stages o f  G. acipenseris can  be found  in  c h a ra c te ris tic  loca tion , i.e. 
in  ep ip lasm al positio n , u n d e r  th e  lum ina l cell m em b ran e  o f  th e  m ucosal ep i
th e lia l cells lin ing  th e  g la n d u la r  b o d y ’s py lo ric  sacs an d  th e  in te s tin e , an d  p ro 
tru d in g  from  th e  cells (F ig . 10). The 4 -6  X  4 .5 -7  pm -sized  m ero n ts  (F ig . 11) 
c o n ta in  8 m erozoites 3 x 2  p m  in  size. T he m acro g am o n ts  (F ig . 12) are 6 .5 -8  X 8.9, 
w hile th e  m icro g am o n ts  (F ig . 13) 4—5.5 X  6 .5 -7 .5  pm  in  size.

D iscussion

The resid ts  in d ic a te  t h a t  in  the  in te s tin e  o f th e  s te r le t  an d  o th e r acipen- 
serids severe coccidial in fec tion , sim ilar to  th a t  found in  o th e r  fish  species, m ay  
develop. In  th e  sp rin g  period  s tu d ied , m ost of th e  s te r le ts  p rep ared  for 
spaw ning  w ere in fe c te d  b y  tw o ty p es o f oocysts. T he la rg e r  oocysts occurred  
som ew hat m ore fre q u e n tly . The s tru c tu re  o f b o th  k in d s  o f oocysts w as of 
G oussia-type, i.e. th e  w all o f th e  sporocysts  w as com posed o f  tw o  equal halves 
jo in in g  one a n o th e r  in  th e  m iddle b y  su tu re s ; th u s , th e  sp o ro cy sts  w ere m o rp h o 
logically  ty p ica l o f th e  genus Goussia L ab b é , 1896, re v a lid a te d  b y  D y k o v á  and
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Lom  (1981). O n th e  o th e r han d , th e  h isto log ica l ex am in a tio n s rev ea led  fu n d a 
m en ta l d ifferences in  th e  d ev e lopm en t o f th e  tw o  species. G. vargai, like  th e  
m a jo rity  o f species belonging to  th e  E im eriid ae  fam ily , developed in  th e  c y to 
p lasm  o f ep ith e lia l cells of th e  in te s tin e  a n d  py lo ric  appendages, w hereas G. 
acipenseris occupied  an  ep ip lasm al p o sitio n  in  th e  v e ry  sam e ep ith e lia l cells. 
D ev e lo p m en t sim ilar to  th a t  of th e  la t te r  species w as f irs t  rep o rted  b y  L éger 
an d  H o llan d e  (1922) an d  Léger a n d  B o ry  (1932), who th o u g h t t h a t  th e  eel 
p a ra s ite  E im eria  anguillae an d  E . p ig ra  p a ra s itiz in g  th e  ru d d  deve loped  ex tra -  
ce llu larly , a tta c h e d  to  th e  surface o f  th e  ep ith e liu m . D yková an d  L om  (1981) 
to o k  in to  acco u n t th e  sam e p o s tu la te d  ep ice llu lar developm ent w h en  th e y  
estab lish ed  th e  genus E pieim eria , in to  w hich , how ever, th e y  w ere u n ab le  to  
assign Goussia ( E im eria )  p igra , a species h av in g  G oussia-type oocysts. R e 
cen tly , u sin g  electron-m icroscopic m e th o d s , M olnár and  B ask a  (1986) have  
d e m o n s tra te d  th a t  E pieim eria  anguillae  does n o t h av e  ex trace llu la r m erogony 
an d  gam ogony  as th ese  stages develop  w ith in  th e  ep ithe lia l cell b u t  in  a p a ra - 
sitop h o ro u s vacuole  bo rdered  solely b y  th e  cell m em brane. I n  th e  p resen t 
case no  electron-m icroscopic s tu d ie s  h a v e  b een  perfo rm ed; how ever, i t  s till 
seem s doub tless  th a t  G. acipenseris h as  a m ode of d ev e lo p m en t sim ilar to  
th a t  o f E . anguillae. Since G. p ig ra  an d  G. acipenseris can n o t he classified  in to  
th e  genus E pieim eria , th e  ju s tif ic a tio n  o f a t te m p ts  m ade b y  D y k o v á  an d  L om  
(1981) a n d  Levine (1983, 1984) a t  d iv id in g  th e  genus E im eria , fo rm erly  con
sidered to  be an  in teg ra l w hole, is questio n ab le . A t th e  sam e tim e , o u r stud ies, 
to g e th e r  w ith  th e  resu lts  o f L an d b e rg  an d  P a p e rn a  (1985) a n d  Ja s trz e b sk i 
(personal com m unication) call a t te n tio n  to  th e  fa c t th a t  th e  ep ip lasm ic  m ode o f 
d ev e lo p m en t an d  excre tion  o f oocysts from  th e  fish  in te s tin e  in  u n sp o ru la te d  
s ta te  m a y  be m uch m ore f re q u e n t th a n  in d ica ted  b y  d a ta  o f th e  c o n te m p o ra ry  
special l i te ra tu re .
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F ig .  1. Unsporulated oocysts in the intestine o f sterlet, G. v a r g a i  oocysts; f  : G. a c ip e n s e r is  
oocysts; 'I : merozoite. N ative  preparation, X 700

F ig . 3. Sporulated oocysts, f  : G. va rg a i cysts after sporulation for 48 h; \  : G. v a r g a i  sporo- 
cysts after sporulation for 72 h; f  : G. a c ip e n s e r is  oocyst. N ative preparation, X 1500



Fig. 6. G. vargai m ac ro g am o n t in an  ep ith e lia l cell. H aem a to x y lin  an d  eosin, X 1500 
F ig. 7. G. vargai m ic ro g am o n t in an  ep ith e lia l cell. H a em a to x y lin  and  eosin, X 1500 

F ig . 8. G. vargai m acro g am o n t, s itu a te d  b asa l to  the nucleus o f th e  ep ith e lia l cell. H aem a to x y lin
an d  eosin , X 1500

F ig . 4. G. vargai m erozo ites in an ep ith e lia l 
cell. H aem ato x y lin  and  eosin, X 1500

Fig. 5. G. vargai n ie ro n t deep in  th e  e p i
th e liu m . H aem a to x y lin  an d  eosin, X 1500



F ig . 10 . G. a c ip e n s e r is  trophozoites in e p ip la sm al position . H aem atoxy lin  an d  eosin, X

F ig .  11 . G. a c ip e n s e r is  m ero n t, a p p aren tly  in  e x tra ce llu la r  position . H a e in a to x y lin  an d  eosin,
X 1500

F ig . 12 . G. a c ip e n s e r is  m ac ro g am o n t. H a e in a to x y lin  and  eosin, X 1500 
F ig .  13 . G. a c ip e n s e r is  m ic ro g am o n t ( f )• H ae in a to x y lin  and eosin, X 1500

1500
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S T U D Y  O F  T H E  P O S T U L A T E D  I D E N T I T Y  O F  
HOFERELLUS C Y P R I N I  (D O F L E I N , 1898) A N D  

MITRASPORA C Y P R I N I  F U J I T A , 1912

K . Molnár*, Gy . Csaba, and É va K ovács-Gayer

‘ Veterinary M edical Research Institute o f th e  H ungarian A cadem y o f Sciences, H -1581  
B udapest, P . O. B ox 18; and Central V eterinary In stitu te , H -1149 B udapest, T ábornok u. 2,

H ungary

(Received Janu ary  14, 1986)

In the kidneys o f  two- and three-sum m er old com m on carp (C yprinus carpio  L .) 
obta ined  from pond farm s the so-called H oferellus cyp r in i nodes were found to  occur  
m ain ly  in  the autum n, plasm odia regarded as M itraspora cyp r in i  in  the w inter, w hereas 
spores early in  the spring. I t  is concluded th a t the species M itraspora  cyp rin i  F u jita  is 
synonym ous w ith H oferellus cyprin i D o fle in . i f .  cyp rin i  develops in  a one-year cycle: 
from  October its early vegetative  stages are situated intracellu larly in  the epithelium  
o f  renal tubules, parasitize several neighbouring epithelial cells, and thus constitu te  a 
single parasitic focus. From  December th e  parasites gradually get into the lum en o f  
renal tubules, in which th ey  develop into  plasm odia. Spores m ay develop already in  the  
tubules; however, in m ost cases spore form ation  takes place in  the ureter or urinary  
bladder.

A  redescription o f  spores of H oferellus cyprin i, whose v a lid ity  was contested  b y  
several authors, has also been performed.

Keywords. H oferellus cyprin i (D o fle in , 1898), M itraspora  cyp r in i  F ujita , 1912, 
id e n tity , common carp (C yprinus carpio  L .), spore, m orphology, description, develop
m enta l cycle.

H oferellus cyprin i w as described f ro m  com m on carp  (C yprinus carpio  L.) 
b y  D o fle in  (1898), w ho fo u n d  in  th e  r e n a l  tu b u les  o f com m on carp  am oebo ids 
20 to  30 jum in  size an d  p y ram id a l, lo n g itu d in a lly  s tr ia te d  spores hav in g  c h a ra c 
te r is tic  p o la r  p ro jec tions. T h e  polar cap su les  la y  in  th e  su tu ra l p lane . O th e r H ofe
rellus sp p . w ere found  in  Carassius a u ra tus gibelio b y  A chm erov  (1960) a n d  in  
cru c ian  ca rp  ( Carassius carassius) by  G olikow a (1960); th e y  described  th e se  as 
H . carassii an d  H . schulm ani, resp ec tiv e ly . T he spores o f th ese  p a ra s ite s  r e 
sem bled  th o se  of H . cyp rin i, w ith  th e  d ifference t h a t  th e re  were b ris tle -lik e  
f ila m e n ts  a t  th e ir  ends.

T h e  developm ent o f  H . cyprin i w a s  s tu d ied  b y  P leh n  (1924), w ho, in  
a d d itio n  to  p lasm odia a n d  spores p a ra s itiz in g  th e  lu m en  o f th e  ren a l tu b u le s , 
found  th e  ea rly  stages developing  in  th e  fo rm  of in tra c e llu la r  foci in  th e  e p ith e 
lia l cells o f  th e  renal tu b u le s . She e s tab lish ed  th a t  th e  p a ra s ite  w as ch a rac te rized  
b y  a o n e -y ea r develo p m en ta l cycle w h ich  w as com pleted  b y  th e  end  o f w in te r.

I n  J a p a n , from  th e  ren a l tu b u le s  o f  com m on carp  an d  goldfish  F u j i ta  
(1912) re p o r te d  a m yx o sp o rean  resem b lin g  H . cyprin i. T h e  p a ra s ite  w as id e n 
tic a l in  size w ith  H . cyp rin i ; how ever, a t  th e  ends o f its  spores th e re  were b ris tle -
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like  filam en ts  an d  th e  su tu re  connecting  th e  tw o  hem ispheres of th e  spores r a n  
in  th e  p lane b e tw een  th e  spore capsu les. F u ji ta  (1912) n am ed  th is  p a ra s ite  
M itraspora  cyprin i.

T horough  in v es tig a tio n s  in to  th e  d ev e lo p m en t an d  p a th o lo g y  of M . c y p r i
n i  w ere m ade in  J a p a n  b y  A hm ed (1973a a n d  6) w ho a t t r ib u te d  th e  d isease 
ch a rac te rized  b y  k id n e y  en largem ent in  th e  fish  to  th is  p a ra s ite . D uring  th e  
o n e-y ea r d ev e lo p m en ta l cycle of th e  p a ra s ite , in  th e  su m m er an d  a u tu m n  
A h m ed  (19736) fo u n d  in trace llu la r s tages in  th e  ep ithe lium  o f ren a l tu b u les , in  
th e  w in te r  coelozoic p lasm o d ia  in  th e  re n a l tu b u le s , w hereas in  th e  spring  spo res 
in  th e  lum en  of th e  re n a l  tubules.

A fter its  d e sc rip tio n  H . cyprin i w as n o t rep o rted  to  occur in  E urope o v e r 
a lo n g  period, an d  its  ex istence  was in d ic a te d  b y  cu rricu la r d a ta  on ly  (S chäper- 
c lau s , 1954; B auer e t  a l., 1969). I ts  recu rren ce  w as re p o rte d  on ly  in  1981 b y  
L o m  an d  D yková. I t  w as also Lom  a n d  D y k o v á  (1981) w ho d em o n stra ted  th e  
f i r s t  E u ro p ean  occu rrence  of M . cyp rin i, in  C zechoslovakia. S u b seq u en tly  
K ö r tin g  and  H e rm a n n s  (1984, 1985) d e m o n s tra te d  b o th  H . cyprin i an d  M .  
c y p r in i  from  ponds o f  S o u th e rn  S axony . F u rth e rm o re , from  th e  illu s tra tio n s  
m ad e  b y  Lorn an d  D y k o v á  (1981) i t  u n d o u b te d ly  appeared  th a t  th e  fo rm a tio n  
d esc rib ed  in  H u n g a ry  b y  M olnár (1980) as a M yxobolus c y s t w as a c tu a lly  a 
H oferellus  stage.

In  th e  p re sen t p a p e r , b y  com paring  d a ta  of th e  l i te ra tu re  w ith  resu lts  o f  
o u r  ow n in v estig a tio n s, we furn ish  ev idence th a t  M . cyp rin i is a synonym  o f  
H . cyprin i.

Materials and methods

T he te s t m a te r ia l consisted  of tw o- a n d  th ree -su m m er old com m on c a rp , 
o rig in a tin g  from  v a rio u s  pond  farm s a n d  su b m itte d  in  1982 an d  1983 to  th e  
C e n tra l V ete rin ary  I n s t i tu te  for ro u tin e  ex am in a tio n s , p rim arily  for d e m o n s tra t
in g  Sphaerospora renicola  infection.

In  1984 an d  1985 our stud ies w ere re s tr ic te d  m ain ly  to  th e  F ish  F a rm  o f  
L o v ászp a to n a , w here  th re e  generations w ere k e p t to g e th e r in  a pond  and  w h ere  
H oferellus  in fec tion  fa r  exceeded th e  av e rag e  in  H u n g ary . To su rv ey  H oferellus 
in fec tio n , tw o- an d  th ree -su m m er com m on carp  from  th is  p o n d  w ere ex am in ed  
a t  tw o-w eek  in te rv a ls  in  the  a u tu m n  an d  sp ring , an d  a t  one-m o n th  in te rv a ls  
in  th e  w in ter. In  th e  su m m er only com m on carp  fry  w ere su b m itte d  to  th e  la b o 
ra to ry . Three to  te n  f ish  were d issected  on  each  occasion. T he k idneys w ere  
rem o v ed  in  th e ir  e n tire ty , in  association  w ith  th e  u re te r  an d  u rin a ry  b la d d e r, 
a n d  one p a r t  o f each  o rg an  was s tu d ied  in  fresh .

F rom  all th e  k id n e y  p a rts  exam ined , im pession  sm ears w ere p repared  a n d  
s ta in e d  w ith  G iem sa; deep-frozen sec tions w ere m ade from  one fish  on e ach
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occasion. K idney  pieces of fish  th a t  h a d  p ro v ed  positive in  th e  fresh  e x a m in a 
tio n  w ere  fixed  in  10%  fo rm alin  o r B o u in ’s so lu tion , em b ed d ed  in  p a ra ff in , 
an d  sec tions 4 to  8 p m  in  th ick n ess  p rep a red  from  th e m  w ere s ta in ed  w ith  
h a e m a to x y lin  an d  eosin  an d  accord ing  to  F a rk as  and  M allory .

R esu lts

O u r stud ies w ere p ro m p ted  b y  tw o  observations m ad e  d u ring  ro u tin e  
d iag n o stic  w ork. S tu d y in g  th e  d ev e lo p m en t o f Sphaerospora renicola an d  th e  
in fec tio n  caused b y  i t ,  we regu la rly  fo u n d  th e  Hoferellus foci (F ig . 1) described  
b y  P le h n  (1924) in  th e  k idneys of tw o- a n d  th ree-sum m er old com m on ca rp . A t 
o th e r  tim es  p lasm od ia  o f an  u n k n o w n  m yxozoan  (Fig. 2) w ere d e tec ted  in  th e  
u re te rs ; th e y  p roved  to  be stages o f M itraspora  cyprin i on ly  a f te r  a th o ro u g h  
in v e s tig a tio n  and , p a r tic u la rly , a f te r  t h a t  spores h ad  developed  from  th e m  b y  
th e  sp rin g . H oferellus foci were fo u n d  to  occur p rim arily  in  th e  a u tu m n  an d  early  
in  th e  w in te r , while M itraspora  p lasm o d ia  in  th e  w in ter a n d  sp ring .

S y stem a tic  s tu d ies  w ere co n d u c ted  to  clarify  th e  re la tio n sh ip s  ex isting  
be tw een  these  observ a tio n s.

H oferellus foci w ere dem o n strab le  a t  ea rliest in  fish  ex am in ed  in  O ctober. 
A t t h a t  tim e  foci described  b y  P leh n  (1924) w ere found in  th e  k idn ey s o f a b o u t 
o n e -q u a rte r  o f th e  tw o - an d  th re e -su m m e r f ish  su b m itted  to  th e  la b o ra to ry  
from  d iffe ren t fish  fa rm s of H u n g a ry , w hile in  ab o u t tw o -th ird s  o f tho se  k e p t 
u n d e r reg u la r con tro l in  th e  F ish  F a rm  o f L o v ászpa tona . T hese foci w ere 
1 0 0 -1 2 0 x 1 2 0 -2 0 0  p m  in  size an d  sp h erica l or elongated  in  sh ap e ; th e y  w ere 
lo ca ted  along  th e  ren a l tu b u le  an d  im ita te d  its  shape. H isto log ica lly , in ten siv e  
p ro to z o a n  in fec tion  o f th e  ep ithe lium  o f ren a l tu b u les  w as e s tab lish ed  in  ce rta in  
c ircum scribed  areas o f  th e  k idneys. T h e  m yxosporid ian  d ev e lo p m en ta l stages, 
6 to  8 p m  in  d iam e te r an d  g ran u la r  in  s tru c tu re , filled  u p  a n d  en larged  th e  
ep ith e lia l cells an d  p u sh ed  th e  cells’ nucleus tow ards th e  b a se m e n t m em b ran e . 
T he b o rd e rs  of th e  cells w ere n o t d is tin g u ish ab le  b y  lig h t m icroscopy. In  th e ir  
cy to p la sm  th e  large p a ra s itic  m ass go t in  th e  im m edia te  v ic in ity  of th e  lu m en  
of re n a l tu b u le s ; how ever, i t  w as s till s e p a ra te d  from  th e  la t t e r  b y  a n a rro w  
cy to p lasm ic  zone on w hich  th e  b ru sh  b o rd e r w as well v isib le . O ccasionally , 
p a r t  o f  th e  cells su rro u n d in g  th e  lu m en  rem ain ed  free from  in fec tio n  (F ig. 3).

I n  D ecem ber, in  a p a r t  of th e  foci th e  tu b u la r  ep ith e liu m  show ed d is
co n tin u itie s , an d  H oferellus  stages 6 to  8 p m  in  d iam ete r ap p e a re d  in  th e  lu m en  
of th e  tu b u le s . F ro m  D ecem ber onw ards H oferellus foci in  th e  k id n ey  g rad u a lly  
decreased  in  n u m b er, an d  in  M arch such  foci w ere d em o n strab le  only  excep 
tio n a lly .

A t th e  tim e w hen  th e  n u m b er o f Hoferellus foci s ta r te d  to  decrease (in  
D ecem ber an d  occasionally  a lready  a t  th e  end  of N ovem ber) o v a l or am orphous
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m yx o sp o rean  p lasm o d ia  15-40  X 15-30 fim in  size o ccu rred  in  th e  u re te r; la te r  
on  th e y  g radually  in c rea sed  in  num ber. T hese p lasm od ia  w ere found  freely  in  th e  
lu m e n  or, occasionally , a t ta c h e d  loosely to  th e  w all o f th e  u re te r . In  in ten siv e  
in fec tio n  th e  p lasm o d ia  filled  p a r t  of th e  re n a l tu b u le s  as w ell (Fig. 4). I n  M arch 
a n d  A pril th e  p lasm o d ia  go t in  m ore an d  m ore d is ta l p o rtio n s  o f th e  u re te r  an d  
spores developed w ith in  th em . Spore fo rm a tio n  to o k  p lace  p rim arily  in  th e  
u re te r  and  u r in a ry  b la d d e r ;  how ever, in  in ten siv e  in fec tio n  num erous spores 
w ere found  also in  th e  convo lu ted  tu b u le s . T hree  to  te n  spores were fo rm ed  
w ith in  each p lasm o d iu m . In  fresh p re p a ra tio n s  th e  spores, 9 X 6.6 p m  in  size 
on  th e  average, h a d  th e  shape  described  b y  H ofer (1898), as show n in  F ig . 5; 
how ever, a m ore th o ro u g h  ex am in a tio n  d e m o n s tra te d  th e  presence o f cau d a l 
f ila m e n ts  and  striae  on  th e m . The su tu re , w hich  w as h a rd  to  visualize, w as found  
to  ru n  in  th e  p lane  b e tw e e n  th e  tw o spore capsules.

B ased upon  th e  develo p m en ta l s tag es  exam ined  an d  th e  s tu d y  o f 25 
spores, we give a re d e sc rip tio n  of th e  p a ra s ite  as follows.

Hoferellus c yp r in i  (D oflein , 1898)
T he v eg e ta tiv e  s tag es  fa ll in to  tw o  ty p e s . T he e a rly  developm en ta l stages 

are  spherical tro p h o zo ite s  6 to  8 pm  in  d iam e te r  (F ig . 6); th e y  develop in tra -  
ce llu la rly  in  th e  ep ith e liu m  of th e  ren a l tu b u le s  an d  c o n ta in  7 to  8 d a u g h te r  
cells (F ig . 7). T hese s tag es  develop in  a  g iven  p o rtio n  o f  th e  tubu les an d  from  
sp h erica l or oval foci 100—2 0 0 x 1 2 0 —200 p m  in  size in  th e  k idneys. T he la te  
v e g e ta tiv e  stages can  b e  fo u n d  in  th e  lu m in a  o f re n a l tu b u le s  an d  u re te rs : 
th e se  are tra n s p a re n t p lasm o d ia  of irre g u la r  shape  a n d  1 5 -4 0 x 1 5 -3 0  p m  in  
size. The endoplasm  o f  p lasm odia  has g ra n u la r  s tru c tu re  and  contains large 
re frac tile  d rop lets. T h e  p lasm od ia  are p o ly sp o ro b lastic  a n d  3 to  10 spores are  
fo rm ed  w ith in  th e m . T h e  m a tu re  spores (F ig . 8) are  sh o rt ellipsoidal, 8.5 to  10 
(9.0) p m  long, 5.2 to  7.1 (6.6) p m  w ide a n d  5.2 to  5.8 (5.6) pm  th ick . T h e ir 
a n te r io r  end  is ro u n d e d  an d  th e  po ste rio r one is f la t te n e d . T he polar capsu les 
la y  in  th e  su tu ra l p lan e . T h e  su tu re  only  s lig h tly  p ro tru d e s  over th e  surface o f th e  
spo re  an d  is h a rd  to  observe . The su rface o f th e  spore shell is fu rrow ed; on  i t  
ru n  20 lo n g itu d in a l s tr ia tio n s  w hich s ta r t  from  th e  ap e x  o f th e  a n te rio r en d  
an d , s ligh tly  d e v ia tin g  fro m  th e  spore shell, fo rm  a ch a rac te ris tic  rim  a ro u n d  
it .  As a c o n tin u a tio n  o f  th e  ribs, tw e n ty  b ristles 4.5 to  5 p m  in  len g th  p ro 
je c t  caudally  from  th e  spore . The spores co n ta in  tw o  equal-sized  po lar capsules 
3.5 to  4.2 (3.8) p m  in  le n g th  an d  2.1 to  2.2 (2.15) p m  in  w id th ; th e ir  a n te rio r  
en d  is tap e red , a n d  th e  p o la r  f ilam en t has fo u r or fiv e  convolu tions in  th em .

These spores, id e n tif ie d  b y  us w ith  spores o f H . cyp rin i, essen tia lly  co rre 
sp o n d  to  those describ ed  b y  F u jita  (1912) a n d  K udo  (1920) as M . cyprin i, an d  
d iffe r from  those  i l lu s tra te d  b y  A hm ed (1973a) on ly  in  th e ir  som ew hat “ s tu b 
b ie r”  conform ation .
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Discussion

F ro m  th e  p re se n t s tu d ies  i t  m ay  be conc luded  th a t  th e  species descrip tions 
o f D oflein  (1898) an d  F u j i ta  (1912) cloak  th e  sam e p a ra s ite ; i.e. th e  species 
M itraspora  cyp rin i F u ji ta , 1912 is a sy n o n y m  o f Hoferellus cyprin i (D oflein , 
1898). O ver a long  p e rio d  researchers w ere p re v e n te d  fro m  recognizing th e ir  
id e n ti ty  because th e  species an d  genus d esc rip tio n  of D ofle in  (1898) w as a c 
cep ted  b y  th e  su b seq u en t in v estig a to rs  (P leh n , 1924; A chm erow , 1960; Goli- 
kow a, 1960; S hu lm an , 1966) p rac tica lly  w ith o u t an y  rev ision . These in v e s ti
g a to rs  failed  to  n o tice  th a t  D oflein  h ad  il lu s tra te d  th e  course of su tu res  of 
H . cyp rin i spores in co rrec tly . D oflein (1898) m u s t have  im ag ined  th e  h a rd ly - 
observab le  su tu re s  o f H . cyp rin i to  resem ble tho se  of M yxobolus  species, w ith  
w hich  he w as v e ry  fam ilia r. P leh n  (1924) s tu d ie d  m ain ly  th e  developm ent o f 
H . cyp rin i an d  only  l i t t le  d id  she deal w ith  i ts  spore m orpho logy . On th e  o th e r 
h an d , G olikow a (1960) an d  A chm erov  (1960) n o ticed  th a t  th e re  w ere long f i la 
m en ts  a t  th e  ends o f H oferellus spores; how ever, th e y , too , i l lu s tra te d  th e  p lan e  
o f su tu re s  erroneously . A t th e  sam e tim e, A ch m ero v  (1960) w as r ig h t rep o rtin g  
th a t  a t  th e  p o ste rio r h a lf  o f th e  a p p ro x im a te ly  oval spores th e re  w as a ring- 
sh ap ed  fo rm atio n .

F u j i ta ’s (1912) re p re se n ta tio n  of M itraspora  cyprin i re p o rte d  by  h im  from  
com m on carp  an d  go ld fish  w as essen tia lly  co rrec t, an d  his descrip tion  w as 
accep ted  b y  K u d o  (1920) a n d  A hm ed (1973a).

W ith  reg a rd  to  th e  fa c t th a t ,  desp ite  th e  erroneous rep re sen ta tio n , Do- 
fle in ’s (1898) d escrip tion  en joys p rio rity , th e  species described  and  th e  genus 
c rea ted  b y  F u ji ta  (1912) shou ld  be considered  synonym s o f th e  species Hoferellus 
cyp rin i an d  th e  genus H oferellus B erg, 1898, respective ly .

In  ad d itio n  to  th e  m orphological s im ila rity  of th e  spores, also th e  develop
m e n ta l cycle an d  th e  in tra c e llu la r  stages are  s tro n g ly  suggestive  of th e  id e n tity  
of M . cyp rin i w ith  H . cyp rin i. B o th  P leh n  (1924) and  A h m ed  (1973a) fo u n d  
th a t  th e  p a ra s ite  follow ed a one-year cycle, i ts  e a rly  d ev e lo p m en ta l stages a p 
peared  in  th e  a u tu m n , th e  p lasm o d ia  in  th e  w in te r , w hile th e ir  spores in  th e  re 
na l tu b u le s  ap p ea red  in  th e  spring . No d ifference ex ists b e tw een  M . cyprin i 
an d  H . cyp rin i in  th e  m orpho logy  of th e  v e g e ta tiv e  stages e ith er, since th e  
ren a l tu b u le  lesions re p o rte d  from  goldfish b y  A hm ed  (1973a) an d  H offm ann  
(1984) as m itrasp o ro sis  w ere iden tica l w ith  th o se  rep o rted  b y  P lehn  (1924), 
L om  an d  D y k o v á  (1981) a n d  K ö rtin g  (1984), a n d  also w ith  o u r find ings.

T he d ev e lo p m en t o f i f .  cyprin i, as rev ea led  by  th e  p re se n t stud ies, is 
essen tia lly  co n sis ten t w ith  t h a t  suggested  b y  A h m ed  (1973a), w ith  th e  difference 
th a t  we, due to  th e  low  incidence and  in te n s ity  o f  in fec tion , h a d  no o p p o rtu n ity  
to  s tu d y  th e  ea rly  d ev e lo p m en ta l stages occu rring  in  th e  su m m er. The develop
m en ta l s tages fo u n d  b y  us correspond to  th o se  described  b y  P leh n  (1924); 
how ever, P leh n  (1924) assum ed  th a t  th e  H oferellus  organism s released  from  th e
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ep ith e liu m  of th e  ren a l tu b u le s  in to  th e  lu m e n  form ed spores im m ed ia te ly . Con- 
tr a r i ly , th e  p resen t f in d in g s  in d ica te  t h a t  th e  Hoferellus d ev e lo p m en ta l s tag es  
re leased  in to  th e  lu m en  f i r s t  fo rm  a m u ltin u c lea ted  p lasm o d iu m  th ere , an d  spores 
a p p e a r  only a fte r a d ev e lo p m en ta l period  o f some w eeks o r m on ths.

O ur observa tions c o n tra d ic t th e  h y p o th esis  of D y k o v á  e t al. (1983) sug 
g es tin g  th a t  in tra c e llu la r  H oferellus s tag es  a re  som e o th e r  m y x o zo an  d ev e lo p 
m e n ta l stages th a t  h a v e  go t to  a d ead lock  o f deve lopm en t. W e can  im ag in e  
t h a t  a f te r  th e  d is ru p tio n  o f  th e  foci som e o f these  stages g e t in to  th e  in te rs tic e s  
a n d  are  destroyed  th e re ; how ever, m ost o f  th e  develo p m en ta l stages u n d o u b te d ly  
g e t in to  th e  lum en  a n d  fo rm  m a tu re  spores. F u rth e rm o re , w e p resum e t h a t  th e  
in tra c e llu la r  stages do n o t  a lw ays form  la rg e , cyst-like foci; som etim es th e y  in fec t 
so lita ry  cells as w ell. S uch  p a ras ite s , considered  b y  L om  a n d  D y k o v á  (1981) to  
re p re se n t Sphaerospora renicola  d ev e lo p m en ta l s tages, c a n  also be id e n tif ie d , 
in  a ll p ro b ab ility , w ith  H . cyprin i.

S hulm an  (1966) considered  th e  genus M itraspora  to  be a sy n o n y m  o f th e  
genus Sphaerospora  T h e lo h an , 1982; th u s , th e  id e n tity  o f  th e  genus H oferellus  
w ith  sphaerospores m ig h t be suggested . H ow ever, such  a n  id e n tity  is ex c lu d ed  
b y  th e  considerab le deve lopm en t-b io log ical d ifferences ex is tin g  b e tw een  th e  
tw o  groups of p a ra s ite s , desp ite  th e ir  possib le m orphological resem blances.

F u r th e r  s tu d ies  a re  needed  to  c la rify  w h e th e r th e  v e ry  sam e H oferellus 
species parasitizes th e  com m on  carp , go ld fish , crucian  ca rp  an d  Carassius aura
tus gibelio, an d  w h e th e r th e  species described  b y  A chm erov  (1960) an d  G olikow a 
(1960) should  be re g a rd e d  as synonym s o f H . cyprin i o r as one or m ore d is tin c t 
species.
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Fig. 1. Hoferellus “ n o du le”  a round  th e  ren a l tu b u le  in com m on carp . Hoferellus developm ental 
stages are s itu a te d  w ith in  th e  ep ithelial cells. In  th e  lum en of th e  ren al tubu les developm en tal 
stages o f Sphaerospora renicola, occurring  as a freq u en t c o n co m itan t p a rasite , can be seen. 

H a em a to x y lin  and eosin (H  E .), X 500

Fig. 2. Hoferellus p lasm od ia  in th e  lum en of the  u re te r. H - E .,  X 600



Fig. 3. M agnification  of a p a r t  o f Fig. 1. In trac e llu la r  Hoferellus cyprin i troph o zo ites  exceed 
in  size th e  sphaerospores occu rrin g  in  th e  lum en. On one side o f th e  tu b u le  th ere  still are 
in ta c t  ep ithelial cells. H oferellus troph o zo ites  filling th e  in fected  ep ith e lia l cells are separa ted  

from  th e  lum en of th e  tu b u le  by  a n a rro w  cy top lasm . H -E .,  X 1200

F ig . 4. Spore-contain ing  H oferellus p lasm odia  in th e  lum en of a ren a l tu b u le . H -E .,  X 1800



Fig. 5. Hoferellus cyp r in i spores. In  p a r t  of the  spores the  f ila m en ts  have  been ejected  from  the  
po lar capsule. F resh  p rep ara tio n , X 2000

Fig. 6. Spherical tro p h o zo ites  o b ta in ed  from  a Hoferellus nodule. Im pression  sm ear sta in ed
w ith  Giem sa, X 1800



a b
F ig . 8. Schem atic  p re sen ta tio n  of H oferellus cyp rin i spores, a: spore in  fro n ta l view ; b: spore

in tran sv e rsa l view

F ig . 7. Squashed Hoferellus tro p h o zo ite  (a rrow ), co n sistin g  of secondary  fo rm atio n s. Im p res
sion sm ear s ta in ed  w ith  G iem sa, X 1800
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INC O R PO R A TIO N  OF CARBON FROM  
14C -LABELLED PR EC U R SO R S INTO  MAJOR  
CHEMICAL FRACTIONS OF H A E M O N C H U S  

C O N T O R T U S  IN  VITRO

J y o tik a  K a p u r  an d  M. L . S o o d *

D e p a rtm e n t of Zoology, P u n ja b  A g ricu ltu ra l U n iv e rs ity , 
L udhiana-141004 , In d ia

(R eceived  J a n u a ry  22, 1986)

A d u lt H aem onchus contortus (N em ato d a: T rich o stro n g y lid ae ) has th e  p o te n tia l  
o f  syn thesiz ing  p ro te in s, nucle ic  acids and  c a rb o h y d ra te s  f ro m  sim ple p recu rso rs v iz ., 
a ce ta te , glucose, p a lm itic  acid  a n d  ca rb o n  dioxide. O u t o f  th e  p recu rso rs  em ployed , p a l
m itic  acid  is th e  m o st effic ien t p recu rso r o f  p ro te ins, glucose o f  nucle ic  acids an d  a c e ta te  
o f ca rb o h y d ra te s . In c o rp o ra tio n  of c a rb o n  from  a c e ta te  a n d  H C 0 3~ in to  nucle ic  acids 
w as in sig n ifican t.

In c o rp o ra tio n  o f carbon  in to  p ro te in s and  c a rb o h y d ra te s  gives an  ev idence for 
th e  o p e ra tio n  o f th e  tric a rb o x y lic  acid  cycle. F u r th e r , sy n th e s is  o f nucleic acids is in 
d ica tiv e  o f th e  o p e ra tio n  o f th e  p en tose  ph o sp h a te  p a th w a y . Possib le m echan ism s for 
th e  in v o lv e m en t o f th e  va rio u s p recu rso rs in  th e  b io sy n th es is  o f  these  chem ical f rac tio n s  
a re  d iscussed.

K eyw ords. H aem onchus contortus, p ro te ins, nuc le ic  acids, c a rb o h y d ra te s , ace
ta te ,  glucose, p a lm itic  acid , C 0 2.

H aem onchus contortus (N em a to d a : T rich o stro n g y lid ae) is one of th e  m o st 
com m on pa th o g en ic  n em ato d es, fo u n d  pa rasitic  in  th e  abo m asu m  o f sheep , 
goats, c a ttle  an d  o th e r  ru m in a n ts . T he c a rb o h y d ra te  a n d  lip id  m etabo lism  of 
th e  a d u lt p a ra s ite  has been  s tu d ie d  ex tensively  (W ard , 1974; K a u r  an d  Sood, 
1982, 1983; an d  K a p u r  an d  Sood, 1984a, 1986).

H ow ever, in  H . contortus no re p o r t  has been av a ilab le  reg a rd in g  th e  m e ta b 
olism  (b iosynthesis an d  ca tabo lism ) of o th e r m e ta b o lite s  viz. p ro te in s  an d  
nucleic  acids, th o u g h  am ino  ac id  b iosyn thesis has b een  re p o rte d  (K a p u r  a n d  
Sood, 19846). A lso, th e re  is no ev idence o f glycogenesis. T herefo re , in  th e  p re se n t 
stu d ies , an  a t te m p t  has been  m ad e  to  investig a te  w h e th e r  or n o t i t  has th e  p o 
te n tia l  o f b io syn thesiz ing  th ese  com ponen ts. F u r th e r , th e  re la tiv e  im p o rtan ce  of 
th e  d iffe ren t p recu rso rs h as  also been  evaluated .

M ateria ls an d  m ethods

Collection o f  parasites. A d u lts  of H . contortus o f b o th  sexes w ere recovered  
from  th e  abo m asu m  of goats ( Capra hircus) ,  p ro cu red  fro m  local a b a tto irs . 
T h e  specim ens w ere th o ro u g h ly  w ashed  in  saline to  rem o v e  th e  adhering  m a 
te ria ls .

*The a u th o r to  w hom  correspondence  should  be addressed .
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Incubation m ed ium . A m odified  T y ro d e ’s so lu tion  w as u sed  (W ard , 1974).
Incubations. F o u r  b a tch es  of w orm s in  num bers co rresp o n d in g  to  0.5 g 

ea c h  w ere tran sfe rred  to  fla sk s  co n ta in in g  10 m l of T y ro d e’s so lu tio n . To each 
f la s k  12.5 /tCi of th e  14C -labelled p recu rso r w as added . T he p recu rso rs  em ployed 
in c lu d e d  U -14C-D -glucose, so d iu m -l-14C -ace ta te , sod ium -14C -b icarb o n a te  an d  
14C -palm itic  acid. T hese  w ere in c u b a te d  a t  39 i  1 °C fo r 4 h  on a m etabolic 
s h a k e r . A fter th e  in c u b a tio n  period , a few  drops of ch lo ro fo rm : m ethano l 
(2 : 1 v/v) were ad d ed  in  o rd e r to  s to p  th e  in co rp o ra tio n . M edia w ere p o u red  off 
a n d  th e  worm s w ashed  w ith  d istilled  w a te r  severa l tim es.

Extraction. W o rm s w ere hom ogen ized  in  10 p er cen t tr ich lo ro ace tic  acid 
(TCA) for 4 m in an d  cen trifu g ed  fo r 10 m in  a t  4 °C w ith  1800 X g .  T h e  p rec ip ita te  
w as  fu r th e r  tre a te d  to  s e p a ra te  its  p ro te in  an d  nucleic acid  co m ponen ts. This 
w as ach ieved  b y  e x tra c tio n  o f th e  p re c ip ita te  w ith  5%  TCA  a t  0 °C. I t  was th e n  
h e a te d  fo r 10 m in  a n d  cen trifu g ed  fo r 10 m in  a t  4 °C a n d  1800 X g. P ro te ins 
w ere  recovered in  th e  p re c ip ita te  a n d  nucleic  acids in  th e  s u p e rn a ta n t.

The su p e rn a ta n t o f  th e  f irs t  e x tra c tio n  w as e x tra c te d  w ith  ch lo ro fo rm : m e
th a n o l  (2 : 1 v /v) in  o rd e r to  s e p a ra te  ca rb o h y d ra tes  from  th e  lip id s.

M easurement o f  radioactivity . I n  o rd e r to  m easure ra d io a c tiv ity , a liquo ts of 
p ro te in s , nucleic acids a n d  c a rb o h y d ra te s  w ere ta k e n  in to  sc in tilla tio n  vials. The 
sc in tilla tio n  flu id  h a d  th e  follow ing com position : 4 g 2 ,5 -d iphenyloxazole  
(P P O ), 200 mg l,4 -b is-2 -(5 -pheny loxazo ly l-benzene  (P O P O P ), 20 m l ethy lene 
g lyco l, 100 ml m e th an o l, 60 g n a p h th a le n e  an d  th e  vo lum e m ad e  to  one litre  
w ith  d ioxan. R a d io a c tiv ity  w as m easu red  in  B eckm an-7000 /3-scintillation 
sp ec tro m ete r.

R esu lts

R esults of th e  in c o rp o ra tio n  s tu d ies  in to  m a jo r b iochem ica l frac tio n  of 
a d u l t  H . contortus a re  g iven  in  T ab le  I .

I t  is ev id en t t h a t  a d u lt  H . contortus in co rp o ra ted  ca rb o n  in to  p ro teins, 
nuc le ic  acids an d  c a rb o h y d ra te s  from  all th e  p recurso rs em ployed . In  th e  case of 
p ro te in s , there  w as m ax im u m  in c o rp o ra tio n  o f carbon  from  p a lm itic  acid and  
m in im u m  from  H C O “ . (T here w as no s ig n ifican t difference in  th e  in co rp o ra 
t io n  from  ace ta te  a n d  glucose.)

F o r nucleic ac ids, glucose an d  p a lm itic  acid are  e ffic ien t p recursors, 
w hereas in co rp o ra tio n  fro m  a c e ta te  an d  H C 0 3_ is in s ig n ifican t. F o r  ca rb o h y 
d ra te s , in co rp o ra tio n  w as in  th e  follow ing o rd er: a ce ta te  >  g lucose >- H C 0 3~ >  
p a lm itic  acid. (T here w as no s ig n ifican t d ifference in  th e  in co rp o ra tio n  from  
a c e ta te  and  glucose.)
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T able  I

In co rp o ra tio n  of 14C in to  th e  p ro te in s, nucleic acids an d  glucose +  glycogen frac tions o f  a d u lt
H . contortus

Chemical fraction
Precursor

A cetate Glucose P alm itic acid Bicarbonate

P ro teins 4.382
(0.337)

5.196
(0.080)

8.184
(1.747)

2.634
(0.229)

N ucleic acids 1.685
(0.129)

8.211
(0.127)

7.444
(1.588)

1.264
(0.109)

Glucose -f- glycogen 8.574
(0.660)

8.116
(0.126)

2.396
(0.511)

4.089
(0.354)

T he resu lts  a re  expressed  as d p m X lO  4/g  fresh  w eight. F igures in  paren theses ind ica te  
nm oles inco rpora ted  in to  g fresh  w eight.

D iscussion

P a ra s itic  h e lm in th s  are  capab le  o f ra p id  p ro te in  sy n th esis , and  in co rp o ra 
tio n  o f labelled  am ino  acids in to  p ro te in s  has been d e m o n s tra te d  in  a w ide 
v a r ie ty  of h e lm in th s  (B a r re t t ,  1981). In  th e  p re sen t s tu d ie s , H . contortus has 
b een  d em o n stra ted  to  be capab le  o f sy n thesiz ing  p ro te in . T he schem e proposed  
p rev io u sly  for th e  in v o lv em en t of th ese  p recu rso rs in to  am ino  acids in  H . con
tortus (K a p u r an d  Sood, 19846) also holds tru e  fo r th e  p ro te in  syn thesis because 
14C is f ir s t  in co rp o ra ted  in to  am ino acids, w hich are th e n  assem bled in to  p ro 
te in s . A nd th is  is in d ica tiv e  o f  th e  o p era tio n  of th e  tric a rb o x y lic  acid cycle. Also 
low  ac tiv itie s  o f aco n itase  a n d  iso c itra te  dehydrogenase  in  a d u lt H . contortus 
(K a u r  an d  Sood, 1983) len d  th e  su p p o rt th a t  th e  tr ic a rb o x y lic  acid cycle has on 
ly  a m in o r fu n c tio n  as reg a rd s  energy p ro d u c tio n . I t  is possib ly  concerned w ith  
th e  in te rconversions o f  ca rbon-ske le tons in to  am ino  acids (Saz and  V idrine, 
1959; O ya e t al. 1962, 1965) a n d  hence p ro te in s .

In co rp o ra tio n  o f glucose carbon  in to  p ro te in s  has been  d em o n stra ted  in  a 
n u m b e r of p a ra s itic  n em ato d es viz. Cooperia puncta ta , D iro fila ria  im m itis  an d  
Ancylostom a can inum  (Perez-G im enez e t a l., 1967; Ja ffe  an d  D orem us, 1970; 
S lonka e t  al., 1973). P re se n tly , a considerab le  am o u n t o f labe l from  pa lm itic  
ac id  has been d e tec ted  in  p ro te in s  o f H . contortus. T his is well in  ag reem ent w ith  
th e  find ings on A . can inum  an d  C. puncta ta  (Perez-G im enez e t  al., 1967; S lonka 
e t a l., 1973). In c o rp o ra tio n  o f ace ta te  an d  CO 2 in to  p ro te in  is being rep o rted  for 
th e  f irs t  tim e  in  a p a ra s itic  n em ato d e , th o u g h  in co rp o ra tio n  in to  am ino acids has 
a lread y  been well es tab lish ed  (R o th s te in , 1965; R o th s te in  an d  Tom linson, 1961). 
In c o rp o ra tio n  of C 0 2 in to  p ro te in s  m ig h t be exp la ined  b y  im p lica tin g  succinate  
as th e  p rim a ry  p ro d u c t o f C 0 2 f ix a tio n  (Saz an d  V idrine, 1959), as in  A scaris.

In  H . contortus in co rp o ra tio n  from  C 0 2 an d  a c e ta te  is negligible in  
com parison  to  t h a t  from  glucose an d  p a lm itic  acid. N ucleic acid  b iosyn thesis
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fro m  th e se  p recurso rs h as  been  re p o rte d  on ly  in  a few species v iz ., A scaris,
C. punc ta ta , Litom osoides carin ii (E n tn e r  an d  G onzales, 1959; S lonka e t ah, 
1973; A kinw ande an d  A k in rim isi, 1980). I t  h as  been  suggested  th a t  glucose is 
p a r t ia l ly  decom posed b y  th e  hexose m o n o p h o sp h a te  p a th w a y  in to  ribose an d  
hen ce  in co rp o ra ted  in to  R N A . T h u s, th e  p re se n t stud ies give us an  evidence 
fo r th e  o p era tio n  of th e  p en to se  p h o sp h a te  p a th w a y  in  H .contortus; k ey  enzym es 
v iz ., g lucose-6-phosphate  dehydrogenase  an d  6-phosphog luconate  dehydrogenase  
o f th is  p a th w a y  h av e  a lre a d y  been  d e m o n s tra te d  (K a u r a n d  Sood, 1984).

G lycogen is th e  ch ie f energy  reserve  in  p a ras itic  n em ato d es (Von B ran d , 
1979). T h u s, syn thesis  o f c a rb o h y d ra te s  is p ro b ab ly  th e  m o st im p o r ta n t a n a 
bolic  process in  th ese  p a ra s ite s . G lycogenesis from  glucose has been  re p o rte d  
in  sev e ra l species (W ang  an d  Saz, 1974). I n  th e  p resen t s tu d ies , glycogenesis in  
H . contortus has been  d e m o n s tra te d  from  all th e  precurso rs em ployed . S im ilarly , 
i t  h a s  b een  rep o rted  in  o th e r  h e lm in th  species viz. H ym enolepis d im in u ta  from  
C O 2 (P re sc o tt an d  C am pbell, 1965), A scaris , A .  caninum , a n d  C. puncta ta  from  
p a lm itic  acid  (F e rn an d o  an d  W ong, 1962; Perez-G im enez e t al., 1967; S an h u e ja  
e t a l., 1968; G reichus an d  G reichus, 1970; S lonka e t al., 1973). In c o rp o ra tio n  of 
a c e ta te  ca rbon  in to  g lycogen, re p o rte d  in  th e  p resen t stu d ies , h a d  also been  
d e m o n s tra te d  in  H . d im in u ta  (Jaco b sen  an d  F a irb a irn , 1967).

H ow ever, in  H . d im in u ta  no in co rp o ra tio n  of f a t ty  acid  carb o n  in to  glyco
gen h a s  been  rep o rted  (Jaco b sen  an d  F a irb a irn , 1967). B iosyn thesis  o f glyco
genic am ino  acids from  th ese  p recu rso rs in  H . contortus (K a p u r  an d  Sood, 19846) 
co u ld  also accoun t fo r glycogenesis re p o rte d  in  th e  p re sen t s tu d ies. A lso, th e re  
is a p o s tu la tio n  of g ly o x y la te  cycle (K o rn b erg  and  K rebs, 1957) being th e  p a th 
w ay  in v o lv ed  in  in c o rp o ra tio n  of f a t ty  ac id  carbon  in to  g lycogen. So fa r  th is  
cycle has been d e m o n s tra te d  to  be o p era tiv e  only  in  A scaris  egg (B a rre tt  e t al., 
1970). In  H . contortus, p ro p io n a te  h as  b een  fo u n d  to  be one o f th e  end  p ro d u c ts  
o f  glucose m etabo lism  (W ard , 1974). T h u s, i t  is possible t h a t  p ro p io n a te  b y  
m ean s o f C 0 2 f ix a tio n  is co n v erted  to  su cc ina te , w hich is glycogenic. A nd in  th e  
p re se n t stud ies, glycogenesis has been  re p o rte d  from  C 0 2. A lso, i t  has been  
d e m o n s tra te d  th a t  C 0 2 is req u ired  fo r o p tim u m  syn thesis  o f  glycogen (F a ir
b a irn  e t al., 1961).

I t  is concluded th a t  a d u lt H . contortus is capable  of sy n thesiz ing  p ro te in s , 
nuc le ic  acids and  ca rb o h y d ra tes  from  sim ple precursors in  v itro . These s tud ies 
are  in d ica tiv e  of th e  o p e ra tio n  o f th e  tr ica rb o x y lic  acid cycle an d  th e  pen tose  
p h o sp h a te  p a th w a y  in  th e  p a ra s ite . H ow ever, fu r th e r  d e ta iled  stud ies need  to  be 
c a rr ie d  o u t before a n y  d e fin itiv e  conclusion  can  be d raw n . T hus, possible 
p a th w a y s  involved  in  th e  b io sy n th esis  o f these  m etabo lites need  to  be explored .
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PATHOLOGICAL AND IMMUNOLOGICAL STUDIES 
ON CHICKEN EMBRYOS AND DAY-OLD CHICKS 
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MYCOPLASMA GALLISEPTICUM
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R esearch  In s t i tu te  o f th e  H u n g a rian  A cadem y of Sciences, H-1581 B u d a p es t, P . O. B o x  18,

H u n g a ry

(R eceived  F e b ru a ry  3, 1986)

E m b ry o n a ted  h en ’s eggs o b ta in ed  from  a n  S P F  flock  w ere ino cu la ted  w ith  
M ycoplasm a gallisepticum  in to  th e  yo lk  sac o n  th e  7 th  o r 14 th  d a y  o f in cu b a tio n , a n d  
S P F  day-o ld  chicks in to  th e  a irsacs or in tra n asa lly . S u b seq u en tly , th e  g row th  r a te  o f 
th e  chicks, th e  gross an d  h is to p ath o lo g ica l lesions, th e  success ra te  o f  a tte m p ts  a t  
re -iso la ting  th e  p a th o g en ic  a g en t, a n d  th e  ap p ea ran ce  of h u m o ra l a n d  cellu lar im m u n e  
responses were m o n ito red .

T he ch icken  em bryos in o cu la ted  in to  th e  yo lk  sac ex h ib ited  re ta rd e d  g ro w th , an  
acu te  serous, th e n  su b acu te  necro tic , in fla m m a tio n  of th e  ch o rioa llan to ic  m em b ran e  
(CAM), h e te ro p h il-g ran u lo cy tic  in te rs ti tia l  h e p a titis ,  generalized  h e te ro p h il-g ran u lo 
cy tic  p e riv ascu litis  an d  acu te , th e n  su b acu te , b ronch o p n eu m o n ia . In  th e  chicks in o cu 
la te d  in to  th e  a irsacs o r  in tra n a sa lly , ly m p h o -h istio cy tic  rh in it is  an d  m u ltip le  focal 
p leu ritis  as well as a irsaccu litis  accom pan ied  b y  ly m p h o cy tic  a n d  h is tio cy tic  in f il t ra t io n  
w ere found .

L y m p h o cy tes  seg regated  fro m  th e  p e rip h e ra l b lood recognized th e  a n tig e n  a l
re a d y  w hen  th e  chicks w ere 10 d a y s  old. T his a b ili ty  ten d ed  to  increase  u p  to  30 d a y s  
o f  age. T he an tib o d y  titre s  rem a in ed  low th ro u g h o u t.

K eyw ords. M ycoplasm a gallisepticum , ch icken  em b ry o , day -o ld  ch ick , p a th o l
ogy-
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M ycoplasm a gallisepticum  is tra n s m itte d  v ia  th e  egg. M . gallisepticum  
a lone can  severely  affect th e  ch icken  em bryo , p rim arily  before im m u n o co m p é t
ence develops. In  ch icken  em bryos in o cu la ted  on th e  7 th  d a y  of in c u b a tio n , 
in flam m atio n  of th e  cho rioallan to ic  m em b ran e  (CAM), b ro n ch o p n eu m o n ia , 
pe rica rd itis , in fla m m a tio n  o f th e  naso lacrim al d u c t, a r th r itis , an d  p e riv a scu la r 
in f iltra tio n  b y  heteroph ilic  g ran u lo cy tes  all over th e  b o d y  w ere observed  (G oto  
e t a l., 1984).

In  chicks, M . gallisep ticum -induced lesions  inc lude  ly m p h o cy tic  an d  h is tio 
cy tic  trach e itis , pn eu m o n ia  an d  a irsaccu litis  as well as a r th r i t is  an d  sy n o v itis  
(K irk ly n  an d  Olson, 1967; G rim es a n d  R osenfeld , 1972).

U ltra s tru c tu ra lly , m ycop lasm as can  be observed  b o th  on th e  su rface  o f 
th e  in fec ted  m ucosal ep ithe lia l cells, am ong th e  m icrovilli, an d  in tra c e llu la rly  
(B oam  an d  Sanger, 1970).

Follow ing ex p erim en ta l in fec tion  of 4 day s old, 7 w eeks old an d  20 w eeks 
old chickens w ith  M . gallisepticum , specific  an tibod ies dem o n strab le  b y  th e
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h aem ag g lu tin a tio n -in liib itio ii (H I) an d  slide an d  tu b e  a g g lu tin a tio n  te s ts  
ap p e a re d  a fte r  2 w eeks (R o b e rts  e t a l., 1967; A dler e t  a l., 1973; T im m s an d  
C ullen, 1975).

In  th e  p resen t ex p e rim en t ch icken  em bryos w ere in o cu la ted  w ith  M . 
gallisepticum  in  th e  f i r s t  an d  second th ird s  o f  in cu b a tio n , an d  chicks im m e d ia te 
ly  a f te r  h a tch ing , to  o b ta in  d a ta  on th e  p a th o lo g y , im m uno logy  an d  diagnosis 
o f  em bryon ic  an d  h a tc h e ry  infections.

Materials and m ethods

E xperim en ta l chicken embryos and day-old chicks

Tw o h u n d red  L eg h o rn  chicken em b ry o s an d  120 chicks o b ta in ed  from  a 
co n tro lled  S P F  flo ck  w ere used. The eggs w ere  in c u b a te d  in  a R A G U S-60 ty p e  
la b o ra to ry  in cu b a to r. T h e  em bryos w ere assigned  in to  6 (А, Р д , К д , B , Р в , К в ) , 
w hereas th e  chicks in to  4, g roups (C, D , P c  an d  K cd)- T he g roups an d  t r e a t 
m e n ts  are show n in  T ab le  I . A t th re e -d a y  in te rv a ls , th re e  v iab le  em bryos from  
each  group w ere p rocessed  fo r b acterio log ical an d  h is to p a th o lo g ica l ex am in a 
tio n , an d  som e o f th e ir  organs for u l tr a s tru c tu ra l  s tu d y . T he em bryos found  
d ead  a t  th e  cand ling  p erfo rm ed  daily  w ere exam ined  b y  m icrobiological an d  
h isto log ical m ethods. E m b ry o s  of g roups A  an d  В w ere m o n ito red  for m yco
p lasm a , while in  g roups Р д , К д , Р в  and  K B o n ly  th e  dead  em bryos w ere u sed fo r 
m ycop lasm a iso la tion . Sam ples for bac te rio lo g ica l an d  h is to p a th o lo g ica l ex am i
n a tio n  were ta k e n  fro m  3 o f th e  chicks h a tc h e d  from  em bryos of g roups B , P B 
a n d  K B each, an d  fro m  3 chicks of g roups C, D , P c  an d  K cd each, on  th e  1st, 
5 th , lO tli, 2 0 th  an d  3 0 th  days a fte r h a tc h in g , w hen  ce rta in  organs o f g roup  В , C, 
D a n d  K cd chicks w ere used  for m ycop lasm a iso la tion , w hile th e ir  b lood  serum  
w as exam ined  in  th e  H I  te s t .  The ly m p h o c y te -s tim u la tio n  an d  im m u n o ro se tte - 
fo rm a tio n  te s ts  w ere done w ith  blood sam ples o f 5 chicks each  of group  C an d  Pc, 
on th e  1st, 10th  an d  2 0 th  days a fte r h a tc h in g .

In  ev a lu a tin g  th e  re su lts  of our m orpho log ica l an d  im m unolog ical ex am i
n a tio n s , th e  d a ta  o b ta in e d  w ith  S P F  b ird s  ea rlie r (G lávits e t a l., 1981) w ere used  
as com parison , in  a d d itio n  to  th e  n o n in o cu la ted  con tro l b ird s  inc luded  in  th e  
p re se n t s tudy .

Histological exam ination

A fter opening  th e ir  abdom inal a n d  th o rac ic  cav ity , th e  em bryos w ere 
fix e d  in  5%  fo rm alin  (p H  7.2) buffered  w ith  N a H 2P 0 4 an d  N aO H , th e n , a f te r  
rem o v in g  th e ir  lim bs a n d  head , th e  em b ry o s w ere em bedded  in  p a ra ff in . Sec
tio n s  were cu t in  th re e  d iffe ren t p lanes (in  th e  p lane  of th e  v e r te b ra l co lum n an d  
in  tw o  o th e r p lanes p a ra lle l w ith  it) . T h e  CAM of th e  em bryos an d  th e  spleen,
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liver, pancreas, k idneys, b ra in , lungs, trach ea , n a sa l conchae, h e a rt, b u rsa  of 
F ab ric iu s , th y m u s  an d  ta rsa l jo in t  o f th e  chicks w ere f ix e d  as above an d  em b ed 
ded  in  p a ra ff in  ( th e  ta rsa l jo in t  w as p rev iously  decalcified ). T he sections w ere 
s ta in e d  w ith  h aem a to x y lin  an d  eosin. For a m ore d e ta iled  s tu d y  o f  ce rta in  
leucocy tes, G iem sa s ta in  an d  th e  periodic acid—S ch iff (PA S) reac tio n  com bined  
w ith  d iastase  d igestion  w ere used.

Electron microscopy

T issue sam ples w ere ta k e n  from  th e  CAM, liv e r  a n d  lungs o f 3 em bryos 
per g roup  an d  from  th e  liver, lungs, nasal conchae a n d  k id n ey s of 3 chicks p er 
g roup , from  areas selected  on  th e  basis of th e  ligh t-m icroscop ic  re su lts . T he 
sam ples w ere processed  an d  ex am in ed  as described  ea rlie r (G láv its, 1981).

M icrobiological exam ination

S tra in  S 6 o f M . gallisepticum  w as used. T h e  s tra in  w as grow n in  B E G  
m ed ium  (E rn a  an d  S tip k o v its , 1973). The inocu lum  w as 100 p i  of 24-h b ro th  
c u ltu re s ; in o cu la tio n  w as ca rried  o u t as described  in  T ab le  I . R e-iso la tion  o f 
m ycop lasm as w as a tte m p te d  from  th e  yolk sac o f em b ry o s t h a t  w ere k illed , o r  
d ied, d u rin g  th e  ex p erim en t an d  from  the  h e a r t b lood  o f  day-o ld  chicks, on a 
solid m ed iu m  (m edium  B). I n  ad d itio n , th e  n asa l m ucosa , tra c h e a  an d  airsac

Table I

G roups and  trea tm en ts

Group Time of trea tm en t Mode and dose of infection

“ A” : 50 eggs d a y  7 of incu b a tio n 100 fi\ o f M . gallisepticum  b ro th  cu ltu re , 
into th e  y o lk  sac; 2 x l 0 6 CFU /m l

P A: 25 eggs d ay  7 of in cubation 100 [Л b ro th  cu ltu re  in to  th e  yo lk  sac
K A; 25 eggs — —
“ B ” : 50 eggs d ay  14 of in cu b a tio n 100 p \  o f M . gallisepticum  b ro th  cu ltu re , 

into th e  y o lk  sac; 2 x 1 0 ’ CFU /m l

P B: 25 eggs day  14 of incu b a tio n 100 [Л b ro th  c u ltu re , in to  th e  yolk sac

K B: 25 eggs — —
“ C” : 50 chicks d ay  1 a f te r  h a tch in g 100 ^1 of M . gallisepticum  b ro th  c u ltu re  in to  

the  airsac; З х Ю  C FU /m l
“ D ” : 30 chicks d ay  1 a f te r  h a tch in g One drop  o f M . gallisepticum  b ro th  cu ltu re  

in to  th e  le f t an d  r ig h t nostril each, 
З Х Ю ’ C FU /m l

P c : 20 chicks d ay  1 a fte r  h a tch in g 100 fil b ro th  c u ltu re , in to  th e  airsac

K cq : 20 chicks — —
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•wall sam ples of th e  d ay -o ld  chicks w ere in o cu la ted  in to  B E G  b ro th . C ulturing  
w as  perfo rm ed  as describ ed  b y  S tip k o v its  e t al. (1977). T he possib le  presence 
o f  o th e r  b ac te ria  w as checked  b y  sm earing  o rg an  sam ples on b lo o d  agar.

Im m unologica l studies

T he specific an tib o d ie s  p re se n t in  th e  serum  w ere d e m o n s tra te d  b y  the 
h a e m a g g lu tin a tio n -in h ib itio n  (H I) te s t , u sing  4 H A  u n its  o f  th e  24-h  b ro th  
c u ltu re  of M . ga llisep ticum  s tra in  S 6.

F o r th e  ly m p h o c y te -s tim u la tio n  te s t , ly m p h o cy tes  w ere se p a ra te d  from  
2 -m l b lood sam ples w ith  F ico ll-P aque , b y  cen trifug ing  th e  sam ples a t  20 °C 
w ith  1000 rpm  fo r 30 m in . S u b seq u en tly  th e  ly m p h o cy tes  w ere resu sp en d ed  in  
H a n k s ’ solution en rich ed  w ith  5 %  fe ta l ca lf  serum . Cell d e n s ity  w as ad ju sted  
to  105/m l. The cell su spension  o b ta in ed  from  each  b ird  w as d is tr ib u te d  in  4 
L e ig h to n  tubes (0.2 m l/tu b e ). T he te s t  w as carried  ou t as described  b y  Szent- 
I v á n y i  e t al. (1981). F o r  th e  im m u n o ro se tte -fo rm atio n  te s t, to  th e  cell suspen
s io n  ob ta ined  from  th e  in d iv id u a l b ird s  an  e ry th ro c y te  su sp en sio n  (density : 
106/m l) tre a te d  or n o t  t r e a te d  w ith  0.4 m l m ycop lasm a a n tig e n  (1 m g/m l) was 
a d d e d  w hich h ad  b een  p re tre a te d  w ith  1 : 125,000 ta n n ic  acid .

S ta tis tica l evaluation

T he m o rta lity  ra te s  an d  incidence o f lesions in  th e  v a rio u s  g roups were 
co m p ared  by  th e  y2 te s t ,  w hile th e  g ro w th  ra te  of em bryos a n d  chicks of the  
d iffe re n t groups b y  S tu d e n t’s one-sam ple t te s t .

R esults

M icrobiological exam inations

The resu lts o f th e  re-iso la tio n  a tte m p ts  are su m m arized  in  T ab le  I I . 
M ycop lasm a was iso la ted  from  98%  an d  72%  of g roup  A  a n d  g ro u p  В em bryos, 
resp ec tiv e ly . No m y cop lasm as w ere iso la ted  from  th e  p la c e b o -trea te d  and  
c o n tro l em bryos t h a t  d ied  d u rin g  in cu b a tio n . F o u r em bryos w ere found  to  be 
c o n ta m in a te d  bacterio lo g ica lly ; th ese  w ere excluded  from  th e  e v a lu a tio n . F rom  
th e  airsacs of h a tc h e d  chicks o f g roup  В no m ycoplasm as w ere iso la ted ; how ever, 
m ycop lasm a iso la tio n  w as successful from  th e  h e a r t b lood  o f  a b ird  k illed on 
th e  5 th  day. In  g ro u p  C, th e  airsacs an d  h e a r t  blood o f one ch ick  yielded 
m ycop lasm a. In  g ro u p  D , m ycop lasm a w as d e m o n s tra te d  in  th e  n a sa l cav ity  
o f  91 .7 % , w hereas in  th e  airsac  an d  tra c h e a  sam ples of 58 .3%  o f th e  chicks. 
T h e  con tro l chicks (g roups K cd an d  Pc) rem ain ed  free from  in fec tio n  th ro u g h 
o u t  th e  30 days of th e  ex p erim en t.
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T able  I I

R e-iso lation  from  em bryos and  day-o ld  chicks o f M ycoplasma galliseplicum  used  for
in fection

Em bryos Chicks

A PV KA* В Р в ‘ KB‘ B1 C1 D* k cd’

T ested 48 3 I 25 1 1 12 12 12 12
P ositiv e 47 0 0 18 0 0 1 1 11 0

R em arks: 1re-iso lation  was m ade from  th e  h e a r t blood, airsacs an d  trac h ea ; 2re-iso lation  
w as m ad e  from  the  trach ea  and nasal c av ity ; 3sam ples were tak en  only from  th e  airsacs, trach ea  
an d  n asa l cav ity ; 4only th e  em bryos th a t  died during  incubation  w ere te s ted

Pathological study

T h e average b o d y  size of group A  em bryos, as d e te rm in ed  on th e  basis o f 
b o d y  len g th  m easu red  in  th e  p lan e  o f  th e  v e rte b ra l co lum n, w as in ferio r to  
t h a t  o f th e  con tro l em bryos o f g roup  Р д  from  P I  (p ost-inocu la tion ) d ay  3 up  
to  th e  tim e  of h a tc h -o u t (Fig. 1). B y  th e  one-sam ple t te s t  no  s ign ifican t d if
fe rence  (P  >  0 .1% ) w as found  be tw een  th e  m eans of d a ta  m easu red  on th e  dif
fe re n t days. D ea ths due to  in fec tion  s ta r te d  to  occur, f ir s t  sp o rad ica lly , a ro u n d  
P I  d a y  3; a t h a tch in g  tim e  th e  n u m b e r o f  u n h a tc h e d  em bryos w as o u ts ta n d in g 
ly  h ig h . T he incidence of dea th s  is g iven , in  a cu m u la tiv e  m a n n e r, in  F ig . 2. T he 
X2 te s t  revealed  th a t  in  th is  g roup  th e  p ro p o rtio n  of to ta l  em b ry o n ic  losses w as 
s ig n ifican tly  h igher th a n  th e  spo rad ic  d e a th s  observed  in  g roup  Р д  (P  <  0.01) 
an d  g ro u p  К д  (P  <  0.001); how ever, i t  d id  n o t differ s ig n if ican tly  from  th e  
inc idence  of deaths found  for g roup  В (P  ]> 0.05). In  th is  g roup  only  tw o  non- 
v iab le  em bryos h a tch ed . T he incidence o f lesions is su m m arized  in  T ab le  I I I .

body len gth  (mm)

A0

30

20-

1 0 -

^  7 6 9 10 11 12 13 tA 15 16 17 18 19 20 21*"
incubation (days)

F ig. 1. B o d y  leng th  of chicken em bryos in fec ted  w ith  M ycoplasm a ga llisep ticum  (con tinuous 
line : c o n tro l; d o tte d  line : em bryos in fec ted  o n  d a y  7 o f in cu b a tio n ; b ro k e n  line: em bryos

infected  o n  d a y  14 o f incu b a tio n )
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number of deaths

(A) (B )

F ig . 2. C um ulative m o r ta l i ty  o f ch icken  em bryos in fec ted  w ith  M ycoplasm a gallisepticum  
( ’ d ea th s on  d a y  21 o f in c u b a tio n  rep re sen t u n h a tc h e d  em bryos)

As com pared  to  th e  con tro ls , in  em bryos k illed  or succum bed  on P I  d a y  
3 th e  CAM was so m ew h at th ick en ed , oedem atous an d , h ere  a n d  th e re , i t  e x h ib it
ed  sm all haem orrhages. H isto log ica lly , w ith in  th e  s lig h tly  d ila ted  b lood vessels 
th e  heteroph ils p ro life ra te d  and , e x tra v a sa tin g  in to  th e  m esenchym a, in f il tra te d  
th e  perivascu la r a reas . I n  th e  ep ith e lia l lay e r o f th e  CAM th e  cells were sw ollen, 
th e ir  cy toplasm s u n d e rw e n t v acu o la r deg en era tio n , o r th e  ep ith e lia l cells even  
d e tach ed . Large n u m b e rs  o f h e te ro p h ils  w ere seen in  th e  sinuso ids of th e  liv e r 
a n d  in  the  tissues su rro u n d in g  th e  m a jo r b lood  vessels, w hereas in  o th e r organs 
h y p e raem ia  and , in  som e places, m in o r d iapedeses occu rred .

T he CAM of em b ry o s k illed  on P I  days 6, 9 or 12, o r o f tho se  succum bed  
p r io r  to  h a tch ing , w as m ark ed ly  th ic k e r  th a n  th a t  o f th e  con tro ls , and  co n ta in ed  
ex ten siv e  greyish-yellow , n o n -d e tach ab le  areas. T he em b ry o s’ organs show ed a 
s lig h t yellow ish d isco lo u ra tio n . H isto log ically , on  th e  su rface  o f the CAM th e re  
w ere large necro tic  a reas  ex ten d in g  in to  th e  m esen ch y m a; these  areas w ere 
d em arca ted  b y  in f il tra tin g  in f la m m a to ry  cells, m a in ly  h e te roph ils  (F ig . 3). 
H ere  an d  th e re  in  th e  n ecro tized  tissues an d  on th e ir  su rface  th e re  was a f ib r i
nous exudate .
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T he p e r ip o rta l tissues o f th e  liver ex h ib ited  an  expressed , m ain ly  h e te ro 
p h il-g ran u lo cy tic , in f il tra tio n  consisting  of 5 to  20 row s o f cells (F ig . 4). B y  P I  
d a y  12, m o n o n u c lea r cells (ly m p h o b lasts , ly m p h o cy tes , h is tio cy tes  an d  p la sm a  
cells) h a d  ap p e a re d  am ong th e  in f iltra tin g  cells. T he h e p a to c y te s  u n d e rw e n t 
a pa th o lo g ica l s im ple, or in  som e places a necrob io tic , f a t ty  in f iltra tio n , w ith  
th e  ap p ea ran ce  o f b iliru b in  cy linders in  D isse’s spaces s itu a te d  b e tw een  th e  
row s o f h e p a to c y te s .

H e te ro p h il-g ran u lo cy tic  in f il tra tio n  o f th e  b lood  vessel w alls a n d  p e ri
v a scu la r areas w as d em o n strab le  also in  organs o th e r th a n  th e  liv er (e.g. sp leen , 
k idneys, ad ren a ls , lu ngs, pan creas , m uscu la r lay e r o f th e  g izzard , etc.) an d  even  
in  th e  ske le ta l m uscles an d  em bryon ic  m esenchym a.

In  th e  lungs o f th e  succum bed  em bryos, in  th e  lu m en  o f th e  develop ing  
p a rab ro n ch i th e re  w as an  in f il tra tio n  consisting  of d e tach ed  an d  d eg en era ted  
ep ith e lia l cells, serum , f ib r in  an d  g ranu locy tes. O n P I  d ay s  12-14 in  th e se  
in f iltra tio n s  th e  necrosis an d  co n densa tion  o f cellu lar e lem en ts and , a ro u n d  
th e m , signs in d ica tiv e  o f an  in f la m m a to ry  d em arca tio n  (acu te  or su b a c u te  
b ro n ch o p n eu m o n ia) co n ta in in g  fo re ign-body  g ian t cells w ere observed  (F ig . 5). 
I n  th is  g roup  th e  in f la m m a tio n  o f th e  CAM, h e te ro p h il-g ran u lo cy tic  h e p a titis , 
b ro n ch o p n eu m o n ia  an d  h e te ro p h il-g ran u lo cy tic  in f iltra tio n  o f th e  b lood  vessel 
w alls o ccu rred  s ig n ifican tly  m ore fre q u e n tly  th a n  in  th e  g roup  in o cu la ted  w ith  
m ed ium  Р д . АД lesions ex cep t th e  h e te ro p h il-g ran u lo cy tic  in f il tra tio n  o f th e  
b lood  vessel w alls w ere o f s ig n ifican tly  h ig h er freq u en cy  in  g roup  A  th a n  in  
g roup  В (T able I I I ) .

T he co lon iza tion  o f b u rsa l follicles b y  ly m p h o cy tes  w as less expressed  in  
g roup  A  th a n  in  th e  con tro l g roup . T he organs o f h a tc h e d  a n d  su b seq u en tly  
k illed  chicks e x h ib ite d  th e  lesions described  above, a lth o u g h  th e  lu n g  lesions 
w ere c ircum scribed  an d  m ild.

T he av erag e  b o d y  size o f  group В  em bryos, m easu red  as th e  b o d y  le n g th  
o f em bryos sp lit in  th e  p lane  o f th e  v e rte b ra l colum n, d id  n o t lag  b eh in d  th a t  
o f th e  con tro ls  (F ig . 1). D ea th s  s ta r te d  to  occur on th e  3rd  d a y  also in  th is  g roup ,

Table I I I

Lesions in  chicken em bryos in fec ted  w ith  M . galliseplicum  an d  in  con tro l em bryos

A Pa ka В Pb к в

In flam m atio n  of th e  CAM 

H eteroph il-g ranu locy tic

46/50 3/15 0/15 19/28 2/15 0/15

h ep a titis 42/50 1/15 0/15 16/28 1/15 0/15

B ronchopneum onia

H eteroph il-g ranu locy tic  
in filtra tio n  of blood vessel

24/50 1/15 0/15 22/28 0/15 0/15

walls 33/50 0/15 0/15 17/28 0/15 0/15
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b u t  while in  g roup  A  4 4 %  o f th e  to ta l  m o r ta li ty  w as m ad e  u p  b y  u n h a tc h e d  
em b ry o s, here th is  v a lu e  w as 90% . B y  th e  te s t ,  th e  m o rta li ty  ra te  fo u n d  in  
g ro u p  В was s ig n if ican tly  d ifferen t from  th a t  e s tab lished  fo r th e  con tro l group 
P B (P  <  0.01) an d  K B (P  <  0.01). D ea th s  are  given, in  a cu m u la tiv e  m an n er, 
in  F ig . 2.

The gross an d  h is to p a th o lo g ica l e x am in a tio n  o f th e  k illed  an d  succum bed  
em b ry o s revealed  chan g es sim ilar to , b u t  m ilder th a n , th o se  found  in  g roup  A 
(T ab le  I I I ) .  The in f la m m a tio n  of th e  CAM w as accom pan ied  b y  ep ith e lia l de
g en e ra tio n  and  necrosis e x ten d in g  to  so m ew hat sm aller areas or cell g roups th a n  
in  g roup  A. In  th e  p e r ip o r ta l  tissues of th e  liv e r, a ro u n d  th e  m a jo r b lood  vessels 
th e re  w as an  in f la m m a to ry  in filtra tio n  consisting  of 2 to  5 cell row s. No m ark ed  
accu m u la tio n  o f b iliru b in  w as observed  am ong  th e  row s o f h ep a to cy te s . B ro n 
chopneum on ia  w as re s tr ic te d  to  c ircum scribed  areas. B y  th e  end  o f in c u b a tio n  
(b y  P I  d ay  6) also in  th is  group m ononuclear cells h a d  ap p ea red  am ong th e  
h e te ro p h ilic  g ran u lo cy te s  in  th e  in f la m m a to ry  in filtra tio n s  occurring  in  th e  
v a rio u s  organs an d  a ro u n d  th e  w all o f b lood  vessels. T he incidence o f th e  above 
lesions was su b s ta n tia lly  h ig h er th a n  in  th e  con tro l P B g roup , b u t  low er th a n  
in  g roup  A.

In  group В 22 ch icks h a tch ed . T h e ir g ro w th  ra te  a n d  deve lopm en t w ere 
n o t  in ferior to  th o se  o f  th e  contro ls. A m ong th e  h a tc h e d  chicks no d ea th s  
o ccu rred . No p a th o lo g ica l lesions w ere o bserved  in  b ird s k illed  a t  various in te r 
v a ls . H isto logically , th e re  w ere focal in f iltra tio n s  consisting  of m ononuclear 
cells (lym phoblasts, ly m p h o cy te s  and , here  a n d  th e re , h is tio cy tes  an d  p lasm a 
cells) in  th e  p e rip o rta l tissu es  o f th e  liver, in  th e  in te rs tices  o f th e  k id n ey  (F ig . 6) 
a n d  th e  lungs an d  in  th e  w all o f some p a rab ro n ch i (F ig . 7) as well as in  th e  
v isce ra l p leura . T he follicles of th e  b u rsa  o f F ab ric iu s  show ed h y p erp las ia  from  
th e  5 th  day, w hereas th e  M alpighian  bodies o f  th e  sp leen  from  th e  2 0 th  d ay  
a f te r  ha tch ing . In  th e  c o n tro l groups (group К д  an d  K B) one ch ick  d ied; how ever, 
i t  d id  n o t show  th e  ab o v e  lesions. Som e o f th e  em bryos in o cu la ted  w ith  m e
d iu m  Рд and  P B dev e lo p ed  a c ircum scribed  in fla m m a tio n  o f th e  CAM along th e  
ch an n e l o f in o cu la tio n . T h ree  an d  one of th e  em bryos d ied  in  group Р д  an d  P B, 
respective ly .

In  group C tw o  ch icks died, one on P I  d a y  5 w hile th e  o th e r on P I  d ay  6, 
w hereas no dea th s  o ccu rred  a t  all in  group  B . B ody  m ass gain  d id  n o t differ 
s ig n ifican tly  from  t h a t  o f th e  con tro l (P  ]>  0.05). I n  all th e  k illed  chicks of 
g ro u p  D, and  in  som e g ro u p  C chicks necropsied  on P I  day s 20 an d  30, th e  nasa l 
m u co sa  was red d en ed , sw ollen an d  covered  w ith  c a ta r rh a l e x u d a te ; th e  o th e r 
o rg an s were devoid  o f  gross lesions. T he h isto log ical ex a m in a tio n  (T able IV) of 
th e  above b irds re v e a le d  th a t ,  com pared  to  th e  con tro ls (F ig . 8), th e  m ucous 
m em b ran e  of th e  n a sa l conchae was th ic k e n e d  an d  co n ta in ed  an  in f iltra tio n  b y  
m ononuclear cells (ly m p h o cy tes , ly m p h o b las ts , h istio cy tes  a n d  p lasm a cells), th e  
se v e rity  of w hich v a r ie d  in  th e  d ifferen t m ucosal segm ents (F ig . 9). L y m p h o id
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T able  IV

Lesions in day -o ld  chicks infected  w ith  M . gallisepticum  a n d  in  con tro l chicks

H atched in 
infected 
s ta te  (B)

c D Pc Kcd

Focal lym pho-h istiocy tic  p leuritis , 
airsacculitis and  pneum onia 19/22 47/50 26/30 2 /2 0 0/20

Focal lym pho-histiocytic  in filtra tio n s in 
th e  liver and k idney 18/22 44/50 19/30 5/20 6 /2 0

L ym pho-histiocytic  rh in itis 16/22 6/50 27/30 1 /2 0 1 /2 0

follicles and  h aem o rrh ag es w ere fre q u e n tly  observed . I n  th ese  po rtio n s o f th e  
m ucosa th e  ep ith e lia l cells w ere d eg en era ted  an d , in  som e areas even becam e 
d e tach ed . The n a tu re  an d  degree of lesions found  in  th e  o th e r organs w ere 
con sis ten t w ith  th o se  seen in  chicks h a tc h e d  from  group-B  em bryos. In  group D  
th e  incidence o f all lesions, w hereas in  g roup  C th a t  o f  a ll lesions excep t lym pho- 
h is tio cy tic  rh in itis  w as sig n ifican tly  h ig h er th a n  in  th e  co n tro l groups P c  an d  
K cd (Table IV ). T h e  on ly  difference b e tw een  b irds o f g roup  C an d  group D w as 
t h a t  while in  g roup  D  th e  lesions o f n a sa l conchae w ere m ore expressed  (P  <  
< 0  .01), in  group  C m ononuclear cell in filtra tio n s  o f  th e  in te rs tices  of various 
organs (k idneys, liv e r, etc.) occurred  m ore freq u en tly . I n  group  D th e  above- 
lis ted  lesions occu rred  w ith  a sim ilar freq u en cy  as in  th e  g roup  of chicks th a t  
h a d  h a tch ed  o u t in  in fec ted  s ta te , w hile in  group C rh in itis  w as som ew hat less 
f req u en t (P  < / 0.01). I n  groups P c  an d  K cd no d e a th s  occurred . I n  b ird s  
k illed  in  group P c  th e  above lesions occurred  spo rad ica lly , w hereas in  b ird s  o f 
g roup  К  no t a t  all.

E lec tron  m icroscopy  revea led  th a t  m ycop lasm as w ere p resen t in  th e  
sam ples ta k e n  fro m  g roup  A  em bryos b e tw een  days 12 a n d  19 o f in cu b a tio n , in  
n ecro tized  areas o f th e  CAM, in  th e  lu m en  of som e p a ra b ro n c h i, m ain ly  e x tra -  
ce llu larly  (Fig. 10) a n d , ra re ly , in  n ecro tized  re m n a n ts  o f ep ith e lia l cells, sing ly  
o r in  sm all groups. N o m ycoplasm as w ere d em o n strab le  in  o rg an  sam ples ta k e n  
from  groups В, C an d  D.

Serological tests

T able V co n ta in s  th e  reciprocals o f H I  a n tib o d y  ti t re s  o b ta in ed  for g roups 
B , C, D and  K cd- A lth o u g h  in  th e  in o cu la ted  b ird s  th e  a n tib o d y  titre s  rose 
p a ra lle l w ith  age, th e ir  levels rem ain ed  ra th e r  low . S era  o f K cd an d  P c  b ird s  
fa iled  to  give a n y  po sitiv e  reaction .

The resu lts  o f ce llu lar te s ts  are  g iven  in  T ab le  V I. I n  th e  in fec ted  g roup  
(g roup  C) b o th  te s ts  in d ica ted  a m ore fre q u e n t b lasto g én ie  response an d  ro se tte  
fo rm atio n  on p o s t-h a tc h in g  days 10 an d  20 th a n  on th e  1st d ay  a fte r h a tch in g .
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T ab le  V

R esu lts  o f th e  h aem ag g lu tina tion -inh ib ition  (H I) te s t*

Age (days)
Irroup

1 5 10 20 30

“ R ”  h a tc h e d  ch ick s 1.41 2.51 3.16 6.32 8.00
“ C” 2.83 3.16 4.00 3.16
“ D ” 2.83 0.00 5.03 8.00
K CD 0.00 0.00 0.00 0.00

* Means o f reciprocals o f th e  h ig h es t serum  d ilu tion  giving p ositive  reac tion

T ab le  V I

R esu lts o f th e  cellu lar tests

Time of examination

Im m unorosette form ation Lym phocyte-stim ulation te s t

Infected
group

(C)

Control
group
(Pc)

l  te st
Infected

group
(C)

Control
group
(Pc)

t te st

A t hatching 1.4* _ 5.8** _
On day 10 9.8 1.66* NS 19.0 1** P  <  0.01
On day  30 14.4 5.0 NS 25.6 7.33 NS

R em arks: NS =  n o t  significant; * ro se tte  fo rm ation  in  % ; ** b lastogénie  tran sfo rm a tio n  
o f  lym phocy tes in  %

D iscussion

T he p resen t ex p erim en ts  h av e  co n firm ed  th a t  M . gallisepticum  en te rin g  
th e  egg during in c u b a tio n  kills on ly  a p a r t  o f th e  em bryos. T h e  su rv ivo rs m ay  
h a tc h  in  in fected  s ta te  and , as such, p la y  a role in  sp read ing  in fec tion .

In  group A (em bryos in o cu la ted  on  d ay  7 of in cu b a tio n ) m o st o f th e  d ea th s  
o ccu rred  betw een  th e  1 0 th  and  1 3 th  d ay s of in cu b a tio n , w hereas in  group  В 
(em b ry o s in o cu la ted  on  d ay  14 o f in cu b a tio n ) m ost o f th e  losses w ere due to  
em b ry o s  su rv iv ing  u p  to  th e  end  o f in c u b a tio n  b u t  failing  to  h a tc h . T he non- 
v ia b il i ty  of em bryos w as due to  th e  lesions w hich in c lu d ed  a  diffuse serous- 
n ec ro tic  in flam m atio n  of th e  CAM, b ron ch o p n eu m o n ia , h e te ro p h il-g ran u lo 
c y tic  in te rs titia l h e p a titis , and  h e te ro p h il-g ran u lo cy tic  in f il tra tio n  a ro u n d  p a r t  
o f  th e  blood vessels o f th e  various o rgans an d  tissues. T hese fin d in g s are con
s is te n t  w ith  th e  re su lts  o f G oto e t al. (1984).

N o appreciab le  m o rta lity  o ccu rred  am ong th e  chicks h a tc h e d  from  group  
В em bryos in  in fec ted  s ta te  and  am o n g  th o se  in o cu la ted  w hen  d ay -o ld  in to  th e  
a irsac  (group C) or in tra n a sa lly  (group  D ). T he pa tho log ica l lesions occurring  
in  th e se  chicks, as opposed  to  th e  d iffuse, h e te ro p h il-g ran u lo cy tic  an d  expressed  
e x u d a tiv e  h isto log ical a lte ra tio n s o f  th e  em bryos, show ed focal an d  p ro d u c tiv e
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c h a ra c te r ; th e  in f il tra tin g  cells consisted  m ostly , o r exclusively , o f ly m p h o cy te s , 
ly m p h o b las ts , h is tio cy te s , an d  a few  p lasm a cells. S im ilarly  to  th e  f in d in g s  of 
o th e rs  (K irk ly n  a n d  Olson, 1967; G rim es an d  R osenfeld , 1972), th ese  lesions 
w ere observed  in  th e  walls of th e  airsacs, in  th e  lu n g s a n d  in  th e  in te rs t i t iu m  
o f th e  liv er an d  k id n ey s.

A ll th ese  fa c ts  suggest th a t  in  th e  em bryos th e  lesions, w hich are  in d ic a 
tiv e  o f an  im p a ire d  p ro tec tiv e  m echanism , allow  th e  pa thogen ic  ag en t to  p ro 
life ra te  an d  becom e w idespread  in  th e  w hole o rgan ism . O n th e  o th e r h a d , in  th e  
chicks th e  n a tu re  a n d  cell com position  of th e  changes re flec t th e  ap p e a ra n ce  of 
an  enhanced  ce ll-m ed ia ted  im m u n ity ; even p la sm a  cells, ind ica tiv e  o f a n tib o d y  
p ro d u c tio n , could  be  observed. I n  sp ite  of th is , th e  w idespread  h is to p a th o lo g - 
ica l (liver, lungs, k idneys) a lte ra tio n s  found  in  b ird s  o f  g roup  В an d  C, as w ell 
as th e  iso la tion  o f  m ycop lasm as from  th e  h e a r t b lood  o f one b ird  of g roup  В an d  
C each  on P I  d a y  5, suggest th a t  m ycoplasm as sp read  v ia  th e  blood s tre a m  also 
in  chicks (m ycop lasm aem ia).

W e fo u n d  t h a t  th e  cell com position  o f responses to  ex p erim en ta l v ira l 
(lentogenic N ew castle  disease v iru s  an d  av ian  reov irus) in fections (G láv its  
e t  al., 1983, 1984a) an d  b ac te ria l ( Salm onella ty p h im u r iu m  an d  Staphylococcus 
aureus)  in fec tions (G láv its e t al., 19846) co rre la ted  w ith  th e  d ev e lo p m en ta l 
s ta tu s  of th e  ch ick en  em bryos’ m yelo id  an d  ly m p h o id  a p p a ra tu s  (G láv its e t a l., 
1981). T he e m b ry o s’ an d  chicks’ response to  M .gallisep ticum  infection  resem b led  
in  cell com position  a n d  ch a rac te r th e  response to  th e  above v iruses; h ow ever, 
th e re  w as d ifference in  cy to p a th ic  effect an d  d is tr ib u tio n  of lesions in  th e  o rg an s.

B y  e lec tro n  m icroscopy, B oam  and  Sanger (1970) observed  m y cop lasm as 
b o th  ex trace llu la rly , am ong th e  m icrovilli of th e  ep ith e lia l cells o f th e  in fec ted  
m ucosa, an d  in tra c e llu la rly . W e found  th e  p a th o g en s on th e  surface of th e  CAM 
a n d  in  th e  lungs o f  th e  em bryo , m ostly  in  ex tra c e llu la r  lo ca tion ; in tra c e llu la r ly  
th e  ag en t was fo u n d  only  in  th e  rem n an ts  of d e ta c h e d  an d  necro tized  ep ith e lia l 
cells.

As opposed to  th e  contro l, ly m p h o cy tes  se p a ra te d  from  th e  p e r ip h e ra l 
b lood  of th e  in fe c te d  chicks on P I  days 10 an d  30 recognized  th e  an tig en  an d  
resp o n d ed  to  an tig en ic  stim ulus w ith  b lastogén ie  tra n sfo rm a tio n  an d  ro se tte  
fo rm atio n . T he leve l o f H I  an tibod ies rose p a ra lle l w ith  age b u t  rem ain ed  a t  a 
low  level th ro u g h o u t. Therefore, th e  d iagnostic  v a lu e  o f  th e  H I  te s t in  th e  e a rly  
reco g n itio n  of m y co p lasm a in fec tion  o f em bryos a n d  day-o ld  chicks is, in  o u r 
v iew , d oub tfu l.

O ur re su lts , in  accordance w ith  those  o f  o th e r  au th o rs  (Jo rd a n , 1981; 
L u g in b u h l e t ah , 1967), suggest th a t  ce ll-m ed ia ted  im m u n ity  has an  essen tia l 
role in  con tro lling  m ycop lasm a in fec tion . F u r th e r , th e  re su lts  o f P a r ry  an d  
A itk en  (1973) u n d e rlin e  th e  im p o rtan ce  of local im m u n ity  and  IgA  p ro d u c tio n  
in  th e  p ro tec tio n  a g a in s t re sp ira to ry  in fection  caused  b y  m ycoplasm as p re se n t 
on th e  surface o f  m ucous m em branes.
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Fig. 3. P e riv ascu lar in flam m ato ry  in filtra tio n  in the  o ed am ato u sly -th ick en ed  CAM (group  A) 
and  u n d e r the necro tic  an d  d e tach ed  ep ithelial layer. H a em a to x y lin  and eosin

(H .-E .) ,  X 90

Fig. 4. H e tero p h il-g ranu locy tic  in f il tra tio n  in th e  p e rip o rta l a reas o f th e  liver from  a suc
cum bed  em bryo  (group  A). H .-E . ,  X 160



F ig . 5. In flam m ation  acco m p an ied  by  g ran u lo m a fo rm atio n  in the  lum en of, and  around , 
p a rab ro n ch i in the  lungs fro m  a group-A  em bryo th a t  died on PI day  14. H .- E . ,  X 90



F igs 6 and  7. Focal in filtra tio n s by  m ononuclear cells in  the  k idneys (F ig. 6) and  lungs (F ig . 7) 
from  a chick h a tched  in in fec ted  s ta te . H .-E .,  X 160



Fig. 8. N asal tu rb in a te  portion  from  a co n tro l chick. H .-E .,  X 90

Fig. 9. N asal tu rb in a te  p o rtio n  from  an in tran asa lly -in o cu la ted  chick (group D) on P I  d ay  20. 
T he m ucous m em brane is in f il tra te d  bv  m ononuclear cells and  covered  w ith  exudate . H .- E . ,

X 90



Fig. 10. M ycoplasm as in  the  lum en  of p a rab ro n c h i from  a chicken em bryo  (group A) th a t  died 
on P I day  12. E lec tro n  m icrograph , X 45,000





GROSS A N D  HISTOPATHOLOGICAL STU D Y  OF  
E X PE R IM E N T A L  M Y C O P L A S M A  M ASTITIS OF

CATTLE

M. J .  M é s z á r o s 1, G y. H o r v á t h 2, L . S t i p k o v i t s 3 and Z suzsanna  V a r g a 3

'D e p a r tm e n t o f P a th o lo g y  and d e p a r t m e n t  a n d  Clinic o f O b ste tric s  o f th e  U n iv e rs ity  o f 
V e te r in a ry  Science, H-1400 B u d ap est, P . O. B o x  2, H u n g a ry ; and  3V e te rin a ry  M edical R esearch  

In s t i tu te  o f th e  H u n g a rian  A cad em y  o f Sciences, H -I581 B u d a p es t, P .0 .  B ox  18,
H u n g a ry

(R eceived  F e b ru a ry  3, 1986)

A to ta l  o f 11 u d d e r q u a r te rs  o f 4 cows w ere in o cu la ted  in tra c is te rn a lly  w ith  
M ycoplasm a bovis cu ltu res. F o u r to  60 h  p o st-in fec tion  (P I) , p a r t  o f th e  a ffec ted  u d d e r 
q u a rte rs  w ere sam pled b y  need le  b io p sy  fo r histological a n d  e lectron-m icroscopic  
e x am in a tio n . T he cows were s la u g h te red  on  P I  days 6, 8, 14 or 28. W ith in  17 to  60 h  
gross an d  h istopatho log ical changes c h a ra c te ris tic  o f a m ore o r less severe, a cu te , p u 
ru le n t, p a ren ch y m a l m as titis  dev elo p ed  in  th e  in fected  u d d e r  q u a rte rs .

S ix d ay s  P I  th e  in fec ted  u d d e r  q u a rte rs  w ere sw ollen, th e ir  c u t su rface  w as 
yellow ish-brow n and  g ranu lar. T he lu m en  o f g lan d u la r alveoli w as filled  u p  w ith  lip id  
d ro p le ts  a n d  neu tro p h ilic  g ran u lo cy tes .

E ig h t  d ay s a fte r  in fec tio n  condensed  yellow ish-w hite p u s  d rop lets co u ld  be 
squeezed o u t  on to  th e  cu t surface  o f u d d e r  q u a rte rs  and  th e  m ilk  c is te rn  was also filled  
w ith  condensed , p u ru len t an d  fib rin o u s  e x u d a te . T he ly m p h  nodes w ere sw ollen, w hile 
th e  in te ra lv e o la r  connective tis su e  w as in f il t ra te d  by  ly m p h o cy tes , p lasm a  cells an d  
n e u tro p h ilic  g ranulocy tes.

B y  th e  14 th  day  P I  th e  in te ra lv e o la r  connective  tissu e  h a d  u ndergone  p ro life 
ra tio n  a n d  show ed a  diffuse in f il t ra t io n  b y  p lasm a cells, ly m p h o id  cells a n d  g ra n u lo 
cy tes. T he g lan d u la r  alveoli h a d  ceased  to  secrete  m ilk. The g lan d u la r  su b stan ce  o f th e  
u d d e r  h a d  becom e to u g h  an d  co n n ec tiv e  tissue  o u tg row ths h a d  ap p ea red  on th e  m ilk  
c is te rn  m ucosa.

F o u r  w eeks P I  b o th  th e  in fec ted  a n d  th e  u n in fec ted  u d d e r  q u a rte rs  w ere to u g h , 
firm , an d  th e  m ucous m em brane  of th e  m ilk  c is te rn  was th ick en ed  a n d  u neven . H is to 
logically , a n  expressed  p ro life ra tio n  o f th e  in te ra lv eo la r connective  tissue , d iffuse  in 
f i ltra tio n  o f th e  connective tissu e  b y  p lasm a  cells, lym pho id  cells an d  g ran u lo cy te s , 
p resence o f a  few  neu tro p h ilic  g ran u lo cy te s  in  th e  a tro p h ied  g lan d u la r  a lveoli, an d  
tra n s fo rm a tio n  of th e  m ilk  c is te rn  m ucosal ep ith e liu m  in to  s tra tif ie d  squam ous e p ith e 
liu m  w ere observed . In  th e  su p ra m a m m a ry  ly m p h  nodes a  m ore  or less severe  h y p e r 
p las ia  an d  in flam m atio n  occurred  a lre ad y  fro m  P I  d ay  6. A tte m p ts  to  d e m o n s tra te  
m ycop lasm as in  th e  u d d e r an d  ly m p h  nodes b y  e lectron  m icroscopy  a t  v a rio u s tim es 
(24 h , 8 d ay s , 14 days) P I  c o n sis ten tly  failed.

K eyw ords. M ycoplasm a bovis, ex p erim en ta l, m as titis , cow , bovine, p a th o lo g y , 
h isto p ath o lo g y .

B ovine m a s titis  caused b y  M ycoplasm a bovis was f ir s t  re p o rte d  in  1962 b y  
H a le  e t  al., w ho also iso la ted  th e  p a th o g e n  from  th e  u d d e r o f  affec ted  cows. B y  
in o cu la tin g  th e  secre tion  of pa th o lo g ica lly -a ltered  u d d er q u a rte rs , or th e  M . bovis 
c u ltu re d  from  th e  fo rm er on b lood  ag ar, in to  th e  m ilk c is te rn  o f cows, th e y  
succeeded  in  p ro d u c in g  m astitis . A t n ecropsy , nodules 2 m m  in  d iam e te r w ere 
fo u n d  on th e  m ucous m em brane o f th e  m ilk  cistern , and  f ib rin o u s  or condensed  
p u ru le n t c o n ten ts  in  th e  m ilk du c tu les . H isto log ically , p u ru le n t m as titis  w as
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accom pan ied  b y  h y p e rp la s ia  of th e  ep ith e liu m  o f m ilk  du c tu les , p ro life ra tion  of 
connective  tissue e lem en ts  an d  g ranulom a fo rm atio n .

K ehoe e t al. (1967) in fec ted  8 cows a n d  m o n ito red , b y  histo logical ex am i
n a tio n , th e  tim e-course  o f  th e  developm ent o f  lesions. T he ap p earan ce  of n e u tro 
p h ils  an d  of an  e x u d a te  show ing eosinophilia  in  th e  a lveo la r lum ina  o f th e  
lac tife ro u s g land w as o b se rv ed  already  1 o r 2 day s a fte r  in fec tion . F o u r to  six 
d ay s P I ,  in  ad d itio n  to  th e  above changes, a n  in te rs ti t ia l  in f iltra tio n  b y  n e u tro 
ph ilic  an d  eosinophilic g ranu locy tes, re ticu lo cy tes , ly m p h o cy tes  and  p lasm a 
cells w as also p ro m in e n t. A fte r  2 weeks, h ere  a n d  th e re  th e  alveo lar ep ithe lium  
show ed  necrosis a n d  d e ta c h m e n t of cells, w hile in  o th e r  places sligh t m e ta 
p lasia . T hree weeks a f te r  in fection , besides a lveo lar a tro p h y , a m ild fib rosis of 
th e  u d d e r p a ren ch y m a  w as also presen t. I n  th e  co rtex  of su p ram am m ary  ly m p h  
nodes th e  fo rm atio n  o f  num ero u s secondary  ly m p h  follicles an d  an  in f iltra tio n  
b y  n eu troph ilic  a n d  eosinophilic  g ranu locy tes as well as p lasm a cells w ere ob 
served .

K arbe  e t al. (1967) in ocu la ted  M . bovis cu ltu res in tra c is te rn a lly  in to  17 
u d d e r  qu arte rs  o f 7 cow s, a n d  m onitored  th e  tim e-course  o f developm ent of gross 
lesions an d  h is to p a th o lo g ica l changes in  an im als  s lau g h te red  a t  d ifferen t in te r 
v a ls  betw een  P I  d ays 1 a n d  203. In  cows s lau g h te red  be tw een  P I  days 1 an d  3 
th e  u d d e r was sw ollen , i ts  c u t surface w as ochre-co loured  an d  its  su b stan ce  
easy  to  incise. T he su p ra m a m m a ry  ly m p h  nodes w ere m o d era te ly  sw ollen an d  
h a d  a  ju icy  cu t su rface . W ith in  4 to  10 d ay s  of in fec tio n  th e  u d d er becam e 
co m p ac t to  th e  to u c h  a n d  th e  yellow g lan d u la r  lobules sto o d  ou t from  its  c u t 
su rface . W ith in  2 to  3 w eeks nodules a p p ro x im a te ly  2 m m  in  d iam ete r ap p eared  
on  th e  m ilk  c istern  m u co sa , th e  secretion  fo rm ed  plugs in  th e  m ilk ductu les, 
a n d  a yellow ish, tu rb id  e x u d a te  could be squeezed  ou t on th e  c u t surface o f th e  
u d d e r. A fter a perio d  o f 4 to  6 weeks th e  u d d e r  becam e m ark ed ly  com pact, in  
p laces firm , to  th e  to u c h . T he su p ram am m ary  ly m p h  nodes were g rea tly  en 
la rg ed  and  th e ir  su b s ta n c e  p ro tru d ed  over th e  cu t surface.

In  th e  early  s ta g e , h isto logical e x am in a tio n  d e m o n s tra te d  in  th e  p a re n 
c h y m a  an  in f iltra tio n  b y  eosinophilic g ran u lo cy tes  in s tead  o f neu troph ilic  ones. 
T h e  advanced  stages o f  m astitis  were ch a rac te rized  b y  p ro life ra tion , galac to - 
p h o ritis , and  a tro p h y  o f th e  g landu lar su b stan ce .

B y  in tra c is te rn a l inocu la tio n  of th e  to x in  o b ta in ed  from  son icated  cu l
tu re s  of M . bovis, K a rb e  a n d  M osher (1968) p ro d u ced  m a s titis  accom panied  b y  
eosinophilic in f iltra tio n . B y  th e  s ix th  h  a f te r  in fusion  o f th e  to x in  th e  u d d e r 
q u a r te r  h ad  becom e sw ollen  an d  com pact to  th e  to u ch . M ilk leucocyte co u n t h ad  
risen  s trik ing ly  (to  5 X 106/m l) and  re tu rn ed  to  th e  in itia l v a lu e  only 5 days la te r . 
B y  im m unofluorescence, K a rb e  and  M osher (1968) d e m o n s tra te d  m ycoplasm es 
in  th e  cy toplasm  o f g ran u lo cy tes , m acrophages an d  a lv eo la r ep ithe lia l cells in  
cows infected  in tra c is te rn a lly  w ith  M . bovis 24 h  earlier. N o m ycoplasm as w ere 
p re se n t in  th e  in te rs ti t iu m .
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B u ch v aro v a  an d  V eselinova (1973) ex p erim en ta lly  in fec ted  18 cows w ith  
sev era l M ycoplasm a  s tra in s  in c lu d in g  M . bovis, and  succeeded  in  p ro duc ing  
c lin ica lly  ap p a re n t or subclin ical m a s titis . H isto logically  th e y  fo u n d  an  in f il
t r a t io n  of th e  g landu la r su b stan ce  a n d  th e  in te rs titiu m  b y  eosinophilic  g ran u lo 
cy te s  an d  lym phoid  cells.

In  a review  artic le , B o u g h to n  (1979) sum m arized  th e  p u b lica tio n s t h a t  
h a d  ap p eared  on M . bovis m a s titis  u p  to  1978. A ccording to  h im , th e  m icro 
scopic patho log ical changes in  sp o n tan eo u s infections h av e  b een  described  b y  
on ly  a few w orkers (H ale  e t ah , 1962; R in a ld i e t ah, 1969; R ed ae lli an d  R uffo , 
1975; B e n n e tt and  Ja sp e r, 1978).

Seffner and  P fiitzn e r (1980) re p o r t  gross and  h is to p a th o lo g ica l find ings 
o b ta in e d  on a to ta l  o f 60 cows s lau g h te red  2 to  9, 14 or 21 day s a fte r  ex p e ri
m e n ta l infection . W ith in  2 to  9 d ay s th e  u d d e r becam e en la rg ed  an d  co m p ac t 
to  th e  to u ch , its  cu t surface w as g ray ish-yellow  and  g ra n u la r . T h e  h isto log ical 
p ic tu re  w as dom in a ted  b y  severe d eg en era tio n  and  in f il tra tio n  of th e  a lveo lar 
ep ith e liu m  b y  neu tro p h ils . B y  th e  1 4 th  an d  21st d ay  P I  th e  u d d e r  q u a rte rs  h a d  
becom e sm aller, m ore co m p act an d  brow nish-yellow . T he alveo li w ere a tro p h ied , 
less a b u n d a n t in  n eu tro p h ilic  g ran u lo cy tes  th a n  earlier, a n d  in  th e  in te ra lv eo la r  
co n n ec tiv e  tissue th e re  w as an  in f il tra tio n  b y  p lasm a cells.

B y  u ltra s tru c tu ra l s tu d y  o f a  to ta l  o f 16 u d d er q u a r te rs  ex p erim en ta lly  
in fe c te d  w ith  M . bovis cu ltu re , S ta n a riu s  e t al. (1981) fo u n d  m ycop lasm as in  4 
q u a rte rs , e ith e r phagocy tosed  b y  n e u tro p h ilic  g ranu locy tes p re se n t in  th e  alveoli 
o r  su rro u n d ed  b y  pseudopod ia  on th e  su rface of g ranu locy tes.

M ateria ls an d  m ethods

T h e  iso la tion  of M . bovis an d  th e  in tra c is te rn a l in o cu la tio n  were described  
in  d e ta il b y  H o rv á th  e t al. (1980, 1981, 1983). In  ad d itio n  to  th e  ex perim en ts 
p re se n te d  th e re , a fu r th e r  ex p e rim en ta l in fection  has been  perfo rm ed . All u d d e r 
q u a r te rs  an d  su p ram am m ary  ly m p h  nodes of four cows w ere su b jec ted  to  
gross an d  h is topa tho log ica l ex am in a tio n . H isto logical sam ples w ere ta k e n  p a r t ly  
fro m  th e  udders of liv ing  an im als b y  needle biopsy, p a r t ly  d u rin g  th e  n ecropsy  
o f  s lau g h te red  cows an d  th e  e x a m in a tio n  o f th e ir  p a th o lo g ica lly -a lte red  u d d e r  
q u a rte rs . T issue pieces excised from  a lte red  areas of th e  u d d e r  w ere fix ed  in  
10 %  form alin , em bedded  in  p a ra ff in , an d  th e  sections w ere s ta in ed  w ith  
h a e m a la u n  an d  eosin. O ccasionally , to  d em o n stra te  lip id  m a te ria ls  in  frozen  
sec tions, th e  O il-Red-O  s ta in  w as used , too.

T he exp erim en ta l an im als w ere grouped  accord ing  to  th e  tim e  e lapsed  
fro m  in fec tion  to  s lau g h te r, as follow s:

E xperim ent 1. A  six  years o ld  H o lste in -F riesian  cow  (ea r ta g  n o .: 529), 
b e in g  in  th e  5 th  m o n th  of la c ta tio n  w as given, in to  b o th  o f h e r  r ig h t u d d e r q u ar-
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te rs , 5 m l of th e  b ro th  c u ltu re  of a m ix tu re  o f M . bovis s tra in s  (con tain ing  equal 
am o u n ts  of s tra in s  no . 1199,1200,1201 an d  5043). T he m ix tu re  con ta ined  2 X 106 
colony-form ing u n its  (C F U )/m l. The cow w as s lau g h te red  6 d ay s  P I .

E xperim ent 2. A 4  y ea rs  old H u n g a ria n  F leck v ieh  cow (ear ta g  no .: 
590152), w hich w as a t  th e  end  of la c ta tio n , received  in to  each  o f h er four u d d e r 
q u a rte rs  5 m l of M . bovis b ro th  cu ltu re  (s tra in  5063), c o n ta in in g  104 C FU /m l. 
B iopsy  sam ples w ere ta k e n  17, 23, 48 an d  60 h  P I .  T h e  cow w as s laugh tered  
8 day s P I . A fter s la u g h te r , sam ples w ere ta k e n  from  th e  u d d e r and  supra- 
m am m a ry  ly m p h  node o f  th is  cow fo r e lec tro n  m icroscopy.

E xperim ent 3. A  H u n g a ria n  F leckv ieh  cow (ear ta g  n o .: 520333), being a t  
th e  end  of la c ta tio n , w as in jec ted , in to  each  o f h er fo u r u d d e r  qu arte rs , w ith  
5 m l o f a M . bovis b ro th  cu ltu re  co n ta in in g  104 C FU /m l. B iopsy  sam ples for 
h isto log ical ex am in a tio n  w ere ta k e n  4, 24, 30 an d  52 h  P I ,  an d  th e  cow w as 
s lau g h te red  on P I  d a y  14. T h e  b iopsy  m a te r ia l o b ta in ed  24 h  P I  an d  th e  sam ples 
ta k e n  from  th e  m a m m a ry  g land  an d  su p ra m a m m a ry  ly m p h  nodes a fte r s laugh
te r  w ere exam ined  also  b y  elec tron  m icroscopy.

E xperim ent 4. A  H u n g a ria n  F leckv ieh  cow (ear ta g  n o .: 387), being in  th e  
7 th  m o n th  of la c ta tio n , w as g iven, in to  th e  le f t re a r  u d d e r  q u a r te r , 5 m l of th e  
10 d ilu tion  of a M . bovis (s tra in  5059) cu ltu re  co n ta in in g  3 X 107 C FU /m l. 
Sam ples for lig h t m icroscopy  w ere ta k e n  4 w eeks P I , a t  s lau g h te r.

R esu lts

E xperim en t 1

The rig h t u d d e r q u a rte rs  of th e  cow slau g h te red  6 d ay s  P I  were swollen, 
l ig h t yellow ish-brow n, co m p ac t to  th e  to u c h  an d  easy  to  incise. O n section, th e  
c u t  surface appeared  g ra n u la r , an d  pus d ro p le ts  an d  a re d d ish  secretion  resem 
b lin g  curd led  m ilk cou ld  be squeezed o u t o n to  i t  (F ig. 1). O n to  th e  ligh t rose- 
co loured  cu t surface o f  th e  le f t u d d e r h a lf  large q u a n titie s  o f m ilk  could be 
squeezed  out. The r ig h t su p ra m a m m a ry  ly m p h  node w as m a rk e d ly  swollen an d  
h a d  a ju icy  cu t su rface .

H isto logically , in  th e  in fec ted  q u a rte rs  th e  m ilk  c is te rn  m ucosa w as in 
f i l tra te d  b y  ly m p h o cy tes  an d  n eu tro p h ilic  g ran u lo cy tes . M ost of th e  m ilk  
d u c tu les  and  g lan d u la r a lveoli w ere filled  w ith  serous e x u d a te  show ing eosino- 
p h ilia , neu troph ilic  g ran u lo cy tes  an d  d e ta c h e d  ep ithe lia l cells (F ig . 2). H ere an d  
th e re  th e  alveolar ep ith e liu m  w as b a d ly  sw ollen an d  v a c u o la te d . The lum inal 
b o rd e r  of th e  ep ith e lia l cells w as in d is tin c t an d  m ost o f th e  lu m en  was filled  
w ith  lip id  d roplets s ta in in g  w ith  O il-R ed-O . T he in te rs t i t iu m  w as b roadened  
a n d  sligh tly  to  m o d e ra te ly  in f il tra te d  b y  ly m p h o cy tes  a n d  n eu tro p h ilic  g ranu lo 
cy te s  (Fig. 3). In  th e  p a re n c h y m a  o f th e  le f t u d d e r h a lf, besides in ta c t and  
fu n c tio n in g  alveoli, th e re  w ere groups o f alveoli w hich h a d  d ried  off and  con
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ta in e d  a few  n eu tro p h ilic  g ranu locy tes. T h e  cortica l nod u les  of th e  r ig h t su p ra - 
m am m ary  ly m p h  node h a d  becom e en la rged . In  th e  g e rm in a l cen tre  th e re  w ere 
large b la s t cells po o r in  ch ro m atin  an d  h av in g  a spherica l nucleus; several d iv id 
ing  stages w ere n o te d  am ong th em . A ro u n d  th e  g e rm in a l cen tre  th e re  w as a 
dense ly m p h o cy tic  rin g  (F ig. 4). T he cells o f th e  m ed u lla ry  cords u n d e rw e n t 
p ro life ra tio n  a n d  v a ry in g  num bers o f p la sm a  cells ap p e a re d  am ong th e m  (F ig .
5). T he cells lin in g  th e  m edu lla ry  sinuses w ere sw ollen a n d  m ost of th e m  h a d  
d e tach ed  from  th e  sinus wall.

E xperim en t 2

T h e h isto log ica l ex am in a tio n  o f b iop sy  sam ples ta k e n  from  all th e  fo u r 
u d d e r q u a rte rs  o f  cow no . 590152 in  P I  h ou rs 17, 23, 48 an d  60 rev ea led  th a t  
17 h  a f te r  in fec tio n  th e  alveoli co n ta in ed  sm all am o u n ts  o f serous e x u d a te , a 
few d e tach ed  a lv eo la r ep ithe lia l cells a n d  one or tw o  n e u tro p h ilic  g ran u lo cy tes . 
I n  sam ples ta k e n  in  th e  23rd  h  P I  som e alveoli ex h ib ited  s lig h t ep ithe lia l dam ag e  
(d e ta c h m e n t o f th e  ep ithe lium ) an d  oedem a of th e  in te r lo b u la r  sep ta . B y  P I  h  
48 an  exp ressed  in f il tra tio n  b y  n eu tro p h ilic  g ranu locy tes, vacu o la tio n  o f  ep i
th e lia l cells an d , in  th e  in te rs titiu m , o edem a and  focal in f iltra tio n  b y  n e u tro 
philic g ran u lo cy tes  h a d  developed. In  th e  b iopsy  sam ple  ta k e n  from  th e  u d d e r  
in  th e  6 0 th  h  P I  th e  alveo lar ep ith e liu m  ex h ib ited  severe v acu o la tio n  an d  in  th e  
a lveo lar lu m in a  th e re  w ere in ta c t  as w ell as d is ru p ted  n e u tro p h ilic  g ran u lo cy tes  
and  sm all a m o u n ts  o f serous e x u d a te  show ing eosinophilia .

T h e  солу w as s lau g h te red  8 days a f te r  infection . A ll th e  four u d d e r q u a r 
te rs  were m o d e ra te ly  sw ollen, co m p act to  th e  to u ch  a n d  h a d  a lig h t yellow ish- 
b row n  c u t su rface . O n th e  c u t su rface  num erous yellow ish-w hite , dense p us 
d rop le ts  an d  cy linders o f cheese-like consistence could  be  squeezed o u t. T he 
m ilk  c is te rn  w as filled  w ith  a th ick , yellow ish-w hite e x u d a te , th e  m ucosa  of 
th e  m ilk  c is te rn  w as s ligh tly  hy p eraem ic  an d  swollen h u t  sm ooth . T he su p ra -  
m am m a ry  ly m p h  node w as sw ollen a n d  its  c u t surface w as ju ic y  (F ig. 6).

H isto log ica lly , th e  g lan d u la r a lveoli w ere m ostly  filled  w ith  a serous e x u 
d a te  show ing eosinophilia , and  co n ta in ed  n eu troph ilic  g ranu locy tes an d  lip id  
m a te ria ls ; a few  alveoli co n ta ined  co rp o ra  am ylacea as well. In  th e  in te r s t i 
t iu m  th e re  w as an  expressed  in f il tra tio n  b y  ly m p h o cy tes , g ranu locy tes a n d  
p lasm a cells (F ig . 7). T he m ucosae o f th e  la rg e r m ilk  d u c ts  a n d  m ilk  c is te rn  w ere 
in f il tra te d  w ith  n eu tro p h ilic  g ran u lo cy tes  an d  p lasm a cells; in  th e  m ucosal 
ep ith e liu m  signs in d ica tiv e  of p ro life ra tio n  w ere seen. T h e  m icroscopic p a th o 
logical changes o f th e  su p ram am m ary  ly m p h  node w ere id en tica l w ith  th o se  
found  in  E x p e rim e n t 1.

E ig h t day s a fte r  in fection  no m ycop lasm as w ere seen  b y  elec tron  m i
croscopy in  th e  u d d e r  an d  su p ra m a m m a ry  ly m p h  node.
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E xp erim en t 3

B iopsy  sam ples w ere  ta k e n  from  all th e  fo u r q u a rte rs  o f  cow  no. 520333 4, 
24, 30 a n d  52 h  P I . N o h is to p a th o lo g ica l a lte ra tio n s  w ere seen  in  th e  u d d e r 
tis su e  o b ta in ed  by  b io p sy  4 h  a fte r  in fec tion . A fte r  24 and  30 h , in  p a r t  of th e  
a lveo li th e re  was a m ild  to  m o d era te  in f il tra tio n  b y  n e u tro p h ilic  g ranu locy tes, 
s lig h t to  expressed v a c u o la tio n  of th e  a lv eo la r ep ithe lium , a n d  in te rs titia l 
o ed em a . F ifty -tw o  h  a f te r  in fec tion  in  th e  a lv eo la r ep ithe lium , here  and  th e re , 
v a c u o la tio n , in  th e  lu m en  o f alveoli a m ore o r less severe in f il tra tio n  b y  n e u tro 
p h ilic  g ranulocytes an d  eosinophilic  serous c o n ten ts , w hereas in  th e  in tra lo b u 
la r  co nnective  tissue o ed em a an d  m o d era te  in f iltra tio n  b y  n eu tro p h ilic  g ra 
n u lo c y te s  were seen. B o th  u d d e r halves o f  th e  cow, s lau g h te red  2 weeks a f te r  
in fe c tio n , were m o d e ra te ly  en larged , co m p ac t to  th e  to u ch , th e ir  c u t surface w as 
l ig h t  b row nish  and  in  som e p laces pus d ro p le ts  could he squeezed  o u t on it. T he  
m ilk  c is te rn  con ta ined  a  yellow ish-w hite , d eb ris-con ta in ing  e x u d a te . O n th e  
m ilk  c is te rn  m ucosa co m p a c t, g ray ish -w h ite  nodules th e  size o f  a m illet or pea  
w ere  observed. The u d d e r  su b stan ce  w as to u g h , firm , an d  h a rd  to  te a r . T he 
su p ra m a m m a ry  ly m p h  nodes w ere s lig h tly  en larged , co m p ac t to  th e  to u ch , 
th e ir  c u t surface w as l ig h t  b row n , succu len t, an d  con ta ined  no  foci visible w ith  
th e  u n a id ed  eye.

H isto logically , th e  a lv eo la r ep ith e liu m  d id  n o t show  sec re to ry  ac tiv ity , 
th e  a lv eo la r lum ina h a d  n arrow ed  dow n an d  con ta ined  a few  n eu troph ilic  
g ran u lo cy tes  and, here  a n d  th e re , sm all am o u n ts  of serous e x u d a te . The in te r 
a lv e o la r  tissue m ark ed ly  increased  in  q u a n t i ty  and , to g e th e r  w ith  th e  m ucous 
m e m b ra n e  of the  m ilk  c is te rn , i t  was in f i l t ra te d  b y  g ran u lo cy tes  and  p lasm a 
cells (F ig . 8). On th e  m uco u s m em brane p ro life ra tiv e  o u tg ro w th s  were seen. 
T h e  m ucosal ep ithe lium  w as a s tra tif ie d  sq u am o u s ep ith e liu m  (F igs 9 an d  10). 
I n  th e  co rtex  of ly m p h  n o d es th e  cortical nodu les w ere m o d e ra te ly  h y p erp lastic . 
M ost o f th e  cells o f th e  h y p e rp la s tic  m ed u lla ry  cords w ere p la sm a  cells. I n  th e  
se ro u s ex u d a te  p re sen t in  th e  d ila ted  sinuses, besides n u m ero u s neu tro p h ilic  
g ran u lo cy tes , th ere  w ere  d e tach ed  sinus cells an d  a few p la sm a  cells.

B y  electron m icroscopy  we failed to  d em o n stra te  m ycop lasm as in  th e  
b io p sy  m ateria l ta k e n  fro m  th e  u d d er 24 h  P I  and  in  th e  u d d e r  and  su p ra 
m a m m a ry  lym ph  node ex am in ed  14 days P I .

E xp erim en t 4

T he left rea r (in fec ted ) u d d er q u a r te r  as well as th e  o th e r  th ree  q u a rte rs  
(co n tro l)  of th e  cow s la u g h te re d  4 weeks a f te r  in fec tion  w ere m o d e ra te ly  sw ollen, 
c o m p a c t and  firm  to  th e  to u ch , th e ir  c u t  surface was l ig h t g ray ish -b row n, 
sm o o th  an d  exh ib ited  ir re g u la r  g ray ish -w h ite  m otives. S m all am o u n ts  of tu rb id  
serous or p u ru len t e x u d a te  could  be squeezed  o u t on th e  c u t  surface. T he sub-
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Fig. 1. T he c u t surface of th e  udder is fin e ly  g ran u la r, and pus d ro p le ts  can  be squeezed ou t
on it  (P I  d ay  6)

Fig. 2. T he m ucous m em brane of th e  m ilk  c is te rn  is in filtra ted  by  in f la m m a to ry  cells; in the  
alveoli groups of n eu troph ilic  g ran u lo cy te s  are seen (P I d ay  6). H .-E .,  X appr. 80.



F ig. 3. The lum en of th e  alveo li is filled  w ith  lipid d ro p le ts  and  g ran u lo cy te s ; in the  in te rsti-  
tiu m  there  is an in fil tra tio n  b y  ly m p h o cy tes  and neu tro p h ilic  g ran u lo cy te s  (P I  d ay  6). H .-E .,

X ap p r. 200

F ig. 4. The cortical no d u les o f th e  su p ram am m ary  ly m p h  node are h y p e rp la s tic  (P I day  6).
H. E ., X appr. 63



Fig. 5. T he cells o f th e  m edullary  cords of th e  ly m p h  node have increased  in n u m b er. T he 
m edullary  cords are in filtra ted  by  vary ing  n u m b ers o f p lasm a cells (P I  d ay  6). H .-E ., X a p p r. 63

Fig. 6. T he m ilk c is te rn  is filled w ith  yellow ish-w hite p u ru len t or fib rinous ex u d a te . T he 
su p ram am m ary  lym ph  node is swollen (P I  day  8)



Fig. 8. Two weeks a fte r  in fec tio n  the  in te ra lv eo la r connective  tissue of th e  m am m ary  g lan d  is 
m ark ed ly  increased an d  in f il t ra te d  by in flam m ato ry  cells. The alveoli do n o t show secre to ry

activ ity . H .-E .,  X a p p r. 160

F ig . 7. The in te ra lv eo la r in te rs ti tiu m  is in filtra ted  b y  lym phocytes, p lasm a cells and g ran u lo 
cy te s  (P I  day 8). H .- E . ,  X ap pr. 200



Fig. 9. T uberous connective-tissue o u tg ro w th s on th e  m ucosa of th e  m ilk c is te rn  (tw o weeks
PI). H .-E .,  X ap p r. 50

Fig. 10. T he ep ithe lium  of th e  ou tg ro w th s is m e tap la s tic  (tw o weeks P I) . H .-E .,  X ap p r



F ig . 11. Four weeks a f te r  in fec tion  the  substance  of the  u d d e r is f irm ; on th e  m ucous m em 
brane o f th e  m ilk  c is te rn  connective-tissue grow ths can  be seen

Fig. 12. The alveoli do n o t  show secre to ry  fu n c tio n , th e  in traa lv eo la r and  in te ra lv eo la r con
nective  tissues h av e  und erg o n e  m ark ed  pro life ra tion  (4 weeks P I) . H .- E . ,  X appr. 25



Fig. 13. The m ucous m em brane  of the  m ilk c is te rn  an d  th e  connective-tissue g row ths are  
in filtra ted  by  p lasm a cells and  lym phocytes. T he ep ith e liu m  is a m etap lastic , s tra tified  

squam ous ep ithe lium  (4 weeks P I). H .-E . ,  X ap p r. SO

Fig. 14. T ertia ry  follicle in  th e  co rtex  of the su p ra m am m ary  ly m p h  node (4 weeks P I). H .-E . ,
X appr. 80



F ig . 1 5 . Diffuse in f i l t ra t io n  by neu trophil ic  g ranu locy tes  in the m edu l la ry  sinuses of  the 
su p ra m a m m a ry  lym ph node (4 weeks PI). H . - E . ,  X appr.  500
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stance  o f th e  u d d e r w as to u g h , firm , h a rd  to  te a r  (F ig . 11). T he m ucous m em 
bran e  o f th e  m ilk  c is te rn  w as th ick en ed , u n ev en  a n d  tu b e rc le d , and  th e  sup- 
ra m am m ary  ly m p h  nodes w ere m ark ed ly  sw ollen.

H isto logical ex a m in a tio n  revealed  th a t  th e  g la n d u la r  alveoli d id  n o t 
secrete, w ere a tro p h ied , an d  co n ta in ed  little  serous e x u d a te  and , som e of th e m , 
neu tro p h ilic  g ran u lo cy tes . T he in te rlo b u la r  collagenic connective tissue  an d  
sep ta  w ere m ark ed ly  w idened , while in  th e  in te r lo b u la r  an d  in tra lo b u la r  con
nective  tissue p ro life ra tio n  o f  f ib ro b la s ts  an d  f ib ro cy te s  a n d  diffuse in f iltra tio n  
b y  p lasm a cells, ly m p h o id  cells an d  n eu tro p h ilic  g ran u lo cy te s  were seen (F ig . 
12). T he ep ithe lium  o f th e  m ilk  c is te rn  m ucosa a n d  o f  th e  m ucosa lin ing  th e  
connective tissue o u tg ro w th s  seen in  th e  m ilk  d u c ts  w as a s tra tif ie d  squam ous 
ep ithe lium  in f il tra te d  b y  n eu tro p h ilic  g ranu locy tes. T h e  lam in a  p ro p ria  o f th e  
m ilk  c is te rn  m ucosa a n d  th e  connective tissue  fram ew o rk  of th e  o u tg ro w th s 
w ere in f il tra te d  p rim a rily  b y  p lasm a cells an d  ly m p h o id  cells (Fig. 13). I n  th e  
co rtex  of th e  su p ra m a m m a ry  ly m p h  node la rg e  te r t ia r y  follicles w ere seen 
(F ig . 14), to g e th e r  w ith  signs in d ica tiv e  o f m itosis also  ou tside th e  follicles. 
In  th e  areas be tw een  th e  m ed u lla ry  cords th e re  w as a severe diffuse in f i l t ra 
tio n  b y  neu tro p h ils  (F ig . 15).

D iscussion

O n th e  basis o f th e  fo u r ex perim en ts we m ade a n  a t te m p t to  re c o n s tru c t 
how  th e  lesions developed  in  th e  ex p erim en ta lly  in fe c te d  cows. F o u r h  P I  no 
h is topa tho log ica l changes are  y e t p re sen t in  th e  u d d e r  tissu e . S eventeen  h  P I  
th e  alveoli co n ta in  sm all am o u n ts  o f serous e x u d a te  a n d  a few n eu tro p h ils  as 
well as d e tach ed  ep ith e lia l cells. B y  P I  h  2 3 -60  a m o d e ra te  to  severe in f i l t r a 
tio n  b y  neu tro p h ils  develops in  th e  alveoli. T he e a rly  changes observed b y  us are 
co nsisten t w ith  th o se  re p o rte d  b y  K ehoe e t al. (1967) a n d  Seffner and  P fiitzn e r
(1980), b u t  differ from  th o se  described  b y  K arb e  e t  al. (1967), K a rb e  an d  
M osher (1968) an d  B u ch v a ro v a  a n d  V eselinova (1973): nam ely , these  la t te r  
au th o rs  found  an  in f il tra tio n  b y  eosinophilic g ran u lo cy te s  in stead  of n e u tro 
phils. A ccording to  Seffner an d  P fiitzn e r (1980), in  cases of m astitis  p red o m i
n a n tly  d eg ran u la ted  n eu tro p h ils  are  found , since d u rin g  th e ir  p h ag o cy tic  
a c tiv ity  th e  cells use lysozym e an d , as a re su lt, th e y  becom e less g ra n u la te d . 
In  acu te  M ycoplasm a  m a s titis  w ell-g ran u la ted , seg m en ted  cells are p re se n t 
to g e th e r w ith  d eg ra n u la te d  ones. W hen  seg m en ted  cells occur a t  a h igh  
d en sity , th e  g ranu les are  h a rd  to  observe. D u rin g  th e  f ir s t  five days p red o m i
n a n tly  neu tro p h ilic  g ran u lo cy tes  w ere found  also in  th e  m ilk  sed im en t ( J a in  
e t al., 1969; Seffner an d  P fiitzn e r, 1980). T he g ran u les  o f neu troph ils  are  f in e r  
an d  s ta in  lig h te r  th a n  th o se  o f eosinophils, w h ich  a p p e a r  orange red  in  G iem sa 
p rep ara tio n s . D u rin g  th e  electron-m icroscopic  s tu d y  o f  acu te  M ycoplasm a
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m a s tit is , S tanariu s e t  a l. (1981) never fo u n d  in  th e  a lveolar lu m in a  g ranu locy tes 
w hose  granules re sem b led  those  o f  eosinophils.

Gross lesions a n d  h isto p a th o lo g ica l changes c h a ra c te r is tic  o f acu te  
p u ru le n t  g a lac to p h o ro m astitis  develop in  6 to  8 day s’ tim e . A t t h a t  tim e  signs 
in d ic a tiv e  of h y p e rp la s ia  are seen in  th e  su p ram am m ary  ly m p h  nodes.

Two weeks a f te r  in fec tio n  a su b a c u te  or chronic p ro life ra tiv e  in fla m m a 
t io n  o f th e  m ucosa o f  th e  m ilk  c is te rn  a n d  m ilk  ducts, a tro p h y  o f th e  a lveolar 
ep ith e liu m , p ro life ra tio n  an d  in f la m m a to ry  in filtra tio n  of th e  in te ra lv eo la r 
con n ec tiv e  tissue can  b e  observed. T he su p ram am m ary  ly m p h  nodes ex h ib it 
su b a c u te  in flam m atio n , w ith  a m ark ed  increase  of th e  n u m b e r o f  p la sm a  cells 
in  th e  m edu llary  co rds.

F o u r weeks P I  th e  g ran u lo m ato u s in fla m m a tio n  of th e  m ilk  d u c t m ucosae 
is ev en  more severe. I n  ad d itio n  to  a lv eo la r a tro p h y , a ch ro n ic  p ro life ra tiv e  
in fla m m a tio n  an d  fib ro s is  o f th e  in te rs ti t iu m , and  chronic p u ru le n t in flam 
m a tio n  of th e  su p ra m a m m a ry  ly m p h  node are  seen. W e h a v e  n o t found  
eosinophilic  g ran u lo cy tes  in  an y  of th e  in f la m m a to ry  lesions. N o m ycop lasm as 
co u ld  be detec ted  b y  e lec ton  m icroscopy in  th e  u d d er of a cow  ex am in ed  on 
P I  days 1, 2 an d  8.

The subacu te  o r ch ron ic  u d d e r lesions th a t  developed in  2 to  4 w eeks’ 
t im e  are consisten t w ith  tho se  re p o rte d  b y  o th ers  (K ehoe e t a l., 1967; Seffner 
a n d  P fü tzner, 1980).
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MEDICATION OF INFLAMMATION OF THE 
PHALLUS IN GEESE

G y . C z i f r a 1, Z s u z s a n n a  V a r g a 2, M. D o b o s - K o v á c s 3,

a n d  L. STIPK O V ITS2*

*“ E n d re  V elem i”  A g ricu ltu ra l C o-operative  o f  Já sz a p á ti,  H -5130 J á s z a p á ti;  2V e te rin a ry  
M edical R esearch  In s t i tu te  o f th e  H u n g a rian  A cadem y of Sciences, H -1581 B u d ap est, P . O. 
B o x  18; an d  d e p a r tm e n t  o f P a th o lo g y , U n iv e rsity  o f V e te rin a ry  Science, H-1400 B u d ap est,

P . 0 .  B ox  2, H u n g ary

(R ece iv ed  O ctober 3, 1985)

T rea tm e n t wit 11 an tim y co p lasm a  an tib io tic s  red u ced  th e  clinical appearance 
o f phallus in fla m m a tio n  fro m  35 .27-71 .02%  to  19 .89-34.91%  in  goose flocks show ing a 
h ig h  (ab o u t 7 0 % ) incidence  o f m ycoplasm a in fection . T h e  f lo ck s w ere tre a te d  w ith  
L incospectin  (U p jo h n  S. A ., P u u rs , B elgium ; 0.25-0 .43  g /b ird ), T y lan ®  solubile pu lv is 
a d  us. v e t. (G. R ich te r  P h a rm ac eu tica l W orks, B u d ap es t, H u n g a ry , 0 .36-0.43 g /b ird), 
D y n am u tilin  (H ag e, K a rca g , H u n g a ry , 0.14-0.21 g /b ird ) in  th e  d rin k in g  w a ter over 2 to  
6 d ay  sor w ith  T iam u tin ®  w ater-so lu b ile  80%  a d  us. v e t.  (B iochem ie  G esellschaft m b H , 
W ien , A ustria ) m ixed  in  th e  feed  in  a  c o n cen tra tio n  of 200 -3 0 0  m g/kg  feed over p e 
riods of 10 d ay s in  th e  d iffe re n t tr ia ls  conducted . T he n u m b e r  o f  gan d ers affected  w ith  
clin ically  a p p a re n t in f la m m a tio n  of th e  phallus u n d e rw e n t a  50%  decrease in  th e  
tre a te d  groups. Also, th e re  w as a s ign ifican t difference b o th  in  m ycoplasm a iso lation  
ra te  (contro l g roup : 6 4 .2 -7 6 .3 8 % ; tre a te d  group 4 0 .0 -6 2 .6 7 % ), a n d  in  seropositiv ity  
(con tro l: 27 .1 0 -6 7 .2 9 % ; tr e a te d :  12 .04-50 .92% ), in  fav o u r o f  th e  tre a te d  groups. T re a t
m en t resu lted  in  a  low er egg in fe r ti li ty  ra te ,  h igher egg p ro d u c tio n  (p e r layer), and  h igher 
h a tch in g  ra te  (b y  2 .5 -7 .8 % , 1 .05-3 .5  eggs p e r lay e r, a n d  1 .3 9 -7 .9 0 % , respectively).

K eyw ords. P h a llu s , in fla m m a tio n , goose, g an d er, m y co p la sm a , m ed ica tio n , 
an tib io tics.

Since th e  f irs t  d esc rip tio n  o f in flam m atio n  of th e  p h a llu s  in  geese (P a lya , 
1971), co n trad ic to ry  th eo rie s  h av e  been  p u t  fo rw ard  as reg ard s  b o th  th e  
m orphogenesis (D ohos-K ovács e t al., 1985; Р о к а  e t al., 1985) an d  th e  aetiology 
o f th e  disease. Szép e t al. (1973) an d  P a ta k y  (1973) co nsidered  i t  an  infectious, 
w hile R ênes and  S zalay  (1973) a non-infectious d isease.

R ecen tly , S tip k o v its  e t al. (1984) have  re p o rte d  iso la tio n  o f m ycoplasm es 
in  association  w ith  p h a llu s  in flam m atio n . W ith  re g a rd  to  th is  fac t, in  th e  
a ffec ted  goose flocks i t  seem ed  ex p ed ien t to  c o n d u c t m ed ica tio n  tria ls  w ith  
an tim y co p lasm a drugs th a t  h a d  p roved  effective a g a in s t m ycoplasm oses of 
o th e r  an im al species, i.e. w ith  T y lan , L incospectin , D y n a m u tilin  and  T iam u tin . 
T hese experim en ts a re  re p o r te d  in  th e  p resen t p ap er.

* A ddress re p r in t re q u e s ts  to  D r. László S tip k o v its , V e te r in a ry  M edical R esearch  
I n s t i tu te  o f  th e  H u n g a rian  A cad em y  of Sciences, H-1581 B u d a p e s t,  P . O. B ox 18, H u n g ary

A c t a  V e te r in a r ia  H u n g a r ic a  3 4 , 1 9 8 6  
A k a d é m i a i  K ia d ó ,  B u d a p e s t
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Goose flocks

The tria ls  w ere co n d u c te d  in  goose-breeding fa rm s w h ere  in flam m atio n  
o f  th e  phallus h a d  o ccu rred  re g u la rly  an d  several m y co p la sm a  s tra in s  h ad  
b e e n  iso la ted  from  th e  p h a llic  ly m p h . T he sen sitiv ity  o f th e  iso la ted  s tra in s  to  
an tim y co p lasm a  d rugs w as ex am in ed  in  p re lim in ary  la b o ra to ry  te s ts . F ive 
m ed ica tio n  tria ls  w ere p e rfo rm ed . T ab le  I  shows th e  n u m b e r  o f layers and  
g an d e rs  in  th e  e x p e rim e n ta l a n d  co n tro l groups, th e  d a ta  o f  th e  s ta r t  an d  th e  
e n d  o f th e  exp erim en ts , th e  d rugs app lied  as well as th e ir  m ode o f app lica tion  
a n d  dose.

The goose flock  k e p t in  th e  sam e build ing  was d iv ided  in to  an  ex p erim en 
t a l  (trea ted ) and  a co n tro l g roup . To avoid  m ixing of th e  tw o  groups, th e  tw o 
p a r ts  of th e  bu ild ing  a n d  th e  ru n s  belonging to  th em  w ere  se p a ra te d  w ith  a 
w ire  m eshing. T he tw o  g roups w ere m anaged  and  fed  in  th e  sam e m anner.

P rio r to  th e  e x p e rim en t, th e  ganders were ex am in ed  in d iv id u a lly . The 
b ird s  showing clin ical sy m p to m s in d ica tiv e  of in fla m m a tio n  o f th e  phallus 
w ere  rem oved from  th e  flock . T o  com pensa te  for th e  rem o v ed  ganders, h e a lth y  
rep lacem en t ganders w ere ad d ed  to  th e  group.

M edication

T he birds o f th e  e x p e rim e n ta l g roups w ere tre a te d  w ith  d iffe ren t doses 
o f  th e  an tib io tics lis te d  in  T ab le  I  v ia  d rink ing  w a te r  o r feed , over various 
p e rio d s . The b ird s of th e  co n tro l g roup  received no tre a tm e n t .

M onitoring  the e fficacy o f  medication

The efficacy o f m ed ica tio n  w as follow ed up  b y  ex am in in g  severa l p a ra m 
e te rs .

Clinically apparent disease. T he  g an d er flock  was e x a m in e d  ind iv id u a lly , 
u su a lly  a t one-m onth  in te rv a ls . T he b ird s  exh ib iting  sy m p to m s in d ica tiv e  of 
in fla m m a tio n  of th e  ph a llu s  w ere reco rded  an d  rem oved  fro m  th e  flock. As fa r  
as possible, th e  rem o v ed  b ird s w ere rep laced  b y  h ea lth y  g an d e rs .

In fertility  and hatching rate o f  eggs. T he in fe rtility  r a te  a n d  th e  h a tch in g  
r a te  o f eggs collected in  th e  e x p e rim e n ta l an d  contro l g roups w ere checked for 
e a c h  b a tc h  of eggs p laced  in  th e  in c u b a to r, an d  were c a lc u la ted  fo r th e  w hole 
p ro d u c tio n  period.

Egg production. T h e  n u m b e r o f eggs produced  in  th e  p e rio d  betw een  th e  
in c u b a tio n  of tw o co nsecu tive  b a tch es  o f eggs was reco rded  se p a ra te ly  for th e  
tw o  groups in  each ex p e rim en t, an d  w as expressed  for one la y e r. I n  ad d itio n , 
th e  n u m b er of eggs p er lay e r in  th e  w hole p ro d u c tio n  p e rio d  w as de te rm ined .

M ateria ls  and  m ethods
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Table I

Design of th e  experim en ts

Groups Layers Ganders Drug, applied in drinking 
w ater

D ate o f treatm en t and dose 
(g/bird)

T reated 1066 320 Lincospectin 30 M arch-2  A pril (4 days), 0.43 g /b ird

I

Control 1245 320

T ylan 22-24  A pril (3 days), 0.36 g 
11-13 M ay (3 days), 0.43 g

I I

T rea ted 1096 382 D ynam utilin 26-29 Ju n e , 27-30 Ju ly , 20-23 A ugust, 
14-17 Septem ber, 11-14 O ctober,
11-14 N ovem ber, 10-13 D ecem ber 
(4 days each); 0.21 g

Control 1075 418

T rea ted 1200 350 D ynam utilin 24-31 J a n u a ry  (6 days), 0.14 g;

I I I Lincospectin 28 F e b ru a ry -2  M arch (3 days), 0.43 g; 
28 M arch-2  A pril (6 days), 0.21 g;

Control 1510 380 28 A pril-2  M ay (5 days), 0.25 g

IY

T rea ted 1034 414 Lincospectin 5 -6  Sep tem ber (2 days), 0.36 g; 8 -9  Sept. 
(2 days), 0.36 g; 28 O c t .- l  N ov. (4 days), 
0.36 g; 24-25 O ctober (2 days), 0.32 g

Control 1566 398

V

T rea ted 1828 558 T iam utin
(in th e  feed)

20 F e b .- l  M arch (10 days), 300 m g/kg 
feed; 20-30 M arch (10 days), 200 m g/kg 
feed

Control 1723 533

M ycoplasm a isolation and serological exam inations. In  ex p erim en t I , 
m ycop lasm a iso la tio n  w as a tte m p te d  from  th e  phallic  ly m p h  o f 20 ex p e rim en ta l 
an d  20 con tro l gan d ers  on days 14 an d  50 a f te r  beg inn ing  of th e  f irs t  t re a tm e n t. 
T he sam ples w ere collected accord ing  to  S cha lkház  e t al. (1982). T he ex a m in a 
tio n s w ere p erfo rm ed  as described p rev io u sly  b y  us (S tip k o v its  e t a l., 1975). 
M ycoplasm a iso la tes were id en tified  b y  ep ifluorescence (Y arga an d  S tip k o v its , 
1984). In  e x p e rim en t IV , 20 ex p erim en ta l a n d  20 con tro l ganders w ere selected  
from  w hich pha llic  ly m p h  sam ples w ere co llected  a t  m o n th ly  in te rv a ls  th ro u g h 
o u t th e  p ro d u c tio n  cycle. M ycoplasm a iso la tio n  from  these  sam ples was 
a tte m p te d  as described  above. Serum  sam ples w ere ta k e n  from  th e  sam e b ird s , 
also a t  m o n th ly  in te rv a ls , and  were checked  b y  th e  in d irec t lia em ag g lu tin a tio n  
te s t . F o r th is  p u rp o se , an tigens w ere p re p a re d  from  s tra in s  M. sp. 1220 an d  
M. sp. 1221, tw o  s tra in s  hav ing  d ifferen t b iochem ical an d  serological p ro p ertie s . 
T he te s t  w as done according to  th e  m e th o d  o f Cho e t al. (1976).
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S ta tistica l evaluation

T he resu lts  o b ta in e d  fo r th e  te s te d  a n d  co n tro l g roups w ere co m p ared  b y  
th e  X2 te s t. As reg a rd s  th e  n u m b er of a ffec ted  an d  succum bed b ird s, th e  la t te r  
w as re la ted  to  th e  n u m b e r  of geese a t  th e  beg inn ing  of th e  ex p e rim en t. E gg  
p ro d u c tio n  was e v a lu a te d  b y  re la tin g  th e  n u m b e r o f eggs collected  b e tw een  
th e  s ta r t  of tw o co n secu tiv e  in cu b a tio n s to  th e  n u m b er of “ egg d a y s”  (n u m b er 
o f  lay e rs  X n u m b er o f days) for th e  g iven period . E gg  p ro d u c tio n  fo r th e  w hole 
p ro d u c tio n  cycle w as e v a lu a te d  likew ise. To assess in fe rtility  ra te  an d  h a tc h in g  
ra te ,  th e  n u m b er o f in fe rtile  eggs an d  th a t  o f h a tch ed  eggs w ere com pared  
to  th e  n u m b er o f eggs p laced  in  th e  in c u b a to r.

Results
E xperim en t I

F rom  th e  s ta r t  o f  th e  ex p erim en t u p  to  th e  f irs t  clinical e x am in a tio n  of 
g an d e rs , 70 and  117 b ird s  becam e diseased  in  th e  exp erim en ta l an d  co n tro l 
g ro u p , respective ly  (T ab le  I I ) .  The a ffec ted  ganders w ere culled an d  rep laced  
b y  h e a lth y  b irds. F ro m  t h a t  tim e  u p  to  th e  end  of th e  ex p erim en t, 46 (13.53% ) 
a n d  97 (36.32% ) o f th e  ganders becam e affec ted  in  th e  ex p erim en ta l an d  
c o n tro l group, re sp ec tiv e ly . T here w as a s ta tis tic a lly  s ign ifican t difference 
b e tw e e n  th e  tw o g ro u p s in  th e  n u m b er o f a ffec ted  anim als.

A fte r d iv id ing  th e  flock  in to  tw o g roups a n d  tre a tin g  th e  ex p erim en ta l 
g ro u p , from  p o s t- tre a tm e n t d ay  12 u p  to  th e  conclusion of th e  ex p e rim en t th e  
in fe r t i l i ty  ra te  o f eggs co llected  in  th e  t r e a te d  group  was s ig n ifican tly  low er 
th a n  th a t  o f th e  eggs co llec ted  in  th e  co n tro l g roup  d u ring  th e  sam e period  
(T ab le  I I I ) .  F u r th e r , th e  h a tch in g  ra te  of eggs collected  from  th e  ex p e rim en ta l 
g ro u p  was s ig n ifican tly  h ig h er as com pared  to  th e  con tro l group . E gg  p ro d u c 
t io n  p e r layer w as also  h ig h er in  th e  t r e a te d  group .

A large p ro p o rtio n  o f  phallic  ly m p h  sam ples collected on p o s t- tre a tm e n t 
d a y s  14 and  50 y ie ld ed  m ycop lasm a iso la tes. N o s ta tis tic a lly  s ig n ifican t d iffer
ence ex isted  b e tw een  th e  exp erim en ta l an d  con tro l sam ples in  th e  r a te  of 
m y co p lasm a iso la tio n ; how ever, in  th e  t r e a te d  group a m ark ed  decrease 
(fro m  75.0 to  40% ) w as observed  in  th e  m y co p lasm a-p o sitiv ity  of th e  sam ples 
ta k e n  on p o s t- tre a tm e n t d ay  50, as co m p ared  to  th a t  o f sam ples ta k e n  on 
p o s t- tre a tm e n t d a y  14 (T able IV).

E xp erim en t I I

D y n am u tilin  t r e a tm e n t  also led to  a p ro n o u n ced  decrease in  th e  n u m b er 
o f  a ffec ted  ganders in  th e  m ed icated  group . B y  th e  end of th e  ex p erim en t 
3 4 .9 1 %  and  71.02%  o f th e  ganders becam e affec ted  w ith  in fla m m a tio n  of th e
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T ab le  I I

Effects o f Lincospectin and Tylan treatm ent in  the goose flock affected w ith inflam m ation
o f the phallus

Ganders Layers

Experim ental Control Experim ental Control

3 M arch

N um ber o f b irds a t  th e  s ta r t  o f 
experim ent 320 320 1066 1245

Sex ra tio 3.33 3.89

20 April

Clinical exam ination  
Affected

70 117 
(21 .88% ) (36 .56% ) 

P  <  0.01

N . E . N. E .

R eplacem ent 117 64 — —
Sex ra tio 2.90 4.66

1 Ju n e

Clinical exam ination  
Affected

46 97 
(13 .53% ) (36 .32% ) 

P  < 0 .0 1

N . E . N. E .

T otal:

T o ta l nu m b er o f birds 437 384 1066 1245
Sex ra tio 2.44 3.24
T o ta l n u m b er o f affected  birds 116 214 

(26 .54% ) (55 .23% ) 
P  <  0.001

N . E . N . E .

N. E . : N o t exam ined

phallus in  th e  tre a te d  an d  co n tro l g roup , respective ly  (T ab le  Y). N o difference 
could he observed  betw een  th e  tw o  g roups in  th e  in fe r t i l i ty  ra te  and  h a tc h in g  
ra te  o f eggs. A t th e  sam e tim e , egg p ro d u c tio n  of th e  t r e a te d  group exceeded 
th a t  of th e  con tro l group b y  0.79 egg p e r lay er; th e  d ifference  was sign ifican t 
(P  <  0.05).

E xperim en t I I I

Sim ilarly  as in  earlier ex p e rim en ts , egg p ro d u c tio n  o f th e  tre a te d  group  
increased  a fte r  D y n am u tilin  a n d  L incospectin  tre a tm e n t .  I n  3 of th e  16 egg- 
collection periods (26 F e b ru a ry , 21 an d  28 M arch) th e  n u m b er o f eggs p er 
lay er w as low er in  th e  tre a te d  th a n  in  th e  con tro l g ro u p ; in  all o th e r egg-col
lec tion  periods, how ever, i t  w as h ig h e r (in m ost cases s ig n ifican tly  h igher) in  
th e  tre a te d  g roup  as com pared  to  th e  contro l. T hus, also  egg p ro d u c tio n  cal-
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E ffe c t  o f L incospectin a n d  T y la n  tre a tm e n t on egg production , in fe r tility  ra te  and  hatch ing  
ra te  of eggs in  goose flocks affected  w ith  in flam m ation  o f th e  p hallu s

Table I I I

In fe r ti li ty  (% ) H atching  ra te  (% ) Egg production (n/layer)

S ta r t  o f incubation E xperi
m en ta l

C ontrol X 1
P <  0.01

Experi
m ental

Control X3
P  <  0.01

E xperi
m en ta l

Control X1
P  <  0.05

5 A pril 38.6 38.7 N.S. 54.5 53.9 N.S. 3.33 2.54
12 A pril 36.2 43.6 55.6 48.9 3.37 3.61
20 A pril 33.3 35.5 N.S. 58.9 54.9 2.43 2.05
27 A pril 27.0 32.5 65.4 59.2 1.94 1.80
5 M ay 24.0 35.7 68.4 55.6 2.19 1.22
11 M ay 23.3 37.8 69.4 54.6 2.16 1.87
17 M ay 26.8 38.9 65.8 52.7 2.02 1.73
25 M ay 35.4 47.8 56.1 45.7 2.19 1.80
5 J u n e 34.0 48.0 56.0 43.8 1.51 1.23

M ean  (for the
w hole production
cycle) 30.8 38.6 P  < 0 .0 1 58.6 50.7 P  < 0 .0 1 21.24 18.75 P < 0 . 0 1

N.S. =  no t sign ifican t

Table IV

R esu lts  of m ycoplasm a iso la tio n  a tte m p ts  from  th e  phallic  ly m p h  o f  L incospectin- and 
T y la n -tre a te d  and  con tro l ganders

N um ber of
Tim e of examination Group birds Positive N egative y8

examined

O n  d a y  14 after th e  C ontro l
beg inn ing  of trea tm e n t

E x p erim en ta l

19 12 (63 .16% ) 7

20 15 (75% ) 5

O n  d a y  50 after th e  C ontro l
beg inn ing  of trea tm e n t

E x p erim en ta l

14 9 (64.2% )

15 6 (40 .0% )

< 0 .0 5

c u la te d  for th e  w hole egg-collection  period  w as h igher in  th e  t r e a te d  group 
(T ab le  V I). In  ad d itio n , in  m ost o f th e  in cu b a tio n  cycles, eggs o f th e  tre a te d  
g ro u p  h ad  a s ig n ifican tly  low er in fe rtility  ra te  an d  a h igher h a tc h in g  ra te  th a n  
th o se  collected in  th e  c o n tro l group. These p a ram e te rs  w ere m ore favourab le  
in  th e  tre a te d  group also  w hen  re la ted  to  th e  w hole p ro d u c tio n  cycle.

D ue to  th e  low  n u m b e r  o f th e  sam ples exam ined , th e  re su lts  of m yco
p la sm a  isolation an d  sero logical exam in a tio n s w ere m o n ito red , u sing  cum ula
t iv e  d a ta  for th e  e n tire  p e r io d  of experim en t. T here  was no d ifference betw een  
th e  t r e a te d  and  co n tro l g ro u p  in  m ycop lasm a-iso la tion  re su lts  o b ta in e d  before 
th e  beginning of egg p ro d u c tio n  an d  before t re a tm e n t (in J a n u a ry  an d  F eb ru ary ,
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Table V

Effect o f  D ynam utilin treatm ent on inflam m ation of the phallus in ganders

Ganders Layers

Experim ental Control Experim ental Control

10 A ugust

N um ber o f b ird s a t  th e  s ta r t  o f the  
experim ent 385 418 1096 1575

Sex ra tio 2.85 3.76

12 Septem ber 

Clinical ex am ination 40 127 N .E . N .E .

Affected (10 .39% ) (38 .38% ) 
P  <  0.001

R eplacem ent 

Sex ra tio
127

3.18 3.76

10 O ctober

Clinical exam ination  
A ffected

24 98 N .E . 
(6 .23% ) (23 .44% )

P  <  0.001

N .E .

R eplacem ent 

Sex ra tio

39 128

3.04 3.51

18 N ovem ber

Clinical ex am in atio n  
A ffected

27 122 N .E . 
(7 .01% ) (29 .19% )

P  <  0.001

N .E .

Sex ra tio 3.29 4.83

19 D ecem ber

Clinical exam ination 38 131 N .E . N .E .
Affected (9 .87% ) (31 .32% ) 

P  <  0.001
Sex ra tio 3.71 8.08

T otal:

T otal num ber o f b ird s 424 673
Sex ra tio 2.58 2.34
T otal num ber o f  d iseased  brids 148 478 

(34.91% ) (71 .02% ) 
P  <  0.001

N .E . =  n o t  exam ined
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re sp ec tiv e ly ). F ro m  M arch  onw ards m y co p lasm as were iso lated  on s ig n ifican tly  
few er occasions in  th e  tre a te d  th a n  in  th e  co n tro l group (Table V II) .

The in d irec t h aem ag g lu tin a tio n  te s t ,  u sing  an tigens p re p a re d  from  th e  
tw o  M ycoplasm a  s tra in s , d em o n stra ted  an tim y co p lasm a  an tib o d ies  in  th e  
se ra  o f b irds. I n  D ecem b er and  J a n u a ry  th e  n u m b e r of positive  b ird s  w as low, 
th e n , para lle l w ith  th e  progression o f th e  p ro d u c tio n  cycle, th e  r a te  o f  sero- 
p o s it iv ity  increased . P a r tic u la r ly  th e  n u m b e r  o f b ird s positive to  s tr a in  M. sp.

T able  VI

E ffe c t o f D yn am u tilin  an d  L incospectin  tre a tm e n t o n  egg p roduction , in fertility  r a te  a n d  h a tch in g  
ra te  of eggs in  goose flocks affec ted  w ith  in flam m ation  of th e  phallu s

S ta r t  of 
incubation

In fe rtility  (%) H atch ing  ra te  (%) Egg production (n/layer)

Experi
m ental

Control X*
P  <  0.05

Experi
m ental

Control X 2
P  <  0.01

Experi
m ental

Control X2
P  <  0.01

9 F e b ru a ry 18.4 21.5 N.S. 47.1 44.4 N.S. 0.96 0.46
22 F e b ru a ry 21.1 27.0 67.1 42.9 1.31 0.96
26 F e b ru a ry 18.7 20.1 N.S. 60.9 52.7 0.96 1.15
29 F eb ru a ry 17.8 17.7 N.S. 62.1 54.9 1.22 0.86
4 M arch 20.4 13.3 66.2 53.4 1.22 0.69
7 M arch 17.6 7.8 67.2 56.2 1.31 0.86
11 M arch 5.6 21.2 64.1 64.3 N.S. 1.91 0.80
14 M arch 9.5 16.0 72.3 52 .4 1.31 0.86
18 M arch 11.3 17.2 75.0 58.7 1.83 0.86
21 M arch 11.7 13.6 N.S. 73.5 67.6 1.22 0.86
25 M arch 15.6 14.1 N.S. 69.4 70.9 N.S. 0.35 1.03
28 M arch 12.3 14.1 N.S. 74.8 71.6 N.S. 0.70 0.46
4 A pril 12.0 13.6 67.3 65.8 N.S. 1.31 0.80
11 A pril 12.6 16.2 70.9 65.0 1.65 0.63
18 A pril 11.5 14.3 54.2 64.8 0.96 0.80 N.S.
25 A pril 13.0 14.0 N.S. 74.0 73.8 N.S. 0.96 0.69

M ean 13.8 16.3 P  <  0.001 67.1 60.1 P  <  0.001 16.50 13.00 P  <  0.001

N .S. =  n o t s ig n ifican t

Table V II

E ffect o f D y n a m u tilin  and  L incospectin  t re a tm e n t  on m ycoplasm a iso la tio n

Experim ental Control
X1

Examined Positive Exam ined Positive

Ja n u a ry 19 1 0 20 14 N.S.

J  a n u a ry -F  e b ru a ry 39 27 38 32 N .S.

J  an u ary -M arch 57 36 56 45 P  <  0.05

J  an u ary -A p ril 75 47 72 55 P  <  0.05

N.S. =  n o t s ig n ifican t
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1220 w as high, w hile m uch  few er b ird s show ed seroconversion  to  s tra in  M. sp. 
1221. In  th e  in itia l period  o f p ro d u c tio n  th e re  w as no  d ifference betw een  th e  
tre a te d  an d  con tro l g roup  in  th e  n u m b er of b ird s  re sp o n d in g  to  m ycoplasm a 
an tigen . O n th e  o th e r h an d , la te r  on th e  n u m b er o f po sitiv e ly -reac tin g  b irds 
was sign ifican tly  low er in  th e  m ed ica ted  group th a n  in  th e  co n tro l (Table V III ) .

E xperim ent I V

T re a tm e n t o f geese w ith  L incospectin  red u ced  th e  incidence of th e  
disease to  h a lf  o f t h a t  fo u n d  fo r th e  con tro l g roup  (19.89 an d  37.75% , re 
sp ective ly ; T able IX ). E gg  in fe r tility  ra te  was s ig n ifican tly  low er, while h a tc h 
ing ra te  sig n ifican tly  h igher, in  th e  ex p erim en ta l g roup  th a n  in  th e  con tro l. 
This difference h a d  ex is ted  a lread y  a t  th e  s ta r t  o f th e  ex p erim en t.

E xperim ent V

I n  th e  ex p e rim en ta l g roup  tre a te d  w ith  T ia m u tin  on ly  44 b irds (7 .89% ) 
show ed sym ptom s in d ica tiv e  o f in flam m atio n  o f th e  p h a llu s , w hile in  th e  con tro l 
group 188 b irds (35.27% ) w ere affected . T he difference is s ig n ifican t (P  <  0.05). 
E gg p ro d u c tio n  show ed flu c tu a tio n s  betw een  th e  s ta r t in g  d a te s  o f consecutive 
in cu b a tio n s. P eriods in  w hich  egg p ro d u c tio n  w as h ig h er in  th e  ex p erim en ta l 
th a n  in  th e  con tro l g roup  o ccu rred  w ith  ap p ro x im a te ly  th e  sam e freq u en cy  as

Table V III

Effect o f Dynam utilin • - Lincospectin treatm ent on the seroconversion of geese

M o n th s  o f  e x am in a tio n
E x p e r im e n ta l C o n tro l

T ested P o s itiv e T e s te d P o s itiv e

Decem ber-J anuary 1221
1220

N.T.
40 21

N.T.
40 23 N.S.

Decem ber-F ebruary 1221 59 4 58 12 P  <  0.05
1220 59 39 58 40 N.S.

December-March 1221 77 5 76 20 P  <  0.001
1220 77 40 76 54 P  <  0.05

December-April 1221 95 10 92 24 P C 0 .0 1
1220 95 51 92 63 P  <  0.05

Decem ber-M ay 1221 108 13 107 29 P  <  0.01
1220 108 55 107 72 P  <  0.05

N.T. =  not tested  
N.S. =  not significant
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Table IX

Effect o f Lincospectin against inflam m ation of the phallus in ganders

G an d ers L a y e rs

E x p e r im e n ta l  C on tro l E x p e r im e n ta l  C ontro l

10 August

Num ber of birds at the start o f the 
experim ent 414 398 1034 1566

Sex  ratio 2.50 3.93

12 September

Clinically affected 40 127 
(9.66% ) (31.91% ) 

P <  0.001

N .E . N.E.

Replacem ent 

Sex  ratio

62 136

2.62 3.41

10 October

Clinically affected 30 98 
(6.88% ) (24.08% ) 

P <  0.001

S ex  ratio 3.01 4.22

T otal:

T otal no. of birds 352 596 1034 1566

S ex  ratio 2.94 2.63

T otal no. of diseased birds 70 225 
(19.89% ) (37.75% ) 

P  <  0.01

th o se  in  w hich th e  c o n tro l g roup  h a d  h ig h e r egg p ro d u c tio n . H ow ever, tak in g  
in to  considera tion  th e  w hole egg p ro d u c tio n  period , th e  n u m b e r  o f eggs p er 
la y e r  was 28.20 in  th e  co n tro l an d  29.25 in  th e  ex p erim en ta l g roup . E v a lu a tin g  
th e se  d a ta  b y  th e  te s t ,  a s ig n ifican t difference was estab lish ed  in  fav o u r of 
th e  tre a te d  group .

The in fe r tility  r a te  of eggs w as low er in  th e  t r e a te d  th a n  in  th e  con tro l 
g ro u p  in  a lm ost all egg-collection  periods (T able X ). T h u s, th e  in fe r ti l i ty  ra te  
ca lcu la ted  for th e  w hole egg -p roduction  period  was s ig n if ican tly  low er in  th e  
tr e a te d  th a n  in  th e  co n tro l g roup . A t th e  sam e tim e , ex cep t fo r tw o  b a tch es of 
eggs, in  th e  tre a te d  g roup  th e  h a tc h in g  ra te  of eggs w as s ig n if ican tly  h igher 
th a n  in  th e  con tro l. T h is w as re flec ted  also in  th e  d a ta  ca lc u la ted  fo r th e  w hole 
p ro d u c tio n  cycle.
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Table X

E ffect o f  Tiamutin treatm ent on egg production, infertility rate and hatching rate o f eggs in 
goose flocks affected w ith inflam m ation o f the phallus

S ta r t  o f  
in c u b a tio n

In fe r ti l i ty  r a te  (% ) H a tc h in g  r a t e  (% ) E gg p ro d u c tio n  (n /lay er)

E x p e ri
m en ta l

C o n tro l X*
P  <  0.001

E x p eri
m en ta l

C on tro l X*
P  <  0.001

E x p e r i
m e n ta l

C ontro l X*
P  <  0.001

16 February 14.4 18.0 75.4 73.9 N.S. N .E . N .E .
23 February 13.6 17.7 74.5 73.2 N.S. 1.12 1.44
27 February 11.4 14.6 78.1 75.1 1.50 1.87

3 March 10.4 13.8 79.7 76.7 1.36 1.36 N.S.
6 March 10.5 10.5 N.S. 77.5 77.0 N.S. 1.14 0.98

10 March 10.5 10.5 N.S. 77.5 77.0 N.S. 1.14 0.98
13 March 8.8 13.2 77.1 77.0 N.S. 1.09 0.77
16 March 8.8 13.2 77.1 74.0 1.09 1.21
17 March 9.8 13.4 76.9 74.7 N.S. 0.73 0.76 N.S.
20 March 10.9 13.9 79.2 74.4 0.93 1.23
24 March 9.8 12.2 77.8 76.8 N.S. 1.51 1.02
26 March 10.4 13.5 76.9 71.5 1.21 1.64
31 March 9.4 14.1 77.6 73.8 1.37 1.64

3 April 10.2 13.7 79.2 75.4 1.11 1.03
6 April 7.1 15.5 79.8 72.0 0.82 0.72
7 April 11.1 12.7 78.4 76.0 N.S. 0.73 0.67

13 April 9.3 15.7 75.0 72.3 1.36 1.44
14 April 11.0 15.2 75.8 70.3 0.78 1.14
17 April 10.5 15.8 78.0 75.1 1.11 1.08 N.S.
21 April 10.2 14.0 74.8 68.8 1.29 0.94
24 April 9.2 15.9 78.5 72.2 0.82 0.92
28 April 16.6 16.4 N.S. 72.5 74.6 N.S. 1.17 1.13 N.S.

1 May 10.9 19.6 75.2 67.5 0.95 1.01
8 May 16.5 21.5 N .E. N .E . 1.87 1.71

15 May 16.9 24.8 N.E. N.E. 1.05 0.96
21 M ay 14.7 28.5 N.E. N .E . 0.43 0.25
22 May 22.5 29.6 N.E. N.E. 0.86 0.07 N.S.
28 May N.E. N .E . N.E. N.E. 0.55 0.36

Mean 11.4 17.07 P <  0.001 78.16 76.77 P <  0.001 29.25 28.20 P <  0.001

N .E . =  not exam ined, N .S. =  not significant

D iscussion

As in d ica ted  b y  th e  p resen ted  d a ta , in  th e  goose flocks tre a te d  w ith  th e  
an tim y co p lasm a  d rugs app lied , th e  incidence of in f la m m a tio n  of th e  phallus 
o f ganders decreased  b y  som e 50% , a fac t p ro v in g  th e  efficacy  of th e  said  
an tib io tic s  aga in st th e  disease. T his efficacy  w as p re su m a b ly  due to  red u c tio n  
o f th e  m ycop lasm a in fec tion  ra te , re flec ted  b y  resu lts  o f m ycop lasm a iso la tion  
a n d  serological ex am in a tio n s perfo rm ed  s im u ltan eo u sly  w ith  th e  tre a tm e n ts . 
T re a tm e n t re su lted  in  a decreased  ra te  o f m ycop lasm a iso la tio n  from  phallic  
ly m p h  sam ples an d  a s im u ltaneous drop in  th e  n u m b e r o f b ird s  seroconverted  
to  m ycop lasm a in  th e  tre a te d  group . H ow ever, in  acco rdance  w ith  experiences
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g a in e d  in  o th e r species o f an im als, tre a tm e n t fa iled  to  re su lt in  a  fin a l e rad ica tio n  
o f  m y co p lasm a infec tion . T h e  fa ilu re  m ig h t h av e  been due  to  th e  fa c t t h a t  th e  
a p p lie d  an tib io tics d id  n o t  reach  su ffic ien t co n cen tra tio n  in  th e  phallic  ly m p h  
o r, fo r  la ck  of experience, th e  app lied  doses w ere su b o p tim a l o r th e  ro u te  of 
a p p lic a tio n  in ad eq u a te . A n tib io tic  t r e a tm e n t resu lts  in  a decreased  ra te  of 
c lin ica lly  ap p a ren t d isease a n d  red u ced  incidence o f m yco p lasm a in fec tio n ; 
h o w ev er, i t  does n o t co m p le te ly  e rad ica te  in fla m m a tio n  o f th e  p ha llu s and  
m y co p la sm a  infection  fro m  th e  flock . T he resu lts  o f m ed ica tio n  tr ia ls  fu rn ish  
in d ire c t  evidence o f an  aetio log ica l role o f m ycop lasm as in  in f la m m a tio n  o f th e  
p h a llu s  o f geese.

In  earlier s tud ies (S tip k o v its  e t ah , 1984), m ycop lasm a in fec tio n  o f  geese 
w as con firm ed  to  h av e  an  aetio logical ro le in  a irsaccu litis  an d  p e rito n itis , 
in fe r t i l i ty  of eggs, an d  e a rly  em bryon ic  m o rta lity ; fu rth e rm o re , its  v e rtic a l 
sp re a d  v ia  th e  egg w as e s tab lish ed . In  th e  p re sen t ex p erim en ts , t r e a tm e n t w ith  
th e  ap p lied  an tim y co p lasm a  drugs re su lted  in  a decreased  in fe r tility  r a te  an d  
a n  in c rea sed  ha tch in g  r a te , suggesting  th a t  th e  benefic ia l effect o f th ese  drugs 
m ig h t be due to  th e ir  e fficacy  ag a in st m ycoplasm as. T he resu lts  su p p o rt th e  
h y p o th e s is  th a t  in f la m m a tio n  o f th e  p ha llu s and  th e  re la te d  increase in  egg 
in fe r t i l i ty  and  red u c tio n  in  egg p ro d u c tio n  can  be a t tr ib u te d  to  m ycop lasm a 
in fe c tio n . This is s u b s ta n tia te d  b y  ou r o b se rva tions accord ing  to  w hich  m yco
p la sm a s  could be iso la ted  also from  eggs collected  in  o th e r  goose flocks affec ted  
w ith  in flam m atio n  o f th e  phallu s.
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P H A R M A C O K IN E T IC S  O F  A M P IC IL L IN  A N D  
A M O X Y C IL L IN  I N  BUB ALUS BU  BALIS  

F O L L O W IN G  IN T R A M U S C U L A R  
A D M IN IS T R A T IO N
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D epartm ent of Pharm acology, College of Veterinary Science, Punjab Agricultural U n iversity ,
Ludhiana-141 004, India

(R eceived May 6, 1985)

The pharm acokinetics o f am picillin and am oxycillin  was studied in  buffalo  
calves following a single intramuscular adm inistration (10 m g/kg). The values o f the  
half-life for the absorption phase o f am picillin (15.4 ±  1.8 m in) and am oxycillin  (21. 8 ±  
4.3 m in) showed rapid absorption. The elim ination half-life o f am picillin was 1.93 ±  0.28 
h and th a t o f am oxycillin  was 2.42 ±  0.27 h. The apparent volum es o f distribution of  
am picillin and am oxycillin  were 0.97 ±  0.10 and 0.68 ±  0.04 L/kg, respectively. The 
to ta l body clearance, which is the sum  of all clearance processes, w as 1.8-fold higher  
for am picillin than for am oxycillin . The bioavailab ility  o f am picillin was 56 ±  2.9%  
and that o f am oxycillin  was 47 : 4.4% . T w enty % o f  the am picillin and 18% o f the  
am oxycillin were bound to serum proteins at concentrations ranging from 2 to 20 /tg/m l. 
On tbe basis o f pharm acokinetic values, satisfactory intram uscular dosage regim ens 
would be 13 m g am picillin and 10 m g am oxycillin /kg body m ass, which should be 
repeated at an interval o f 6 and 8 h, respectively.

Keywords. Pharm acokinetics, am picillin, am oxycillin , in  vitro, serum protein  
binding, buffalo, calves.

A m picillin  an d  am oxycillin  are v a lu ab le  sem isy n th e tic  penicillins b e 
cause o f th e ir  clin ical effectiveness against a w ide range  o f b ac te ria l in fections 
in  a v a r ie ty  o f dom estic  an im als (B yw ater, 1982; H u b e r, 1982). P h a rm a c o k i
netics o f am picillin  an d  am oxycillin  has been  in v e s tig a te d  in  c a ttle  an d  sheep 
(C haleva, 1977, 1981a; R u th e rs  e t ah , 1980; C arli e t a l., 1981; P a lm er an d  
B y w ate r, 1982; S ta n to n  e t al., 1982), horses (P u g h , 1977: Y eom an , 1977; 
Beech e t ah , 1979; K eefe e t ah, 1980) an d  sw ine (C haleva, 19816). H ow ever, 
such in fo rm atio n  on th ese  an tib io tics is n o t ava ilab le  in  buffalo  species. P h a r 
m acok inetic  s tud ies o f an tim icrob ia ls  w hich p ro v id e  a basis fo r d e te rm in a tio n  
of th e ir  op tim a l dosage regim ens are re le v a n t in  an im als in  w hich th e  drugs 
are to  be used  clin ically . A ccordingly, th e  p re se n t s tu d y  w as u n d e rta k e n  to  
in v es tig a te  th e  k in e tic  d isposition  an d  dosage of am picillin  an d  am oxycillin  
in  B ubalus bubalis a f te r  a single in tra m u sc u la r  a d m in is tra tio n . T he serum  p ro 
te in  b in d in g  (in v itro ) o f am picillin  an d  am oxycillin  w as also de te rm ined .

* Correspondence should be addressed to Dr. J. K . Malik. Present address: D epartm ent of  
Pharm acology, College of Veterinary Science, Gujarat Agricultural U niversity, A nand-388 001 
(Gujarat), India
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M aterials an d  m ethods

A n im a ls  and treatm ent

E x p erim en ts  w ere  co n d u c ted  on 8 h e a lth y  m ale buffa lo  calves w eighing 
80—123 kg. The an im als  w ere housed  in  d e p a rtm e n ta l an im al shed  w ith  concrete  
f lo o r  an d  were k e p t  on  green fodder o f th e  season  an d  w h e a t s traw . T he w a te r 
w as  p rovided  ad  lib itu m . A m picillin  as am picillin  sod ium  (In g a  P h a rm a 
ceu tica ls , B om bay) a n d  am oxycillin  as am oxycillin  sod ium  (B eecham  L abs, 
B ris to l, Tenn) w ere each  in jec ted  in tra m u sc u la r ly  in  a single dose o f 10 m g/kg 
b o d y  m ass to  tw o  g ro u p s  of 4 an im als each .

E xperim en ta l and assay procedures

Blood sam ples w ere  co llected  b y  ju g u la r  v e n ip u n c tu re  a t  0, 15, 30, 45 
m in  and  1, 1.5, 2, 3, 4 , 6, 8, 12 an d  24 h  a f te r  th e  a d m in is tra tio n  o f an tib io tic s . 
T h e  serum  was s e p a ra te d  soon a f te r  its  re lease an d  w as c leared  b y  cen tr ifu g a 
tio n . The co n cen tra tio n s  o f am picillin  an d  am oxycillin  in  se ru m  sam ples w ere 
d e te rm in ed  b y  a m icrobio logical assay  m e th o d  using  Sarcina  lutea  (ATCC 
9341) as te s t  o rg an ism  (A rre t e t al., 1971).

The in  v itro  se ru m  p ro te in  b in d in g  o f am picillin  an d  am oxycillin  a t  2, 
5 , 10 and  20 /tg/inl co n cen tra tio n s  w as d e te rm in ed  b y  th e  equ ilib riu m  dialysis 
te c h n iq u e  (K u n in  e t  a l., 1959; K u n in , 1965). Serum  co llected  from  3 an im als 
w as pooled and  3 s e p a ra te  ex p erim en ts  w ere carried  o u t fo r each  co n cen tra tio n  
o f  d rug .

P harm acokinetic procedures

Serum  d ru g  co n cen tra tio n s  p lo tte d  on sem ilogaritlim ic scale as a fu n c tio n  
o f  tim e  were describ ed  b y  o n e -co m p artm en t open m odel. Serum  c o n c e n tra 
t io n - t im e  d a ta  w ere an a ly sed  se p a ra te ly  fo r each  ex p erim en ta l an im al. T h e  
p h a rm aco k in e tic  v a lu e s  w ere ca lcu la ted  b y  th e  m eth o d  described  b y  G ibald i 
a n d  P errie r (1975). B ased  on these  d a ta , o p tim a l dosage reg im ens o f am pic il
lin  an d  am oxycillin  fo r buffalo  species w ere determ ined .

R esults

S e ru m  concentrations a n d  serum  protein  b ind ing

T able I  show s th e  serum  levels o f am picillin  an d  am oxycillin  a t  v a rious 
tim e  in te rva ls  a f te r  th e ir  single in tra m u sc u la r  a d m in is tra tio n  (10 m g/kg). 
A ppreciab le  levels o f  am pic illin  (5.25 i  0.17 pg /m l)  a n d  am oxycillin  (5.85 ^  
i  0.53 jUg/ml) w ere d e te c te d  in  serum  15 m in  a fte r  in jec tio n . T he p e a k  serum
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co n cen tra tio n s (Cmax) of am picillin  (10.6 ^  1.02 pg/m l) an d  am oxycillin  
(10.2 i  0.52 /ig/m l) w ere d e tec ted  a t  30 m in . C on cen tra tio n  o f drugs in  se ru m  
declined to  less th a n  0.2 pg/m l a t  6 h  a f te r  tre a tm e n t.

T h e  resu lts  on in  v itro  serum  p ro te in  b ind ing  of am pic illin  an d  am o x y c il
lin  a t  d iffe ren t serum  con cen tra tio n s are  show n in  T ab le  I I .  A m picillin  a n d  
am oxycillin  w ere b o u n d  to  th e  e x te n t  o f  18.8 ^  1.4 to  21.4 1.8 an d  17.2 ^
i  0.8 to  19.1 i  1-7%  w ith  overall m ean  of 20.4 an d  18 .1% , respective ly .

D isposition  kinetics

T h e values o f k inetic  p a ra m e te rs  w h ich  describe d isposition  of d ru g s a re  
p re sen ted  in  T ab le  I I I .  The half-life fo r  a b so rp tio n  an d  e lim in a tio n  of am p ic il
lin  w ere 15.4 ^  1.8 m in  an d  1.93 i  0.28 h  an d  th e  re sp ec tiv e  values fo r

T able  I

Concentrations of ampicillin and am oxycillin in  serum of buffalo calves after a single intram uscular
injection o f 10 m g/kg body mass

Tim e A m p icillin A m oxycillin

15 min 5 .2 5 ± 0 .1 7 5 .8 5 ± 0 .5 3
30 min 10.6 ± 1 .0 2 10 .24± 0 .52
45 min 7 .9 6 ± 0 .2 2 8 .8 6 ± 0 .9 3

1 h 6 .3 4 ± 0 .2 7 7 .7 9 ± 1 .0 1
1.5 h 5 .0 6 ± 0 .4 I 5 .8 4 ± 0 .3 9

2 h 3 .6 9 ± 0 .1 7 4 .2 1 ± 0 .2 5
3 h 2 .8 4 ± 0 .1 9 3 .5 6 ± 0 .4 1
4 h 1 .7 0 ± 0 .1 3 1 .27± 0 .61
6 h 0.164-0.008 0 .1 7 ± 0 .0 2
8 h 0 .1 2 ± 0 .0 0 7 0 .1 3 ± 0 .0 1

12 h 0 .1 0 ± 0 .0 0 6 0 .0 9 ± 0 .0 0 4

Values given are expressed as /tg/m l and represent the mean ±  SE o f the results obtained  
from 4 animals

T ab le  I I

Am picillin and am oxycillin protein binding (in vitro) in buffalo serum

D ru g

D rug
E x te n t  o f  b in d in g  in  se ru m (%  bou n d )

co n cen tra 
tio n

E x p e r im e n t N o.
M ean  +  SE

(p b /™1) 1 2 3

Ampicillin 2 18.4 24.5 21.35 21 .4 2 ± 1 .7 6
5 19.5 23.25 20.45 2 1 .07± 0 .92

10 22.3 17.95 21.0 2 0 .4 2 ± 1 .2 9
20 19.0 21.5 16.0 1 8 .83± 1 .38

Am oxycillin 2 21.25 19.3 14.5 18 .35±2.01
5 18.25 16.6 22.45 19.1 ± 1 .7 4

10 13.0 17.65 22.75 17.8 ± 2 .8 2
20 17.5 18.35 15.7 17 .18±0 .78
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T able  I I I

Disposition kinetics o f am picillin and am oxycillin in  buffalo calves following a single intramuscular
adm inistration (10 m g/kg)

P a ra m e te r* U n it A m p icillin A m o x y c illin

K a m in -1 0 .0 4 8 ± 0 .0 0 6 0.035 ± 0 .0 0 6
4 / 2 Ka m in 15.40 ± 1 .8 5 21.81 ± 4 .3 2в [lg  ■ m l - 1 7.53 ± 0 .5 8 7.73 ± 0 .7 0
ß h - 1 0 .3 8 3 ± 0 .0 5 7 0 .2 9 8 ± 0 .0 3 4
hhß h 1.93 ± 0 .2 8 2.42 ± 0 .2 7
A rea u g  • m l_1X m m 12 8 8 ± 6 2 .9 1421 ± 9 3 .5

L • k g - 1 0.97 ± 0 .1 0 0.68 ± 0 .0 4
L1B m l • m in 1 • kg 1 6.14 ± 1 .0 8 3.41 ± 0 .5 3
F 0//0 56.49 ± 2 .8 6 47.32 ± 4 .3 9

Values given are th e  m ean ±  SE for 4 anim als. a K inetic parameters have been described 
b y  Gibaldi and Perrier (1975)

am oxycillin  w ere 21 .8  %  4.3 m in an d  2.42 +  0.27 h . T he e s tim a te  for a p p a re n t 
vo lu m e of d is tr ib u tio n  w hich re la tes th e  d ru g  co n cen tra tio n  in  serum  to  th e  
to ta l  am oun t of d ru g  in  body  a fte r d is tr ib u tio n  equ ilib rium  has been  a tta in e d  
w as h igher for a m p ic illin  (0.97 i  0.10 L /kg) th a n  fo r am oxycillin  (0.68 ^
0.04 L/kg). On th e  b as is  of th e  a rea  u n d e r  th e  serum  c o n c e n tra tio n -tim e  
curves and  e lim in a tio n  ra te  co n stan ts  o f  d rugs a fte r  in tra m u sc u la r  an d  in t r a 
ven o u s tre a tm e n ts , i t  w as ca lcu la ted  t h a t  56 .5%  of am picillin  and  47 .3%  o f 
am oxycillin  w ere ab so rb e d  from  th e  in tra m u sc u la r  a d m in is tra tio n  sites.

D iscussion

T he serum  d ru g  c o n c e n tra tio n -tim e  p ro files of am picillin  an d  am oxycillin  
in d ic a te d  th a t  b o th  d ru g s are ra p id ly  ab so rb ed  follow ing in tra m u sc u la r  in 
je c tio n  in  buffalo  species. This is fu r th e r  su b s ta n tia te d  b y  th e  low  values o f 
a b so rp tio n  half-life o f  th ese  an tib io tics  e s tab lish ed  in  th e  p re sen t s tu d y . R e l
a tiv e ly  sho rt e lim in a tio n  half-life of am p ic illin  (1.93 h) as com pared  to  am o x y 
cillin  (2.42 h) in d ic a te d  a slower e lim in a tio n  of th e  la t te r  d rug  in  buffaloes. 
T h e  values of e lim in a tio n  half-life of am p ic illin  and  am oxycillin  estab lished  in  
th e  p resen t s tu d y  a re  2 .6-3 .2-fo ld  longer th a n  th a t  re p o rte d  in  cows. In  cows, 
e lim in a tio n  half-life o f  these  an tib io tics h a s  been  rep o rted  as 45 m in  (Ziv an d  
N ouw s, 1979).

The higher v a lu e  o f  ap p a ren t vo lum e o f d is tr ib u tio n  (Vd(area)) o f am pic il
lin  th a n  am oxycillin  suggests a b e tte r  p e n e tra tio n  of th e  fo rm er d ru g  in  th e  
b o d y  of buffaloes. I n  com parison to  am pic illin , th e  values of to ta l  b o d y  
c learance  of am o x y c illin  were low er due  to  its  low  values of e lim in a tio n  ra te  
c o n s ta n t (ß) an d  Vd(area>- L °r  ca lcu la ting  th e  b io av a ilab ility , th e  values of th e
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to ta l  a rea  u n d e r th e  cu rve  (AUC) a n d  ß  estab lished  in  th e se  an im als follow ing 
a  single in trav en o u s  in jec tio n  o f  am picillin  ( 1 0  m g/kg) a n d  am oxycillin  
(10 m g/kg) 3 w eeks p rio r to  th e  p re se n t s tu d y  were also em ployed . T he frac tio n s  
o f  am picillin  an d  am oxycillin  ab so rb ed  or th e  b io a v a ila b ility  follow ing in t r a 
m u scu la r a d m in is tra tio n  w ere ca lcu la ted  to  be 56 an d  4 7 %  R espectively .

T he in  v itro  p ro te in  b in d in g  s tu d ies  revealed  th a t  am pic illin  an d  am o x y 
cillin  w ere b o u n d  to  buffalo  serum  to  th e  ex ten t of 20 .4  a n d  18.1% , re sp ec 
tiv e ly . S im ilar serum  p ro te in  b in d in g  o f these  an tib io tic s  h a s  been  re p o rte d  in  
bov ines (P a lm er a n d  B y w ate r, 1982). Conversely, th e  b in d in g  o f am pic illin  
w ith  horse serum  has been  re p o rte d  to  be v e ry  low, ra n g in g  betw een  6 . 8  an d  
8 %  (D urr, 1976).

T he p h arm aco k in e tics  an d  su itab le  dosage reg im en  of a d ru g  are  b e s t 
d e te rm in ed  in  th e  an im als an d  e n v iro n m en t in  w hich th e  d ru g  is to  be used  
clin ically . T he h ig h er v a r ia tio n  in  p h arm aco k in e tic  b e h a v io u r  o f am pic illin  a n d  
am oxycillin  in  buffaloes th a n  th a t  re p o rte d  in  c a ttle  fu r th e r  n ecessita tes th e  
ca lcu la tio n  of o p tim a l dosage reg im ens of these an tib io tic s  fo r buffaloes on  th e  
basis  of k inetic  va lues as es tab lish ed  in  th e  p resen t s tu d y . A m picillin  an d  a m o x y 
cillin  have  an  essen tia lly  id en tica l an tib ac te ria l sp e c tru m  w ith  o n ly  few 
excep tions an d  a co n cen tra tio n  o f 1.5 /ig/m l is u su a lly  considered  m in im um  
in h ib ito ry  co n cen tra tio n  (MIC) fo r b o th  an tib io tics (M andell an d  S ande, 1980; 
B y w a te r, 1982). A ccordingly , in tra m u sc u la r  dosage reg im ens based  on  th e  
desirab le  m in im um  co n cen tra tio n  o f drugs in  serum  (1.5 /.ig/ml) h av e  been  
ca lcu la ted  b y  th e  fo rm ula ,

„  . B e"*
F 1 -  e - *

w here  Cp m in  is th e  m in im um  desirab le  co n cen tra tio n  o f  th e  d rug  in  se rum , 
В is zero-tim e in te rc e p t of serum  d ru g  co n cen tra tio n  a n d  e rep resen ts  th e  base  
o f n a tu ra l lo g a rith m , ß  is e lim in a tio n  ra te  co n stan t a n d  t  is th e  tim e . O n th is  
basis, sa tis fac to ry  in tra m u sc u la r  dosage regim ens w o u ld  com prise 13 m g 
am picillin  and  1 0  m g am oxycillin /kg  b o d y  m ass re p e a te d  a t  an  in te rv a l o f 
6  an d  8  h , respective ly .
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(R eceived  J u ly  15, 1985)

P harm aco k in e tic s  and  b iochem ical effects o f d iace ty l m onoxim e (D A M ) w ere 
in v es tig a te d  in  m ale buffalo  calves a f te r  single in tra v en o u s  a d m in is tra tio n  (15 m g /k g  
b o d y  m ass). T he tim e-course  o f p lasm a  DAM  c o n cen tra tio n s  w as a d eq u a te ly  described  
b y  a tw o -co m p artm en t open m odel. A t 1 m in  o f a d m in is tra tio n , th e  p eak  p lasm a  DAM  
level w as 53 ±  2 //c ml. T he e lim in a tio n  half-life , a p p a re n t vo lum e of d is tr ib u tio n  an d  
to ta l  b o d y  clearance w ere 4.4 ±  0.03 h , 0.76 ±  0.08 L /k g  an d  120 ±  14 m l/h /k g , 
re sp ec tiv e ly . DAM did n o t a lte r  th e  ac tiv itie s  o f e ry th ro c y te  cho linesterase , p lasm a  
ch o linesterase  and  serum  acid  p h o sp h a ta se , a n d  in d u ced  no a p p a re n t to x ic ity . DAM  
e le v a te d  th e  serum  levels o f ca rb o x y les te rase , a sp a rta te  am in o tran sfe rase  an d  a lan in e  
a m in o tran sfe ra se , w hereas i t  low ered th e  levels o f serum  la c ta te  dehydrogenase . T he 
a lte re d  serum  enzym e ac tiv ities  re tu rn e d  to  th e ir  co n tro l va lues w ith in  12 h  o f a d m in 
is tra tio n  of DAM.

K eyw ords. D iace ty l m onox im e, p h arm aco k in e tic s , b lood  enzym es, p lasm a  
p ro te in  b ind ing , buffalo , in  v itro .

Acta Veterinaria Hungarica 34 (3  —  4), pp. 231—238 (1986)

T he use o f oxim e re a c tiv a to rs  in  co n ju n c tio n  w ith  a tro p in e  c o n s titu te s  
an  efficacious th e ra p y  ag a in st o rg an o p h o sp h a te  po isoning  in  m an  a n d  a  v a 
r ie ty  o f  an im al species (C lem ent, 1979; B oskovic e t a l., 1980; C larke e t  al., 
1981). T h e  th e ra p e u tic  effect o f oxim e re a c tiv a to rs  is d ep en d en t, am ong o th e r 
fac to rs , on th e ir  levels in  blood an d  ta rg e t  o rgans. F o r co m p u tin g  th e  o p tim a l 
th e ra p e u tic  regim en, p h arm aco k in e tics  of d iffe ren t oxim e re a c tiv a to rs  h av e  
been  in v e s tig a te d  in  m an  (Ja g e r e t a l., 1958; B a rk m a n  e t al., 1963, S idell an d  
Groff, 1970; 1971; Sw artz  an d  S idell, 1974) an d  la b o ra to ry  an im als (D u ltz  
e t al., 1957; D as G u p ta  e t al., 1979; M oorthy  e t al., 1981). H ow ever, such  in fo r
m atio n  on d iace ty l m onoxim e (DAM ), an  oxim e re a c tiv a to r  know n to  re a d ily  
p e n e tra te  th e  b lood—b ra in  b a rrie r  a n d  re a c tiv a te  ace ty lcho linesterase  enzym e 
in  th e  c e n tra l nervous system  (T ay lo r 1980), is ab so lu te ly  lack ing  in  bu ffa lo  
species. R ecen tly  DAM  has been  re p o rte d  as an  effective a n tid o te  a g a in s t 
fe n itro th io n  poisoning in  buffaloes (M alik e t al., 1984). I n  o rder to  use DAM  
efficaciously  an d  on a ra tio n a l basis in  buffalo  species, we h av e  in v e s tig a te d  
th e  p h arm aco k in e tics  of DAM in  h e a lth y  m ale bu ffa lo  calves a fte r  a single 
in tra v e n o u s  ad m in is tra tio n . I n  ad d itio n , in  v itro  p lasm a  p ro te in  b in d in g  an d  
blood  b iochem ical a lte ra tio n s in d u ced  b y  DAM  w ere also s tu d ied .

*To w hom  correspondence shou ld  b e  ad dressed . P re se n t address: D e p a rtm e n t o f 
P h a rm aco lo g y , College of V e te rin a ry  Science a n d  A. H ., G u ja ra t  A g ricu ltu ra l U n iv e rs ity , 
A n a n d — 388 001 (G u ja ra t) , In d ia
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M aterials an d  m ethods

Chemicals

DAM was p u rc h a se d  from  A ld rich  C hem ical Co., M ilw aukee, W isconsin. 
In d o p h e n y l a c e ta te  w as o b ta in ed  from  E a s tm a n  O rganic C hem icals, R o 
ch es te r , New Y o rk . N -( l-N a p h th y l)  e th y len e  d iam m o n iu m  dich loride w as 
com m ercia lly  o b ta in e d  from  E . M erck AG, D a rm s ta d t. All o th e r  chem icals of 
h ig h e s t p u rity  w ere p u rch ased  from  E . M erck (Ind ia ) L td ., G laxo L a b o ra to 
ries  (Ind ia) L td . an d  L o b a  Chemie In d o a u s tra n a l Co., B om bay .

A n im a ls

H e a lth y  m ale b u ffa lo  calves w eigh ing  ap p ro x im a te ly  82 kg  w ere p u r 
ch ased  from  th e  local m a rk e t. All an im als w ere q u a ra n tin e d  fo r 2 w eeks an d  
su b je c te d  to  reg u la r c lin ical ex am in a tio n . T he an im als w ere k e p t in  a d e p a r t
m e n ta l anim al shed  a n d  w ere given s ta n d a rd  ra tio n  an d  w a te r  ad lib itum .

Dosage o f  D A M  and collection o f  sam ples

DAM  was a d m in is te red  in  saline in to  one of th e  ju g u la r  veins a t  th e  
d osage  level of 15 m g /k g  b o d y  m ass. B lood  sam ples w ere w ith d ra w n  from  th e  
o p p o site  ju g u la r v e in  in to  hep arin ized  an d  non -h ep arin ized  tu b e s  before, an d  
a t  severa l tim es a f te r , in jec tio n  o f oxim e re a c tiv a to r . E ry th ro c y te s , p lasm a 
a n d  serum  were s e p a ra te d  a t  room  te m p e ra tu re .

A s s a y  procedures

T he levels o f D A M  in  p lasm a w ere d e te rm in ed  accord ing  to  th e  m eth o d  
o f D u ltz  e t al. (1957). T h e  cho linesterase  (C hE) a c tiv ity  in  e ry th ro c y te s  an d  
p la sm a  was m easured  accord ing  to  th e  m e th o d  o f F leisher e t al. (1955) as m o
d if ied  b y  Sharm a e t  al. (1973). Serum  ca rb o x y leste rase  a c tiv ity  w as d e te rm in ed  
b y  using  indopheny l a c e ta te  as su b s tra te  (M endoza e t al., 1971). A sp a rta te  
am in o tran sfe rase , a lan in e  am in o tran sfe rase , acid  p h o sp h a ta se  an d  la c ta te  
dehydrogenase  in  se ru m  w ere d e te rm in ed  b y  th e  procedures described  b y  
W o o tto n  (1965).

In  v itro  p lasm a p ro te in  b in d in g  of DAM  a t  2, 5, 10, 20 an d  40 /ig/m l 
co n cen tra tio n s  w as d e te rm in ed  b y  th e  eq u ilib riu m  dialysis te ch n iq u e  (K u n in  
e t  a l., 1959; K u n in , 1965).

Processing o f data

T he plasm a D A M  co n cen tra tio n s p lo tte d  on sem ilogarithm ic  scale as a 
fu n c tio n  of tim e  w ere analysed  se p a ra te ly  fo r each  ex p e rim en ta l an im al. 
V arious p h arm aco k in e tic  p a ram e te rs  w ere ca lcu la ted  b y  th e  m e th o d  described
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b y  G ibald i an d  P e rrie r (1975). M ean value an d  s ta n d a rd  e rro r w ere ca lcu la ted  
fo r  each  k in e tic  p a ram e te r.

S ta tis tic a l analysis w as p erfo rm ed  b y  S tu d e n t’s t te s t . P  <  0.05 was 
considered  s ign ifican t.

R esults

P la sm a  levels o f DAM  p lo tte d  on a sem ilogarithm ic  scale as a fu n c tio n  
o f tim e  are  show n in  F ig . 1. T h e  m ean  p eak  p lasm a  DAM  c o n c e n tra tio n  of 
53 i  2 jUg/ml w as recorded  a t  1 m in  w hich rap id ly  declined to  22 i  1 /ig/nil 
a t  10 m in . T h e rea fte r, DAM  d isap p eared  g rad u a lly  from  th e  p la sm a  a n d  was 
d e te c te d  in  tra c e s  (0.9 i  0.2 pg/m l) a t  1440 m in. E v a lu a tio n  o f th e  re su lts  on 
observed  p lasm a levels o f DAM  in d ic a te d  th a t  th e  d a ta  can  be b e s t f i t te d  to  a 
tw o -c o m p a rtm e n t open m odel an d  w ere ad eq u a te ly  described  b y  a b iex p o n en 
t ia l  eq u a tio n , Cp =  A e~ at -)- B e - ^ ,  w here Cp is th e  p lasm a c o n c e n tra tio n  of 
D A M  a t  tim e  t ,  A an d  В are  zero -tim e  in te rcep ts  o f in itia l an d  te rm in a l phases 
o f  th e  c o n c e n tra tio n -tim e  cu rve , a  an d  ß  are d is tr ib u tio n  an d  e lim in a tio n  ra te  
c o n s ta n ts , re spec tive ly , an d  e rep re sen ts  th e  base o f n a tu ra l lo g a rith m .

V arious pharm aco k in e tic  p a ra m e te rs  e s tim a ted  from  th e  p la sm a  con
c e n tra tio n s  o f DAM  a fte r its  in tra v e n o u s  a d m in is tra tio n  are  show n in  T ab le  I. 
T h e  m ean  values o f d is tr ib u tio n  half-life ( ti/2oe) an d  e lim in a tio n  half-life  ( tj/2/3) 
w ere 0.045 0.006 an d  4.39 ^  0.03 h , respective ly . T he a p p a re n t vo lu m e of
d is tr ib u tio n  (Vd(area)) an d  to ta l  b o d y  clearance (C1b) v a ried  to  th e  e x te n t  of 
0.55 to  1.01 1/kg an d  87.5 to  162.6 m l/h /kg, respective ly . T he m ean  ra tio  of 
d is tr ib u tio n  o f d ru g  betw een  tissu e  an d  p lasm a w as 2 . 0 1  i  0 .1 .

$

*
6 6 12 

Time  ( h)

F ig . 1. P lasm a  co n cen tra tio n s profile  o f  DAM  a fte r  a  single in tra v en o u s  dose of 15 m g/kg  body  
m ass to  buffalo  calves. V alues a re  p resen ted  as m ean  ±  SE  of 4 an im als
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F ig . 2. P lasm a  DAM c o n c e n tra tio n s  in  a rep re se n ta tiv e  bu ffa lo  calf g iven  a  single in trav en o u s 
dose o f 15 m g/kg bo d y  m ass. T h e  calcu la ted  p o in ts  in  th e  d is tr ib u tio n  phase  (®) w ere o b ta ined

b y  th e  feath erin g  tech n iq u e

F igure  2 shows a sem ilo g arith m ic  p lo t o f p la sm a  levels o f DAM  vs tim e  for 
a re p re se n ta tiv e  an im al. T h e  coefficients A (41.7 /tg/m l) an d  В (19.2 pg/m l) and  
th e  r a te  constan ts  <x (14.09 h “ 1) and  ß  (0.155 h -1 ) ca lcu la ted  are  also p resen ted . 
T h e  d a ta  of th is  an im a l can  be best described  b y  th e  follow ing eq u a tio n :

Cp =  41 Л е -14'094 +  1 9 .2 e~ °1554

Table I

P h arm aco k in e tic  p a ram ete rs  o f DAM following a single in trav en o u s ad m in istra tio n  (15 m g/kg
b o d y  m ass) in buffalo  calves

P aram etera U nit Mean +  SEb
Value for a 

representative 
anim al

Cp° /ig • m l“ 1 6 1 .4 ± 5 .1 2 60.9
A fig ■ m l“ 1 4 1 .3 ± 2 .9 9 41.7
В • ml 1 20.3 +  2.2 19.2
a h “ 1 1 4 .2 8 ± 1 .2 7 14.09
ß h - 1 0 .1 5 8 ± 0 .0 0 1 0.155

h 0.045 +  0.006 0.049
h i 2 В h 4.39 +  0.03 4.46
к , . h " 1 10.56 +  1.28 9.22
K 21 h " 1 5.59 +  0.94 4.55
K e, h " 1 0.476 +  0.016 0.48
V d(area)

1tcw

0.76 +  0.08 0.76
AUC /щ  • m l _ 1 h 130.9 +  13.8 126.8
C1B m l * h -1 • k g -1 120.0 +  13.6 118.3
T/p ra tio 2.01 +  0.10 2.1

aP harm acokinetic  p a ra m e te rs  described by G ibald i a n d  P e rrie r (1975); bV alues are from  
4 an im als.
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In  vitro p la sm a  pro tein  binding o f  D A M

T he e x te n t o f in  v itro  b ind ing  o f d iffe ren t co n cen tra tio n s  of DAM  to  
p lasm a p ro te in s  o f  bu ffa lo  calves is g iven in  T ab le  I I .  DAM  a t  co n cen tra tio n s 
ran g in g  from  2 to  40 p g /m l o f p lasm a w as b o u n d  to  th e  e x te n t  of 5 2 -5 9 %  w ith  
an  overall m ean  v a lu e  o f 56% .

Table I I

In  v itro  b ind ing  of DAM to  p lasm a p ro te in s o f buffalo  calves

Experim ent
Concentration o f DAM (//g • m l-1 )

No. 2 5 10 20 40

l 50.5 55.5 49.3 55.6 52.9
2 50.5 77.7 77.7 56.1 54.7
3 53.5 50.6 51.1 55.7 51.5
4 51.6 53.8 57.7 54.6 56.8

M ean 51.5 59.4 58.9 55.5 53.9
zb ± ± zb ± ±

S.E . 0.71 6.2 6.5 0.33 1.1

V alues g iven are  expressed as percentage o f d ru g  b o u n d  w ith  p lasm a pro teins

Table I I I

E ffect o f a single in trav en o u s ad m in istra tion  o f DAM (15 m g/kg body  m ass) on th e  blood enzym es
of buffalo  calves

Enzyme
Time after DAM adm inistration (min)

0 30 60 120 240 720

E ry th ro c y te  ChE 1 5 8 4 ± 2 5 1591 ± 3 9 1 6 2 2 ± 2 1 1 5 5 8 ± 3 9 1 5 8 1 ± 1 4 1S88± 22
P lasm a ChE 19 0 ± 1 1 195 zb 12 1 9 5 ± 9 .0 1 9 6 ± 9 .4 186 ± 5 .8 205 ± 8 .2
Serum  carboxy l

esterase 125 ± 3 .1 1 4 0 ± 1 .2 “ 155 ± 4 .9 “ 150 ± 4 .4 “ 1 5 0 ± 4 .4 “ 1 3 5 ± 6 .0
Serum  a sp a rta te  

am inotransferase 6 2 ± 1 .9 6 6 ± 1 .6 7 0 ± 2 .7 b 81 ± 2 .9 “ 7 3 ± 1 .4 “ 6 4 ± 1 .1
Serum  alanine 

am inotransferase 5 9 ± 2 .2 6 6 ± 4 .6 7 2 ± 3 .6 b 7 4 ± 4 .2 b 7 4 ± 4 .8 b 6 7 ± 5 .5
Serum  lac ta te  

dehydrogenase 2 9 9 ± 1 0 2 5 8 ± 2 0 2 5 1 ± 1 5 b 2 4 5 ± 1 0 b 243 ± 1 0 “ 2 8 0 ± 2 0
Serum  acid 

phosphatase 4 .9 ± 0 .0 9 5 .0 ± 0 .0 6 5 .1 ± 0 .1 5 5 .0 ± 0 .1 7 S .2± 0 .27 5 .0 ± 0 .3 0

V alues g iven fo r e ry th ro cy te  ChE and  p lasm a C hE  (nm ol acety lcholine hydro lysed /m in /m l), 
serum  carboxylesterase  (nm ol indophenol fo rm ed/m in /m l), serum  a sp a rta te  am ino transferase  
and  serum  alanine am ino transferase  (nm ol p y ru v a te  fo rm ed/m in /m l), serum  lac ta te  d eh y d ro 
genase (nm ol p y ru v a te  reduced/m in /m l) and serum  acid  p h osphatase  (nm ol phenol lib e ra ted /m in / 
m l) a re  m ean  ±  SE  o f th e  resu lts  ob tained  from  4 anim als.

“ S ta tis tica lly  sign ifican t (P  <  0.01) difference w hen com pared  w ith  0-m in value. 
b S ta tis tica lly  sign ifican t (P  <  0.05) d ifference w hen com pared  w ith  0-m in value.
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D A M -in d u ced  biochemical alterations

T he effects o f a  single in tra v e n o u s  a d m in is tra tio n  o f DAM  (15 m g/kg  
b o d y  m ass) on levels o f  v a rious b lood  enzym es are sum m arized  in  T ab le  I I I .  
D A M  did  n o t a lte r  th e  ac tiv itie s  o f e ry th ro c y te  C hE , p lasm a  ChE an d  serum  
ac id  p h o sp h a tase . I t  p ro d u ced  s ig n if ican t e leva tion  in  th e  serum  levels o f 
ca rb o x y leste rase , a s p a r ta te  am in o tran sfe rase , a lan ine  am in o tran sfe rase  an d  
low ered  th e  levels o f se ru m  la c ta te  dehydrogenase . DAM  a t  th e  g iven  dosage 
in d u c e d  no a p p a re n t to x ic ity . T he a lte re d  ac tiv ities  of v a rio u s serum  enzym es 
re tu rn e d  to  th e ir  co n tro l va lues w ith in  12 h  of a d m in is tra tio n  of oxim e re a c ti
v a to r .

D iscussion

T o charac terize  th e  p h a rm aco k in e tics  of DAM  in  h e a lth y  m ale buffalo  
ca lves, DAM was ad m in is te red  in  a dose o f  15 m g/kg b o d y  m ass b y  th e  in t r a 
v en o u s  ro u te . T he dosage level o f DAM  em ployed  in  th e  p re se n t s tu d y  is q u ite  
co m p arab le  to  th e  doses given fo r tr e a tm e n t  o f o rg an o p h o sp h a te  po isoning  in  
m a n  a n d  anim als (J a g e r  e t al., 1958; W rig h t e t al., 1966; T ay lo r, 1980).

DAM  ex h ib ited  d is tin c t d is tr ib u tio n  an d  e lim ina tion  phases (F igs 
1 a n d  2) and  hence d a ta  w ere a d e q u a te ly  described  b y  a tw o -c o m p a rtm e n t 
open  m odel. The h igh  v a lu e  o f ra te  c o n s ta n t a  (14.28 h -1 ) an d  th e  c o m p a ra 
tiv e ly  low  value o f ß  (0.158 h _1) in d ic a te d  th a t  DAM  w as ra p id ly  d is tr ib u te d  
in  th e  b o d y  and  th e n  slow ly e lim in a ted . T he elim ination  half-life  (ti/2ß) of 
DAM  in  buffalo calves (4.39 h) e s tab lish ed  in  th is  s tu d y  w as sim ilar to  th e  
t i /2/s o f  DAM  for dogs (4.5 h) b u t  w as 2-fold longer th a n  th a t  re p o rte d  fo r r a ts  
(D u ltz  e t al., 1957). O n th e  o th e r h a n d , a re la tiv e ly  longer t i /2/s of DAM  (7.4 h) 
has been  rep o rted  in  m a n  (Ja g e r e t a l., 1958).

T h e  ca lcu la ted  v a lu e  of 0.76 L /k g  o f  Vd(area) an d  th e  h igh  tissu e /p la sm a  
ra tio  o f 2.01 in d ica ted  a  good p e n e tra tio n  o f th e  d rug  in to  b o d y  tissues. T he 
re la tiv e ly  low v alue  (0.476 h -1 ) o f e lim in a tio n  ra te  c o n s ta n t (K ei) suggested  
th a t  th e  d rug  was slow ly e lim in a ted  from  ce n tra l co m p a rtm e n t. T his fac t w as 
fu r th e r  su b s ta n tia te d  b y  th e  low  v alue  o f C1b o f DAM (120 m l/h /kg) in  buffalo  
calves.

T he m odera te  in  v itro  p lasm a p ro te in  b in d ing  of DAM  observed  in  th e  
p re se n t s tu d y  suggests th a t  a good p e rcen tag e  of th e  d ru g  is av a ilab le  in 
c ircu la tio n  to  p e n e tra te  in to  site  o f ac tio n . Low  to  m o d era te  e x te n ts  o f p ro te in  
b in d in g  (-< 80% ) h av e  re la tiv e ly  b t t le  in fluence  on th e  d is tr ib u tio n  an d  eli
m in a tio n  of drugs, since th e  d ru g -a lb u m in  in te ra c tio n  is read ily  reversib le  
(B ag g o t, 1982). Fo llow ing  system ic  a d m in is tra tio n , DAM has been  re p o rte d  
to  p e n e tra te  th e  b lo o d -b ra in  b a rrie r  o f buffa lo  calves in  ap p reciab le  q u a n titie s  
(S riv a s ta v a  e t al., 1985).
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I t  is a p p a re n t from  d a ta  show n in  T ab le  I I I  th a t  ad m in is tra tio n  o f D A M  
did  n o t a lte r  th e  levels of e ry th ro c y te  C hE , p lasm a  ChE a n d  serum  acid  p h o s
p h a ta se  enzym es. H ow ever, DAM  sig n ifican tly  e lev a ted  th e  levels of th e  se ru m  
ca rb o x y leste rase  enzym e. Such an  effect o f DAM  m ay  be o f ad d itiv e  th e r a 
p eu tic  va lu e  as i t  is likely  to  enhance th e  d e to x ifica tio n  of c ircu la ting  orga- 
n o p h o sphorus insecticides th a t  are  se lec tive ly  b io -in ac tiv a ted  b y  ca rb o x y l- 
esterases. A w idely-used  o rg an ophosphorus insectic ide, m ala th io n , is la rg e ly  
m etabo lized  b y  carboxy leste rase  enzym e in  m am m als (T a lco tt e t a l., 1979; 
M allipudi e t  a l., 1980; M alik an d  S um m er, 1982). DAM  also increased  th e  se ru m  
levels o f a s p a r ta te  am ino transfe rase  an d  a lan in e  am in o tran sfe rase  b u t  low ered  
th e  levels o f  se ru m  la c ta te  dehydrogenase . T he la t te r  effect o f DAM m a y  a n ta 
gonize th e  e lev a tio n  in  levels o f serum  la c ta te  dehydrogenase in d u ced  b y  
o rgan o p h o sp h o ru s insecticides in  po isoned  an im als (M alik e t al., 1984). R e 
su lts  o f th e  p re se n t s tu d y  suggest th a t  D A M , given in th e  dose of 15 m g/kg b o d y  
m ass in tra v e n o u s ly , m ay  be em ployed  safely  in  buffalo  species.
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FAILURE TO DEMONSTRATE INTESTINAL 
ABSORPTION OF RNA IN THE NEWBORN PIG 

PRELIMINARY COMMUNICATION

K . B a IN T N E R 1* an d  I .  TÓ TH 2

1R esearch  In s t i tu te  fo r A n im al N u tr itio n  o f th e  R esearch  C enter fo r  A n im al B reed ing  a n d  
N u tr itio n , H-2053 H erceghalom ; and  2N a tio n a l In s t i tu te  fo r H y g ien e , H -1097 R u d a p es t,

G yáli u . 2 -6 , H u n g a ry

(R eceived  A u g u s t 23, 1985)

T he a u th o rs  fa iled  to  d e m o n s tra te  ab so rp tio n  of o ra lly -ad m in is te red  R N A  in 
one-w eek-old p ig le ts w hich  w ere a lre ad y  o ver th e  co lostra l a b so rp tiv e  period . N e ith e r 
cou ld  th e y  f in d  ab so rp tio n  of R N A  in  n ew born  p ig le ts a f te r  o ra l o r in tra in te s tin a l 
a d m in is tra tio n . Possib le  e x p lan a tio n s  o f  th e  find ings a re  d iscussed .

K eyw ords. P ig , in te s tin a l a b so rp tio n , R N A , nucleic acid , new born .

T he g u t of p ig  an d  o th e r u n g u la te  species absorbs co lo stra l p ro te in s non- 
se lec tive ly  on th e  f irs t  one or tw o  day s o f life. T hus th e  p ig le t, b o rn  agam m a- 
g lobulinaem ic, acquires an tibod ies, e ssen tia l fo r e x tra u te r in e  life , from  th e  m a 
te rn a l co lostrum  (B ram bell, 1970; B a in tn e r , 1986). H ete ro logous p ro te in s  a n d  
soluble n o n -p ro te in  m acrom olecules, e.g. p o ly v in y lp y rro lid o n e , are  abso rbed  as 
well, especially  in  co lostrum -fed  p ig le ts  (C larke an d  H a rd y , 1971). A b so rp tio n  
is m e d ia ted  b y  th e  ap ica l can a licu la r sy s tem  (Veress a n d  B a in tn e r , 1971) an d  
b y  large  eosinophilic vacuoles (Com line e t ah, 1951) w ith o u t in v o lv em en t of 
im m unog lobu lin  recep to rs  (B a in tn e r  a n d  K ocsis, 1984), as opposed  to  th e  
recep to r-m ed ia ted , selective IgG  ab so rp tio n  in  th e  sm all in te s tin e  of th e  
suck ling  r a t  (Jones an d  W ald m an n , 1972).

W e could n o t f in d  d a ta  a b o u t th e  possible a b ility  o f  th e  in te s tin e  o f 
n ew b o rn  ung u la tes  to  abso rb  nucleic  acids, one of th e  m o st im p o r ta n t g roups 
o f m acrom olecules. W e te s te d , th e re fo re , th e  ab so rp tio n  o f  R N A  to  e luc ida te  
fu r th e r  th e  m echanism  o f m acrom olecu lar abso rp tion . O u r a t te m p ts  a t  d em 
o n s tra tin g  R N A  in  p ig le ts’ se ru m  a f te r  feeding R N A  m ix ed  w ith  co lostrum  
fa iled , how ever.

Materials and methods

F o u rte e n  ha lf-day -o ld  an d  tw o  one-w eek-old p ig le ts  o f  L arge W h ite  x  
L an d race  breed , o rig in a tin g  from  fiv e  l i t te rs , were used.

P re se n t address: F a c u lty  o f A g ricu ltu re , U n iv ersity  o f A g ric u ltu ra l Sciences K esz th e ly , 
H-7401 K ap o sv á r, H u n g a ry
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Piglets b o rn  a t  n ig h t  w ere rem oved  from  th e  sow in  th e  m orn ing  and  w ere 
s ta rv e d  for 2 h  befo re  u se . H a lf  g/kg b o d y  m ass R N A  w as ad m in is te red  to  tw o  
p ig le ts  th ro u g h  g a s tr ic  tu b e . T he ex p e rim en t w as re p e a te d  tw ice. Two o th e r 
p ig le ts  in  e th e r narco sis  w ere in jec ted  w ith  0.25 g R N A  in to  a surg ically  ex 
posed , 25 cm long, l ig a te d  je ju n a l loop, th e n  th e  ab d o m in a l w all was closed 
w ith  su tu res. Tw o o th e r  p ig le ts  w ere in je c te d  in to  th e  h e a r t  w ith  0.2 g R N A .

Refore a d m in is tra tio n , 0.5 g y e a s t R N A  (M erck) w as dissolved in  10 m l 
0.1 M sodium  a c e ta te  a n d  m ixed  w ith  10 m l bovine co lo stru m  to  p rom ote  
a b so rp tio n  of m acrom olecu les. F o r in tra c a rd iac  a d m in is tra tio n  co lostrum - 
free  R N A  so lu tion  w as used .

E ach  tr ia l in c lu d e d  a con tro l p ig le t, w hich w as p ro v id e d  w ith  an  R N A - 
free  m ix tu re  o f th e  so lv en ts . R o th  th e  con tro l an d  th e  ex p erim en ta l p ig lets 
w ere  k e p t iso la ted  fro m  th e  sow  for 4 h  to  allow  tim e  fo r ab so rp tio n , th e re a fte r , 
a b lood  sam ple w as ta k e n  b y  card iac  p u n c tu re  in  e th e r  narcosis.

E x tra c tio n  an d  d e te c tio n  of R N A : tw o  m l serum  w as m ixed  w ith  2 m l 
a c e ta te  buffer o f p H  5 a n d  2 m l pheno l, th e  m ix tu re  w as k e p t a t  60 °C for 
10 m in , th en  cooled to  4 °C an d  cen trifu g ed  (5000 g, 5 m in). F o u r m l of th e  
u p p e r  phase was rem o v ed , 1 m l d istilled  w a te r  an d  0.4 m l la n th a n u m  so lu tion  
(1 g la n th a n u m  n i t r a te  in  100 m l of 1 .5%  perch loric  acid) w ere added  (G irard , 
1967). The tu b es w ere k e p t  a t  4 °C o v ern ig h t, th e n  cen trifu g ed ; th e  su p ern a te  
w as d iscarded , an d  th e  p re c ip ita te  d issolved in  0.2 m l tris -H C L  buffer. T he 
so lu tio n  was ex am in ed  b y  b o th  h o rizo n ta l and  v e rtic a l agarose gel e lec tro 
p h oresis  according to  M eyers e t  al. (1976).

T he slabs w ere s ta in e d  w ith  50 /xg/ml e th id iu in  b ro m id e  solu tion  an d  
view 'ed u n d er a sh o rtw a v e  U V  tran s illu m in a to r .

R esults and  discussion

As prev iously  e x p e c te d , we failed  to  d em o n stra te  ab so rp tio n  of orally- 
ad m in is te red  R N A  in  one-w eek-old  p ig le ts  w hich w ere a lre a d y  over th e  co- 
lo s tra l  absorp tive  p e rio d . N e ith e r  could we f in d  a b so rp tio n  o f  R N A  in  new born  
p ig le ts  a fte r oral or in tra in te s t in a l  ad m in is tra tio n . A lth o u g h  sm all am ounts of 
m a te r ia l  were p re c ip ita te d  b y  th e  la n th a n u m  so lu tion  o v ern ig h t from  th e  
p h e n o l-tre a ted  sera  o f  m o st o f  th e  p ig le ts, th e  d issolved p re c ip ita te  d id  n o t 
fluo resce  w ith  e th id iu m  b rom ide  on th e  agarose slabs. T h e  new born  pig lets 
u sed  fo r th e  ex p e rim en t w ere able to  tra n s m it  colostral p ro te in s  as d e m o n s tra t
ed  b y  th e  presence o f a lim e n ta ry  p ro te in u ria  (B a in tn e r, 1970).

One possible e x p la n a tio n  for th e  find ings is th a t  th e  new born  pig lets 
w ere  unab le  to  abso rb  R N A . H ow ever, th e re  are a lte rn a tiv e  exp lana tions as 
w ell: sm all q u an titie s  o f  ab so rb ed  R N A  m a y  be deg raded  b y  p lasm a R N ases 
o r rem a in  below th e  th re sh o ld  of d e tec tio n . T he R N A  in je c te d  b y  th e  in tr a 
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ca rd iac  ro u te  d id  n o t d isap p ea r from  th e  p ig le ts ’ c ircu la tio n  rap id ly . In te s tin a l 
an d  serum  R N ase va lu es  o f p ig lets will he p u b lish ed  la te r .
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SOME NORMAL PHYSIOLOGICAL VALUES IN 
BLOOD SAMPLES OF CHICKEN EMBRYOS 

SHORT COMMUNICATION

I .  SO M L Y A Y

D e p a r tm e n t of H ygiene, P la n t  P ro te c tio n  In s t i tu te ,  U n iv ersity  o f  A g ric u ltu ra l Sciences 
K esz th e ly , H-8361 K esz th e ly , P . O. B o x  71, H u n g a ry

(R eceived F e b ru a ry  3, 1986)

P lasm a  a sp a rta te  am in o tran sfe rase  (A ST), glucose, to ta l  cho lestero l, to ta l  p ro te in  
a n d  a lbum in /g lobu lin  ra tio  w ere d e te rm in e d  in  chicken em bryos on th e  19th d a y  of 
in cu b a tio n . T he re su lts  m ay  serve as re ference  v a lues, p rev iously  m issing  in  th e  l i te ra 
tu re .

K eyw ords. B lood p lasm a  p a ra m e te rs , ch icken, em bryology.

T h e use of b ird s  as te s t  m odels in  ex p erim en ta l an d  e n v iro n m en ta l to x i
cology seem s to  get m ore an d  m ore im p o rtan ce . A lthough  a n  em phasis on h u 
m an  h e a lth  is c learly  ap p ro p ria te , i t  m u s t be rem em bered  th a t  h u m an s are an  
in tr ic a te  p a r t  o f th e  b iosphere an d  as su ch  are  sub jec t to  v a rio u s  facets  o f 
e n v iro n m en ta l q u a lity  th a t  affect o th e r  life form s.

A v ian  m odels h av e  been  fav o u red  b y  th is  k ind  of tox ico log ica l research  
because  b irds are a b u n d a n t, h igh ly  v isib le , h av e  diverse b eh av io u rs  an d  h a 
b i ta t  associations, an d  can  easily  he s tu d ie d  in  b o th  th e  la b o ra to ry  an d  n a tu ra l  
en v iro n m en t. C hicken eggs are inex p en siv e , availab le  in  v ir tu a lly  u n lim ited  
su p p ly , an d  can be u sed  in  large n u m b ers  w ith  lim ited  s ta ff , eq u ip m en t, 
an d  space.

T h e  p resen t p a p e r  a tte m p ts  to  he lp  th o se  u n d e rta k in g  em bryological 
an d  te ra to lo g ica l s tud ies on av ian  em bryos, inc lud ing  stud ies on changes occur
rin g  in  ce rta in  serum  param ete rs .

Materials and methods

F ertile  ch icken  (S haver S ta rc ro ss  288) eggs w ere u sed . B lood sam ples 
w ere w ith d raw n  from  chicken em bryos on th e  19th d ay  o f in cu b a tio n . F o r 
th is  p u rpose , eggs w ere candled  to  d e te rm in e  th e  position  o f th e  chorioallan to ic  
vessels an d  a sm all opening  was m ade . A n  exposed cho rio a llan to ic  vein  w as 
n ick ed  an d  a hep arin ized  cap illa ry  tu b e  w as filled ((H o ffm an  an d  R am m , 
1972; V árnagy , 1981). A fte r c e n tr ifu g a tio n  an d  sep ara tio n  o f  b lood p lasm a 
glucose co n cen tra tio n  w as m easu red  in  a glucose analysis  sy stem  (Zen- 
der, 1963). The to ta l  p lasm a cholestero l (W atson , 1960), p la sm a  AST (K ar-
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m en , 1955) an d  p la sm a  to ta l  p ro te in  (C hrom y a n d  F ischer, 1977) w ere 
m easu red  b y  sp ec tro p h o to m e tric  assays. T he a lb um in /g lobu lin  ra tio  w as 
e s tim a te d  on th e  basis  o f  po ly ac ry lam id e  gel analysis  (M an and  W h iteh ead , 
1968).

R esults

A to ta l  o f 414 p la sm a  sam ples o b ta in e d  from  ch ick en  em bryos w ere e x a 
m in ed  each for one o f  f iv e  p a ram e te rs . D eta iled  d a ta  are  given in  T able  I .

Table I

Som e p la sm a  param ete rs  o f chicken em bryos (x  ±  S.D.)

A ST (U /l)
G lucose (mmol/1) 
C holesterol (mmol/1) 
T o ta l p ro te in  (g/1) 
A lb u m in / globulin

2 3 .50± 3 .73  n =  90 
10 .6 7 ± 1 .3 0  n =  90 
1 1 .07± 1 .18  n =  90 
24.03 ± 1 .2 7  n =  90 

0.71 ± 0 .0 3  n =  54

D iscussion

In  th e  period  p reced in g  h a tc h -o u t th e  blood vessels o f  th e  chicken em bryo  
are  w ell developed  (R om anoff, 1960). F ro m  p lasm a sam ples collected  in  
h ep a rin ized  glass cap illa ries, c e rta in  p a ram e te rs  can  be dete rm in ed  b y  
sim p le  sp ec tro p h o to m e tric  m ethods because  th e  b lood  vo lum e o b ta in ab le  b y  
th is  m eth o d  is 5 0 0 -800  (d/egg. M ost o f  th e  stud ies on  a v ia n  em bryology  a n d  
te ra to lo g y  re p o rt o n ly  m orphological d a ta  (V árnagy , 1980; Je linek , 1982; 
H o ffm an  and  A lbers, 1984) an d  th e  p lasm a  p a ra m e te rs  a re  neglected . P la sm a  
A S T  levels were in v e s tig a te d  b y  H o ffm an  an d  Sileo (1984) fo r m alla rd  ( A n a s  
pla tyrhynchos)  em b ry o s. T he average A ST level fo r 18 d ay s  old m a lla rd  em 
b ry o s  was found  to  be  31 U/l. F o r 15-35  days old ch ick en  P rosser (1973) 
re p o r te d  th e  follow ing d a ta :  glucose, 7 -1 4  mmol/1; to ta l  p ro te in  32 g/1; a lb u 
m in /g lobu lin , 0.90; to ta l  cholesterol, 4 .8 -6 .2  mmol/1. A  com parison  o f  th e se  
d a ta  to  th e  d a ta  o b ta in e d  for th e  f in a l em bryon ic  stag e  (see T able I) p o in ts  to  
th e  w ay  of no rm al physio log ica l deve lopm en t.

B y  describ ing th e  ex p erim en ta l d a ta  th e  p re se n t p a p e r  a tte m p ts  to  be 
o f  use fo r research  w o rk ers  in te re s te d  in  a v ian  em bryo logy .
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DYNAMIC CHANGES IN OVARIAN STRUCTURES 
AND IN PROGESTERONE SECRETION IN THE 

COW THROUGHOUT THE CALVING-TO- 
CONCEPTION INTERVAL*

R .  S t U PN ICK I a n d  W .  W O Y N O

In s ti tu te  o f A n im al P hysio logy  and  N u tr itio n , P o lish  A cadem y o f Sciences, 05-110 J a b lo n n a ,
P o la n d

(R eceived S ep tem b er 19, 1985)

T he develo p m en t o f o varian  s tru c tu re s  w as s tu d ied  in  39 cows by  rec ta l p a lp a tio n  
th ro u g h o u t th e  calv ing -to -concep tion  in te rv a l. T he accu racy  of de term in ing  th o se  
s tru c tu re s  w as ex am ined  b y  ru n n in g  s im u ltan eo u s assay  o f p rogesterone in  m ilk . A  
m u ch  h ig h er incidence of large follicles w as observed  in  th e  la s t  days o f secre to ry  cycles 
in  th e  cows conceiv ing early  (up to  92 d ay s  p o st p a r tu m ) th a n  in  those conceiving la te . 
H ig h est a ccu racy  o f re c ta l ex am in a tio n s w as connected  w ith  th e  presence of co rp u s 
lu te u m , o r w ith  b o th  ovaries sm o o th  e a rly  p o st p a r tu m . T he low est accu racy  w as 
conn ec ted  w ith  th e  absence of corpus lu te u m .

K eyw ords. O v ary , follicle, re c ta l  p a lp a tio n , cow, p rogesterone , ca lv ing -to -con
cep tio n  in te rv a l.

T he p o s tp a r tu m  period  is th e  m o st im p o r ta n t ph ase  o f th e  rep ro d u c tio n  
cycle in  th e  cow. M onitoring  th a t  p e rio d  is essen tia l fo r increasing  rep ro d u c tiv e  
effic iency  b y  reduc ing  losses due to  fe r t i l i ty  d iso rders. A lthough  m uch  a n a 
ly tica l p rogress has been  m ade in  re c e n t y ea rs , th e  clin ical exam in a tio n  o f th e  
cow, an d  especially  re c ta l p a lp a tio n , is s till th e  m ost p o p u la r  w ay of e v a lu a tin g  
rep ro d u c tiv e  fitn ess  o f th e  an im al. H ow ever, rec ta l p a lp a tio n  resu lts  m ay  n o t 
re flec t th e  fu n c tio n a l s ta te  of th e  ovaries, due to  th e  d ifficu lties in  de te rm in in g  
o v arian  s tru c tu re s  (D aw son, 1975).

T he a im  o f th is  s tu d y  was to  m o n ito r  changes in  o v a rian  m orphology  as 
de te rm in ed  b y  re c ta l p a lp a tio n , an d  changes in  o v a ria n  secre to ry  a c tiv ity  as 
re flec ted  b y  p rogeste rone  m easu rem en ts in  m ilk. C onfron ting  those tw o  sets 
o f resu lts  en ab led  us to  eva lu a te  th e  accu racy  o f re c ta l p a lp a tio n s in  th e  cow 
th ro u g h o u t th e  en tire  ca lv ing -to -concep tion  in te rv a l.

Materials and methods

F ro m  a large group  of p rim iparous cows o f P olish  low land  breed (F riesian ) 
39, all in  good cond ition , were se lec ted  w hich h ad  show n no d isorders a n d  
developed  no  en d o m etritis  p ost p a r tu m . D u rin g  w in te r  th e  anim als w ere fed

* T his w o rk  w as su p p o rted  b y  th e  P ro je c t  M R -II/10 .1 .
T he d a ta  p re sen ted  here  were p a r tly  u sed  in  th e  th es is  p re sen te d  by  th e  ju n io r a u th o r .
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silage, h a y  an d  c o n c e n tra te s  w ith  m in era l su p p lem en ta tio n ; d u rin g  sum m er 
th e y  w ere grazing  a n d  su p p lem en ted  w ith  m inerals. T h ey  w ere m ilked  tw ice 
d a ily . T he m ean  y ie ld  fo r  th e  f irs t  100 d ay s o f  la c ta tio n  w as 1411 1. T he s tud ies 
w ere  carried  o u t in  th e  years  1982—1983. R ec ta l p a lp a tio n s  w ere s ta r te d  in  
th e  f i r s t  w eek a fte r  ca lv ing  an d  w ere co n tin u ed  once w eekly . T he follow ing 
s tru c tu re s  w ere d iscern ed : sm ooth , u n d iffe re n tia ted  o v ary  (U ), sm all, u su a lly  
m u ltip le , follicles, u p  to  10 m m  in  d ia m e te r  (S); large o v a ria n  follicles (L) 
e s tim a te d  as being la rg e r  th a n  10 m m ; co rp o ra  lu te a  (C) — s tru c tu re s  c h a ra c te r
is tic  b y  p a lp a tio n , d iscern ib le  from  th ick -w a lled  cysts.

T he cows w ere w a tch ed  tw ice d a ily  fo r oestrous b eh av io u r. T hey  w ere 
in se m in a te d  a t  a p p ro p ria te  tim es b y  u s in g  sem en frozen in  “ s tra w s” , p rep a red  
b y  th e  local in sem in a tio n  cen tre .

P rogesterone  w as m easured  in  w hole, u n e x tra c te d  m ilk  b y  a rad io im 
m u n o assay  tech n iq u e  em ploying  a 125-labelled  deriv a tiv e  (S tu p n ick i an d  
K u la , 1980). Milk w as sam pled  tw ice w eek ly . C oncen tra tions o f  p rogesterone  
<C 2 n g /m l w ere considered  to  be zero, a n d  to  rep resen t la ck  o f p rogesterone  
sec re tio n . The resu lts  o f  p rogesterone  assays w ere used to  c o n s tru c t in d iv id u a l 
sec re tio n  profiles an d  as reference d a ta  fo r ev a lu a tin g  th e  accu racy  of th e  co r
re sp o n d in g  resu lts  o b ta in e d  b y  re c ta l p a lp a tio n . B o th  k inds o f in d iv id u a l d a ta  
w ere  considered  to  be co n sis ten t w ith  each  o th e r w hen no co rpus lu te u m  w as 
d e te c te d  b y  p a lp a tio n  a n d  no p ro geste rone  secretion  w as p re se n t, or, w hen  a 
co rp u s lu te u m  w as fo u n d  an d  th e  co rrespond ing  p rogesterone  co n cen tra tio n  
exceeded  2 ng/m l. T h e  resu lts , pooled  from  given in te rv a ls  p o s t p a r tu m , w ere 
ex p ressed  as re la tiv e  freq u en cy  o f in co n sis ten t d a ta , an d  e v a lu a te d  b y  th e  
so-ca lled  G -function  (S okai and  R ohlf, 1969), a m odified fo rm  o f th e  ch i-square  
te s t .

R esults

T he resu lts  o f c lin ical find ings, v iz. th e  tim es of u te ru s  in v o lu tio n  an d  o f 
d e te c tin g  in d iv id u a l o v a ria n  s tru c tu re s  fo r th e  f irs t tim e  p o s t p a r tu m , calv ing- 
to -co n cep tio n  in te rv a ls  (CCI), as well as d a ta  p e rta in ing  to  p rogeste rone  secre
tio n , th e  beg inning  o f sec re to ry  cycles a n d  o f possible pre-cyclic  secretion , are  
p re se n te d  in  T ab le  I .  F ro m  those  d a ta  co rre la tio n  coefficients w ere ca lcu la ted  
(T ab le  I I ) .  The on ly  s ig n ifican t, a lbe it n o t  v e ry  strong , co rre la tions w ere found  
b e tw een  th e  len g th  o f th e  CCI an d  th e  tim e  o f beginning o f sec re to ry  cycles 
(r  =  0.33) or of p ro g este ro n e  secre tion  (r  =  0.32).

T h e  m ean  u te ru s  in v o lu tio n  tim e  w as 22.9 i  4.9 days, s ig n ifican tly  s h o r t
e r in  cows w ith  a n  ea rly  onset o f sec re to ry  cycles (ESC cows, see below ; 
21.9  days) th a n  in  th e  o th e rs  (25.7 days), th o u g h  th e  co rrespond ing  co rre la tio n  
coeffic ien t w as n o n -sig n ifican t (see T ab le  I I ) .  T he rem ain ing  m ean  p a ram e te rs  
are  co n ta in ed  in  T ab le  I .
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Table I

Clinical an d  lab o ra to ry  fin d in g s in  p o s tp a rtu m  cows

I item First time detected (days post partum)
Calving-to-con-Cow small No. of

No. (days) corpus prog.in Secret. Observ. insem. ception interval,
follicles luteum milk cycle oestrus days

l 17 9 _ 28 9 23 48 l 48
2 20 7 — 42 17 35 35 l 49
3 20 14 21 42 10 34 55 l 55
4 23 24 — 36 28 32 56 l 56
5 25 18 39 46 15 22 44 l 58
6 30 — — 44 19 16 58 l 58
7 21 — — 35 16 22 22 l 61
8 23 12 26 33 16 24 44 l 62
9 19 11 25 53 18 25 41 l 63

10 28 14 — 28 20 25 25 l 64
11 20 — 16 22 23 20 65 l 65
12 19 — 19 33 12 26 66 l 66
13 28 — 29 42 16 21 67 l 67
14 24 17 31 38 22 20 69 l 69
15 22 16 29 58 16 29 69 l 69
16 20 16 — 41 16 32 32 l 72
17 25 11 25 46 21 28 49 l 73
18 15 15 24 49 15 32 73 l 73
19 22 21 — 39 18 31 73 l 73
20 25 22 29 37 23 29 29 l 74
21 29 — 22 43 21 34 76 l 76
22 37 — — 31 17 39 39 l 79
23 24 17 — 24 23 21 21 l 81
24 18 18 32 39 21 19 36 l 82
25 25 18 42 54 13 21 83 l 83
26 26 — 40 47 19 18 17 2 88
27 16 16 23 50 19 26 89 1 89
28 16 16 — 44 17 25 91 1 91
29 26 12 29 47 19 34 92 1 92
30 20 17 — 41 30 39 39 2 97
31 28 21 — 49 40 36 74 2 98
32 32 18 — 53 12 42 66 2 103
33 22 15 29 35 20 33 33 2 107
34 27 20 — 48 13 25 25 2 110
35 18 11 — 46 11 20 37 2 114
36 20 — 22 33 26 29 67 2 115
37 17 10 — 31 17 22 22 3 125
38 28 — 35 42 42 36 82 2 140
39 21 14 28 49 17 42 147 1 147

X 22.9 15.5 27.9 40.8 19.2 28.1 55.3 1.3 81.8
± 8 ± 4 .9 ± 4 .1 ± 6 .7 ± 8.7 ± 6 .9 ± 6 .7 ± 2 6 .6 ± . 5 ± 2 4 .1

P rogesterone  secre tion  s ta r te d  b e tw een  9 an d  42 days p o s t p a r tu m , b u t  
th is  coincided w ith  th e  f irs t  sec re to ry  cycle on ly  in  20%  o f th e  cows s tu d ied ; 
in  th e  rem ain ing  80 %  th e re  w as a  sh o rt- la s tin g , pre-cyclic  sec re to ry  a c tiv ity . 
T he deve lopm en t o f o v arian  s tru c tu re s  w ill be p resen ted  below  fo r th e  pre- 
cyclic an d  cyclic p o s t p a r tu m  periods.
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Table I I

C orrela tions am ong som e o f th e  p a ram ete rs

CL PS SC CCI

U I 0.06 0.22 0.22 0.03
CL — 0.10 0.22 0.19

PS 0.26 0.32*
SC 0.33*

E xp lanations: TJI —  u te ru s  involu tion ; CL —  f ir s t  d e tec tio n  of corpus lu teu m ; PS  —  
f irs t  de tected  progesterone in  m ilk ; SC —  beginning o f th e  f ir s t  secre to ry  cycle; CCI —  calving-to- 

conception in te rv a l (a ll param eters expressed  in  days p o s t p a rtu m ): *a <  0.05

days post partum
F ig . 1. R e la tiv e  n u m b ers  o f  p o s tp a r tu m  cows in  w hich  b o th  ovaries w ere p a lp a ted  as sm oo th  
(U ), a n d  of those in  w h ic h  m u ltip le , sm all follicles w ere fo u n d  o n  a t  lea s t one o v a ry  (S). 
E m p ty  b a rs: cows w ith  a n  e a r ly  onset o f sec re to ry  cycles (up  to  32 days p o st p a r tu m ; “ ESC  
cow s’’): shaded  b a rs: cow s w ith  a la te  onset o f sec re to ry  cycles (m ore th a n  32 days p .p .; “ LSC 

cow s” );  *a <  0.05, **a <  0.01, ***a <  0.001

secretory cycles post partum
F ig . 2. R e la tiv e  n u m b ers  o f  cow s in w hich o v a ry  w as p a lp a te d  as sm o o th  (U ), an d  of those  in  
w hich  corpora  lu te a  w ere  fo u n d  (C). D o tted  b a rs : a ll cows co m b in ed ; I ,  I I ,  I I I :  consecu tive  

secretory  cycles p o s t p a rtu m . F o r fu r th e r  e x p la n a tio n s  see F ig . 1
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The pre-cyclic postpartum  period  (from  calving to  th e  beg inn ing  of the  f irs t 
sec re to ry  cycle). D u rin g  th e  f irs t  m o n th  a fte r  de liv ery  (b u t before cyclic 
sec re to ry  a c tiv ity  began) u n d iffe ren tia ted  ovaries, o r m u ltip le  sm all follicles 
w ere prevailing . D urin g  th e  f irs t decade in  n ea rly  all an im als b o th  ovaries were 
sm ooth . L a te r  (second an d  th ird  decades), th e  fra c tio n  o f  an im als w ith  b o th  
ovaries u n d iffe ren tia ted  decreased  m uch  fa s te r  in  cotvs w ith  an  early  (up to  32 
day s post p a rtu m ) onse t of secre to ry  cycles (“ ESC cow s” ) th a n  in  th e  o th e r 
ones (“ LSC cows” ). A s show n in  Fig. 1-U , in  th e  th ird  decade no ESC cow has 
b o th  ovaries sm o o th , in  c o n tra s t to  th e  33%  freq u en cy  in  th e  LSC ones. 
C onversely, th e  p ercen tag e  of cows developing  m u ltip le  sm all follicles on a t  
le a s t one o v ary  reaches in  th e  th ird  decade 90 in  ESC an im als, b u t  only 33 in  
th e  LSC ones (F ig. 1-S). W hen  de tec tio n  o f an y  s tru c tu re , n o t on ly  sm all fo l
licles, w as ta k e n  in to  acco u n t, those p e rcen tages w ere 100 a n d  67, respective ly .

The period after the beginning o f  secretory cycles. D u rin g  th e  f irs t  h a lf  of th e  
f i r s t  secre to ry  cycle a t  le a s t one o v a ry  w as s till u n d iffe re n tia ted  in  ab o u t 
85%  of th e  cows. T h is decreased  to  55%  d u rin g  th e  second cycle, in  ESC an d  
LSC cows alike. I n  th e  th ird  cycle all LSC cows h ad  one o v a ry  p alpab le  as u n 
d iffe ren tia ted , in  c o n tra s t  to  36%  of ESC cows (F ig . 2-U ). T he frequencies of 
d e tec tin g  sm all follicles w ere sim ilar in  all p o s tp a r tu m  cycles, how ever, up  to  
th e  15 th  d ay  of cycles sm all follicles w ere d e tec ted  s ig n ifican tly  less freq u en tly  
in  LSC th a n  in  ESC cows (42 an d  23% , resp ec tiv e ly ; cf. F ig . 3-S). In  th e  case o f 
la rge  o v arian  follicles, th e  frequencies o f  th e ir  d e tec tio n  v a ried  ch a rac te ris ti
ca lly  th ro u g h o u t th e  sec re to ry  cycle, be in g  low est b e tw een  day s 6 an d  15 o f 
cycles (20 to  31% ), a n d  h ighest to w ard s th e  end  of th e  cycles, b u t  only  in  cows 
w hich  h ad  re la tiv e ly  sh o rt (up to  92 days) CCI. I n  o th e r  cows th e  h ighest 
freq u en cy  w as observed  in  th e  m id -lu tea l phase ( l l - 1 5 t h  d ay , cf. F ig. 3-L).

%  S  7 o  L

days of mean cycle

F ig. 3. R e la tiv e  n u m b ers  o f cows in  w hich m u ltip le , sm all follicles (S) o r large  o v arian  follicles 
(L ) w ere p a lp a ted  in  d iffe ren t phases o f secre to ry  cycles. A ll sec re to ry  p o s tp a r tu m  cycles com 
b ined . E m p ty  h a rs : S —  “ ESC  cows” ; L  —  early  conceiving cows (u p  to  92 days p o st p a rtu m ); 
sh a d e d  bars: S —  “ LSC cow s” ; L  —  la te  conceiv ing cows (over 92 d ay s p o s t p a rtu m ). F o r

fu r th e r  ex p lan a tio n s see F ig . 1
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Progesterone in milk 
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F ig . 4. Levels o f p rogestero n e  in  w hole m ilk  (m eans ±  SE ). A ll cows a n d  cycles
com bined

T h e  c lassification  c r ite r ia  of th e  cows h a d  no effect on th e  freq u en cy  of corpus 
lu te u m  detec tion . T h is increased  s te a d ily  u p  to  th e  end  of th e  second secre to ry  
cycle , an d  th en  s ig n ifican tly  decreased , increasing  again  to w ard s  th e  end  of th e  
th i rd  cycle (Fig. 2-C). T h e  average m ilk  progesterone p ro file , ca lcu la ted  from  
51 poo led  secreto ry  cycles, is p re sen ted  in  Fig. 4.

Relative discrepancy between the results o f  rectal pa lp a tio n  and  the progeste
rone secretion. T he e n tire  CCI w as d iv id ed  in to  2 phases: e a rly  phase (from  
d e liv e ry  up  to  th e  en d  o f  th e  f irs t  sec re to ry  cycle) an d  la te  ph ase  (th e  rem ain ing  
p e rio d , u p  to  concep tion). T he resu lts  w ere classified accord ing  to  th e  observed  
o v a ria n  s tru c tu res , th e  presence or absence of th e  co rpus lu te u m  being th e

I
J_l T

T
1

T able  I I I

A : Inconsistency  of re c ta l p a lp a tio n  resu lts  w ith  th e  corresponding m ilk  p rogesterone levels

Early p ostpartum period L ate postpartum period

R P N n % G n P(ag/m l) N n % G n p(ng/ml)

u / u 67 8 12 8 7 .1 ± 2 .8 11 10 91 10 4 .9 ± 2 .0
s / и ,  s 71 20 28 9.11* 20 8 .7 ± 7 .3 9 4 44 9.59* 4 8 .0 ± 7 .1
L /U , S 44 15 34 15 8 .9 ± 6 .8 36 15 42 15 7 .9 ± 6 .8
c / u 40 11 28 29 1 1 .6 ± 9 .6 29 3 12 26 1 1 .9 ± 9 .9
c / s 25 4 16 1.55 21 1 1 .6 ± 9 .7 22 2 9 13.04** 20 11.7 ±  10.8
C/L 18 3 17 15 1 4 .2 ± 1 1 .6 50 20 40 30 1 4 .5 ± 1 2 .3

V alues connected w ith  solid lines do n o t  differ significantly
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B : Sum m ary  of d isc rep an t re su lts

P alpated ovariau 
structures

P ostpartum  period (N, % )

Early Late

U /U  (a) 67 12% 11 91%
-------------------- £ £ J  .4 1 .5 * *

S, L /U , S 160 34%  (b)

C/U, S (a) 134 17%  9 9 „
C/L 50 40%  1 (b)

V alues w ith  th e  sam e subscrip t do n o t d iffer sign ifican tly  
* a  <  0.05 ** a  <  0.01 *** a  <  0.001

E x p lan atio n s: E a rly  p .p . period —  from  d elivery  to  th e  end of f irs t  secretory  cycle. L a te  
p .p. period  —  from  th e  beginning of second cycle to  conception . R P  —  rec ta l p a lp a tio n  re su lts  
for b o th  ovaries: U  —  sm ooth , und ifferen tia ted  o v a ry , S —  sm all follicles, L  -— large follicle, 
C —  corpus lu teu m , e.g .: S/U , S — sm all follicles on  one ovary , th e  c o n tra la te ra l one e ith e r 
sm ooth  or w ith  sm all follicles. N  —  to ta l  num bers o f re c ta l ex am in atio n s; n  —  n u m b er o f discre
p a n t observations (m ilk  progesterone exceeding 2 ng /m l in th e  absence of corpus lu teu m , o r up  
to  2 ng /m l w ith  a corpus lu teu m  present. P  —  progesterone  co n cen tra tio n  (m ean  ±  S.D .), c a l
cu la ted  only from  d a ta  exceeding 2 ng/m l

princ ipa l fac to r . T he num bers of ex am in a tio n s , re la tiv e  d iscrepancies, an d  
m ean  co n cen tra tio n  of progesterone (on ly  from  values />  2 ng/m l) are p resen ted  
in  T ab le  I I IA . T he h ig h est d iscrepancy  (91% ) w as observed  in  th e  la te  phase  
o f CCI w hen  no corpus lu te u m  was p a lp ab le , an d  b o th  ovaries w ere e s tim a te d  
as sm ooth . T he correspond ing  value fo r th e  early  phase  w as on ly  12% . Som e 
groups o f d a ta  w hich d id  n o t differ s ig n if ican tly  w ere pooled  an d  p re sen ted  
in  T ab le  I I I B .

D iscussion

R ec ta l p a lp a tio n  co n stitu tes  th e  p rin c ip a l p ra c tic a l m e th o d  o f e v a lu a t
ing  th e  s ta te  of rep ro d u c tiv e  organs in  p o s tp a r tu m  cows. In  th e  p re sen t s tu d y  
a tte n tio n  w as d raw n  to  th e  m orphological an d  fu n c tio n a l dev e lo p m en t of 
ovaries. U te ru s  in v o lu tio n  an d  o th e r ro u tin e  clin ical ex am in a tio n s  served  on ly  
to  follow u p  th e  course o f p o s tp a r tu m  ev en ts . I t  shou ld  be n o ted , how ever, 
th a t  th e  tim es of f ir s t  d e tec tio n  of o v a rian  s tru c tu re s  are  n o t ex ac t, fo r rec ta l 
ex am in a tio n s w ere ca rried  ou t only  once w eekly.*

U te ru s  in v o lu tio n  an d  th e  d ev e lo p m en t o f o v a rian  s tru c tu re s  a n d  of 
p rogesterone  secre tion  p o s t p a r tu m  w ere in  ag reem en t w ith  th e  re p o rts  o f 
o thers (C allahan  e t ah , 1971; W ebb e t  a l., 1980). I t  is, how ever, in te re s tin g  to  
no te  th a t  th e  tim e  o f th e  s ta r t  o f o v a rian  sec re to ry  a c tiv ity  seem ed to  d ep en d  
on th e  tim e  w hen  a t  le a s t one o f th e  ovaries w as beg inn ing  to  d iffe ren tia te  
(cf. F ig. 1), a lth o u g h  th e re  w as no d irec t co rre la tio n  b e tw een  th e  co rrespond ing

* A ll re c ta l  ex am in a tio n s were carried  o u t  b y  th e  sam e p erso n  (W . W .)
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d a ta  con ta ined  in  T ab le  I . T he increase  in  freq u en cy  of a p p a re n tly  sm o o th  
o v aries  in  LSC cows in  th e  3rd  cycle (F ig . 2-U ) could  be due to  th e  presence o f 
p o o rly -p a lp ab le  co rp o ra  lu tea , since a v e ry  h igh  p ro p o rtio n  o f d isc rep an t re 
su lts  w as observed a t  t h a t  tim e  (9 0 % ; cf. T ab le  I I ) .  A sign ifican t decrease in  
p a lp a b le  corpora lu te a  in  th e  f irs t  h a lf  o f th e  3 rd  cycle (F ig . 2-C), com pared  
w ith  th e  f irs t tw o  cycles, is co nsisten t w ith  t h a t  conclusion. A n o th e r in te re s tin g  
f in d in g  w as th e  d ifference betw een  d is tr ib u tio n  o f la rge  follicles th ro u g h o u t 
th e  secre to ry  cycles in  early  an d  la te  conceiv ing  cows (F ig . 3-L). T he low ered  
in c id en ce  of large follicles a t th e  end  o f th e  cycle in  th e  la t te r  ones m ig h t re flec t 
som e d is tu rbances in  th e  d eve lopm en t o f th e  p re -o v u la to ry  follicle in  th o se  
cow s w hich  m igh t, in  tu rn ,  re su lt in  th e  in sem in a tio n s being  p erfo rm ed  a t  
w ro n g  tim es.

T he analysis o f p a lp a tio n  d a ta  as co n fro n ted  w ith  th e  co rrespond ing  
m ilk  progesterone v a lu es  shows how  v a ria b le  a degree of confidence can  be 
co n n ec ted  w ith  th e  fo rm er ones. T h e  o b served  d iscrepancies, as re flec ted  b y  
re la tiv e  frequencies o f in co n sis ten t re su lts , v a ried  w ith  observed  o v a rian  s tru c 
tu re s , an d  w ith  th e  p h ase  of th e  p o s tp a r tu m  period , ran g in g  from  9 to  91%  
(T ab le  II IA ). A fte r pooling  th e  n u m b ers  o f non-d iffering  o bserva tions, som e 
c lea re r tendencies cou ld  be seen (T able  I I I B ) .  H ig h est accu racy  o f p a lp a tio n  
w as ach ieved  in  th e  e a rly  p o s tp a r tu m  p erio d  w hen  n e ith e r  o v a ry  co n ta in ed  
p a lp a b le  s tru c tu re s  (o n ly  12%  o f d isc re p a n t resu lts). T he sam e s itu a tio n  in  
th e  la te  p o s tp a r tu m  period  re su lted  in  th e  low est accuracy , how ever. T he 
possib le  reason  fo r th is  has been  m en tio n ed  above . R e la tiv e ly  h igh  accu racy  
w as also a tta in e d  w h en  corpus lu te u m  w as p a lp ab le  (17%  of d isc rep an t resu lts). 
O n ly  in  th e  la te  p o s tp a r tu m  period , w hen  b o th  corpus lu te u m  an d  a la rge  fo l
licle w ere de tec ted  in  th e  sam e an im al, th e  accu racy  sig n ifican tly  decreased  
(4 0 %  of d isc rep an t resu lts). S im ilarly  po o r accu racy  (34% ) w as observed  
th ro u g h o u t th e  en tire  period  w hen  a n y  o v a rian  s tru c tu re  o th e r th a n  co rpus 
lu te u m  w as p a lp a te d  o n  a t leas t one o v ary . I t  seem s on th e  w hole th a t  th e  
peri-oestrous phase  o f th e  cycle is th e  m ost d ifficu lt to  ev a lu a te  b y  re c ta l p a l
p a tio n , and  p ro geste rone  assay in  m ilk  shou ld  be carried  o u t w henever possib le 
to  re n d e r  th e  d iagnosis m ore accu ra te .

In  th e  l i te ra tu re  so fa r review ed few  d a ta  h av e  been  fo u n d  p e rta in in g  to  
th e  developm ent o f o v arian  s tru c tu re s  th ro u g h o u t th e  p o s tp a r tu m  period . 
S im ila r resu lts , as fa r  as corpus lu te u m  p a lp a tio n  vs. p rogesterone  assays w ere 
concerned , were re p o r te d  b y  B oyd  an d  M unro (1979). Also D aw son (1975) 
s tu d ie d  th e  accu racy  o f p a lp a tin g  co rp o ra  lu te a  as confirm ed  u p o n  s lau g h te r. 
E lsew here  (W oyno e t  a l., 1985) we h av e  re p o rte d  sim ilar re su lts  o b ta in ed  in  
s la u g h te r  cows b u t  co n fron ted  w ith  p la sm a  p rogesterone  assay  resu lts . W e 
fo u n d  a h igh accu racy  o f d e tec ting  co rpus lu te u m , an d  a v e ry  low  one in  cases 
o f  a p p a re n tly  sm o o th  ovaries, w hich  ta llies  w ith  th e  p re sen t find ings re la te d  
to  th e  la te  p o s tp a r tu m  period.
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L U T E A L  A N D  P L A S M A  P R O G E S T E R O N E  L E V E L S  
I N  H E I F E R S  A N D  L A T E  P O S T P A R T U M  C O W S*

R . S t u p n i c k i , W .  W o y n o , a n d  B .  B o r k o w s k i

In s t i tu te  o f  A nim al Physio logy  a n d  N u tr itio n , P o lish  A cadem y o f Sciences, 
05-110 J a b lo n n a , P o la n d

(R eceived  S ep tem b er 19, 1985)

R e la tio n sh ip s be tw een  th e  co n cen tra tio n s  o f  p ro g esterone  in  p lasm a  a n d  in  
corpus lu te u m  w ere stu d ied  in  la te  p o s tp a r tu m  cow s, a n d  heifers a t  s lau g h te r. T h e  d a ta  
suggest t h a t  p lasm a p rogesterone  level depends on  th e  a m o u n t o f lu te a l tissu e  p re se n t, 
r a th e r  t h a n  o n  th e  lu te a l co n cen tra tio n  o f th is  h o rm one.

K eyw ords. P rogesterone, co rpus lu te u m , p la sm a , he ife r, cow, p o st p a r tu m .

A v a s t  l i te ra tu re  ex ists p e rta in in g  to  changes in  p lasm a p ro g este ro n e  
levels in  cows d u rin g  th e  p o s tp a r tu m  period , as w ell as to  d ifferen t a sp ec ts  o f 
p rogesterone  b iosyn thesis b y  th e  bo v in e  corpus lu te u m  (CL) in  v itro . L itt le  
is know n, how ever, to  w h a t e x te n t th e  lu te a l p ro geste rone  affects th e  c irc u la t
ing  level o f p rogesterone . T he aim  o f th is  w ork  w as to  s tu d y  th e  re la tio n s  b e 
tw een  v a rio u s lu te a l pa ram ete rs  an d  p lasm a p ro g este ro n e  levels.

Materials and methods

O varies an d  blood sam ples w ere co llected  a t  a slaugh te rhouse  fro m  tw o  
groups o f an im als : 22 cows culled from  h erd  due  to  pro longed  p o s tp a r tu m  p e 
riod  (5 to  9 m o n th s) and  low  m ilk  y ield , an d  fro m  27 b eef heifers to  serve  as a 
k ind  o f re fe rence  m ateria l. T he ovaries an d  p la sm a  sam ples w ere s to red  deep- 
frozen u n til  d issec ted  and  analysed .

A ccord ing  to  th e ir  ap p earan ce , co rpo ra  lu te a  w ere g rouped  in  4 age 
categories: 1 (ap p ro x . 4 -8  days), 2 (9-14  d ay s), 3 (15-19  days) an d  4 (old, 
n o n -fu n c tio n in g  corpora lu tea ). T h ey  w ere excised  from  th e  ovaries, w eighed , 
an d  sam ples w ere ta k e n  for hom ogen ization  in  p h o sp h a te  bu ffe r co n ta in in g  
0 .05%  a lb u m in .

P ro g este ro n e  was m easu red  b y  a specific , d irec t rad io im m u n o assay  
(S tu p n ick i, 1975) in  u n e x tra c te d  p lasm a or C L -hom ogenate . T w en tly  p i  o f 
p lasm a or a n  eq u iv a len t of 50 /tg o f lu te a l tissu e  w ere ta k e n  p er a ssay  tu b e . 
T he an tise ru m  used  (a-P /R 41) w as d irec ted  a g a in s t 12oc-hydroxyprogesterone 
succinate-B SA .

* T his w o rk  w as su p p o rted  b y  th e  P ro je c t M R -II/10 .1 .
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Results and discussion

A  great v a r ia b ili ty  am ong an im als w as observed  reg a rd in g  o v arian  
s tru c tu re . In  som e in s ta n c e s  all k inds o f  s tru c tu re s  w ere p re sen t in  one p a ir  of 
o v a rie s , e.g. 3 co rpo ra  lu te a  of d ifferen t ages, or severa l cysts accom pan ied  b y  
a n  ac tiv e  CL. No d ifference betw een  cows a n d  heifers could be fo u n d  in  th is  
re sp e c t (cf. T able I) . I n  th e  49 C L -co n ta in in g  ovaries, 9 co rpo ra  lu te a  w ere 
lo c a te d  so deep th a t  th e y  could  n o t p o ssib ly  be d e tec ted  b y  re c ta l p a lp a tio n . 
F ro m  these, 6 w ere ac tiv e , connected  w ith  p la sm a  progesterone  levels ran g in g  
f ro m  1.8 to  8.9 ng /m l. O n  th e  o th e r h a n d , 2 p ro tru d in g  co rpora  lu te a  w ere old, 
n o n -fu n c tio n in g , w ith  accom pany ing  p la sm a  p rogesterone  levels o f 0.2 an d  
0 .4  ng /m l. This m a y  ex p la in  th e  observed  d iscrepancies b e tw een  p la sm a  p ro 
g este ro n e  levels a n d  o v a ria n  m orpho logy  as e v a lu a te d  b y  re c ta l p a lp a tio n  in  
p o s tp a r tu m  cows (cf. W oy n o  e t al., 1979).

Since th e  CL’s co lou r is one of th e  fa c to rs  ta k e n  in to  acco u n t w hen  CL 
is  d a te d , 20 corpora lu te a  w ere e x tra c te d  w ith  ch loroform  in  o rd er to  m easure 
co lo u r in ten s ity . T h e  “ co lour in d ex ”  (K ) w as expressed  as o p tica l d e n s ity  a t  
455 n m  calcu la ted  fo r g ram  of lu te a l tissu e . T h e  values o f К  ran g e d  from  
0.2 to  6.5 and  d id  n o t  co rre la te  w ith  a n y  o f th e  s tu d ied  lu te a l p a ra m e te rs  
(r  =  0.05 to  0.14, see also  Fig. 2).

M ean values a n d  s ta n d a rd  d ev ia tio n s  o f th e  s tu d ied  p a ra m e te rs  (CL 
w e ig h t, lu tea l p ro g este ro n e  co n cen tra tio n , to ta l  co n ten t o f p ro g este ro n e  in  
C L, p lasm a p ro g este ro n e  co n cen tra tio n ), as re la te d  to  th e  age ca teg o ry  of CL, 
a re  p resen ted  in  F ig . 1.

T he values o b ta in e d  fo r cows do n o t  d iffer s ig n ifican tly  from  th o se  for 
h e ife rs , except c o n c e n tra tio n  of p ro g este ro n e  in  9 -14  days old co rp o ra  lu te a  
(ca te g o ry  2). W hen  co rrec ted  for CL age, th e  m ean  lu te a l p rogeste rone  con
c e n tra tio n  was low er in  cows th a n  in  heifers b y  a b o u t 23%  (oc =  0.08). O th e r
w ise, th e  p a ram e te rs  o f  th e  tw o groups o f an im als  d id  n o t differ s ig n ifican tly .

Before co rre la tio n  coefficients w ere c o m p u ted , all in d iv id u a l d a ta  w ere 
c o n v e rte d  to  lo g a rith m s, fo r s ta n d a rd  d ev ia tio n s  w ere p ro p o rtio n a l to  th e  
m ean s  of logarithm s. T h e  d a ta  from  n o n -fu n c tio n in g  corpora lu te a  w ere o m it
te d  in  o rder to  m a in ta in  lin ea r re la tio n sh ip s . T h e  sim ple co rre la tion  coeffic ien ts 
a re  lis ted  in  T ab le  I I ,  a n d  som e of th e  co rre la tio n s  are show n in  F ig . 2 in  th e  
fo rm  of sca tte rg ram s.

W hen  in sp ec tin g  th e  co rre la tions b e tw een  p lasm a p ro g este ro n e  an d  
lu te a l  pa ram ete rs  i t  ap p e a rs  th a t  th e  to ta l  c o n te n t o f lu te a l p ro g este ro n e  is th e  
m a jo r  fac to r a ffec ting  th e  co n cen tra tio n  o f  progesterone  in  p la sm a  (rpT =  
=  0.55** and  0.68**, in  cows an d  heifers resp ec tiv e ly ), w hile th e  effect of 
lu te a l  p rogesterone c o n c e n tra tio n  w as less p ro n o u n ced  (rpc =  0.33 a n d  0.48*).

In  order to  ga in  m ore  in sig h t in to  th e  effects of lu te a l p a ra m e te rs  on 
th e  p lasm a p rogesterone  level, p a r tia l co rre la tio n  coefficients w ere ca lcu la ted .
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F ig. 1. F o u r p a ra m e te rs  as re la ted  to  th e  age o f th e  corpus lu te u m . A  =  C ategories o f CL age. 
F o r  e x p la n a tio n  o f o th e r  sym bols see F ig . 2. V ertica l b a rs  den o te  s ta n d a rd  d ev ia tions . N u m b ers

o f o b se rv a tio n s in  p a ren th eses

w

F ig . 2. Selected  corre logram s (log scale). • :  cows; O: heifers; W  =  CL w eigh t; C =  lu te a l 
c o n ce n tra tio n  of p rogesterone; T  =  to ta l  lu te a l c o n te n t o f p rogesterone; P  =  p la sm a  con

c en tra tio n  of p ro g esterone: К  =  colour in d ex  o f CL
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Table I

F re q u e n cy  of observed o v a rian  s tru c tu re s  
(m eans and  ranges p e r  ov ary )

O v a r ia n  s tru c tu re Cows H eifers

Follicles: sm all
m edium
large

3.6 (0— 18)
5.6 (0— 11) 
0.4 (0— 2)

3.1 (0— 10) 
4.6 (0— 11) 
0.4 (0— 2)

Follicu lar cysts 1.2 (0— 3) 1.7 (0— 6)

Table II

Sim ple  corre lation  coefficien ts (log d a ta )

w c T P

A 0.47*
0.75***

0.67***
0.27

0.77***
0.64***

0.50**
0.61***

W 0.15
0.17

0.64**
0.72***

0.52*
0.57**

C 0.85***
0.80***

0.33
0.48*

T 0.55**
0.68***

U p p er line: cows; lo w er line: heifers; A : CL age categ o ry ; W : CL w eigh t; C: lu te a l con
c e n tra tio n  of progesterone; T : to ta l  lu tea l co n ten t o f p rogesterone; P : p lasm a co n cen tra tio n  of 
p rogesterone; * a  <  0.05; ** a  <  0.01; *** a  <  0.001

Table III

Selected  p a rtia l corre lation  coefficients

C o rrela ted
p a ra m e te rs

Cows H eife rs

PW .C 0.51* 0.57**
PT .C 0.54* 0.57**
PC .W 0.30 0.47*
PC .T — 0.31 — 0.15

F o r explanation  see fo o tn o te  to Table I I

Som e of th em  are  p re se n te d  in  T able I I I .  I t  c an  be seen th a t  e lim in a tio n  of 
th e  effect of CL age o r w e ig h t does n o t increase th e  co rre la tio n  b e tw een  p lasm a 
a n d  lu te a l co n cen tra tio n s  o f p rogesterone in  cows ( r c p .A  =  0.0, rcp.w =  0.30), 
w hile a fte r  e lim ina ting  th e  effect o f lu te a l c o n c e n tra tio n  o f p rogesterone , th e  
co rre la tio n  of its  p la sm a  level w ith  th e  to ta l  lu te a l c o n te n t rem ains h igh  and  
s ig n ifican t (rTp,c =  0.54*).
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T he suggestion  th a t  th e  p lasm a progesterone leve l is a ffec ted  b y  th e  
lu te a l p rogesterone  c o n te n t m ore  in ten se ly  th a n  b y  th e  lu te a l p rogesterone  
co n cen tra tio n , is less conclusive in  heifers, w here b o th  lu te a l fac to rs  sign ifi
c a n tly  co rre la te  w ith  p lasm a p rogeste rone  level (rPC.A =  0.41*, rpc.w  =  0.47*, 
грт.с — 0.56**).

I t  m ig h t he sp ecu la ted  t h a t  th e  m en tioned  d ifference in  lu te a l-p la sm a  
re la tio n s b e tw een  heifers an d  la te  p o s tp a r tu m  cows, com b in ed  w ith  low ered  
lu te a l p rogesterone  c o n cen tra tio n  in  th e  la t te r ,  could  be one o f  th e  fac to rs  
c o n tr ib u tin g  to  th e  p ro lo n g a tio n  o f th e  p o s tp a r tu m  p erio d  resu ltin g  in  in fe r
t i l i ty . In  o rder to  fo rw ard  such  a suggestion  m ore d a ta  are  needed  how ever, 
especially  from  early  conceiving p o s tp a r tu m  cows.

R eferences

S tu p n ick i, R . (1975): D irec t rad io im m u n o assay  o f p rogesterone  in  p la sm a  of fa rm  an im als. 
E ndokrino log ie  66, 145-151.

W oyno, W ., M adej, A ., B in ienda , Z ., B arcikow ski, B. an d  S tu p n ick i, R . (1979): C orre la tion  of 
o v arian  s tru c tu re  w ith  p lasm a  p ro gesterone  levels in  p o s tp a r tu m  cows. P roc. Conf. 
on  A ppl. R IA  in  A nim . Sei. W arsaw , P o lan d , 2 -4 . 10. 1979. p . 12.
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0ESTRADI0L-17|S INFLUENCE ON TESTOSTERONE 
PRODUCTION OF LUTEAL CELLS FROM EARLY 
PREGNANT, OESTRADIOL BENZOATE-TREATED 

AND HUMAN CHORIONIC GONADOTROPIN- 
TREATED SOWS IN VITRO

A n n a  G r a z u l , J a d w i g a  P r z a l a , T e r e s a  W i ç s a k  a n d  A n n a  M u s z y n s k a

D e p artm en t o f A n im al Physio logy , U n iv e rs ity  o f A g ricu ltu re  a n d  T echnology , 10-718 O lsz ty n -
K o rtow o , P o lan d

(R eceived  O c to b er 10, 1985)

L u te a l cells sep ara ted  from  ea rly  p re g n an t, o estrad io l b enzoate- (E B ) t r e a te d  
an d  h u m a n  chorionic  g o nado trop in - (hCG) tre a te d  sows w ere in cu b a ted  w ith  or w ith o u t  
oestradiol-17/S ( E 2) to  e s tim a te  th e  in flu en ce  o f E 2 on te s to s te ro n e  (T) p ro d u c tio n  in  
v itro . T h e  co n cen tra tio n s  o f E 2 w ere  1, 10, 100, 1000 a n d  5000 n g /m l m edium . T ry p sin - 
d ispersed  lu te a l  cells, 5X  Ю4 cells/m l, w ere suspended  in  E ag le ’s m ed ium  enriched  w ith  
2%  h u m a n  se ru m  a lbum in . T he T  a m o u n ts  in  th e  m ed ium  sam ples w ere e s tim a te d  b y  a 
rad io im m u n o lo g ica l m eth o d  a f te r  a n  in cu b a tio n  of 1, 3 an d  6 h.

T he lu te a l cells from  th e  th re e  g roups of sows re leased  sim ilar am o u n ts  o f  T  
d u rin g  in cu b a tio n : 82.5 ±  10.9, 61.4 ±  7.1 an d  85.2 ±  13.0 pg /m l, re sp ec tive ly . T h e  
cells fro m  p re g n a n t  pigs decreased  T  sec re tio n  in  th e  p resence of 10 n g  E 2 per m l m ed iu m  
in  th e  f i r s t  h o u r  o f in cu b a tio n  an d  in creased  i t  in  th e  p resence of th e  h ig h est E 2 co n 
c e n tra tio n  in  th e  th ird  h o u r o f th e  e x p erim e n t (P  <  0.05). E 2 d id  n o t  change th e  T  
p ro d u c tio n  o f lu te a l cells o b ta in ed  fro m  th e  rem ain in g  tw o groups (E B - a n d  hCG- 
tre a te d  sow s, respectively).

K eyw ords. O estradiol-17/î, lu te a l cells, te s to s te ro n e , sow , p reg nancy , p se u d o 
p reg n an cy .

R ecogn ition  o f p regnancy  in  th e  sow  is b ased  on th e  fac t th a t  oestrogen  
secre ted  b y  b la s to cy s ts  appears in  th e  m a te rn a l p e rip h e ra l p lasm a on th e  1 6 th  
or 1 7 th  d a y  a f te r  m a tin g  (R o b ertso n  a n d  K ing , 1974). O estrogen  as w ell as 
hCG in jec tio n s p ro long  th e  life sp an  o f th e  corpus lu te u m  (G arbers an d  F ir s t ,  
1969; G u th rie  a n d  R ex ro ad , 1981) b y  p re v e n tin g  lu teo lysis  (R azer an d  F ir s t ,
1983). M oreover, exogenous hCG is follow ed b y  a rise in  p lasm a E 2 leve l 
(G u th rie  an d  R o lt, 1983), there fo re  one can  suppose th a t  th is  stero id  is m ed i
a ted  b y  th e  hCG  ac tio n  on th e  co rpus lu teu m .

D u rin g  pseud o p reg n an cy , E 2 is p ro d u ced  on ly  b y  th e  corpus lu te u m , 
w hereas in  p reg n an cy  also b y  b la s to cy sts  (G adsby  e t al., 1980). H igh  E 2 lev e l 
in  p e rip h e ra l p la sm a , b o th  in  p reg n an cy  (R o b ertso n  an d  K ing , 1974; R o b e rtso n  
e t al., 1978) a n d  p seu d o p reg n an cy  (Jo h m e n  e t al., 1980; G u th rie  an d  R ex ro ad , 
1981; G u th rie  an d  B olt, 1983), m a y  in flu en ce  steroidogenesis in  th e  co rp u s 
lu teum .

In  in  v itro  s tu d ies  E 2, considered  to  be a lu te o s ta tic  fac to r  (B azer e t  a l., 
1982), d id  n o t  a ffec t th e  p rogeste rone  p ro d u c tio n  o f lu te a l cells o b ta in ed  from
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e a r ly  p reg n an t sows (W a tso n  and  W alk er, 1978), b u t  increased  i t  in  tho se  o b 
ta in e d  from  cyclic p igs (G regoraszczuk, 1983).

I t  is know n t h a t  o v a ria n  steroids in c lu d in g  E 2, w hich  is fo rm ed  from  T 
b y  a ro m atiza tio n  (G ro w er an d  Cooke, 1983), can  influence steroidogenesis b y  
lo ca l action . T aken  th is  in to  consid era tio n  i t  seem s reaso n ab le  to  in v es tig a te  
i f  E 3 can  influence T  p ro d u c tio n . So fa r  no  d a ta  have been  av a ilab le  on th is  
s u b je c t in  th e  pig.

The aim  of th is  s tu d y  was to  ex am in e  E 2 influence on th e  T  p ro d u c tio n  
o f  lu te a l  cells o b ta in e d  from  early  p re g n a n t, E B -tre a te d  an d  h C G -trea ted  
sow s in  v itro  on th e  1 8 th  d a y  of p reg n an cy  or p seudopregnancy .

M aterials an d  m ethods

A n im a ls. T he  sow s w ere ob ta in ed  fro m  a com m ercial p ig  fa tte n in g  fa rm . 
D a y  zero of th e  o e s tro u s  cycle was es tab lish ed  on th e  basis o f th e  to le ran ce  
re fle x . The sows w ere assigned  ran d o m ly  to  th ree  groups as follow s: g roup  1: 
n o n -in jec ted  p re g n a n t sows (n =  4); g ro u p  2: sows t re a te d  w ith  o estrad io l 
b e n z o a te  (Polfa, P o la n d ) , 5 /xg/day, b e tw een  days 11 an d  15 of th e  oestrous 
cycle  (n  =  5); g roup  3: sows tre a te d  w ith  1000 IU  hCG (B iogonady l, L a b o ra 
to r ie s  of Sera an d  V accines, Po land) on d a y  12 of th e  oestrous cycle (n =  4). 
T h e  sows were k illed  o n  th e  18th  d ay  o f  p reg n an cy  or p seud o p reg n an cy . A fte r 
d issec tion , th e  ovaries w ere  im m ed ia te ly  tra n sfe rre d  in to  cold (4 °C) sterile  
P B S  (L abora to ries o f  S e ra  an d  V accines, P o land ) co n ta in in g  50 U penicillin  
a n d  50 /xg s tre p to m y c in  p e r  ml.

Separation. L u te a l cells were s e p a ra te d  b y  a tech n iq u e  recom m ended  b y  
S to u ffe r  e t al. (1976), i.e . d ispersion in  0 .2 5 %  try p s in  so lu tio n  (L ab o ra to ries  of 
S e ra  an d  Vaccines, P o la n d ) . Cells w ere c o u n ted  in  a h aem o cy to m ete r, using  
t r y p a n  blue s ta in  (1 % ). T he viable cells w ere suspended  u p  to  5 X 104/m l in  
E a g le ’s m edium  (L a b o ra to rie s  of Sera a n d  V accines, P o land ) en riched  w ith  
2 %  h u m a n  serum  a lb u m in  (fraction  V).

Incubation. E a c h  cell suspension w as d is tr ib u te d  in  L e ig h to n  tu b es  w hich 
w ere  th e n  in cu b a ted  a t  37 °C for 1, 3 a n d  6 h , in  dup lica tes. I n  ad d itio n , th ree  
sam p les  in  each e x p e rim e n t were frozen  w ith o u t in c u b a tio n  to  e s tim a te  th e  
endogenous (p re tre a tm e n t)  T  con ten t. T h e  lu te a l cells w ere in c u b a te d  w ith o u t 
E 2 o r w ith  E 2, 1, 10, 100, 1000 or 5000 n g /m l (Sigm a, U SA ).

R adio im m unoassay. T he  m edium  sam ples w ere s to red  a t  —20 °C u n til  
a ssay ed . T  c o n cen tra tio n  w as estim a ted  b y  th e  m ethod  described  b y  T hom pson  
e t  a l. (1977), ex cep t t h a t  0.5-m l sam ples w ere e x tra c te d  w ith  4 m l d ie th y l 
e th e r . T racer T [(1, 2, 6, 7) -3H -tes to s te ro n e , R ad iochem ical C entre , A m ersham , 
U . K ., spec. act. 107 C i/m m ol], and  “ co ld ”  te s to ste ro n e  (Sigm a) w ere used . 
H ig h ly  specific a n tib o d ie s  against te s to s te ro n e  w ere k in d ly  p ro v id ed  b y
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Prof. R . R em biesa  (In s ti tu te  o f P h arm aco lo g y , P o lish  A cadem y o f Sciences, 
Cracow ). T  an tib o d ies  cross-reacted  w ith  5 a -d ih y d ro tes to s te ro n e  (5 0 % ); 
5a-androstan-3oc, 17/3-diol (28% ); 5oe-androstan-3/3, 17/?-diol (4 .28% ); an d ro - 
stend ione  (2 .83% ); 5<x-androstan-3, 17 d ion (2 .6% ); 5-androsten-3/?, 17/?-diol 
(1 .03% ); an d ro s te ro n e  (0 .85% ); ep ite s to s te ro n e  (0 .42% ); ep ian d ro s te ro n e  
(0 .16% ); 5/?-androstan-3,17 d ion (0 .10% ); d eh y d ro ep ian d ro ste ro n e  (0 .0 6 % ); 
o estrad io l-17/1, pregnenolone, p rogeste rone , co rticoste rone , h y d ro x y co rtiso n e  
(0 .01% ). T  recovery  ra te  was e s tim a te d  as 92 .4% . T he sen s itiv ity  o f th e  a ssay  
w as 5 pg  p e r tu b e . T he coefficients o f v a r ia tio n  w ith in  and  betw een  assay s 
w ere 4 .9 8 %  an d  10.21% , respec tive ly .

Statistics. A  sp lit-p lo t analysis o f v a rian ce  (Gill an d  H afs, 1971) w as 
used to  com pare te s to ste ro n e  co n cen tra tio n  in  co n tro l cu ltu res (w ith o u t E 2) 
an d  E 2-tre a te d  cu ltu res  in  th e  1st, 3 rd  an d  6 th  h  o f in cu b a tio n  as w ell as to  
te s t  d ifferences in  te s to s te ro n e  level d u rin g  in cu b a tio n . E 2 doses w ere u sed  as 
th e  f ir s t  v a riab le  an d  tim e  of in c u b a tio n  as th e  second one. C om parison  o f 
m eans b e tw een  th e  doses s tu d ied  w as perfo rm ed  b y  D u n c a n ’s m u ltip le  ra n g e  
te s t.

R esu lts

T he endogenous (p re tre a tm en t)  T  c o n cen tra tio n  in  th e  sam ples befo re  
in c u b a tio n  of lu te a l cells from  sow groups 1, 2 an d  3 w as 60.8 ^  18.4, 44 .8  ^  
i  7.6 an d  60.0 i  12.4 pg/m l, re sp ec tiv e ly . T he average  T  level in  sam ples 
in c u b a te d  fo r  1, 3 or 6 h  w ith o u t E 2 am o u n ted  to  82.5 i  10.9 fo r g ro u p  1, 
61.4 i  7.1 fo r g roup  2 an d  85. 2 13.0 pg /m l fo r g roup  3.

T ab le  I  p resen ts  th e  T  am o u n ts  p ro d u ced  b y  th e  lu te a l cells o b ta in e d  
from  g roup  1 of sows. E 2, 10 ng /m l, in h ib ite d  (P  < / 0.05) T  p ro d u c tio n  in  th e

Table I

Influence o f va rio u s oestradiol-17/5 (E 2) concen tra tions on tes toste rone  p roduction  (pg /m l) o f 
lu tea l cells ob ta in ed  from  early  p re g n an t sows*

Incubation tim e (h) Mean T  am ount 
for Eg concen tra

tions, pg/m l(ng/ml) 1 3 6

0 10 5 .9 ± 2 6 .3 a 69.7 ±  12.7* 7 1 .9 ± 1 3 .7 ab 8 2 .5 ± 1 0 .9 ab
1 6 5 .1 ± 1 9 .0 ab 51.2dl 17.3a 6 8 .0 ± 2 0 .6 ab 6 1 .5 ± 1 0 .2 a

10 5 9 .1 ± 1 7 .5 b 6 4 .5 ± 1 2 .7 a 6 4 .5 ± 7 .3 a 6 2 .7 ± 6 .9 a
100 72.4d-14.7ab 9 0 .7 ± 2 5 .2 ab 1 0 8 .7 ± 3 7 .2 ab 9 0 .6 ± 1 5 .0 ab

1000 116 .8± 24 .8a 8 1 .1 ± 9 .8 ab 1 1 9 .8 ± 2 8 .1 b 1 0 5 .0 ± 1 2 .8 ab
5000 9 6 .6 ± 3 0 .8 ab 1 6 7 .3 ± 1 4 .2 b 137.8 ± 2 8 .4 b 1 3 4 .6 ± 1 5 .8 b

M ean T  a m o u n t for
in cubation  tim e  (pg/m l) 8 6 .4 ± 9 .4 8 7 .4 ± 9 .8 9 5 .2 ± 1 0 .7 —

* T he values are th e  m eans of 4 experim en ts ±  SEM . V alues in  th e  same line follow ed 
by d ifferen t le tte rs  a re  significantly  d ifferen t (P  <C 0.05)
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T able  I I

In flu en ce  of various oestradiol-17/S concen tra tions on  tes to s te ro n e  production  (pg/m l) o f lu tea l 
cells ob ta in ed  from  sows t r e a te d  w ith  oestrad io l b en zo a te  a t  a  dose of 5 /tg /d a y  be tw een  days

11—15 of th e  o estro u s cycle*

Incubation  tim e (h) Mean T  am ount
E j  concentration (ng/ml) 1 3 6 tions (pg/ml)

0 58.1 zh 14.1 6 9 .9 ± 1 2 .8 56.1 zb 11.9 6 1 .4 ± 7 .1
l 59 .8± 18 .8 5 1 .1 ± 1 8 .2 5 0 .4 ± 1 0 .4 5 3 .8 ± 8 .8

10 4 7 .7 ± 7 .5 55.4 ±  11.1 54.4 ±  14.5 5 3 .5 ± 6 .2
100 57 .6±17 .1 69 .9 ±  10.5 62.6 ±  13.1 6 3 .4 ± 7 .5

1000 57 .8 ± 1 4 .0 5 3 .5 ± 9 .5 62.5 ±  19.5 5 7 .9 ± 8 .0
5000 50.7 ± 1 3 .7 4 5 .9 ±  14.2 7 6 .5 ± 2 3 .3 5 7 .7 ± 1 0 .1

M ean T  am oun t for
in cu b a tio n  tim e (pg /m l) 5 5 .3 ± 5 .5 5 7 .6 ± 5 .1 6 0 .9 ± 6 .2 —

* V alues are th e  m ean s of 5 experim ents ±  SEM

Table I I I

In flu en ce  of various oestradiol-17/S concen tra tions on  tes to s te ro n e  p roduction  (pg/m l) o f lu tea l 
cells ob ta in ed  from  sow s t r e a te d  w ith  1000 IU  of h u m an  chorionic gonado trop in  on  d ay  12 of th e

oestrous cycle*

Incubation  tim e (h) Mean T  am ount 
- for E 2 concentra- 

tions (pg/ml)l 3 6

0 74 .5±20 .6 9 5 .8 ± 2 7 .1 85 .4± 24 .2 8 5 .2 ± 1 3 .0
1 62 .5±14 .1 6 6 .7 ± 2 1 .5 81 .0 ± 2 8 .0 70.1 +  11.7

10 55.1 rb 15.6 8 2 .8 ± 2 7 .0 129 .9± 48 .2 8 9 .3 ± 1 9 .6
100 84 .0± 21 .4 8 9 .1 ± 2 5 .1 71 .9± 19 .9 8 1 .7 ± 1 1 .8

1000 6 3 .6± 17 .0 101.2 ±  16.8 110 .2±24 .9 9 1 .7 ± 1 2 .0
5000 127 .5±19.4 7 0 .0 ± 8 .2 9 7 .3 ± 5 .4 9 8 .3 ± 9 .7

M ean T  am oun t for
incu b a tio n  tim e (pg /m l) 7 7 .9 ± 8 .3 8 4 .3 ± 8 .4 96.0 +  10.9 —

* V alues are th e  m ean s of 4 experim ents ±  SEM

f i r s t  h o u r of in c u b a tio n , w hereas 5000 n g /m l s tim u la te d  (P  < / 0.05) i t  b y  th e  
en d  o f  th e  th ird  h o u r . T he sign ifican t d ifferences (P  <  0.05) in  T  co n cen tra 
tio n s  occurred  b e tw een  sam ples w here E 2 co n cen tra tio n s o f 1 an d  10 ng /m l 
a n d  ex trem ely  h ig h  co n cen tra tio n s (5000 ng /m l) w ere used.

L u tea l cells fro m  groups 2 an d  3 d id  n o t change T p ro d u c tio n  u n d e r E 2 
in flu en ce  (Tables I I  a n d  I I I ) .

D iscussion

The endogenous T  co ncen tra tions as xvell as T am o u n ts  in  th e  sam ples 
d u rin g  in cu b a tio n  w ith o u t E 2 w ere s im ila r in  th e  th ree  physio logical stages 
u n d e r  s tu d y . H o w ev er, th e  lu tea l cell re a c tio n s  on E 2 ac tio n  w ere d ifferen t.
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T he lu te a l cells from  p re g n a n t sows decreased  T p ro d u c tio n  in  th e  presence of 
th e  low est E 2 co n cen tra tio n s e a r ly  in  th e  in cu b a tio n  a n d  increased  i t  in  th e  
presence of th e  h ig h est E 2 c o n c e n tra tio n  su b seq u en tly . T h e  resu lts  suggest 
t h a t  low  E 2 doses increase T  conversion , w hereas th e  h ig h es t dose causes T 
accu m u la tio n  in  lu te a l cells. N one o f th e  E 2 doses used  a ffec ted  th e  T  p ro d u c 
tio n  of th e  lu te a l cells o b ta in ed  from  E B -tre a te d  an d  h C G -trea ted  sows.

R ecen t s tud ies b y  G razu l e t al. (1986) h av e  show n th a t  E 2 changed  
progesterone  secre tion  b y  lu te a l cells o b ta in ed  from  p re g n a n t sows b u t  d id  
n o t change i t  i f  th e  cells w ere d e riv ed  from  E B -tre a te d  o r h C G -trea ted  ones. 
I n  th e  p re g n a n t sows E 2 p la sm a  level (M oeljono e t al., 1977) is low er th a n  in  
oestrad io l v a le ra te -tre a te d  (F ra n k  e t  al., 1977) or h C G -trea ted  (G uthrie  an d  
B olt, 1983) ones. One m ay  suppose  th a t  h igh  E 2 level in  v ivo  lim its  E 2 influence  
on steroidogenesis in  lu te a l cells in  v itro .

I t  is know n  th a t  T  is re leased  b y  o v arian  cells d u rin g  p reg n an cy  an d  th a t  
L H  regu la tes its  secre tion  in  th e  r a t  (S rid a ran  e t ah , 1981). H ow ever, th e  role 
o f T  d u ring  p reg n an cy  is n o t c lear; i t  seem s th a t  i t  is u tiliz e d  b y  cells m ain ly  
as a source of E 2. T he corpus lu te u m  o f th e  r a t ,  un like  t h a t  o f th e  cow (H en 
derson  an d  M oon, 1979) has a  h ig h  a ro m atase  a c tiv ity  in  p reg n an cy  (E lb au m  
an d  K eyes, 1976). The po rc ine  co rpus lu te u m  p roduces E 2 d u ring  b o th  th e  
oestrous cycle an d  p reg n an cy  (L em on an d  L oir, 1977; W a tso n  an d  P a te k , 
1979), suggesting  an  a ro m a ta se  a c tiv ity . G ibori an d  K eyes (1978) supposed  
th a t  T  itse lf  m ig h t ex e rt d irec t ac tions in  r a t  lu te a l cells, a n d  K eyes e t al. 
(1980) show ed lu teo tro p ic  effect o f  T  in  th e  p reg n an t r a t .

P resu m ab ly , E 2 can  in flu en ce  th e  T  secretion  b y  o v a ria n  cells, th o u g h  
considerab le d iscrepancies occur b e tw een  ex p erim en ta l d a ta . M agoffin an d  
E rickson  (1981) show ed th a t  exogenous E 2 ac ts  d irec tly  on r a t  o v a ry  to  abolish  
th e  hCG stim u la tio n  of an d ro g en  p ro d u c tio n  b y  ra p id ly  in h ib itin g  ^ « - h y d r o x 
y la tio n . M oreover, oestrogen  in  h ig h  co n cen tra tio n  in h ib its  L H -s tim u la ted  
fo llicu lar and rogen  p ro d u c tio n  in  th e  r a t  in  v ivo  (L eung  a n d  A rm stro n g , 1980) 
an d  in  porcine th eca l cells in  v itro  (T sang e t al., 1979). O n th e  o th e r h an d , in  
lu te a l cells cu ltu red  from  p re g n a n t r a ts  exogenous E 2 d id  n o t  affect T  an d  
progesterone p ro d u c tio n  (W ad a  e t al., 1984).
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(R eceived  J a n u a ry  15, 1986)

A n o u tb rea k  o f a  re sp ira to ry  disease caused  b y  b ov ine  re sp ira to ry  sy n cy tia l 
v iru s  (B R SV ) an d  ap p ea rin g  as chronic p n eu m o n ia  accom pan ied  b y  com plications 
w as observed  in  th e  ca lf-rea rin g  u n i t  o f a  large-scale  c a tt le  fa rm . A m ong  6 to  18 m o n th s 
old fa tten in g  bu lls o f th e  sam e fa rm  an  a cu te  re sp ira to ry  disease caused  b y  th e  sam e 
v iru s occurred . T he ae tio lo g y  was e lu c id a ted  b y  v iru s  iso lation  a n d  te s tin g  pa ired  sera. 
I t  is suggested  t h a t  th e  severe , a cu te  p u lm o n a ry  em physem a of th e  6 to  18 m on ths old 
an im als was due  to  a  h y p e rsen s itiv ity  response  of allergic (im m unopatho log ica l) b ack 
g ro u n d , since th e  a ffec ted  an im als h a d  possessed  n eu tra liz in g  an tib o d ies  to  B R SV  
a lread y  3 weeks befo re  th e y  fell ill. A m ong th e  fa tte n in g  bu lls th e  o u tb re a k  passed off 
in  3 w eeks’ tim e ; on  th e  c o n tra ry , am ong th e  calves im p ro v em en t w as observed on ly  
4 m o n th s la te r , w ith  th e  beg inn ing  of w a rm  w eath e r. I t  is p o s tu la te d  t h a t  B R S v iru s 
k e p t c ircu la ting  in  th e  c a lf  p o p u la tio n  even  a f te r  th e  d isap p earan ce  o f c lin ical sym ptom s, 
since m ost o f  th e  suscep tib le  calves in tro d u c ed  in to  th e  s tock  dev elo p ed  an tibodies to  
B R SV  w ith o u t show ing clinical sy m p to m s. C o n trarily , th e  su scep tib le  anim als in tro 
duced  in to  th e  fa tte n in g  bu ll stock  failed  to  se ro co n v ert, a  fa c t t h a t  speaks against th e  
c ircu la tio n  of th e  v iru s  in  th e  stock.

Keywords. B o vine, re sp ira to ry  sy n c y tia l v iru s , in fec tio n , calf, fa tten in g  bu ll, 
p n eu m onia , p u lm o n a ry  em physem a.

B ovine re sp ira to ry  sy n cy tia l v iru s (B R SV ) in fec tion  o f c a ttle  and  th e  
consequen t re sp ira to ry  disease h av e  been  described  all over th e  w orld (Pac- 
caud  an d  Ja q u ie r , 1970; W ellem ans e t a l., 1970; In a b a  e t a l., 1970). The in 
cidence, course, clin ical sy m p to m s an d  patho lo g ica l lesions o f  th e  disease as 
well as th e  possib ilities o f its  diagnosis a n d  con tro l have  been  rep o rted  (Rossi 
an d  K iesel, 1974; v a n  N ie u w sta d t an d  V erhoeff, 1983). T h e  occurrence of 
B R SV  in  H u n g a ry  an d  its  ro le in  th e  aetio logy  o f th e  so-called epizootic cough
ing (yearling  pneum on ia) o f c a ttle  w ere re p o rte d  in  1975 (K öves an d  B a rth a , 
1975); th e  sam e v iru s  has been  in c rim in a ted , in  ad d itio n  to  th e  above-m en
tio n ed  syndrom e, in  th e  ae tio logy  of th e  com plica ted  p n eu m o n ia  of young 
calves show ing no  c h a ra c te ris tic  fea tu re s . Serological su rv ey s h av e  revealed  
th a t  a  considerab le p a r t  o f large-scale c a ttle  stocks in  H u n g a ry  are in fected  
by  B R SV . I n  m ost o f th e se  stocks, in  c e r ta in  age groups, in fec tio n s pass off 
w ith o u t an y  sy m p to m . As asy m p to m a tic  in fec tio n  of ce rta in  g roups of ca ttle  
was observed  over periods in  severa l large-scale  c a ttle  stocks, th e  supposition  
Was close a t  h an d  th a t  p e rm a n e n t in fec tion  w as estab lished  b y  an im als th a t ,
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fo r  som e reason or o th e r , h a d  becom e v iru s excre to rs. T h e  fac to rs to  w hich  
v iru s  c irculation  in  a  g iv en  s to ck  m a y  be  a ttr ib u te d  a re , how ever, u n k n o w n ; 
n e i th e r  do we know  w h ere  an d  how  th e  v irus p e rs is ts  in  th e  stock . I n  th e  
p re s e n t paper we r e p o r t  on o u r s tu d ie s  concerning th e  c ircu la tio n  o f B R S Y  
in fe c tio n  in  d ifferen t age  g roups o f a large-scale c a ttle  s to c k  a fte r  an  o u tb re a k  
o f  B R SY -induced  re s p ira to ry  d isease, an d  on th e  tim e-co u rse  o f th e  in fec tion .

M aterials and methods

D escription o f the disease

In  the  specialized  c a ttle  u n it  o f farm  “ D ”  200 L im ousine x  H u n g a ria n  
F leck v ieh  F x cows a n d  th e ir  p ro g en y  are  kep t. H eifer calves are rea red  fo r 
re p la c e m en t of th e  cow  stock , w hile bullcalves are  fa t te n e d  on an  in ten siv e  
feed in g  regime, u n d e r  loose housing  cond itions, g rouped  b y  age, 20 bu lls/g roup , 
f ro m  6 to  18 m o n ths o f  age. U sua lly  10 days old, occasionally  also o lder, bull- 
ca lv es  are p u rch ased  fro m  b o th  sm allho lders an d  large-scale  farm s fo r f a t 
te n in g . These are  in tro d u c e d  in to  th e  ap p ro p ria te  age g roup  of th e  fa rm ’s 
ow n stock  after an  iso la tio n  period  w h ich  usually  la s ts  30 days.

As in the  ca lf-rearin g  u n it  b o v in e  v ira l d ia rrh o ea  (B V D ), in fectious b o 
v in e  rh in o trach e itis  ( IB R ) an d  aden o v iru s  in fection , in fec tions causing  con
s id e rab le  econom ic losses, h a d  becom e p e rm an en t, v a c c in a tio n  ag a in s t these  
th r e e  diseases w as s ta r te d  10 y ea rs  ago and  has b een  p rac tised  co n tin u o u sly  
e v e r  since according to  th e  reg u la tio n s ; th e  p u rch ased  an im als are  also v a c 
c in a te d . As a re su lt o f  v acc in a tio n , th e  form erly  10 to  2 0 %  ca lf losses h av e  
b e e n  reduced  to  1 to  5 % , w hich  ensu res an  econom ical o p era tio n .

In  N ovem ber 1982, a re sp ira to ry  disease em erged in  th e  ca lf-rearing  u n it , 
a m o n g  th e  3 to  4 m o n th s  old calves. As regards its  course, clin ical sy m p to m s 
a n d  pathological lesions, i t  resem bled  th e  disease o b se rv ed  in  th e  sto ck  in  th e  
e a r ly  ’seventies, a d isease  a t t r ib u te d  to  IB R V  an d  ad en o v iru s  in fec tion . T he 
d isease  was p ra c tic a lly  e lim in a ted  la te r  b y  regu lar v acc in a tio n . The in fec tio n  
sp re a d  slowly am ong  th e  calves; a f te r  tw o m on th s a ll th e  an im als, ex cep t 
th o s e  younger th a n  6 w eeks an d  in tro d u c e d  a fte r th e  o u tb re a k , show ed c lin i
ca l sym ptom s in d ic a tiv e  o f re sp ira to ry  disease. T he d isease occurred  in  b o th  
th e  fa rm ’s own calves a n d  th e  p u rch ased  ones. C linical sym p to m s p e rs is ted  
o v e r a  long period, f re q u e n tly  even  fo r 4 to  6 weeks. T h e  d eve lopm en t o f c lin i
ca l sym ptom s w as b e s t observab le  on  th e  40 to  50 day s o ld  p u rch ased  calves 
in tro d u c e d  in to  th e  a ffec ted  ca lf house. O n days 5 -10  a f te r  in tro d u c tio n , these  
ca lv es  showed ta c h y p a o e a , serous n a sa l d ischarge a n d  lac rim a tio n . T h e  a f
fe c te d  calves h ad  a te m p e ra tu re  a ro u n d  40 °C, a n d  w ith in  a few d ays th e y  
deve loped  an  a g g ra v a tin g  dyspnoea , h a d  a freq u en t a n d  w e t cough, a n d  f irs t 
a  m ucous, th en  a p u ru le n t, n asa l d ischarge . T heir h a irc o a t w as m a t an d  shaggy .
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F rom  th e  th ird  w eek onw ards, th e ir  b o d y  co n d itio n  rap id ly  d e te rio ra ted  an d  
th e ir  g row th  w as re ta rd e d . In  th is  case none o f th e  calves died  in  th e  acu te  
stage of th e  d isease; d ea th s  occurred  u su a lly  in  th e  4 th  or 5 th  week, as a re su lt 
of secondary  p leu ropneum on ia .

In  th e  ca lf  house th e  disease la s ted  4 m o n th s ; affected  calves s ta r te d  to  
decrease in  n u m b e r only  w hen th e  in tro d u c tio n  o f calves bo rn  in  th e  m ean tim e  
was stopped . In  th e  w in te r period , 14 o f th e  180 calves (7.7% ) died. Cows an d  
heifers housed  in  sep a ra te  b arn s  o f th e  specialized  fa rm  show ed clin ical sy m p 
tom s n e ith e r  a t  th e  tim e  w hen th e  calves becam e affec ted  nor la te r  on. S u b 
sequen tly , in  th e  w arm  season, la s tin g  from  A pril to  S ep tem ber, th e  disease 
p rac tica lly  d isap p eared , a lth o u g h  a few  calves ex h ib ited  m ild re sp ira to ry  
sym ptom s w hich, how ever, soon subsided . W ith  th e  onset o f th e  cold season , 
in  N ovem ber, disease cases occurred  again , b u t  in  a m uch m ilder fo rm . I n  
th a t  w in te r 9 calves (4 .5% ) died  of a re s p ira to ry  disease accom pan ied  b y  
sym ptom s s im ila r to  those  observed in  th e  p rev io u s year.

In  M arch 1983, w hen  m uch few er a ffec ted  calves w ere k e p t in  th e  ca lf
rearing  house, a su d d en  o u tb reak  of acu te  re sp ira to ry  disease occurred  in  a 
fa tte n in g  bu ll b a rn , 500 m  aw ay from  th e  ca lf  house, am ong 7 m o n th s  old 
fa tte n in g  bulls tra n sfe rre d  here from  th e  in fec ted  ca lf  house 6 w eeks earlie r. 
The disease sp read  over to  th e  whole fa tte n in g  b u ll s to ck  w ith in  a w eek; n e a r ly  
all th e  bulls show ed clinical sym ptom s c h a ra c te ris tic  of th e  re sp ira to ry  disease 
know n as “ y ea rlin g  p n eu m o n ia”  or “ ep izootic  cough ing” . The an im als coughed  
v e ry  fre q u e n tly  a n d  loud ly , th e ir  bo d y  te m p e ra tu re  rose as h igh  as 41 °C, 
th e y  show ed a b u n d a n t serous n asa l d ischarge  a n d  dyspnoea. Some an im als 
ex h ib ited  em p h y sem a  in  th e  su b cu tan eo u s conn ec tiv e  tissue o f th e  d o rsa l 
region. M ost o f th e  affec ted  bulls recovered  w ith in  3 to  5 days, b u t  fo u r 8—10 
m on ths old an im als (2% ) died. T w en ty  day s a f te r  th e  occurrence o f th e  f ir s t  
case th e  w hole s to ck  w as h e a lth y  again , an d  no relapses occurred  even  su b 
sequen tly . T h ir ty  day s a fte r th e  disease h a d  d isap p eared , th e  in tro d u c tio n  o f 
bullcalves th a t  h a d  reach ed  th e  age of 6 m o n th s  in  th e  ca lf house or h a d  been  
pu rchased  from  sm allho lders, was begun  an d  c o n tin u ed  la te r  on as well. No 
re sp ira to ry  or a n y  o th e r  disease w as observed  am o n g  th e  in tro d u ced  fa tte n in g  
bulls d u ring  th e  tw o -y e a r period  of ob serv a tio n .

Serological exam inations

T he f ir s t  b lood  sam ples ta k e n  in  th e  ca lf  house w ere received  8 w eeks 
a fte r th e  disease h a d  em erged, in  m id -Ja n u a ry , 1983. B lood sam ples w ere 
ta k e n  from  5 m o n th s  old calves th a t  h a d  b een  a ffec ted  earlier b u t  reco v 
ered  since, an d  fro m  fresh ly  affected  8 w eeks o ld  calves purchased  from  sm a ll
holders. Second b lood  sam ples of th e  sam e an im als  w ere sen t to  th e  la b o ra to ry  
3 weeks la te r , to g e th e r  w ith  those ta k e n  from  th e  — a t  th a t  tim e  still h e a lth y
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— bullca lves. S u b seq u en tly , b lood sam ples w ere ta k e n  an d  te s ted  re g u la rly  from  
an im als  th a t  h a d  recovered  an d  from  B R S V -an tibody-free  an im als p u rch ased  
fro m  sm allho lders a n d  in tro d u ced  in to  th e  ca lf  an d  fa tte n in g  bu ll s to ck  a t  10 
d ay s  an d  6 m o n th s  o f age, re spec tive ly . B R S Y  n eu tra liz in g  an tib o d ies  w ere d e 
te rm in e d  in  an  F L K  cell line ca rry in g  bo v in e  leucosis v irus. H a ra la m b ie v ’s 
m e th o d  (H a ra la m b iev  e t  ah, 1982) w as used .

A ntibod ies to  p a ra in flu en za-3  (P I-3 ) v iru s  w ere exam ined  b y  th e  haem ag- 
g lu tin a tio n -in h ib itio n  (H I) te s t  in  th e  u su a l w ay . Since th e  c a ttle  s to c k  w as 
c o n tin u o u sly  im m u n ized  w ith  IB R , B Y D  a n d  adenovirus vaccines th e  se ra  
w ere  n o t te s te d  fo r an tib o d ies  to  th e se  v iru ses.

Gross and histopathological exam ination

F ro m  calves o f sm aller b o d y  size th e  en tire  carcase, w hile fro m  th e  
la rg e r  fa tte n in g  b u lls  on ly  th e  p a th o lo g ica lly -a lte red  organs w ere su b m itte d  
fo r ex am in a tio n . I n  su b m ittin g  te s t  m a te r ia l to  th e  lab o ra to ry , p re fe rence  w as 
g iven  to  carcases o f an im als th a t  h a d  d ied  o f  acu te  sym ptom s a f te r  a ra p id  
course. T he h is to p a th o lo g ica l sections p re p a re d  from  th e  p a th o lo g ica lly -a l
te re d  p a r ts  w ere s ta in e d  w ith  h a e m a to x y lin  an d  eosin. O ccasionally , B ra u n -  
B re n n ’s sta in in g , G iem sa sta in in g  a n d  PA S re a c tio n  were also used .

V iru s  isolation

V irus iso la tio n  w as a tte m p te d  in  seco n d ary  ca lf k id n ey  ep ith e lia l cell 
cu ltu re s  from  th e  patho lo g ica l secre tions o f a c u te ly  diseased calves a n d  f a t te n 
in g  bulls an d  fro m  th e  p a th o lo g ica lly -a lte red  organs o f an im als t h a t  h a d  d ied  
a f te r  a ra p id  course ; th e  p rocedure  re p o rte d  earlie r w as used (K öves an d  
B a r th a , 1975).

R esu lts

In  J a n u a ry  1983, we succeeded in  iso la tin g  in  secondary  ca lf  k id n ey  
ep ith e lia l cell c u ltu re s  a re sp ira to ry  sy n c y tia l v iru s  from  nasa l sw abs o f  a calf, 
one o f th e  p u rch ased  calves in tro d u ced  in to  th e  in fec ted  ca lf-rearing  house a t 
6 w eeks of age. T hese calves developed  a c u te  re sp ira to ry  sy m p to m s in c lud ing  
serous nasa l d ischarge  a fte r  h av in g  s ta y e d  in  th e  calf-rearing  house  fo r 5 to  
10 days. T he v iru s-in fec ted  cell cu ltu re s  co n ta in ed  sy n cy tia  an d  in  th e  s ta in ed  
p re p a ra tio n s  cy to p lasm ic  inclusions w ere seen. The v iru s-co n ta in in g  f lu id  
fa iled  to  ag g lu tin a te  gu inea-pig  red  b lood  cells. W e iden tified  th e  v iru s  b y  th e  
v iru s -n e u tra liz a tio n  te s t ,  using  an ti-B R S V  serum . F u rth e r  v iru s  iso la tio n  a t 
te m p ts  m ade from  diseased an im als o f th e  calf-rearing  house a n d  fa tte n in g  
b u ll b a rn  failed .
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In  th e  succum bed  calves, c a ta rrh a l-p u ru le n t p n eu m o n ia  an d  su b acu te  
p leu ritis  caused  b y  co ry n eb ac te ria l a n d  s trep to co ccal superin fec tions, w ere 
found . T he b ro n ch ia l ep ith e liu m  w as covered  b y  a deb ris-co n ta in in g , p u ru le n t-  
m ucous ex u d a te . I n  som e calves w iden ing  of th e  p u lm o n a ry  sep ta  an d  m ild  
in te rs titia l em p h y sem a w ere found . I n  th e  lungs o f som e calves, a t th e  b o u n d a 
ries of in ta c t  a n d  p a th o lo g ica lly -a lte red  areas th e re  w ere m u ltin u c lear g ian t 
cells (syncy tia) in  th e  a lveo lar an d  b ro n ch ia l ep ith e lia l cells. N eith er in t r a 
n uclear n o r cy top lasm ic  inclusions w ere found  in  th e  lu n g s  o f calves died o f th e  
re sp ira to ry  disease.

T he lungs o f fa tte n in g  bu lls d ied  o f re sp ira to ry  sy m p to m s a fte r a sh o rt 
disease course (2 to  3 days) d id  n o t collapse a f te r  ex p o sed ; th u s , i t  seem ed 
la rger th a n  its  n o rm al size. I n  th e  lungs th e re  w as a severe  in te rs titia l em p h y 
sem a; th e  alveoli reach ed  th e  size o f a f is t  or a ch ild ’s h ead . The p u lm o n a ry  
sep ta  w ere s trik in g ly  w idened  an d  in f il tra te d  w ith  serous ex u d a te  an d  con
ta in e d  gas b ubb les. T he tra c h e a l m ucosa was scarle t red . H istopatho log ica lly , 
th e re  w as a serous ex u d a tio n  in  th e  in te rlo b u la r  co nnective  tissue; o th e r  
find ings inc luded  in te rs ti t ia l  p n eu m o n ia , acu te  b ro n ch itis , fusion of ce rta in  
b ronch ia l an d  a lv eo la r ep ith e lia l cells (sy n cy tiu m  fo rm a tio n ), and  cy top lasm ic  
inclusions in  som e re sp ira to ry  ep ith e lia l cells.

T he titre s  o f B R SV  n eu tra liz in g  an tibod ies in  se ra  o f  diseased calves an d  
fa tte n in g  bulls are  show n in  T ab le  I . T ab le  I I  gives d a ta  o n  th e  occurrence an d  
titre s  o f an tib o d ies  in  p u rch ased  suscep tib le  calves in tro d u c e d  in to  th e  ca lf 
house a f te r  th e  o u tb re a k  h a d  passed  off. T able  I I I  show s th a t  in  grow ing a n i
m als in tro d u c e d  in to  th e  fa tte n in g  b u ll b a rn , w here  reco v ered  anim als w ere 
k ep t, v iru s-n eu tra liz in g  an tib o d ies  fa iled  to  ap p e a r d u rin g  th e  long period  of 
observation . A n tibod ies to  P I-3  v iru s  w ere d em o n strab le  b y  th e  H I  te s t  in  
ab o u t a h a lf  of th e  sera  te s te d . Since th e  occurrence a n d  ti t re s  of H I  an tibod ies 
w ere as usual, th e y  are  n o t in d ic a te d  sep ara te ly .

Table I

BR SV  an tibodies in calves and fa tten in g  bu lls

Age o f the  anim als a t Onset and end of
D ates o f  blood sampling

the firs t testing the  disease outbreak 15 Jan u ary 5 February 10 A pril

5 m onths old “ ow n”  calves 15 N o v em b er- 
- 5  Ja n u a ry

10/10*
1 : 56 +

10/10 
1 : 48

8 weeks old pu rchased  calves 12 J a n u a ry -  
20 F eb ru a ry

0/10 10/10 
1 : 42

8/10 
1 : 23

6 m onths old “ ow n”  fa tten in g  
bulls

1 M arch-20  
M arch

7/10 
1 : 32

10/10 
1 : 92

N u m erato r: n u m b er o f p o sitive  an im als; * d enom inato r: n u m b er o f anim als te s ted ; 
+ m ean an tib o d y  titre s  in  th e  positive  sera
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T able  I I

B R S V  antibodies in p u rch ased  calves in tro d u ced  in to  th e  calf-rearing house a f te r  th e  o u tb reak
h a d  passed  off

Date o f in tro-
D ates of blood sampling

duction 15 April 1 Ju ly 1 October 1 Decem ber

15 A pril 0/9 6/9 8/9
1 : 22 1 : 19

1 Ju ly 0/10 7/10 8/10
1 : 42 1 : 28

1 O ctober 0/7 7/7 
1 : 46

F or exp lanations, see T ab le  I

T able  I I I

B R S V  antibodies in  p u rch ased  grow ing bulls in tro d u ced  in to  the  fa tten in g  b u ll b a rn  a fte r  th e
o u tb rea k  h a d  passed  off

D ate o f intro-
D ates o f blood sampling

duction 4 May 1 Septem ber 15 January 15 M arch

4 May 0/10 0/9 0/7 0/10

1 S eptem ber 0/5 0/5 0/4

15 J a n u a ry 0/8 0/6

F or exp lanation , see T ab le  I

D iscussion

T he p resen t s tu d ie s  h av e  show n th a t  th e  re sp ira to ry  d isease  in  th e  calf
re a r in g  house and  fa t te n in g  bu ll b a rn  o f  fa rm  “ D ”  was due to  B R S Y  in fection . 
T h is  is su p p o rted  b y  successfu l v iru s  iso la tion , th e  re su lts  o f  te s tin g  p a ired  
se ra  an d  th e  p a th o lo g ica l lesions.

Iso la tion  o f th e  v iru s  is n o t considered  a p reco n d itio n  o f  d iagnosing  th e  
re s p ira to ry  disease cau sed  b y  B R SY , because B R SV  is v e ry  d ifficu lt to  iso la te  
(L eh m k u h l e t al., 1978). W e succeeded  in  iso lating  th e  v iru s  on ly  in  20%  o f 
c a t t le  stocks a ffec ted  w ith  re sp ira to ry  disease u n d o u b ted ly  cau sed  b y  B R SY . 
T h e  iso la tion  ra te  o f B R S V  is even  w orse i f  th e  n u m b er o f v iru s  iso lations is 
re la te d  to  th e  n u m b e r o f  sam ples te s te d ; on ly  1%  of th e  sam ples y ie lded  v irus. 
A lso in  fa rm  “ D ” o n ly  one sam ple y ie lded  B R SV  a lth o u g h  iso la tio n  was a t 
te m p te d  from  n u m ero u s sam ples over a long period. I t  is re m a rk a b le  th a t  in  
th e  fa rm  th e  v iru s  w as iso la ted  from  n asa l secretions o f a  fresh ly -d iseased  
su scep tib le  calf t h a t  h a d  been  p u rch ased  from  sm allholders a n d  in tro d u ced
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in to  th e  in fec ted  ca lf-rearing  house 10 days before th e  sam ple  w as ta k e n . V irus 
iso la tion  from  th e  fa rm ’s “ ow n”  an im als d iseased e ith e r  in  th e  calf-rearing  
house or th e  fa tte n in g  bu ll b a rn  fa iled  consisten tly .

A ccording to  l i te ra ry  d a ta , i t  is adv isab le  to  base  th e  diagnosis o f B RSV - 
in d u ced  re sp ira to ry  disease on te s tin g  th e  a n tib o d y  ti t re s  o f  p a ired  sera. 
A ccording to  ou r experiences, th is  reco m m en d atio n  can  be accep ted  on ly  w ith  
ce rta in  reserv a tio n s, since in  a considerab le p a r t  o f o u r cases we failed  to  d em 
o n s tra te  a sign ifican t a n tib o d y  t i t r e  increase, fo r th e  f ir s t  serum  sam ple of 
d iseased  an im als co n ta in ed  an tib o d ies; these  w ere o f m a te rn a l orig in  or re su lted  
from  an  earlier a sy m p to m a tic  in fec tion  (H olzhauer, 1978). I t  has been suggested  
th a t  th e  blood w ith d ra w n  from  diseased an im als on  th e  3 rd  d ay  of th e  disease 
m ig h t a lread y  co n ta in  m ax im um  a n tib o d y  titre s  (B ak e r an d  F rey , 1985); th u s , 
i t  w ould  be u n ju s tif ie d  to  base th e  diagnosis on t i t r e  rise in  p a ired  sera. In  
fa rm  “ D ” th e  blood te s tin g  s ta r te d  in  m id -Ja n u a ry  h a d  no d iagnostic  va lu e  in  
calves th a t  h ad  fa llen  ill tw o  m o n th s  earlier, since b y  th a t  tim e  all th e  calves 
te s te d  possessed an tib o d ies . T estin g  p a ired  sera  m ay  h a v e  d iagnostic  v a lu e  on ly  
w hen  th e  f irs t sam ple is ta k e n  on th e  v e ry  f irs t  day s o f  th e  disease, since on th e  
su b seq u en t days seronega tive  an im als m ay  develop an tib o d ies . H ow ever, in  
th e  p resen t s tu d y  th e  p a ired  sera ta k e n  from  th e  p u rch ased , suscep tib le  calves 
in tro d u ced  in to  th e  in fec ted  ca lf-rearing  house 10 d ay s earlie r d id  h av e  d iag 
nostic  value (T able I).

T he serological ex am in a tio n s m ade in  th e  fa tte n in g  bu ll s to ck  o f th e  fa rm  
w ere su ffic ien t to  assum e th e  aetio log ical role of B R SV . T ab le  I show s th a t  
m ore th a n  a h a lf  o f th e  b lood  sam ples ta k e n  3 w eeks before  th e  o u tb re a k  con
ta in e d  an tibod ies in  a m ean  t i t r e  o f 1 : 32. These an tib o d ies  could n o t have  
been  o f co lostral orig in  b u t  m u st h av e  appeared  as a re su lt  of an  earlie r a sy m p 
to m a tic  in fection . All th e  postep idem ic  b lood sam ples co n ta in ed  an tibod ies 
w hich  show ed a n ea rly  th reefo ld , i. e. sign ifican t, increase  in  t i tre .

The gross p a tho log ica l lesions seen in  ca lf carcases w ere n o t c h a rac te ris tic ; 
th e y  d id  n o t differ a t  all from  lesions occurring  as a re su lt of IB R V  or bovine 
adenov irus in fection . Specific h istopatho log ica l changes w ere in freq u en t and , 
th u s , u n su itab le  fo r ro u tin e  d iagnostic  purpose.

O n th e  o th e r h a n d , in  th e  fa tte n in g  bulls d ied  o f th e  disease th e re  were 
gross an d  h is to p a th o lo g ica l lesions ty p ica l o f B R S V -induced  re sp ira to ry  d is 
ease. The m ark ed  w iden ing  an d  oedem atous in f il tra tio n  o f in te rlo b u la r  sep ta , 
th e  appearance  of num erous large  a ir bubbles in  th e  em p h y sem ato u s lungs 
and , h istopatlio log ica lly , th e  fusion  o f a p a r t  o f th e  b ro n ch ia l an d  alveo lar 
ep ith e lia l cells, th e  fo rm a tio n  of m u ltin u c lea r g ian t cells an d  th e  presence of 
cy top lasm ic  inclusions in  p a r t  o f th e  cells are find ings w hich  can n o t be found  
to g e th e r  in  re sp ira to ry  diseases caused  b y  e ith e r IB R V  or bov ine  adenoviruses.

I n  ag reem en t w ith  o u r earlie r experiences, th e re  w ere s trik in g  differences 
b e tw een  th e  re sp ira to ry  disease o f calves an d  fa tte n in g  bulls o f fa rm  “ D ”  as
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re g a rd s  course, clinical sy m p to m s a n d  path o lo g ica l lesions. A m ong  th e  fa t te n 
in g  h u lls  th e  disease o ccu rred  in  th e  fo rm  o f th e  so-called “ ep izoo tic  coughing”  
o r “ y ea rlin g  p n eu m o n ia” , w hereas in  th e  calves th e  p a th o lo g ica l p ic tu re  w as 
d o m in a te d  b y  a ch a rac te rle ss , chronic, seco n d ary  p n eu m o n ia , a fin d in g  usual 
a f te r  IB R V  and  a d e n o v ira l in fec tions as well. B ak er an d  F re y  (1985) regarded  
th is  clin ical p ic tu re  as th e  f ir s t  s tage  o f th e  disease em erg ing  a f te r  B R SY  
in fe c tio n , i. e. as t h a t  resem b lin g  th e  so-called sh ipp ing  fever. O n th e  o th e r 
h a n d , th e  disease e n t i ty  n a m e d  b y  us “ epizootic coughing”  o r “ yearlin g  p n eu 
m o n ia ”  resem bles th e  h y p e rse n s itiv ity  response considered  b y  B ak er and  
F re y  (1985) to  re p re se n t th e  second stage  o f th e  disease. B ased  u p o n  th e  clin i
ca l sy m p to m s and  gross an d  h is to p a th o lo g ica l lesions, also we in c rim in a ted  
c e r ta in  allergic (im m u nopatho log ica l) processes in  th e  pa th o g en esis  o f th e  acu te  
re s p ira to ry  disease o ccu rrin g  in  fa tte n in g  hu ll stocks, i. e. th e  so-called “ ep i
zo o tic  coughing”  or “ y e a rlin g  p n eu m o n ia” . O ur in v es tig a tio n s  in to  th is  su b 
je c t  w ill be rep o rted  in  a  sep a ra te  p a p e r; here  we m erely  re fe r to  th e  fa c t th a t  
th e  se ra  of fa tten in g  b u lls  co n ta in ed  V N  an tib o d ies  a lread y  3 w eeks before th e  
o u tb re a k  (Table I). I f  th e  sud d en  an d  ra p id  o u tb re a k  occu rring  am ong f a t 
te n in g  bulls really  h a d  a n  allergic b a ck g ro u n d  an d  w as due to  a h y p e rsen sitiv 
i ty  response, a t  th e  t im e  of in fec tion  a ce rta in  p a r t  o f th e  an im als  m u st have 
possessed  no t only an tib o d ie s  b u t  also im m unological m em ory  cells con v erted  
b y  B R SV .

T he disease t h a t  a t ta c k e d  fa tte n in g  bulls differed  from  t h a t  observed  in  
th e  calf-rearing  house  n o t  on ly  in  its  c h a ra c te r  b u t  also in  th e  serological 
re sp o n se  of suscep tib le  an im als  in tro d u ced  in to  th e  s to ck  a f te r  th e  o u tb reak  
h a d  passed  off. W hile no  V N  an tib o d ies  to  B R SV  ap p ea red  d u rin g  th e  nearly  
o n e -y ea r period o f o b se rv a tio n  in  th e  sera  o f suscep tib le  an im als  con tinuously  
in tro d u c e d  in to  th e  fa t te n in g  bu ll b a rn  (T able I I I ) ,  m ost o f th e  calves in tro 
d u c e d  in to  the  ca lf-rearin g  house seroconverted  (T able I I ) .

F ro m  th e  fac ts  o u tlin e d  above we h av e  d raw n  th e  conclusion  th a t  a fte r 
th e  a c u te  re sp ira to ry  o u tb re a k  of sh o rt d u ra tio n  an d  accom pan ied  b y  c h a ra c te r
is tic  sym ptom s h a d  p assed  o ff in  th e  fa tte n in g  bu ll b a rn , p e rs is te n t (p ro 
longed) virus in fec tion  d id  n o t develop in  th e  stock . In  c o n tra s t, from  th e  resu lts  
o f  th e  serological te s ts  i t  is p robab le  th a t  a f te r  th e  re sp ira to ry  disease a p p e a r
in g  am ong  calves in  th e  fo rm  o f a pro longed , chronic, co m p lica ted  pneum on ia  
h a d  subsided , in fec tive  v iru s  rem ain ed  p re sen t an d  c ircu la ted  in  th e  stock .
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BOOK REVIEW

Ashdon, R . R ., D on e , S. an d  Barett , S. W .: T o p o g r a p h is c h e  A n a to m ie  d e r  W ie d e r k ä u e r .  
F e rd in an d  E n k e  V erlag , S tu t tg a r t ,  1984. 238 pages, 647 co lour p h o to g rap h s , large  a tla s  fo rm a t, 
in  s tif f  p las tic  b ia rd s . P rice: 147 DM.

T he a tla s  is th e  f i r s t  vo lum e (The R u m in a n ts )  o f  a  series ( C o lo u r  A t la s  o f  V e te r in a r y  
A n a t o m y ) , t ra n s la te d  in to  G erm an b y  Professors M arg it an d  B e rtra m  Schnorr.

I t  follow s th e  sy s tem atiza tio n  used  b y  to p o g rap h ic  an a to m y . T he f irs t  p h o to g rap h s  of 
th e  va rio u s c h a p te rs  d ep ic t th e  v isib le  an d  p a lp ab le  o rgans a n d  p a r ts  o f organs, w hich  are  
m ark ed  as a reas w ith  th e  h a ir  c u t off. P a lp ab le  bone surfaces o f th e  ske le ton  are in d ica ted  b y  
p a in tin g  th e m  red . A lth o u g h  in  th is  case such  a re p re se n ta tio n  is ju s tif ie d  b y  th e  n ecessity  
o f u n ifo rm ity , m ore rea lis tic  p ic tu res  can  be ta k e n  o f  live  an im als , since p a lp a tio n a l a n a to m y  
is ta u g h t  on  live  an im als , too .

T he s tra tig ra p h ic  to p o g rap h ic-an a to m ica l sequences o f p h o to g rap h s  w ere ta k e n  of 
carcases fix ed  in  s ta n d in g  position , in w hich  th e  to p o g ra p h y  an d  colour o f  th e  live an im a ls’ 
o rgans w as m a in ta in ed  in  a  rea lis tic  m an n er. T he a rte rie s  w ere in jec ted  w ith  neopren  la te x  
p lastics. T he a u th o rs  deserve praise  fo r th e ir  p re p a ra tio n s , th e  re la tiv e ly  w ell-preserved colour 
o f th e  o rgans an d , f i r s t  o f a ll, fo r th e  lifelike to n e  o f th e  colour p h o to g rap h s .

T h e  d raw ings com plem en ting , i.e. m ade  of, th e  colour p h o to g rap h s  fac ilita te  a n  easy  
and  ra p id  p e rsp icu ity . T he v iv id  an d  in tense  co lour o f th e  essen tia l fo rm atio n s (a rte rie s , 
veins, nerv es, ly m p h  nodes an d  g lands) m akes th e  a tla s  easy  to  use. T he ph o to s p resen tin g  th e  
to p o g rap h y  o f th o rac ic  an d  ab d o m in a l o rgans sp eak  o f a  nice a n d  p a in s tak in g  p re p a ra to r ’s 
w ork. I t  is a p i ty  t h a t  th e  au th o rs  fa iled  to  rem ove m uscle  an d /o r connective  tissue from  m inor 
p o rtions o f a few  nerv es an d  blood vessels (4 .17 ,4 .29 ), since if  th e y  h a d  done, b o th  th e  ph o to s 
an d  th e  p re p a ra tio n s  w ould  hav e  been  perfec t. A t th e  sam e tim e , th e  regions dep ic ted  on  som e 
close-up sh o ts in d ic a te  th e  a u th o rs ’ e x tra o rd in a ry  ex p ertn ess  in  th e  w ork  of p re p ara tio n . 
S um m ing  u p  th e  ab o v e-m en tio n ed  fac ts , th is  is th e  m o st b e au tifu l to p o g rap h ic-an a to m ica l 
a tla s  pub lish ed  so far.

T he a tla s  e lab o ra te s  th e  top o g rap h ic  a n a to m y  o f ru m in a n ts  in  i ts  e n tire ty  in  a  scho larly  
m an n er, an d  can  be  used  b y  s tu d e n ts  o f v e te r in a ry  science, v e te r in a ry  p ra c titio n ers , clin icians, 
surgeons an d , ow ing to  th e  n o m en c la tu re  app lied , also b y  those  u n fa m ilia r  w ith  th e  G erm an 
language.
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COMING EVENTS

Bicentenary o f  the B udapest U n iversity  o j V eterinary  Science

T h e  B u d ap est U n iv e rs ity  o f V e te rin a ry  Science will ce leb ra te  th e  200 th  a n n iv e rsa ry  
o f th e  beg inn ing  o f v e te r in a ry  ed u ca tio n  in  H u n g a ry  on  M a y  2 5 —2 9 , 1 9 8 7 .

F u r th e r  to  th e  u su a l fe stiv itie s , ro u n d  ta b le  conferences an d  p o ste r  sessions, as w ell as 
e x h ib itio n s  o f in s tru m e n ts  a n d  drugs w ill be  h e ld  du rin g  th e  b ice n ten a ry  p e riod , d ep en d in g  
on  an n o u n cem en ts  o f p a r tic ip a tio n , in  th e  follow ing to p ics: p h y s io lo g y ,  m o r p h o lo g y , p a th o lo g y ,  
e p iz o o tio lo g y -m ic r o b io lo g y , p a r a s i to lo g y ,  a n im a l  h y g ie n e , a n im a l  h u s b a n d r y  a n d  n u t r i t i o n ,  
p h a r m a c o lo g y - to x ic o lo g y , c l in ic a l  v e te r in a r y  m e d ic in e , h e a lth  p r o b le m s  o f  w i ld l i fe  a n d  Z o o  a n im a l s .  
K in d ly  announce y o u r p a r tic ip a tio n  in  th e  ce leb ra tions, an d /o r th e  t i t le  o f  y o u r sh o rt (10 m in) 
re sea rc h  p ap er or p o ste r to  th e  P re s id e n t o f th e  O rganizing  C om m ittee  u n til  J a n u a ry  3 1 , 1987, 
a t  th e  la te s t.

T h e  reg is tra tio n  fee, U S  § 120. — , will cover th e  expenses o f th e  b ice n ten a ry  p u b lica tio n s, 
re ce p tio n s , excursion, e tc .

A ddress o f th e  P re s id e n t  o f  th e  O rganizing  C om m ittee: P ro f. D r. G. P e th es , B u d a p es t 
V II . L an d le r  J .  u . 2; m a ilin g  address: P . O. B o x  2, H-1400 B u d a p es t. T elephone: 223-044, 
o r 222-660, ex tension  131. T elex : 224439.

German Veterinary M edical Society, Inc .

T he 17th Congress o f th e  G erm an V e te rin a ry  M edical Society  w ill be  he ld  fro m  1 to  4 
A p ril 1987 in  B ad  N a u h e im , F ed e ra l R ep u b lic  o f G erm any.

L e a d in g  T h e m e  1 : P ro p h y la x is  an d  T h e ra p y  in  L ivestock
L e a d in g  T h e m e  2 :  T o p ics o f V e te rin a ry  M edical R esearch

Subm issions fo r sh o r t  com m u n ica tio n s (m ax . 10 m inu tes) to  L ead ing  T hem e N o. 2 an d  
P o s te r  P re sen ta tio n s  o f  b o th  L ead in g  T hem es are  in v ite d  to  th e  P re s id e n t o f th e  G erm an  
V e te r in a ry  M edical S ocie ty , P ro f. D r. D r. h . c. m u lt. A n to n  M ayr, I n s t i tu t  fü r  M ikrobiologie 
u n d  Seuchenm edizin , V e te r in ä rs tra sse  13, D-8000 M ünchen 22. T he dead line  is 30 S ep tem b er 
1986.

P R IN T E D  IN  H U N G A R Y  

A k ad ém ia i K iadó  és N y o m d a , B u d ap es t



IN S T R U C T IO N S  TO A U T H O R S

M an uscrip ts a re  accep ted  on th e  b asis o f  sc ien tific  significance a n d  su ita b ility  for p u b li
ca tio n  on th e  u n d e rs ta n d in g  th a t  th e y  h a v e  n o t  been p u b lish ed , su b m itte d  o r  a ccep ted  for p u b li
ca tio n  elsew here. A ccep tan ce  depends on  th e  op in ion  o f  tw o  referees a n d  th e  decision of th e  
E d ito r ia l  B oard . P a p e rs  accep ted  for p u b lic a tio n  are s u b je c t to  ed ito ria l rev is io n .

M A N U S C R IPT  S T Y L E

M an u scrip ts  m u s t  he  in  E n g lish  o r  H u n g a rian  a n d  c learly  an d  concisely  w ritten . T h ey  
sh o u ld  be  ty p e d  d o u b le  spaced w ith  w id e  m arg ins. T w o copies o f th e  m a n u s c r ip t should  be 
su b m itte d .

F O R M  O F M A N U S C R IPT

T itle. T he t i t le  sh o u ld  be a clear a n d  concise s ta te m e n t o f th e  c o n te n ts  in  n o t m ore th a n  
14 w ords. A sh o rt ru n n in g  t it le  o f n o t  m o re  th a n  40 le t te r s  should  also  be  supp lied . T his is 
fo llow ed b y  th e  a u th o rs ’ in itia ls  (full f i r s t  n am e  of w om en) a n d  su rn am e, a n d  th e  nam e of th e  
in s t itu t io n  w here th e  w o rk  was done. T h e  m ailin g  ad d ress  o f  th e  a u th o rs  m u s t  also be in d ica ted  
here.

A bstract. T h is shou ld  n o t exceed 200 w ords and  sh o u ld  ou tline  b rie fly  th e  purpose o f th e  
s tu d y  a n d  d e ta il im p o r ta n t  f ind ings a n d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t  p h rases , 
g en era lly  know n in fo rm a tio n  and  re p e tit io n  should  be av o ided .

In tro d u ctio n . T h is  p a r t  should s ta te  b rie fly  th e  n a tu re  and  pu rp o se  o f th e  w ork and c ite  
re c e n t im p o r ta n t  w o rk  b y  others.

M aterials an d  m ethods. D escribe  m ate ria ls , m e th o d s , a p p a ra tu s , ex p erim en ta l p roce
d u re  a n d  s ta tis tic a l m e th o d s  in su ffic ien t d e ta il to  allow  o th e r  a u th o rs  to  re p ro d u c e  th e  resu lts . 
T h is p a r t  m ay  h av e  subheadings.

R esu lts . T h e  ex p erim en ta l d a ta  sh o u ld  be p re sen te d  c learly  a n d  concisely . A void r e 
p e a tin g  in fo rm a tio n  p re sen ted  in  tab le s  a n d  figures.

D iscussion sh o u ld  be  focussed on  th e  in te rp re ta tio n  o f ex p e rim e n ta l f in d in g s . Do n o t  
r e p e a t  lite ra ry  d a ta  p re sen ted  in  th e  In tro d u c tio n  or in fo rm a tio n  given in  R e su lts . R eferences 
sh o u ld  be c ited  as follow s: e.g. . . .  as o b se rv ed  b y  F a i th  a n d  T ru m p  (1976); o r in  p a ren theses: 
. . . w ere found  (S ta r r  e t  ah , 1978; M anson  an d  S ta rr , 1979).

A cknow ledgem ent o f g ran ts a n d  tech n ica l help .

R eferences. C ite  on ly  essen tia l references. T h ey  sh o u ld  be a rra n g e d  in  a lp h ab etica l o rd e r 
o f th e  a u th o rs’ su rn am es , w ith o u t se ria l n u m bers . T he reference lis t a t  th e  en d  of th e  p a p e r  
sh o u ld  contain

— fo r jo u rn a ls : n am es and  in itia ls  o f  a ll au th o rs , y e a r  o f p u b lica tio n  ( in  paren th eses), co lon , 
E ng lish  t i t le  o f th e  pap er (if th e  o rig inal t it le  is n o t E nglish , in d ic a te  in  pa ren th eses , 
e.g. [in F re n c h ]) , jo u rn a l t itle  a b b re v ia te d  acco rd ing  to  th e  sty le  u se d  in  In d ex  V eteri- 
n a riu s , vo lu m e n u m b er, issue n u m b e r  in  p a ren th eses , f i r s t  an d  la s t  pages;

— fo r books: n a m e s an d  in itia ls  o f  au th o rs /e d ito rs , y e a r  (in  p a ren th eses) , t it le , p u b lish er, 
p lace o f p u b lic a tio n , page n u m b er.

Tables. T h ey  shou ld  be ty p e d  on  sep a ra te  sh ee ts  a n d  have  a concise  head ing  each . 
T ab les  are to  be n u m b ere d  sequ en tia lly  b y  R o m an  n u m b ers .

F igures. G o o d -q u a lity  glossy p r in ts  o f h a lf-to n e  illu s tra tio n s  a n d  c lea r line  draw ings in  
In d ia n  in k  are accep ted . T he nu m b er o f  th e  figu re , th e  a u th o r ’s nam e a n d  th e  to p  of th e  fig u re  
sh o u ld  be  in d ica ted  l ig h tly  in soft p encil o n  th e  b ack . T h e  figures are to  be  n u m b ere d  seq u en 
t ia l ly  b y  A rabic n u m b ers . C aptions sh o u ld  be p rov ided  on a  sep ara te  sh ee t. A ll figures should  
be re fe rred  to  in  th e  te x t  and  th e ir a p p ro x im a te  p lace in d ic a te d  on th e  m arg in .

A bbreviations an d  symbols. Q u a n titie s  should  he  expressed  in  S I u n its .  A ll ab b rev ia tio n s 
sho u ld  be spelled o u t  w hen firs t used  in  th e  te x t. P lease id e n tify  u n u su a l sy m b o ls  in  th e  m arg in .

Proofs and  re p rin ts . Two se ts o f  proofs will be  p ro v ided , w hich  a re  req u ested  to  he  
re tu rn e d  w ith in  48 h o u rs  o f rece ip t to  th e  E d ito r . A lte ra tio n s  in  th e  t e x t  a n d  especially  in  th e  
illu s tra tio n s  a re  exp en siv e  and should  h e  avo ided . O ne h u n d re d  rep rin ts  o f eac h  p ap er are su p 
p lied  free o f charge . A dd itiona l re p rin ts  can  be o rd ered  a t  cost price a t  th e  tim e  th e  page p ro o f 
is re tu rn e d .
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