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CROSS-REACTIONS BETWEEN MYCOBACTERIUM  
A V I U M  AND M YCOBACTERIUM  

PARATUBERCULOSIS  STRAINS IN COMPLEMENT 
FIXATION AND GEL PRECIPITATION TESTS

B . K ö r m e n d y , G y . N a g y  and J .  I l l é s

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 N o v em b er 19, 1983)

Sera of 45 r a b b its  im m unized w ith  M ycobacterium  a vium  reference s tra in s  belonging 
to  19 sero types w ere te s te d  w ith  an tig en s p re p a re d  fro m  a M ycobacterium  paratuberculosis 
s t r a in  in  th e  c o m p lem en t fix a tio n  and  gel p re c ip ita tio n  te s ts .

R a b b it sera p ro d u c e d  against a lm o s t all M . a v ium  s tra in s  gave  po sitiv e  reac tion  w ith  
th e  M . paratuberculosis a n tig e n  in  th e  co m p lem en t f ix a tio n  te s t .  I n  th e  presence of th e  a n ti
gen , sera p roduced  in  r a b b its  against M . a v iu m  s tra in s  d esig n ated  P-55 a n d  D en t fix ed  th e  
com plem en t even in  a  d ilu tio n  as h igh  as 1 : 640. T hese  sera  co n ta in ed  also precip itin s to  
M . paratuberculosis, w h ic h  form ed b a n d  w ith in  24 h.

The p resen t re s u lts  a re  consisten t w ith  th e  a lread y  k n o w n  fa c t t h a t  M . avium  an d  
M . paratuberculosis b a c te r ia  have several an tig en ic  com p o n en ts  in  com m on. O f th e  d iffe ren t 
M . av ium  s tra in s , s t r a in s  P-55 and D e n t seem  to  possess th e  la rg e s t n u m b er o f an tigen ic  
m osaics iden tica l w ith , o r serologically v e ry  s im ilar to ,  M . paratuberculosis.

On th e  basis o f  th e se  findings th e  a u th o rs  consider ju s tif ie d  th e  p rac tice  t h a t  th e  
1 : 10 d ilu tion  of se ra  is  u sed  in  screening fo r  M . paratuberculosis in fec tio n , since th u s  cross, 
reac tio n s arising fro m  o th e r  m y cobacteria l in fec tions can , to  h ig h  p ro b a b ility , b e  e lim inated .

Keywords. M ycobacterium  avium , M ycobacterium  paratuberculosis, com plem ent f ix a 
tio n  te s t ,  an tigen ic  re la tio n sh ip .

In  th e  se rod iagnosis  of p a ra tu b e rcu lo s is , a ce llu la r (G orrie, 1959) o r 
p h en o l-trea ted  (A n n a u , 1956) a n tig e n  p re p a re d  from  M . avium , or a soluble 
an tig en  p rep ared  fro m  M . paratuberculosis b a c te r ia  b y  m e th an o l e x trac tio n  
(M orris and  S tev en s , 1977) have b e e n  used  in  d iffe ren t lab o ra to ries .

N either la b o ra to ry  d iagnostic ians n o r an tig en  p ro d u cers  claim  th a t  th e  
an tigens p rep ared  in  th e  above m a n n e r  give species-specific reac tio n  in  th e  
de tec tio n  of p a ra tu b e rcu lo s is  (A n n au , 1956; M erkal, 1970). On th e  basis o f  
T u b o ly ’s (1965) in v es tig a tio n s , com m on  an tig en ic  m osaics are held  responsib le 
fo r th e  cross-reactions (Taylor e t a l., 1981).

Since a fte r  in fe c tio n  by  d iffe ren t M ycobacterium  species, am ong th e m  M . 
avium , p o sitiv ity  o f  serological te s ts  a im ed  a t  d e m o n s tra tin g  M . paratuberculo
sis  can  be reckoned  w ith , we te s ted  45 r a b b it  a n tise ra , rep re sen tin g  19 sero types 
o f  Schaefer, a g a in s t M . paratuberculosis an tig en  in  co m p lem en t f ix a tio n  an d  gel 
p rec ip ita tio n  te s ts  to  d e tec t th e  possib le  cross-reactions.

These in v es tig a tio n s  were consid ered  ju s tif ie d , since so fa r th e  cross-reac
tio n s  occurring b e tw e e n  th e  d iffe ren t M . avium  a n d  M . paratuberculosis s tra in s

1 * Acta Veterinaria Hungarica 32,1984



4 KÖRMENDY et al.

h a v e  been  confirm ed  o n ly  b y  s tu d ies  o f  th e  an tigenic  s tru c tu re . T he p ra c tic a l 
im p o rta n c e  o f th e  p re se n t w ork  is t h a t  i t  can  serve as a basis fo r a m ore re liab le  
ap p lic a tio n  of th e  co m p lem en t f ix a tio n  a n d  gel p rec ip ita tio n  te s ts  in  th e  sero- 
d iagnosis  o f p a ra tu b ercu lo s is .

Materials and methods

A n tig en s

T he com plem en t-fix ing  an tig en  w as p rep ared  from  th e  M . paratuberculo
s is  s tra in  5889 (B ergey , 1923) o b ta in e d  from  P rague, accord ing  to  th e  m e th o d  
o f  G orrie (1959).

T he g e l-p rec ip ita tio n  an tig en  w as p re p a re d  from  th e  sam e s tra in , b y  f i l te r 
in g  4-w eek S au ton  b ro th  cu ltu res th ro u g h  Seitz filte rs  an d  condensing  th e  f i l
t r a t e  to  6.93 m g/m l d ry  m a tte r  c o n te n t.

Test sera

M . avium  a n tise ra  w ere p ro d u ced  using  M . avium  re ference  s tra in s  speci
f ie d  for th is  purpose  (Schaefer, 1965; Y iallier e t ah , 1977), accord ing  to  th e  
m e th o d  described b y  Schaefer (1965). S era  o f 45 im m unized  ra b b its  an d  a n eg a 
t iv e  co n tro l serum  o b ta in e d  from  an  u n in o cu la ted  ra b b it  w ere u sed  in  th e  d e te r 
m in a tio n  of th e  19 se ro ty p es . The hom ologous t i tre  o f th e  sera  p ro d u ced  in  r a b 
b its  ag a in s t M . av ium  w as d e te rm in ed  b y  th e  ag g lu tin a tio n  m e th o d  o f Schaefer 
(1965). T he d esignation  an d  se ro ty p e  o f  th e  d ifferen t M . av ium  s tra in s  an d  th e  
hom ologous titre s  o f  se ra  p roduced  a g a in s t th em  are show n in  T ab le  I .

Com plem ent f ix a tio n  test

In  th e  m ain  e x p e rim en t, 1%  m ore  com plem ent w as ad d ed  to  th e  sy stem  
th a n  th a t  d e te rm ined  b y  th e  co m p lem en t t i tra tio n . The sera  to  be te s te d  were 
d ilu te d  1 : 10 an d  in a c tiv a te d  a t  58 °C fo r 30 m in. T he co m p lem en t f ix a tio n  
t e s t  w as done in  a w a te r -b a th  of 37 °C fo r 2 X 20 m in. T he sera  giv ing com plete  
co m p lem en t f ix a tio n  in  th e  1 : 10 d ilu tio n  were considered  positive .

Gel precip ita tion  test

T he te s t  was p erfo rm ed  in  0 .8 %  agarose p rep ared  in  S 0rensen’s 0.15 M 
p h o sp h a te  buffer o f p H  7.0. In  th e  do u b le  rad ia l gel diffusion te s t  th e  vo lum e 
o f  th e  wells was 0.075 cm 3. The reac tio n s  were read  daily  fo r 7 days.

R esults

T he resu lts  are  show n in  T ab le  I .

Acta Veterinaria Hungarica 32, 1984



CROSS-REACTIONS OF M YCOBACTERIUM  A V IU M  AND M. PARATU BERCU LO SIS 5

T able I

T esting  of rab b it sera p ro d u ced  against Schaefer’s M . avium  sero types fo r paratubercu losis

M . avium  
serotype Designation of strain

With M . paratuberculosis antigen
Homologous
agglutination

titres,
reciprocals

Comple
ment-fixing

titre,
reciprocals 1

Gel precipitation as read on 

5

days

6 72 3 4

1 16 909-338 80 20
1 16 909-338 160 320 — — — — + + +
1 J-2085 160 20 — — — — + + +
1 J-2085 160 20 — — — — + + +
2 14 141-1395 320 20 — — — —

2 14 141-1395 320 40 — — — — — — —

2 17 752-372 320 20 — — — — — — —

2 17 752-372 160 10 — — — — — — —

3 6 197 320 10 — — — — — ___ —

3 6 197 320 10 — — — — — — —

4 13 528-1071 40 20 — — — — — — +
4 13 528-1071 160 20 — — — — + + +
4 P-55 20 640 + + + + + + +
4 P-55 20 320 + + + + + + +
5 4 443-1237 160 10 — — — — + + +
5 4 443-1237 160 10 — — — —

6 3 454 20 — — — — — — — —

6 3 454 80 40 — — — — — — —

6 3 454 20 — — — — — — — —

7 P-49 320 20 — — — — — — —

7 P-49 320 80 — — — — + + +
7 P-49 160 10 — — — — — — —

9 12 303-406 10 10 _ _ _ _ _ _ _
10 290-152 40 — — — — — — — —

10 290-152 20 — — — — — — — —

10 290-152 40 10 — — — — — — —

11 14 186-1424 40 40 — — — — — — —

11 14 186-1424 40 40 — — — — — — —

12 P-42 60 80 — — — — — ___ +
12 P-42 40 320 — — — — ___ —

13 Chance 320 160 — — ___ — — — —

13 Chance 320 160 — — — — — — —

14 P-39 80 320 — — — — + + +
15 D ent 20 320 — — — + + + +
15 D ent 40 640 + + + + + + +
16 Y andle 160 20 — — _ — + + +
16 Yandle 320 80 — — — — + + +
17 P-54 10 10 — — — —

17 P-54 10 10 — — — — ___ — ___

18 A ltm an 40 160 — — — — ___ — ___

19 Me A nem y 80 — — — — — ___ — —

19 Me A nem y 80 40 — — — — — — —

20 N ew berry 20 40 — — — — — — —

20 N ew berry 40 10 — — — — — — —

20 N ew berry 40 10 — — — — — — —

N egative control ra b b it — — — — — — ___ ___ ___

serum
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Discussion

I n  spite  o f th e  id e n tic a l d e n s ity  o f th e  b a c te riu m  suspensions used  fo r 
im m u n iza tio n  an d  th e  id en tica l im m u n iz a tio n  m eth o d , r a b b it  sera p ro d u ced  
a g a in s t M . avium  s tra in s  o f  d iffe ren t sero ty p es show ed d iverse  hom ologous ag 
g lu tin a tio n  titre s .

O f th e  45 sera , 40 gave p ositive  re a c tio n  w ith  M . paratuberculosis  an tig en  
in  th e  com plem ent f ix a tio n  te s t ;  tw o  o f  th e  ra b b its  im m u n ized  ag a in st each  o f  
se ro ty p e s  6 and  10 a n d  one o f th o se  im m unized  w ith  se ro ty p e  19 p roved  n eg a 
t iv e  in  th is  te s t.

D espite  th e  low  hom ologous a g g lu tin a tio n  t itre s , an li-P -5 5  (se ro type  4) 
a n d  an ti-D en t (se ro ty p e  15) sera  fix e d  com plem en t even  in  th e  1 : 320 an d  
1 : 640 dilu tions in  th e  presence o f  th e  M . paratuberculosis a n tig en , an d  con
ta in e d  d e tec tab le  q u a n titie s  of a n t i-M . paratuberculosis p rec ip itin  a lread y  from  
th e  1st d ay  onw ards. B o th  an ti-D e n t sera  gave a t  least 2 p re c ip ita tio n  b an d s .

A nti-P -55  an d  a n ti-D e n t r a b b it  se ra  p re c ip ita te d  th e  M . paratuberculosis 
a n tig e n  already  a f te r  24 h ; o f  th e  o th e r  sera , sero ty p e  1, 14, 15 an d  16 sera  gave 
re a c tio n  w ith  th e  sam e an tig en  as la te  as on th e  4 th  or 5 th  day .

T he p resen t in v es tig a tio n s  a re  n o t  su ffic ien t to  allow  im m unolog ica l in te r 
p re ta t io n  of th e  o bserved  phenom ena . I t  is m ost likely  th a t  th e  P-55 an d  D en t 
s tra in s  are  th e  m ost s im ila r to  M . paratuberculosis in  an tig en ic  s tru c tu re . 
N am ely , of th e  reference  s tra in s  o f M . avium  tw o s tra in s  (P-55 an d  D en t) in 
d u c e d  an  an tib o d y  p ro d u c tio n  re su ltin g  in  an  especially  h igh  com plem en t f ix a 
t io n  t i t r e  w ith  th e  M . paratuberculosis  an tig en . I t  seem s to  be obvious t h a t  th e  
sérod iag n o stic  reac tio n s a re  cross-reactions an d  can  be considered  specific  a t  
m o s t fo r m ycobac te ria . H ow ever, th e  in te rp re ta tio n  o f th e  cross-reactions is fu r 
th e r  d is tu rb ed  b y  possib le  Corynebacterium renale in fec tions (W ilks e t a l., 1981).

As ind ica ted  b y  th e  resu lts  show n in  T ab le  I , accord ing  to  w hich  c e r ta in  
M . av ium  stra ins seem  to  be an tig en ica lly  re la ted  to  M . paratuberculosis, we 
co n sid e r ju stified  th a t  in  th e  serodiagnosis o f p a ra tu b ercu lo s is  th e  1 : 8 or th e  
1 : 10 serum  d ilu tio n  is reg a rd ed  as th e  th re sh o ld  o f p o s itiv ity  in  th e  com ple
m e n t f ix a tio n  te s t (G oudsw aard  e t ah , 1976; T rigo, 1979; L isle e t ah, 1980).
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AN OUTBREAK OF MOREL’S DISEASE 
(A CONTAGIOUS SHEEP DISEASE ACCOMPANIED 

BY ABSCESS FORMATION) IN HUNGARY

E . B a jm ó c y , В . F a z e k a s  an d  J .  T a n y i  

V e te rin a ry  I n s t i tu te  of D ebrecen, H-4002 D ebrecen , P .O . B ox  51, H u n g a ry

(R eceived O ctober 14, 1983)

A disease c h a rac te rized  by  su p p u ra tiv e  ly m p h a d e n itis  an d  su b cu tan eo u s abscess fo rm a 
tio n  was observed in  a  sheep flock im p o rte d  from  F ran ce . A ll sheep of th e  flock  consisting  
o f 381 ewe hoggets fe ll ill w ith in  a few  m o n th s . R elapse  w as of com m on  occurrence. S ix to  
e ig h t weeks a fte r  th e  ru p tu re  and healing  of th e  f i r s t  abscess a  second, an d  in  som e cases 
even  a  th ird , abscess developed. The o u tb re a k  la s te d  12—13 m o n th s in  th e  flock , th e n  i t  g ra d u 
ally  subsided  an d  d isap p ea red  am ong a d u lt  sheep, b u t  su b seq u en tly  reap p e are d  in  lam bs b o rn  
in  th e  m ean tim e.

Six diseased  sheep , and pus sam ples ta k e n  fro m  13 d iseased  an im als , were exam in ed  
in  th e  lab o ra to ry . A ll sam ples yielded a  slow ly grow ing, m icro-aerophil, ca ta lase -n eg a tiv e , 
G ram -positive  coccus w ith  high n u tr ie n t req u irem en t.

M erino sheep in fec ted  w ith  th e  iso la tes developed  su b cu tan eo u s and  ly m p h a tic  a b 
scesses sim ilar to  th o se  fo u n d  in n a tu ra l cases.

B ased u p o n  th e  d e ta iled  ex am in a tio n  th e  iso la tes p roved  to  b e  Micrococcus (P epto- 
coccus) abscedens ovis. T he disease was id en tif ie d  as M orel’s disease. D issem ination  of M orel’s 
disease in  H u n g a ry  w as p rev en ted  b y  s ta m p in g  o u t th e  a ffec ted  flock .

K eywords. M orel’s disease, sheep, M icrococcus abscedens ovis, o u tb rea k , H u n g a ry .

In  sheep, p rocesses cha rac terized  b y  su p p u ra tiv e  in flam m atio n  are m o st 
fre q u e n tly  caused  b y  strep tococci, s tap h y lo co cc i an d  co ry n eb ac te ria . In  a  m i
n o r ity  o f cases o th e r  bac te ria , e.g. Pasteurelia, M oraxella, Proteus, Peptostrepto- 
coccus, Pseudom onas  s tra in s  can also be iso la ted  from  abscesses (R ich ard  e t a l., 
1979).

O f th e  d iseases charac terized  b y  abscess fo rm atio n , caseous ly m p h ad en itis  
an d  M orel’s d isease deserve in te re s t because  o f  th e ir  con tag ious n a tu re . W hile  
num erous p ap ers  h a v e  d ea lt w ith  caseous ly m p h a d e n itis , only  a few  re p o rts  are  
ava ilab le  in  th e  l i te ra tu re  on M orel’s disease.

M orel (1911) h a d  described in  F ran ce  a sheep disease ch a rac te rized  b y  
abscess fo rm a tio n . T he disease w as n am ed  a f te r  h im  la te r  on. O nly F re n c h  
pu b lica tio n s ap p e a re d  on M orel’s disease (A y n au d , 1923; C arré, 1923; J o u b e r t ,  
1958) u n til  S h irlaw  an d  A shford (1962) o bserved  its  occurrence in  K e n y a . 
L a te r , th e  disease w as rep o rted  in  I r a n  (A fnan  an d  H ed jaz i, 1978).

A n o u tb re a k  o f  M orel’s disease in  H u n g a ry  is re p o rte d  in  th e  p re se n t 
p ap er.

Acta Veterinaria Hungarica 32,1984



10 BAJMÓCY et al.

M aterials an d  m ethods

Six  sheep show ing clin ical sy m p to m s o f su p p u ra tiv e  ly m p h a d e n itis , an d  
p u s sam ples ta k e n  asep tica lly  from  13 d iseased  sheep, w ere su b m itte d  fo r la b o 
r a to r y  ex am in a tio n . T h e  sheep w ere su b je c te d  to  d e ta iled  gross-patho log ica l, 
bac te rio lo g ica l, m ycological a n d  v iro log ica l ex am in a tio n ; th e  pus sam ples w ere 
e x a m in e d  bacterio log ically .

F o r th e  m ycological ex am in a tio n s , C zapek’s agar an d  beer agar, fo r th e  
bac te rio lo g ica l e x am in a tio n s  com m on n u tr ie n t  agar an d  b lood  ag ar w ere used. 
T h e  p la te s  w ere in c u b a te d  a t  37 °C u n d e r  aerobic cond itions, u n d e r 10%  C 0 2 
a n d  an aero b ica lly . C h a rac te riza tio n  o f  th e  iso la tes w as perfo rm ed  as described  
in  bac te rio lo g ica l m an u a ls  (B u ch an an  a n d  G ibbons, 1974; L án y i, 1980).

F o r  v iru s  iso la tio n , th e  a p p ro p ria te ly  processed cell-free su p e rn a te  an d  
cell suspension  o f ly m p h  nodes w ere ad d e d  to  p rim ary  an d  secondary  ca lf  te s t i 
cle a n d  ca lf  k id n ey  m ono layers an d  m o n o lay er cu ltu res  p rep a red  from  th e  
F L K  lam b  k idney  cell line. Six co n secu tiv e  b lin d  passages w ere perfo rm ed  a t 
4- to  7 -day  in te rv a ls .

F o u r M erino sheep  w ere in o cu la ted  b y  d ifferen t ro u te s  w ith  one o f  th e  
b a c te r iu m  s tra in s  iso la ted  from  th e  n a tu ra l  disease.

R esults

Case history

A farm  in E a s te rn  H u n g a ry  im p o rte d  381 four to  five  m o n ths old L acau n e  
ewe hoggets and  10, a p p ro x im a te ly  one y e a r  old, ram s from  F ran ce . In  a few  
w eeks follow ing th e  a rr iv a l o f th e  an im als , severa l ewe hoggets show ed sw elling 
a n d  su p p u ra tiv e  so ften ing  o f one o f th e  superfic ia l ly m p h  nodes. T he s u p p u ra t
in g  ly m p h  nodes reach ed  th e  size o f a h e n ’s egg or of a m a n ’s f is t. The subm ax il- 
la ry , p re scap u la r a n d  sub iliaca l ly m p h  nodes su p p u ra te d  m ost freq u en tly . All 
ew e hog g e ts  fell ill an d  show ed clin ical sy m p to m s of su p p u ra tiv e  ly m p h ad en itis  
w ith in  4 to  5 m on ths.

R elapses occu rred  v e ry  freq u en tly . Som e weeks a fte r  th e  abscessed ly m p h  
nodes h a d  ru p tu re d  an d  healed , a n o th e r  ly m p h  node, an d  la te r  a th ird  one, 
b ecam e  affected . T h u s, th e  o u tb re a k  la s te d  over one yea r.

In  th e  m ean tim e  th e  ewe hoggets reach ed  m a tu r ity  an d  s ta r te d  lam b in g . 
T h e  d isease occurred  in  n e a rly  all o f  th e  lam b s, a few w eeks a fte r  b ir th . H ow 
ev e r, no  m o rta lity  d ire c tly  a t tr ib u ta b le  to  th e  disease ch a rac te rized  b y  abscess 
fo rm a tio n  w as observed .

In  several cases abscess w as deve loped  in  th e  su b cu tan eo u s co nnective  
tis su e  an d  n o t in  th e  ly m p h  nodes.
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Gross-pathological f in d in g s

A t au to p sy , tw o  sheep show ed su p p u ra tio n  o f  th e  p rescapu lar ly m p h  
node. In  one case th e  su b m ax illa ry , in  a n o th e r th e  su p ra m a m m a ry  ly m p h  n o d e  
su p p u ra te d  w hile in  a th ird  case su p p u ra tio n  o f th e  su b iliaca l lym ph  node  w as 
associa ted  w ith  a p u lm o n a ry  abscess. One an im al e x h ib ite d  a su b cu tan eo u s  
abscess su rro u n d ed  b y  a capsule o f connective  tissu e  in  th e  cervical reg ion .

M icrobiological f in d in g s

The v iro log ical an d  th e  m ycological te s ts  gave n eg a tiv e  results.
The bac te rio lo g ica l ex am in a tio n s show ed th e  sp leen  an d  k idney  sam p les  

sterile . A G ram -p o sitiv e  coccus w as iso la ted  in  pu re  c u ltu re  from  all th e  p u ru le n t  
ly m p h  nodes, su b c u ta n e o u s  abscesses an d  pus sam ples. T h e  m ain  p ro p e rtie s  o f  
th is  b ac te riu m  a re  th e  following. In  s ta in ed  sm ears p re p a re d  from  pus sam p les , 
i t  occurred  m ost fre q u e n tly  in  tr ia d  or te t r a d  fo rm s, less frequen tly  in  d ip lo - 
coccus form , occasionally  in  la rg e r cong lom erates. T he bac te rium  h as h ig h  
n u tr ie n t req u irem en t: i t  does n o t grow  on com m on ag a r p lates, b u t  grow s 
well on blood ag a r. In  serum -co n ta in in g  b ro th  th e  b a c te r iu m  form s a g r a n u 
la r  sed im en t on th e  b o tto m  o f th e  tu b e . T he o rg an ism  is m icro-aerophil: u n 
d er aerobic co n d itio n s its  p inprick -sized  colonies a p p e a r  on th e  5 th  d a y  o f  
in c u b a tio n  or s till la te r . U nder 10 p e r cen t C 0 2 or u n d e r  anaerobic co n d itio n s  
its  sm all, o ff-w hite colonies can  be observed  easily  a lre a d y  in  th e  4 8 th  h . In  
b lood  ag ar th e  o rg an ism  causes ^-haem olysis , m o st expressed  u n d er ae ro b ic  
cond itions. T he b a c te r iu m  is oxidase- an d  ca ta la se -n eg a tiv e , i t  does n o t  p ro 
duce urease enzym e an d  does n o t liq u e fy  gela tine . I n  a d d itio n  to  g lucose, i t  
decom poses sucrose, m altose, fru c to se , d e x tr in  a n d  treh a lo se  w ith  ac id  fo r 
m atio n . I t  gives no  reac tio n  w ith  m an n ito l, g a lac tose , so rb ito l, inosito l a n d  
lactose.

F rom  th e  p u lm o n a ry  abscesses Corynebacterium pyogenes and Pasteurella  
m últoddá  were iso la ted  in  m ixed c u ltu re , in ad d itio n  to  th e  bac te rium  c h a ra c 
te rized  above.

E xperim enta l in fection  o f  sheep

In fec tio n  ex p e rim en ts  were perfo rm ed  to  e lu c id a te  th e  patho log ica l ro le  
o f  th e  b a c te riu m  species iso la ted  in  p u re  cu ltu re  from  th e  abscessed ly m p h  n o d es 
a n d  subcu tan eo u s abscesses. F o u r M erino sheep of d iffe ren t age were in o c u la te d .

A s tra in  iso la te d  from  one o f th e  n a tu ra l cases w as grow n on b lood  a g a r  
p la te s , th e n  th e  cu ltu re s  were w ashed dow n w ith  0 .9 %  saline.

The inocu lu m  w as ru b b ed  in to  th e  scarified  sk in  o f  tw o sheep. T he th i rd  
sheep was in o c u la te d  in to  th e  th ig h  m uscle, th e  fo u r th  in trav en o u sly .
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T h e  anim als w ere k illed  b y  b leed ing  3 m o n th s a fte r in fe c tio n , and  w ere 
su b je c te d  to  patho lo g ica l a n d  bac te rio lo g ica l exam inations.

A t a u to p sy , in  acco rd an ce  w ith  n a tu r a l  cases, tw o sheep show ed  su p p u ra 
t iv e  ly m p h ad en itis  (in v o lv in g  th e  p re sc a p u la r  and  sub iliaca l ly m p h  nodes, 
re sp ec tiv e ly ), while th e  o th e rs  developed  su b cu tan eo u s  abscess. O ne o f th e  la t 
te r  tw o  sheep h ad  m u ltip le  p u lm o n ary  abscesses su rro u n d ed  b y  a capsu le o f 
c o n n ec tiv e  tissue.

T h e  G ram -positive  coccus w as re iso la te d  in  pure cu ltu re  fro m  all abscesses.

D iscussion

O u r deta iled  bac te rio lo g ica l e x a m in a tio n s  have con v in ced  us th a t  th e  
b a c te r iu m  species iso la te d  from  th e  abscesses is Micrococcus abscedens ovis, 
w hile th e  disease caused  b y  i t  is M orel’s d isease, w hich h a d  n o t  occurred  in  
H u n g a ry  before.

O f th e  p roperties o f  th is  o rganism , i ts  ty p ic a l m icro-aerophil n a tu re , h igh 
n u tr ie n t  req u irem en t, slow  g row th , its  c h a ra c te r is tic  a rran g em en t in  p u s, g ran u l
a r  g ro w th  in  b ro th , ox idase-, ca ta lase- a n d  u rease -n eg a tiv ity , g lu co se-fe rm en ta
tio n  a n d  specific p a th o g e n ic ity  to  sheep h a v e  to  be stressed . B ased  up o n  these  
p ro p e rtie s , th e  o rgan ism  c a n  be d is tin g u ish ed  from  th e  Streptococcus spp . of 
v e te r in a ry  im p o rtan ce , as well as from  Staphylococcus, M icrococcus, Peptococcus, 
Peptostreptococcus an d  Sarc in a  spp. I t  c a n  be  discerned from  Cory neb acterium  
ovis a lre a d y  on m orpho log ica l g rounds.

I n  our opinion, th e  o rgan ism , being  ca ta la se -n eg a tiv e , c a n n o t be  classified 
as a  m em b er of th e  M icrococcus genus. I n  th e  8 th  edition  o f B e rg ey ’s M anual o f 
D e te rm in a tiv e  B ac te rio lo g y  (1974), i t  is l is te d  am ong m em bers o f  th e  Pepto
coccus genus, n o t am ong  th o se  of M icrococcus.

B etw een  th e  m icrococci described  b y  d iffe ren t au tho rs in  co n n ec tio n  w ith  
M orel’s disease, th e re  are  differences as re g a rd s  b iochem ical p ro p e rtie s . O ur 
s tra in s  also differ from  th e  s tra in s  d esc rib ed  b y  foreign a u th o rs , p rim arily  in  
re sp e c t o f  ca rb o h y d ra te-d eco m p o sitio n . P ro b a b ly  Micrococcus abscedens ovis 
h a s  sev era l b io types, b u t  th e  in v o lv em en t o f  d ifferen t M icrococcus species in  
M orel’s disease can n o t be  exc luded  e ith e r. F u r th e r  studies a re  n eed ed  to  d e te r
m in e  th e  ex ac t tax o n o m ic  p lace of th e  o rg an ism .

Considering th e se  s till unso lved  p ro b lem s, M orel’s disease ca n  be defined  
as a n  endem ic sheep d isease accom pan ied  b y  a charac teris tic  abscess fo rm atio n , 
th e  c a u sa tiv e  agen t o f  w h ich  has th e  p ro p e rtie s  described ab o v e . O n th e  basis 
o f  th e se  p roperties, th e  o rgan ism  can be d is tin g u ish ed  from  th e  k n o w n  Strepto
coccus spp . and  also fro m  th e  o th e r G ram -p o sitiv e  cocci.

J o u b e r t  (1958) re p o r te d  th e  non-im m unogen ic  n a tu re  o f  Micrococcus 
abscedens ovis. The fa c t t h a t  anim als a ffe c ted  b y  th e  o u tb re a k  u n d e r s tu d y
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developed  abscesses re p e a te d ly , is in  accordance w ith  th is . H ow ever, th e  o u t
b re a k  g rad u a lly  su b sid ed  an d  th e  disease d isap p eared  fro m  th e  a d u lt flock , 
suggesting  th a t ,  a lth o u g h  v e ry  slow ly, a w eak im m u n ity  s till developed  a fte r  
in fec tion . This course o f  ep izoo tic  c an n o t be exp la ined  b y  th e  d ev e lopm en t o f 
an  ag e-d ep en d en t re s is tan ce , since in  th e  in fection  ex p e rim en ts  th e  su scep tib il
i ty  o f sheep ap p ea red  to  he in d e p e n d e n t of age.

D uring  th e  o u tb re a k , superfic ia l ly m p h  nodes becam e  su p p u ra te d  an d  
abscesses developed  in  th e  su b cu tan eo u s  connective tis su e ; from  o th e r organs 
th e  cau sa tiv e  a g e n t w as iso la ted  on ly  once (from  th e  lu n g s of an  an im al). 
O n th e  o th e r h a n d , severe lu n g  lesions developed in  an  an im al in fec ted  in t r a 
venously . I t  seem s t h a t  such  disease processes have  to  be reckoned  w ith  only  
in  case o f ex trem ely  severe in fec tio n  or if  th e  resistance  o f  th e  an im al h as  been  
im p a ired  b y  stress fac to rs .

M orel’s disease o f  sheep  h a d  n o t been  diagnosed in  H u n g a ry  p rev iously . 
A ltho u g h  fa ta l  cases occu r on ly  ex cep tiona lly , p revalence  o f  th e  disease in  th is  
c o u n try  w ould  m ake m a rk e tin g  o f m u tto n  alm ost im possib le  an d  w ould  th ro w  
d ifficu lties in  th e  w ay  o f m ilk  m a rk e tin g  (in several an im als  th e  su p ra m a m m a ry  
ly m p h  nodes becam e affec ted ). I t  should  be no ted  th a t  th e  M erino b reed  w idely  
used  in  H u n g a ry  is as su scep tib le  to  th e  disease as th e  L acau n e  breed  in  w hich  
th e  disease w as d iagnosed . To avo id  d issem ination  o f  th e  disease, we reco m 
m ended  to  s tam p  o u t th e  a ffec ted  sheep flock, w hich h a d  been  k ep t in  iso la ted  
prem ises th ro u g h o u t.
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AMINO ACID COMPOSITION AND CHARACTERISTIC 
INDICES OF ROYINE SEMINAL PLASMA IN CASE 

OF INFECTION OF SEMEN BY MYCOPLASMAS

M. A. R . I b r a h im 1, L. St ip k o v it s 2, H . B o l d iz s á r 1 and Z suzsanna  V a r g a 2

d e p a r t m 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; a n d  2V e te rin a ry  M edical R esea rch  In s t i tu te ,  H u n g a rian  A cadem y of Sciences, 

H-1581 B u d a p es t, P .O . B ox  18, H u n g a ry

(R eceived N o v em b er 24, 1983)

F ree  am ino  acid  a n d  to ta l  p ro te in  c o n te n t as well as la b o ra to ry  indices (e ja cu la te  
vo lum e, p H , n u m b er o f sperm atozoa pe r u n i t  vo lum e, m o tility , m o tility  a f te r  deep -freezing  
fo r  24 h  an d  a f te r  re th aw in g , and  fe rti l ity  % , i.e. th e  n u m b er o f cows th a t  did n o t  r e tu r n  
to  oestru s w ith in  3 m o n th s) o f sem inal p lasm a  fro m  10 h e a lth y  bulls an d  10 bulls in fec te d  
b y  M ycoplasm a bovis o r Ureaplasma  were d e te rm in ed . As a ru le, th e  sem inal p lasm a of h e a lth y  
bu lls  h a d  h igher free am ino acid m ean  v a lues, v iz ., th e  m ean  v a lu e  o f to ta l  free am ino  acids 
w as 1 .9 8 8 ± 0 .8 5 0  g 1 an d  2.671 ± 1 .1 9 0  g/1 in  m y cop lasm a-in fec ted  a n d  m yco p lasm a-n eg ativ e  
bu lls , respec tive ly . O w ing to  th e  considerable d e v ia tio n  and  th e  low  n u m b er o f bu lls , sign if
ic a n t  d ifferences b e tw een  m ycoplasm a-infected  a n d  h ea lth y  bulls w ere fo und  on ly  in  re sp e c t 
o f th re e  p a ram e te rs , viz. th e  g lu tam ic  acid  c o n te n t, a p a ram e te r  ch arac te ris tic  o f sem en  
q u a lity  (0.634 ± 0 .4 3 0  an d  1.239 ± 0 .6 9 9  g/1; P  <  0.05), th e  ty ro s in e  co n te n t, an d  th e  to ta l  
p ro te in  co n te n t (62 ± 9 .0  an d  52 ± 1 .2  g/1; P  <  0.05). E ja cu la te  vo lum e, m o tility  o f sp e rm a 
to zo a , an d  re su lts  o f th e  deep-freezing te s t  a p p ea red  to  be m ore fav o u rab le  for th e  h e a l th y  
bu lls , how ever, th e  d ifferences were n o t sig n ifican t. In  th e  a u th o rs ’ opin ion, changes in  th e  
am ino acid  c o n te n t d ep en d  on th e  degree o f in fec tio n  and  on th e  sev e rity  o f tissue  changes. 
T his m eans t h a t  th e  am ino  acid co n ten t o f th e  sem inal p lasm a m ay  be a  v a luab le  in d ic a to r  
o f sem en q u a lity .

K eyw ords. Sem inal p lasm a, m y co p lasm a, free  am ino acids, bu ll, sem en q u a lity .

T he la s t decade has seen a considerab le  increase o f in te re s t in  m ycop las- 
m as. This can  be a t tr ib u te d , am ong o th e rs , to  th e  fa c t th a t  a large g roup  o f  
diseases can  be tra c e d  b ack  to  m y co p lasm a  infec tion . B lan ch a rd  an d  G arc ia  
(1981) considered  th e  m ycoplasm a- an d  o th e r  b ac te ria l in fec tions o f sem en c u l
tu re s  and  o f th e  g en ita l t ra c t  to  be an  im p o r ta n t fa c to r  o f in fe rtility . M yco
p lasm as h av e  fre q u e n tly  been iso la ted  fro m  gen ita l o rgans o f hu lls (E rn 0 , 1974; 
J a s p e r  e t ah , 1974; O novarian  e t a l., 1975), and , n a tu ra lly , also from  sem en . 
In  th e  v a s t m a jo r ity  o f m ycoplasm a iso la tio n s, clin ically  a p p a re n t disease cou ld  
n o t be observed . On th e  o ther h an d , som e au th o rs  b rin g  th e  chronic v esicu litis  
an d  ep id id y m itis  o f  bulls (A l-A ubaidi e t ah , 1972; Erma, 1974), poor m o tility  
an d  v ia b ility  o f  sperm atozoa , w ith  special reg a rd  to  freezab ility  (H all a n d  
M cE ntee, 1981; Ju rm a n o v a  and  S te rb o v a , 1977), an d  also in fe rtility  (T ourte l- 
lo tte  an d  L ein , 1976) in to  causal re la tio n sh ip  w ith  m ycop lasm a in fec tion . T h e

A ddress re p r in t  req u ests  to  D r. H . B o ld izsá r, D e p a rtm en t o f P hysio logy , 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, H u n g ary
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m icrobiological e x am in a tio n s  have c o n firm ed  th e  occurrence o f  several M yco
p la sm a  species in  sem en . M ycoplasm a bovigenitalium  and  M . bovis, and  Urea- 
p la sm a  spp. h av e  b e e n  iso la ted  from  sem en  m o st freq u en tly  (E rn 0 , 1974; H ir t  
e t  a l., 1967; J u rm a n o v a  and  S te rb o v a , 1977), b u t  iso la tio n  o f  Acholeplasm a  
la id la w ii and  M . a rg in in i  has also b een  re p o rte d  (L each, 1970; C ottew  an d  
L each , 1969).

A ccording to  d a ta  o f Ib rah im  a n d  B o ld izsár (1980), th e  free am ino ac id  
c o n te n t  of sem inal p la sm a  from  h e a lth y  b u lls  o f excellen t fe r tility  is h igher, 
w h ile  its  p ro te in  c o n te n t  lower, th a n  th e  sam e p a ram e te rs  o f th e  p o o r-q u a lity  
sem in a l p lasm a fro m  bu lls o f low fe r tility .

T he aim  o f th e  p re se n t w ork w as to  co m p are  th e  free am ino  acid c o n te n t 
a n d  ch a rac te ris tic  in d ices  of bovine sem in a l p lasm a  from  m yco p lasm a-in fec ted  
a n d  m y co p lasm a-n eg a tiv e  semen.

M aterials a n d  m ethods

Sem en sam ples w ere collected fro m  4 y ea rs  old H u n g a ria n  F leckv ieh  bu lls 
a t  th e  C entral H u n g a r ia n  A rtificial In se m in a tio n  S ta tio n . T he volum e, p H , cell 
c o u n t o f th e  sam ples, a n d  m o tility , m o til i ty  a fte r  deep-freezing for 24 h  an d  
re th a w in g , and  th e  fe r ti l i ty  %  (the p ro p o rtio n  of cows th a t  do n o t re tu rn  to  
o e s tru s  w ith in  3 m o n th s)  were d e te rm in e d .T o ta lp ro te in c o n te n t w as d e te rm in ed  
as described  earlie r (Ib ra h im  and  B o ld izsár, 1980).

A ll sam ples w ere  d iv ided  in to  tw o  p a r ts ;  one p a r t  w as used  for m y co p las
m a  iso la tion . F o r th e  iso la tio n  of m icroo rgan ism s belonging to  th e  M ycoplasm a  
g enus, n u tr ie n t m ed ia  designated  “ B ”  (E rn 0 an d  S tip k o v its , 1973), while fo r 
U reaplasm a  iso la tion  “ L S B ” m edia (L iv in g sto n , 1972) w ere in o cu la ted  w ith  th e  
sam p les . S u b seq u en tly , serial d ilu tions b e tw een  1 : 10 an d  1 : 1000 w ere m ad e , 
a n d  th e  in ocu la ted  m ed ia  were in c u b a te d  a t  37 °C for 6 d ay s. O n p o st-in o cu la 
t io n  day s 2, 4 an d  6, in o cu la ted  n u tr ie n t b ro th  sam ples w ere tra n sfe rre d  to  solid  
m ed ia , and  th e  a g a r  p la te s  were in c u b a te d  a t  37 °C in  th e  p resence  o f 5%  C 0 2. 
M ycoplasm a g ro w th  w as checked ev e ry  tw o  days b y  m icroscopy. In  case o f 
m yco p lasm a g ro w th , th e  isolate was id e n tif ie d  on th e  basis o f cu ltu rin g  p ro 
p e rtie s , b iochem ical reac tio n s and  serological p ro p erties  (g row th -in h ib itio n  te s t)  
as described  earlie r (S tip k o v its , 1973).

To determ ine  th e  free am ino acid  c o n te n t, th e  rem ain ing  p a r t  of th e  sem en 
sam p le  was cen trifu g ed , th e  cell co n te n t o f  th e  p lasm a was exam ined  b y  m ic ro 
sco p y , and th e  sam p le  w as im m ed ia te ly  d ep ro te in ized  b y  ad d itio n  of th e  sam e 
v o lu m e  of 20%  su lphosalicy lic  acid, to  p re v e n t p ep tid ase  a c tiv ity . A fter r e p e a t
ed  cen trifu g a tio n , 0.5 m l sam ple (0.1— 0.5 ^m o l/co m p o n en t) w as app lied  on a 
B iocal BC-200 a u to m a tic  am ino acid a n a ly se r  colum n. A tw o-co lum n p rocedure  
w as used, w ith  A m inex-5  and A m inex-6  resin s. E lu tio n  w as perfo rm ed  using
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c itra te  bu ffe rs  o f  p H  3.25, 4.25, an d  5.25. A  norleucine  in te rn a l s ta n d a rd  w as 
used . T he Glu an d  G iu -N H 2, as well as th e  A s p  an d  A sp -N H 2 values are  g iven  
to g e th e r . T h e  va lu es  were de te rm ined  on th e  basis o f a cu rve  o b ta in ed  usin g  a 
s ta n d a rd  am ino  acid  m ix tu re  of know n vo lum e.

Results

T he m o st fre q u e n tly  iso la ted  s tra in s  p ro v ed  to  be M . bovis an d  U reaplas
m a  spp . O f th e  181 sam ples exam ined  earlie r, 26 .5%  yie lded  M . bovis, an d  10 .5%  
M . bovis an d  U reaplasma  (S tipkov its , u n p u b lish ed  resu lts). In  th e  p re se n t 
w ork , 10 o f th e  ex am in ed  26 sam ples p ro v e d  to  be in fec ted . T he free am ino  ac id  
c o n te n t o f sem inal p lasm a from  10 in fec ted  bu lls , selected  on th e  basis o f  m y co 
p lasm a  iso la tio n  resu lts , an d  from  10 u n in fec ted  bulls serving as co n tro l is 
show n in  F ig . 1. V alues o f th e  in d iv id u a l am ino  acids show ed considerab le v a r ia 
tio n . T he m ean  values for m ycop lasm a-free sam ples w ere generally  h igher th a n  
th o se  o b ta in e d  fo r th e  in fec ted  sam ples. T h e  sem inal p lasm a o f h e a lth y  bu lls 
h ad  h ig h er A s p , T hr, Ser, Glu, Ile, T yr  an d  A rg  values, b u t  low er am m onia  level.

F ig . 1. F re e  am ino  acid  c o n te n t o f th e  sem inal p lasm a . S tr ia te d  colum ns: m y cop lasm a-in fec ted  
sem en; w hite  co lum ns: sem en o f h e a lth y  bulls
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T h e  to ta l  free am ino  ac id  c o n te n t w as also h ig h e r in  sem in a lp lasm a f ro m h e a lth y  
b u lls . B ecause o f th e  low  n u m b er o f bu lls an d  th e  h igh s ta n d a rd  d ev ia tio n  (SD ), 
th e  differences w ere s ta tis tic a lly  n o n sig n if ican t, excep t for th e  Glu an d  T y r  v a l
u es  (P  <  0.05). G lu tam ic  acid is a decisive c o n s titu e n t o f th e  sem inal p lasm a , 
a n d  i ts  c o n cen tra tio n  is a  ch a rac te ris tic  in d e x  o f sem en q u a lity  (H o rv á th  an d  
S olym oss, 1954; Ib ra h im  and  B old izsár, 1980).

T o ta l p ro te in  c o n te n t was s ig n ifican tly  low er in  u n in fected  sem en sam ples 
(T ab le  I). O ther ind ices ch a rac te ris tic  o f  sem en q u a lity  (especially  e ja c u la te

Table I

L ab o ra to ry  param ete rs  o f th e  sem en and  fe rtility  
(n =  10)

P a ra m e te r P o sitiv e N eg ativ e

T otal p ro te in , g/100 ml 6 .2 ± 0 .9 5 .2 ± 1 .2
Sem en vo lum e, m l 6.5 ± 1 .7 7 .2 ± 1 .9
Sperm  co u n t, X  109/ml 1 .6 ± — 1 .8 ± 0 .3
M otility , % 6 6 .5 ± 4 .1 7 0 .5 ± 3 .6
R esistance te s t,  % 3 8 .0 ± 2 .5 4 2 .0 ± 3 .0
R esistance te s t ,  24 h  afte r 

deep-freezing 2 9 .0 ± 3 .2 35.5 ± 2 .0

F e rtility , % 4 6 .0 ± — 48.0 ± —

v o lu m e , m o tility  o f  sp e rm ato zo a , an d  re su lts  o f th e  deep-freezing resis tan ce  
te s t )  w ere also m ore fav o u rab le  in  sem en  free from  m ycop lasm a, b u t  th e  d if
fe ren ce  was n o t s ta tis t ic a lly  sign ifican t. T he ch ro m ato g ram  of th e  sem inal p la s 
m a  h a d  6 large, u n id e n tif ie d , peaks (m a in ly  before  th e  acidic am ino acids, co r
re sp o n d in g  to  m in u te s  17, 21, 28, 35, 37 a n d  46 in  a ru n  o f 150 m in), an d  12 a d 
d itio n a l sm all p eak s b e tw een  th e  ac id ic -n e u tra l an d  basic am ino acids. T hese 
m a y  rep resen t sh o rt-c h a in  p ep tides, am ino  acid  deriva tives or o th e r n in h y d rin -  
-p o sitiv e  substances as well.

D iscussion

T he values fo u n d  b y  us for th e  sem in a l p la sm a  of h e a lth y  bulls are  in  good 
a g re e m e n t w ith  ea rlie r re su lts  o b ta in ed  fo r bu lls o f v a ry in g  re p ro d u c tiv e  p e r 
fo rm an ce  (Ib rah im  a n d  B old izsár, 1980). C hanges in  th e  co n cen tra tio n  o f  am ino  
ac id s  b e tw een  th e  h e a d  a n d  ta il of th e  ep id id y m is v a ry  betw een  species. T he d if
fe ren ce  o f th e  am ino  acid  co n cen tra tio n  o f th e  ep id idym al p lasm a from  th a t  o f 
th e  re te  te s tis  flu id  a n d  o f  th e  sem inal p la sm a  can  be exp la ined  b y  th e  f lu id  
re so rp tio n  tak in g  p lace  in  th is  area (B row n  e t  ah , 1972; Jo h an so n  e t ah , 1972;
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W h ite  e t al., 1972). In  ad d itio n , c e r ta in  am ino acids m en tio n ed  ab o v e  a re  
p re se n t in  h igher co n cen tra tio n s in  th e  sem inal p lasm a o f bulls w ith  h ig h e r  
fe r t i l i ty  ( Ib rah im  a n d  B oldizsár, 1980). T he la t te r  o b se rv a tio n  in d ica tes  t h a t  
f lu id  re so rp tio n  is n o t th e  only fa c to r  d e te rm in in g  th e  am ino acid co m p o sitio n  
o f th e  sem inal p la sm a . I t  is know n th a t  d iffe ren t p a r ts  o f th e  gen ita l t r a c t  v a ry  
in  th e ir  ab ility  to  secre te  am ino acids from  th e  b lood s tream  in to  th e  lu m e n , 
w hich , p re su m ab ly , p rovides o p tim a l co n d itions for th e  su rv iv a l o f th e  sp e rm  
cell (H u an g  an d  Jo h n so n , 1975). S ince sp erm atozoa  becom e fully  m a tu re  o n ly  
a f te r  th e  days sp e n t in  th e  ep id idym is, new  know ledge concerning th e  free  
am ino  acid  c o n te n t m ay  co n tr ib u te  to  a b e tte r  u n d e rs tan d in g  of th e  m a tu ra t io n  
m echan ism  o f spe rm ato zo a .

T he tra n s p o r ta t io n  a c tiv ity  o f cells o f  th e  gen ita l t r a c t  can  he in flu en ced  
b y  sev era l fac to rs . A dverse e n v iro n m e n ta l cond itions, th e  m an n er o f  se x u a l 
p re p a ra tio n , th e  w eekly  n u m b er o f e jacu la tes , ho rm onal effects and  se v e ra l 
o th e rs  fac to rs m a y  influence  th e  ab so rp tiv e  a c tiv ity  an d  am ino acid sec re tio n  
o f  cells o f th e  g e n ita l t r a c t ,  an d  m a y  a lte r  th e  ra te  o f tra n sp o r t . O ur re su lts  
allow  us to  conclude th a t  m ycop lasm a in fec tio n  is one o f th ese  fac to rs. P re s u m 
ab ly , th e  am ino acid  co n ten t depends on  th e  degree o f m ycop lasm a in fe c tio n  
a n d  on th e  se v e rity  o f  cellu lar changes in d u ced  b y  m ycoplasm as. A ccord ing ly , 
th e  am ino  acid  c o n te n t o f th e  sem inal p lasm a  can  be a useful ind ex  in  sem en  
q u a lifica tio n .

T he resu lts  o f  o u r in v estig a tio n s show  good ag reem en t w ith  d a ta  o f  th e  
l i te ra tu re . The o b ta in e d  resu lts  can  be easily  exp lained  b y  m ycop lasm a in fec tio n  
o f  th e  sem en. In  m ycop lasm a in fec tio n  sperm atogenesis is u sua lly  n o rm al (P a r-  
sonson , 1970), as i t  w as found  also b y  us. T he m ycoplasm as adhere  to  e p ith e lia l 
cells, an d  by  co m p e titiv e  u tiliz a tio n  o f  th e ir  enzym es, to x in s  and  o th e r im p o r
t a n t  su b stan ces (e.g. am ino acids, nucle ic  acids, p recursors) a lte r  th e  m e ta 
bo lism  o f h ost cells, occasionally  lead in g  to  cell d ea th  (B arile , 1979; F ogh , 1973). 
T h is re su lts  in  th e  in itia tio n  o f a m ore  or less severe in f la m m a to ry  p ro cess , 
w h ich  b rings a b o u t an  increase in  th e  p ro te in  co n ten t o f th e  sem inal p la sm a  in  
th e  f ir s t  s tage. In  m ore severe cases th e  g lan d u la r ep ithe lium  undergoes h is to lo 
gical changes or th e  glands becom e en la rg ed  and  pus cells ap p ea r in  th e  sem en  
(E rn 0 , 1974). A dherence  o f m y co p lasm as to  sp erm atozoa  (H olzm an  e t  a h , 
1978; P a n a n g a la  e t ah , 1981) m ay  in  i ts e lf  lead  to  a decreased  m o tility  o f  s p e r 
m a to z o a  (Ju rm a n o v a  an d  S te rb o v a , 1977). A linear re la tio n sh ip  ex ists b e tw e e n  
th e  v iab le  m y co p lasm a co n cen tra tio n  p re se n t and  th e  decrease of sp e rm a to zo a l 
m o tility .

M ycoplasm a in fec tion  has been  re p o rte d  to  increase th e  a s p a r ta te - tra n s 
am in ase  (AST) a c tiv i ty  in  tissue (H ilm y , 1983), w hich m ay  re su lt in  a d ecrease  
o f  g lu tam ic  acid  co n cen tra tio n .

C o n cen tra tio n s o f th e  in d iv id u a l am ino  acids show ed considerab le v a r ia 
tio n . T he m ost ch a ra c te ris tic  am ino  ac id  c o n s titu en t of sem en was g lu ta m ic
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ac id , w hich  re p re se n te d  th e  largest p ro p o r tio n  o f all am ino acids. T he concen
t r a t io n  o f  Glu w as 0 .634  ^  0.430 an d  1.239 rh 0.699 g/1 in  th e  m y cop lasm a
p o sitiv e  an d  m y co p lasm a-n eg ativ e  g ro u p , resp ec tiv e ly . This can  be ex p la ined  
o n ly  p a r t ly  b y  th e  re la tiv e ly  low n u m b e r o f  bulls (the  n u m b er of bulls w as 
lim ite d  because o f th e  low  num ber o f p o s itiv e  an im als availab le); th e  in d iv id u a l 
v a r ia t io n  is also co n sid e red  im p o rta n t. T a k in g  in to  accoun t th e  fac t th a t  ea rlie r 
0 .240 i  0.049 an d  1.043 i  0.662 g/1 Glu co n cen tra tio n s  h ad  been  o b ta in ed  fo r 
b u lls  o f  poor an d  good  rep roduc tive  p e rfo rm an ce , resp ec tiv e ly  (Ib rah im  an d  
B o ld izsár, 1980), th e  ro le  o f fu rth e r fac to rs  h as  to  be considered, am ong o th ers  
th e  seasonal f lu c tu a tio n  o f  sex horm one levels  in  th e  b lood. In  ru m in a n ts , te s to 
s te ro n e  c o n cen tra tio n  show s a considerab le  seasonal f lu c tu a tio n  (L incoln, 1981). 
A ccord ing  to  th e  in v es tig a tio n s  of H o rv á th  a n d  Solym oss (1954), th e  am ino acid  
c o n te n t  o f th e  sem in a l p lasm a  is u n d er te s to s te ro n e  regu la tio n , th u s  th e  f lu c tu a 
t io n  o f its  level m a y  d ep en d  also on h o rm o n e  secretion .

In  th e  p resen t w o rk  U reaplasm as w ere  also iso la ted  from  th e  sem en. U rea- 
p la sm as sp lit u rea , th u s ,  th e  increased a m m o n ia  co n cen tra tio n  in  th e  sem inal 
p la sm a  o f some o f th e  in fec ted  bulls is e a sy  to  explain . In creased  am m onia  
c o n c e n tra tio n  ex e rts  a n  adverse effect on  th e  m o tility  an d  v iab ility  of sp e rm a
to z o a . F in a lly , m y co p lasm as are able to  ta k e  u p  am ino acids (a lan ine, a sp a rtic  
ac id , g lu tam ic  acid , e tc .) , and  th e ir  m e tab o lism  associated  w ith  oxygen u p ta k e  
is en h an ced  in  th e  p resence  of am ino ac ids (R odw ell, 1969; Schim m el, 1963). 
P re su m a b ly  th is  is w h y  th e  q u a n tity  of c e r ta in  am ino acids (e.g. g lu tam ic acid) 
is s ig n ifican tly  dec reased  in  m yco p lasm a-co n ta in in g  sem en. F u rth e rm o re , an  
a lte re d  reso rp tiv e  fu n c tio n  of m yco p lasm a-in fec ted  ep ithe lia l cells m ay  also 
h a v e  led  to  changes in  th e  am ino acid co m p o sitio n  of th e  sem inal p lasm a. In s u f
f ic ie n t co n cen tra tio n  o f  ce rta in  am ino ac ids in  th e  sem inal p lasm a can also affect 
th e  v ia b ility  of sp e rm a to z o a  adversely . T h u s , m ycop lasm a infec tion , sooner or 
la te r ,  leads to  in fe r ti l i ty . In  add ition  to  th is , th e  risk  has to  be reckoned  w ith  
t h a t  w ith  m y co p lasm a-co n ta in in g  sem en m y cop lasm a in fec tion  o f poor p ro g 
nosis can  be sp read  in  cow  popu la tions.
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PATHOLOGICAL STUDIES IN CHICKEN 
EMBRYOS AND DAY-OLD CHICKS 

EXPERIMENTALLY INFECTED WITH AVIAN
REOVIRUS

R . G l á v it s , É v a  M o l n á r , F . R á t z , E rz s é b e t  Sá g h y , T . F e h é r v á r i  and
M a g d o ln a  M e d e r

C entra l V e te r in a ry  In s t i tu te , H-1149 B u d ap es t, T áb o rn o k  u . 2, H u n g ary  

(R eceived A u g u s t 10, 1983)

F if ty  an d  30 ch ick en  em bryos derived  fro m  a n  S P F  flock w ere in fec ted  w ith  an  a v ia n  
reov irus s tra in  on  th e  8 th  (A) an d  14 th  (B) d a y  o f in cubation , re sp ec tiv e ly ; 20 chicks (C) 
were in fec ted  on  th e  1st d a y  a f te r  h a tch ing . T hree  b ird s were ta k e n  fro m  each  group a t  reg u la r 
in te rv a ls  a f te r  in fec tion , a n d  th e ir  organs w ere s tu d ied  by  m orpholog ical m ethods. R esu lts  
o f  earlier s tud ies pe rfo rm ed  on  h e a lth y  em bryos an d  chicks w ere used  fo r com parison. A tte m p ts  
w ere m ade  to  re iso la te  th e  v iru s. The im m u n o ro se tte -fo rm a tio n  a n d  ly m p h o cy te -s tim u la tio n  
te s ts  w ere perfo rm ed  w ith  ly m p h o cy tes  o b ta in e d  fro m  th e  blood, th y m u s  an d  bu rsa  of F a b ri-  
cius on  th e  14 th  an d  2 0 th  d ay s o f in cu b a tio n  a n d  on th e  2 0 th  d a y  a f te r  hatch ing .

C hicken em bryos o f  d iffe ren t age an d  day -o ld  chicks resp o n d ed  to  reov irus in fec tion  
d iffe ren tly . I n  group  A , m o rta lity , re ta rd ed  develo p m en t, and  in  d iffe ren t organs ex u d a tiv e  
in fla m m a tio n  accom pan ied  b y  signs of c ircu la to ry  d isorder, d eg enerative  changes (cell degene
ra tio n  an d  necrosis) a n d  sy n cy tiu m  fo rm atio n  w ere observed. T h e  se p a ra ted  lym phocy tes 
failed  to  resp o n d  to  a n tig en ic  stim u lus in  v itro .

In  group  В an d  g ro u p  C no m o rta lity , in  g roup  C even no c lin ica lly  a p p a re n t disease 
occurred . H ow ever, th e  chicks developed u n ev en ly . In  some o rg an s (liver, pancreas, m y o 
card iu m  an d  g lan d u la r s to m ac h  wall) p ro d u c tiv e , focal in flam m ato ry -ce llu la r in filtra tio n s 
w ere seen, sim ilar to  th o se  o ften  found  durin g  d iagnostic  e x am in a tio n  o f 2 to  4 w eeks old 
chickens in fec ted  b y  reo v iru s . A p a r t  (5 -3 0 % ) of th e  lym p h o cy tes o b ta in e d  from  these  b ird s 
gave in  v itro  ro se tte -fo rm a tio n  w ith  reo v irus-in fected  e ry th ro cy te s , a n d  10—25%  of th e m  
re sp o n d ed  to  an tig en ic  s tim u lu s  w ith  b lastogén ie  tran sfo rm a tio n .

K eyw ords. E x p e rim e n ta l in fection , im m u n e  sy s tem , ch icken  e m b ry o , day-old  chick, 
p a tho logy .

T he ju d g e m e n t o f  th e  p rim ary  p a th o g en ic  role o f a v ia n  reoviruses lacks 
u n ifo rm ity . Several a u th o rs  consider p ro v ed  th e ir  p rim a ry  role in  p roducing  
ce rta in  diseases (a r th r it is  an d  ten o sy n o v itis  o f 2 -4  weeks o ld  chicks, m y o card i
tis , h y d ro p e rica rd iu m  a n d  th e  so-called h ep a to -m yelopo ie tic  disease), o th ers  
question  th e  ex istence  o f  such a role an d  reg a rd  o ther, nonspecific , fac to rs as 
being of decisive im p o rtan ce . I t  is supposed  th a t  reovirus in fec tio n  p lays a role 
in  suppressing  th e  im m u n e  response o f  b ird s , th e reb y  in flu en c in g  th e  success 
o f v acc in a tio n s a g a in s t o th e r  in fectious diseases, and  th a t  b y  decreasing th e  
resistance  o f b ird s i t  co n tr ib u te s  to  th e  deve lopm en t of in fec tious bu rsa l disease 
(G um boro disease) an d  inclusion-body  h e p a titis  (K u d ro n  e t al., 1982, 1984). 
M enendez e t al. (1975) fo u n d  th a t  in  em b ry o n a ted  eggs in fec ted  w ith  a lo w -titre  
v irus p a r t  o f th e  em bryos died betw een  th e  10th and  1 8 th  days of in cu b a tio n ; 
o th e r  em bryos h a tc h e d  w ith  a decreased v ita lity .
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O ur stud ies on  th e  p a th o g en ic  effects o f av ian  reo v iru s  on ch icken  em 
b ry o s  an d  day-old  ch ick s are  re p o rte d  in  th e  p resen t p a p e r. A fu r th e r  a im  of 
th e  p re se n t w ork w as to  o b ta in  in fo rm a tio n  on th e  ce llu lar reac tio n s o f ch icken  
em b ry o s  of d ifferen t age a n d  on th e  d ev e lo p m en t of th e ir  ce llu la r responsiveness 
d em o n strab le  in  v itro .

Materials and methods

One hu n d red  a n d  tw e n ty  d w arf  L eghorn  chicken em bryos and  50 chicks 
co m in g  from  an  S P F  flo c k  w ere used. T he eggs were in c u b a te d  in  a R A G U S-60- 
ty p e  lab o ra to ry  in c u b a to r .

Experim ental in fection . F if ty  a n d  30 em bryos w ere in o cu la ted  in to  th e  
a lla n to ic  cav ity  w ith  100 C PU  of a reo v iru s  s tra in  iso la ted  from  th e  organs o f 
a 2 w eeks old chick  on  th e  8 th  (group  A) or 14th  (group  B) d ay  of in c u b a tio n ; 
th e  rem ain ing  40 em b ry o s  served  as co n tro l. T he eggs w ere can d led  tw ice da ily . 
S u b seq u en tly , every  2 d ay s  tw o em bryos from  each g roup  w ere processed for 
h isto log ica l, while one em b ry o  from  each  group for e lec tro n  m icroscopic an d  
v iro log ica l ex am in a tio n s . T he em bryos found  dead a t  can d lin g  were used  fo r 
h isto log ica l, v iro log ical, b acterio log ical an d  m ycological ex am in a tio n s. T w en ty  
on e-d ay -o ld  chicks (g ro u p  C) w ere in o cu la ted  w ith  th e  sam e v irus d ilu tio n  
o ra lly .

Two chicks w ere k illed  for th e  above exam in a tio n s from  each group  on 
d a y s  1, 2, 5, 10, 20 a n d  30 a fte r  h a tch in g .

Histological and  electron microscopic exam inations. T hese  were p erfo rm ed  
as described  elsew here (G láv its  e t a l., 1981), w ith  th e  ex cep tio n  th a t  h isto log ical 
sam p lin g  was ex te n d e d  to  th e  yo lk  sac w all and  th e  ch o rioa llan to ic  m em b ran e , 
a n d , in  h a tched  ch icks, to  th e  b ra in , k id n ey s, lungs, h e a r t, pan creas , g lan d u la r 
s to m a c h  and  ta rsa l jo in t  in  ad d itio n  to  th e  organs lis ted  in  th e  cited  p ap e r. 
F o r  e lectron  m icroscopy , sam ples w ere ta k e n  from  th e  liv e r, th e  h ea rt an d  th e  
g la n d u la r  stom ach.

Virus isolation. V irus iso la tion  w as a tte m p te d  in  p r im a ry  chicken k id n ey  
cell cu ltu res from  th e  a llan to ic  flu id  an d  organ  h om ogenates of em bryos an d  
fro m  spleen, liver a n d  lu n g  hom ogenates and  faeces of ch icks a t  each sam pling  
tim e .

In  vitro study o f  cellular reactions. Sam ples from  g roup  A were exam ined . 
T h y m u s  and  b u rsa  o f  F ab ric iu s  from  7 b ird s and  blood  fro m  3 b ird s k illed  on 
each  o f th e  following occasions were u sed : 6 th  d ay  p o st-in fec tio n  (P I) (14 th  d ay  
o f  in cu b a tio n ), 12 th  d a y  P I  (20 th  d ay  o f in cuba tion ) and  33rd  d ay  P I  (20 th  d ay  
a f te r  hatch ing). B lood  an d  organ  sam ples from  u n in fec ted  (healthy) b ird s  
se rv e d  as control.

Separation o f  lym phocytes. F rom  2 m l of blood sam ples, leucocytes w ere 
o b ta in e d  by  F ico ll-P aq u e  b y  cen trifu g a tio n  (1000 rp m , 20 °C, 30 m in), th e n

Acta Veterinaria Hungarica 32,1984



PATHOLOGY OF CHICKEN EMBRYOS AND CHICKS INFECTED WITH REOVIRUS 25

suspended  in  H a n k s ’s so lu tion  co n ta in in g  5%  fe ta l c a lf  serum . Cell d e n s ity  w as 
ad ju s ted  to  105/m l. T he cell suspension  o b ta in ed  from  one b ird  was d is tr ib u te d  
in  4 L e igh ton  tu b e s  (0.2 m l). T he b u rsa  an d  th e  th y m u s  were cu t in to  sm all 
pieces, an d  cells w ere o b ta in ed  b y  try p s in  tre a tm e n t .  The pooled cells w ere 
w ashed an d  th e ir  suspensions w ere a d ju s te d  to  10s cells/m l.

T he lym phocyte-stim ulation  and im m unorosette-form ation tests w ere p e r
form ed acco rd ing  to  th e  m eth o d  described  b y  S ze n t-Iv á n y i e t al., 1981, w ith  
th e  m od ifica tio n  th a t  th e  cell cu ltu res  s tim u la te d  w ith  4 CPU  reovirus fo r 72 h 
w ere fix ed  w ith  m e th an o l, and  th e n  th e  b lastogén ie  tran sfo rm a tio n  w as e x a m 
ined  m orpho log ica lly  in  M ay—G rünw ald  p rep a ra tio n s . F o r im m u n o ro se tte -fo rm a
tio n , e ry th ro c y te s  w ere p re tre a te d  w ith  1 : 125,000 ta n n ic  acid. To each  cell 
suspension d e riv ed  from  in d iv id u a l b ird s, 0.4 m l e ry th ro cy te s  tre a te d  a n d  n o t 
tre a te d  w ith  reo v iru s  were added  u p  to  a d en sity  o f 106/m l. Two sam ples each  
w ere te s ted  w ith  lym p h o cy tes  iso la ted  from  th e  b lood , th e  th y m u s a n d  th e  
b u rsa  of each  b ird .

Results

The v iru s  w as re iso la ted  from  th e  a llan to ic  flu id  an d  organs o f all th e  k il
led  an d  su ccu m b ed  em bryos of g roup  A an d  from  all th e  killed em bryos o f  g ro u p  
B. F ro m  h a tc h e d  chicks o f these  g roups an d  from  chicks bled on th e  2 n d  a n d  
10th  d ay , th e  v iru s  w as re iso la ted  from  b o th  th e  o rg an s and  th e  faeces, w hile 
from  chicks b led  on th e  5 th  and  2 0 th  d ay  only  from  th e  faeces. In  group  C o n ly  
faecal sam ples y ie lded  reov irus, b e tw een  th e  5 th  an d  2 0 th  days. All a t te m p ts  to  
iso la te  v iru s  fro m  con tro l b ird s failed.

In  g roup  A  th e  average b o d y  size, m easu red  a n d  calcu lated  on th e  basis  
o f th e  lo n g itu d in a l section  o f em bryos c u t in  th e  p lan e  o f  th e  v e rteb ra l co lu m n , 
was sm aller th a n  th a t  o f th e  con tro ls , from  th e  d ay s im m ed ia te ly  fo llow ing in 
fection  up  to  h a tc h in g  (F ig. 1). T he da ily  d is tr ib u tio n  o f em bryo m o rta lity  t h a t  
occurred  b e tw een  th e  3rd and  1 2 th  days P I  is show n in  Fig. 2. In  o rg an s o f 
em bryos k illed  or d ied  on th e  1st or 2nd  d ay  P I  (i.e. on th e  9 th  or 10 th  d a y  o f 
in cu b a tio n ), h isto log ica l ex am in a tio n  revea led  m in o r haem orrhages a n d , in  
som e places, oedem a. B etw een  th e  4 th  an d  8 th  d ay s P I  (i.e. the  12th  a n d  1 6 th  
days of in cu b a tio n ) th e  tissues an d  organs show ed s lig h t yellowish d isco lo u ra 
tio n  visible w ith  th e  u n a id ed  eye. O ccasionally , th e  m arg in a l p a rts  of liv e r  lobes 
con ta ined  yellow ish-w hite  necroses th e  size o f a p in h ead  and th e  sh ap e  o f  a 
cum in seed (F ig . 3).

On h isto log ica l ex am in a tio n  th e  succum bed em bryos showed m ore severe  
lesions th a n  th e  k illed  ones. The lesions w ere o f s im ila r n a tu re . In  th e  d ila te d  
sinusoids o f th e  liver th e  en d o the lia l cells becam e sw ollen, and  in th e ir  lu m in a  
heteroph il g ran u lo cy tes , m onocy tes an d  K upffe r cells accum ulated . O f th e se , 
num erous cells show ed signs o f d eg enera tion  or necrosis (karyopycnosis or
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F ig . 1. A verage g row th  ra te  o f chicken em bryos in fec te d  w ith  reovirus (b ro k en  line , in fected
em bryos; solid line , co n tro ls)

F ig . 2. M o rta lity  of ch icken  em bryos in fected  w ith  reo v iru s on th e  8 th  d a y  o f in cu b a tio n

F ig . 3. Sw ollen livers fro m  12 days old chicken e m b ry o s  infected w ith  reo v iru s 96 h earlier
(arrow  in d ica tes  necrosis)
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k aryo rrhex is). O ften  phagocy tosis o f cell debris, an d  m u ltin u c lea ted  g ia n t cells 
w ere also recognized (F ig . 4). B etw een th e  h e p a to c y te s , bile p igm ent g ran u les  
o r cylinders, w hile in  th e  p aren ch y m a d issem in a ted , sm all, c ircum scribed  n ec 
ro tic  areas or la rg e r, co n flu en t necroses localized  in  th e  m arg inal p a r ts  o f  lobes 
(F ig . 5) were seen. T here  was a p ronounced  in f il tra tio n  consisting m a in ly  o f 
h e te ro p h il g ran u lo cy tes  in  th e  p e rip o rta l tissues. T h e  red  pu lp  of th e  spleen  
show ed signs in d ic a tiv e  of in tensive  h aem ocy topo iesis , while th e  sinuso ids

F ig. 4. D etail o f th e  liv e r  show n in Fig. 3 on th e  left. In f la m m a to ry  cells and  m u ltin u c le a ted  
sy n cy tia l g ian t cells in  th e  d ila ted  sinusoid. H aem ato x y lin -eo sin  (H -E ), X 400

show ed changes resem bling  those found  in  th e  liv e r (cell necrosis, sy n c y tiu m  
an d  g ian t cell fo rm a tio n ). In  th e  co nnective  tissu e  betw een  th e  develop ing  
secre to ry  end-pieces o f  th e  pancreas d iffuse in f il tra tio n  b y  heteroph il g ra n u lo 
cy tes, in  th e  m yocardium  focal in f iltra tio n  by  s im ila r cells (Fig. 6), an d  in  th e  
m ucous m em b ran e  o f  th e  glandular stomach signs in d ic a tin g  in tensive  sec re to ry  
a c tiv ity  of g lands, d egenera tion  and  d e ta c h m e n t o f  g lan d u la r ep ith e liu m  as 
well as sy n cy tiu m  fo rm a tio n  from  d e tach ed  ep ith e lia l cells (Fig. 7) were o b se rv 
ed. L eucocytes rep re sen tin g  d ifferen t stages of g ranu locy topo iesis (m y elob lasts , 
p rom yelocy tes, m etam y elo cy tes) w ere p re sen t in  th e  em bryonic m esen ch y m a 
o f th e  developing b u rsa  o f F ab ric iu s s till devoid  o f lym p h o id  follicles in  la rg e r 
n u m b ers  and  d e n s ity  th a n  in  th e  con tro ls , w hile th e  ep ith e lia l cell g roups (cor-
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F ig . 5. D e ta il of th e  liver show n  in th e  m idd le  F ig . 3. E x ten siv e  necrosis o f p a ren ch y m a .
H -E ., X 160

Fig. 6. D e ta il of h e a r t fro m  a 12 days old ch ick en  em bryo infected  w ith  reo v iru s 96 h  
earlie r. C ircum scribed in f il tra tio n  w ith  in f la m m a to ry  cells in  th e  m y ocard ium . H -E ., X 63
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Fig. 7. D etail o f g lan d u la r  s to m ach  from  a 12 d ay s old chicken em b ry o  in fec ted  w ith  reo v iru s 
12 h  earlier. In f la m m a to ry  cells and  m u ltin u c le a ted  sy n cy tia l g ia n t cells in  th e  ex u d a te  on  

th e  m ucous m em b ran e  surface. H -E ., X 400

respond ing  to  p rim o rd ia  of follicles) w ere sm aller in  size th a n  those  in  th e  con
tro ls  o f th e  sam e age. T here w ere no p a tho log ica l lesions in  o th e r  organs.

B etw een  th e  9 th  and  12th  days P I  (i.e. th e  17 th  a n d  2 0 th  days of in c u b a 
tio n ), th e  liv er o f  g roup-A  em bryos show ed changes s im ila r to  those  described  
above, w ith  th e  difference th a t  in  th e  p e rip o rta l tissues th e  in f iltra tio n  b y  p ro li
fe ra tiv e  cells w as m ore p ro n o u n ced  (F ig . 8), while th e  e x u d a tiv e  changes o f 
sinuso ids an d  th e  deg en era tiv e  changes o f cellu lar e lem ents w ith in  th e  sinusoids 
w ere co n sid e rab ly  less severe. T here  w as a d em arca tio n  zone consisting  o f in 
f la m m a to ry  cells a long  n ecro tic  areas o f th e  p a ren ch y m a . In  in f la m m a to ry  cell 
g roups occurring  here  an d  th e re , a few  m ononuclear cells (lym phocy tes, h is tio 
cy tes an d  p la sm a  cells) were p re sen t am ong  th e  h e te ro p h il g ranu locy tes. T he red  
p u lp  o f th e  sp leen  show ed a m u ltip lex  focal p ro life ra tio n  of re ticu lo cy tes , 
w hereas in  th e  m ucous m em b ran e  o f  th e  g lan d u la r s to m ach  focal in filtra tio n s  
consisting  o f h e te ro p h il g ran u lo cy tes  an d  m ononuclear cells occurred . O n th e  
o th e r h an d , a t  t h a t  tim e  m ark ed  e x u d a tiv e  changes, cell degen era tio n , necrosis 
an d  sy n cy tiu m  fo rm a tio n  w ere n o t o bserved  in  an y  o f th e  o rgans. T he pan creas  
an d  th e  h e a r t  show ed lesions s im ila r to  th o se  described  above, while th e  b u rsa  
o f F ab ric iu s  e x h ib ite d  d is tu rb e d  dev e lo p m en t o f ly m p h o id  tissue . The ra te  of
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F ig . 8. D eta il of liver fro m  a n  18 days old ch icken  em bryo  in fec ted  w ith  reov irus 10 days 
earlier. Several row s o f  in fla m m a to ry  cells in f il tra te  th e  in te rstices . H -E ., X 400

co lo n iza tio n  of ly m p h o c y te s  in  th e  develop ing  follicles was u n ev en  an d  slow er 
th a n  in  th e  controls. S m all follicles consisting  only of re ticu lo cy tes , an d  large 
fo llicles rich in ly m p h o c y te s  occurred  sim u ltan eo u sly , side b y  side (F ig. 9). 
T h e  developm ent o f ly m p h o id  tissues in  P e y e r’s p a tch es lo ca ted  a t  th e  caecal 
o rifice  w as also slow er th a n  in  th e  con tro ls . No appreciab le  changes w ere found  
in  th e  w all of yolk  sacs a n d  cho rioallan to ic  m em branes.

N o m o rta lity  o ccu rred  in  group B. T he em bryos w ere n o t considerab ly  
sm a lle r  th a n  the  co n tro ls . T he organs show ed p ro life ra tiv e  changes sim ilar to  
th o se  found  in  group A b e tw een  th e  9 th  an d  12th  days P I  (i.e. 17th  an d  2 0 th  
d ay s  o f  incubation). H o w ev er, th e  lesions found  in  g roup  В w ere som ew hat 
m ore  pronounced . In  b o th  group A an d  g roup  В th e  bacterio log ical an d  m yco- 
lo g ica l exam ination  o f  y o lk  an d  liver sam ples gave n eg a tiv e  resu lts  in  b o th  
th e  succum bed and  th e  k illed  em bryos.

O n days 1, 2, 5, 10 a n d  20 a fte r h a tch in g , th e  su rv iv ing  b ird s  of g roups A 
a n d  В showed a g ra d u a lly  progressing  g ro w th  d is tu rb an ce . O n days 5 an d  10 
th e  av e rag e  body w e ig h t, c o m p u ted  from  th e  w eigh t o f 5 ch icks, w as low er (56.5 
a n d  105 g, respectively) th a n  in  th e  co n tro l g roup  (61.3 an d  113.5 g). T here w ere 
g re a te r  differences b e tw e e n  th e  ex trem e  values (44-82 g an d  76-151 g) th a n  in
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Fig. 9. D e ta il o f b u rsa  o f F ab ric iu s  from  an  18 d ay s old chicken em bryo  in fected  w ith  re o v iru s  
10 d ay s earlier. T h e  develop ing  lym phoid  follicles differ in  size and  degree of ly m p h o c y te

colonization. H -E ., X 160

th e  co n tro ls  (51-69  g an d  96-130 g). N o m o rta lity  occurred . A t n ec ro p sy  o f  
b irds k illed  b y  b leed in g  a t  d ifferent tim es , no conspicuous p a tho log ica l lesions 
were seen. As opposed  to  th e  con tro ls, th e  h isto log ical ex am in a tio n  o f ch icks o f  
b o th  g roup  A an d  g ro u p  В revealed  focal in f la m m a to ry  in filtra tio n s  co n sis tin g  
p rim arily  o f  m o n o n u c lea r cells (ly m p h o cy tes  an d , in  sm aller num bers, h is tio c y 
tes an d  p la sm a  cells) a n d  occasionally  also o f  h e te ro p h il g ranu locy tes, in  p e r i 
p o rta l tissu es  o f th e  liver. R arely  in f il tra tio n  occurred  also in  th e  p a re n c h y m a  
(Fig. 10), re su ltin g  in  degeneration  a n d  a tro p h y  o f th e  affected  p a re n c h y m a l 
cells. S im ilar focal changes were seen in  th e  in te rs tices  an d  exocrine su b s ta n c e  
of th e  p an creas , in  th e  connective tissu e  o f  th e  deep p ro p ria  g lands of th e  g la n 
d u la r s to m ach , in  th e  m yocard ium , a n d  in tra lo b u la r ly  in  th e  lungs. A lth o u g h  
co lon iza tion  b y  ly m p h o cy te s  of th e  b u rsa l follicles and  of P ey e r’s p a tch es lo c a t 
ed a t th e  caecal orifice to o k  place, in  th e  f ir s t  10 days i t  was slower in  th e se  
groups th a n  in  th e  con tro ls  of th e  sam e age. No p a tho log ica l lesions w ere o b 
served  in  th e  b ra in , k id n ey s and  ta rs a l  jo in ts .

T he bac te rio lo g ica l and  m ycological exam in a tio n s o f liver an d  h e a r t  
blood o f  chicks o f  g roups A and В gave n eg a tiv e  resu lts  in  all cases.
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F ig . 10. D etail o f liv e r fro m  a  20 days old ch ick  in fec ted  w hen  o ne-day  o ld  w ith  re o v iru s  
C ircum scribed in f la m m a to ry  in filtra tio n  w ith  m o n o n u clear cells in  th e  p a ren ch y m a.

H -E ., X 160

N either c lin ica lly  ap p a re n t d isease n o r  m o rta lity  occurred  in  g roup  C. 
H ow ever, s im ilarly  to  h a tch ed  chicks o f  g ro u p s A and  B , chicks of g roup  C 
show ed  uneven  g ro w th  ra te  (d is tu rb ed  g ro w th ). A t necropsy  o f chicks b led  a t  
d iffe ren t tim es, no conspicuous p a th o lo g ica l lesions w ere found .

As opposed to  th e  contro ls, h is to lo g ica l ex am in a tio n  of d iffe ren t o rgans 
o f  group-C  chicks re v e a le d  lesions s im ila r to ,  som etim es m ore severe th a n , th o se  
fo u n d  in  h a tch ed  a n d  su rv ived  chicks o f  g ro u p s A and  B. T he b ac te rio log ica l 
a n d  m ycological e x am in a tio n s  of liv e r a n d  h e a r t  blood gave neg a tiv e  re su lts  
in  all cases.

B y e lectron  m icroscopy , v irus p a r tic le s  correspond ing  to  th e  s tra in  u sed  
fo r in fec tion  w ere d e m o n s tra te d  in  th e  liv e r  an d  g lan d u la r s tom ach  o f g roup  A 
em b ry o s killed on th e  4 th  and  6 th  d ay s  P I .  T he p artic les w ere seen sing ly  or 
in  sm all groups m o s tly  perinuclearly , in  th e  cyst-like d ila ta tio n s  of th e  en d o 
p lasm ic  re ticu lu m  o f h ep a to cy tes , en d o th e lia l cells an d  in  ep ithe lia l cells o f th e  
m ucous m em brane  o f  th e  g landu lar s to m a c h  (Fig. 11).

In  in  v itro  s tu d y  o f  cellular re a c tio n s , cells sep a ra ted  on th e  6 th  d a y  P I  
(i.e. 14th  day  of in c u b a tio n ) failed to  re sp o n d  to  an tigen ic  stim ulus. On th e  1 2 th
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Fig 11. D etail o f g la n d u la r  s to m ach  fro m  a 12 d ay s old ch icken  em b ry o  in fec ted  w ith  reo- 
v irus 96 h  earlier. N o te  th e  p e rinuclear v ira l p a rtic le s  in  a  g lan d u la r ep ith e lia l cell (arrow ).

E lec tro n  m icrograph , X 29,000

Fig. 12. L ym p h o cy tes o f a  20 d ay s old chicken em bryo  in fec ted  w ith  reov irus on th e  8 th  day  
of in cu b a tio n  show  in  v itro  ro se tte -fo rm a tio n  w ith  reov irus-in fected  sheep e ry th ro cy tes .

M ay—G rünw ald  s ta in in g , X 1000
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F ig . 13. L ym phocy tes o f a 20 d ay s old ch icken  em bryo  in fec ted  w ith  reov irus on  th e  8 th  
d a y  o f  in cu b a tio n  u n d erg o  b las to g én ie  tran s fo rm a tio n  a f te r  in  v itro  s tim u la tio n  w ith  reov irus.

M ay -G riin w ald  sta in in g , X 1000

7. I II.

F ig . 14. P ro p o rtio n  of im m u n o ro se tte -fo rm in g  cells on  th e  12 th  (I) an d  33rd ( I I )  days P I  
(i.e. 2 0 th  day  of in cu b a tio n  a n d  2 0 th  d a y  a f te r  h a tch in g , re sp ec tive ly ). Solid line, in fec ted

b ird s ; b ro k en  line , con tro l b irds
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d ay  P I  (2 0 th  d a y  o f in cu b a tio n ), ly m p h o cy te s  o f b o th  th e  in fec ted  an d  th e  c o n 
tro l b ird s  re sp o n d ed  to  an tigenic  s tim u lu s  (F igs 14 an d  15). H ow ever, th e re  w as 
no s ig n ifican t d ifference betw een  in fec ted  a n d  con tro l b ird s  in  th e  p e rc e n ta g e  
o f  ro se tte -fo rm a tio n  (F ig. 12) an d  ly m p h o c y te -s tim u la tio n  (F ig. 13). O n th e

%  I it

ofF. ofF.

F ig. 15. P ro p o rtio n  o f lym p h o cy tes show ing b las to g én ie  tran s fo rm a tio n  on  th e  1 2 th  (I)  a n d  
33rd  ( I I )  d a y s  P I  (i.e. 2 0 th  day  o f in c u b a tio n  a n d  2 0 th  d ay  a fte r  h a tch in g , re sp ec tiv e ly ). 

Solid  line , infected  b ird s ; b ro k e n  line, con tro l b ird s

o th e r  h a n d , on th e  33rd  day  P I  (i.e. th e  2 0 th  d ay  a fte r  ha tch in g ) b lo o d  a n d  
b u rsa l ly m p h o c y te s  o f in fec ted  b ird s  show ed a s ig n ifican tly  h igher r a te  o f 
ro se tte -fo rm a tio n  w ith  reo v iru s-trea ted  e ry th ro c y te s  th a n  th e  con tro l ly m p h o 
cy tes.

D iscussion

T h e response  o f th e  chicken em bryos an d  day-o ld  chicks to  reo v iru s  w as 
ag e -d ep en d en t. I n  em bryos in fec ted  on th e  8 th  d ay  o f in cu b a tio n  (g ro u p  A ), 
m o r ta l i ty  an d  re ta rd e d  g row th  o ccu rred , th e  organs show ed signs o f c irc u la to ry  
d is tu rb a n c e  an d  ex u d a tiv e  in fla m m a tio n  accom pan ied  b y  cell d eg en era tio n  an d  
necrosis an d  sy n c y tiu m  fo rm ation . V irus pa rtic le s  could  be d e m o n s tra te d  b y  
e lec tro n  m icroscopy  only  in  th is  perio d  since a t  th a t  tim e  th e  defensive ( ly m 
p h a tic ) sy s tem  o f th e  chicken em bryo  is s till undeveloped  (F ir th , 1977; T iz a rd , 
1977; G lick, 1979; G láv its  e t al., 1981). T h is is in  accordance w ith  th e  fa c t  t h a t  
th e  cells s e p a ra te d  fo r cellular reac tio n s in  v itro  on th e  14 th  d ay  of in c u b a tio n  
still fa iled  to  re sp o n d  to  antigenic s tim u lu s.

No m o rta li ty  occurred  in  th e  g roup  in o cu la ted  on th e  14 th  d ay  o f in c u b a 
tio n  (group  B). T he organs show ed m o stly  p ro d u c tiv e  lesions c h a ra c te riz e d  b y  
in f il tra tio n  w ith  h e te ro p h il g ran u lo cy tes  (an d  n o t accom panied  b y  ap p rec iab le  
cell d eg en e ra tio n , necrosis or sy n cy tiu m  fo rm ation ).
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In  group A, th e  ly m p h o cy tes  s e p a ra te d  fo r in  v itro  cellu lar reac tions fo rm 
ed ro se tte s  w ith  reo v iru s-in fec ted  sheep e ry th ro c y te s  an d  responded  to  reo v iru s  
a n tig e n  w ith  b lasto g én ie  tran sfo rm a tio n .

I n  th e  group  in fe c te d  on th e  1st d a y  a f te r  h a tch in g  (group C) n e ith e r  
m o r ta l i ty  no r c lin ica lly  a p p a re n t disease o ccu rred . H ow ever, s im ilarly  to  h a tc h 
ed a n d  su rv ived  ch icks o f  th e  o ther tw o  g ro u p s , chicks o f g roup  C show ed d is
tu rb e d  g row th  (u n ev en  developm ent). T h e  o rg an s show ed lesions o f p ro d u c tiv e  
n a tu re ,  m ain ly  acco m p an ied  b y  in f il tra tio n  w ith  m ononuclear cells. As co m 
p a re d  to  those o f th e  con tro ls , ly m p h o cy tes  se p a ra te d  on th e  20 th  d ay  a f te r  
h a tc h in g  show ed ex p ressed  ro se tte -fo rm a tio n  in d ica tiv e  of an tigen  (reovirus) 
recogn ition .

T h e  p resen t re su lts  agree w ith  o u r ea rlie r  observations (G láv its e t a l., 
1983) th a t  th e  ty p e  o f  ce llu la r reactions a n d  im m u n e  response of th e  ch icken  
em b ry o  an d  th e  d ay -o ld  ch ick  to  a v ira l a n tig e n , as well as th e  n a tu re  o f  th e  
develop ing  pa th o lo g ica l lesions depend on  th e  d ev e lo p m en ta l s ta tu s  o f th e  ly m 
p h a tic  an d  m yeloid  sy s tem s a t  th e  tim e  o f in fec tio n . In  an  earlier in fec tio n  e x 
p e rim e n t using len to g en ic  N ew castle d isease v iru s  (G lávits e t al., 1983), p a th o 
log ical lesions o ccu rred  m o stly  in th e  w all o f  th e  re sp ira to ry  t r a c t  and  b lood  
vessels an d  in  th e  ly m p h o id  tissues o f ch ick en  em bryos an d  day-o ld  chicks. 
A v ian  reov irus in d u ced  changes in  th e  liv e r , p an creas , g landu la r sto m ach  w all 
an d  m y ocard ium  in  a ll exp erim en ta l g ro u p s. C olonization  b y  lym p h o cy tes  o f 
th e  follicles of th e  b u rsa  o f  Fabricius was slow er in  th e  in fec ted  b irds th a n  in  th e  
co n tro ls .

T he resu lts  o f  th e  p resen t ex p erim en ts  agree w ith  th e  observa tions o f 
M enendez et al. (1975) accord ing  to  w hich  in  e m b ry o n a ted  eggs in fec ted  w ith  
a lo w -titre  v irus som e o f  th e  em bryos m a y  die and  th e  su rv ivors m ay  h a tc h  
w ith  a low  v ita li ty  (a n d  resistance). T he tis su e  changes observed  b y  us in  th e  
h a tc h e d  and  su rv iv ed  ch icks were sim ilar to  th o se  often  found  during  our d ia g 
n o stic  w ork  in  co n n ec tio n  w ith  reovirus in fe c tio n  o f 2 -4  weeks old chicken flocks 
(F e h é rv á ri et al., 1984).
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PATHOLOGICAL STUDIES IN CHICKEN EMBRYOS 
AND DAY-OLD CHICKS EXPERIMENTALLY 

INFECTED WITH SALMONELLA T Y P H I M U R I U M  
AND STAPHYLOCOCCUS AURE US

R . G l á v it s , F . R á t z , T . F e h é r v á r i  and J .  P ov a zsá n

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

(R eceived  O c to b er 28, 1983)

T w en ty  a n d  10 S P F  chicken em bryos w ere in fec ted  on  th e  6 th  d a y  (group A ) a n d  on  
th e  1 4 th  d ay  (group  B ) o f in cu b a tio n , re sp ec tiv e ly , w ith  Salmonella typ h im u r iu m  a n d  th e  
sam e n u m b ers o f em b ry o s w ith  Staphylococcus aureus. T w en ty  day-o ld  chicks w ere in fec te d  
o ra lly  w ith  th e  sam e Salmonella, a n d  a n o th e r  20 w ith  th e  Staphylococcus, s tra in  (g ro u p  C). 
O n each  d ay  a f te r  in o cu la tion , one b ird  fro m  each  group  w as exam ined  b y  m orpho log ical 
a n d  m icrobiological m ethods.

T he b a c te ria , ap p lied  in  low  germ  co u n ts  (103) on  th e  o u te r  surface  of th e  shell m em 
b ra n e , p e n e tra te d  in to  th e  egg and  d am ag ed  p rim a rily  th e  chorioallan to ic  m em b ran e  (CAM ), 
th u s  resu ltin g  in  1 0 -4 0 %  em bryonic  m o rta lity . T he Salm onella  p ro d u ced  no, w hile th e  S ta 
phylococcus p ro d u ced  occasional, tissue  changes in  th e  em bryon ic  organs. As opposed to  c e r ta in  
v ira l in fections s tu d ied  earlier, no m orpholog ical signs in d ica tiv e  o f cellu lar o r h u m o ra l im 
m u n e  response w ere seen.

D ay-old  chicks in fec ted  pe r os w ith  Salm onella  typ h im u r iu m  developed a cu te  se p tic ae 
m ia , su b acu te  p n e u m o n ia , an d  th o se  in fec ted  w ith  Staphylococcus aureus developed  a r th r i t is  
a n d  osteom yelitis. B ird s succum bed in  th e  a cu te  s tage  show ed an  a tro p h y  o f th e  ly m p h o id  
o rg an s (b u rsa  o f F ab ric iu s , th y m u s) ch arac te rized  b y  dep le tion  of lym p h o cy tes a n d  necrosis, 
w hile  th e  ly m p h o id  organs o f chicks b led  in  th e  su b a c u te  s tage  developed h y p e rp la s tic  changes.

Keywords. E x p e rim en ta l in fec tion , im m u n e  sy s tem , chicken em bryo , d ay -o ld  ch ick , 
p a th o lo g y .

In  a p rev io u s p ap e r we described  th e  em bryon ic  an d  p o stem b ry o n ic  d e 
v e lo p m en t of th e  ly m p h o id  and  m yelo id  sy stem  o f th e  ch icken (G láv its  e t  a l., 
1981). F u rth e rm o re , we have re p o rte d  on  th e  p a tho log ica l an d  im m u n o m o rp h o - 
log ical changes in d u ced  in  ch icken  em bryos an d  day-o ld  chicks b y  len to g en ic  
N ew castle  disease v iru s  (NDV) an d  a v ian  reov irus. W e found  th a t  b o th  th e  
re s is tan ce  o f th e  organism  to  these  p a th o g en ic  agen ts an d  th e  ty p e  o f th e  lesions 
p ro d u ced  dep en d ed  on th e  d ev e lo p m en ta l s ta tu s  of th e  ly m p h a tic  an d  m yelo id  
system s (G lávits e t a l., 1983a, b).

In  th e  p re se n t p ap e r th e  re su lts  o f ex p erim en ta l in fec tion  w ith  Salm onella  
typ h im u riu m  a n d  Staphylococcus aureus  pe rfo rm ed  a t d ifferen t tim es o f in c u b a 
t io n  an d  a t  h a tc h in g  are rep o rted .
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M aterials an d  m ethods

One h u n d red  d w a rf  L eghorn  ch icken  em bryos an d  50 day-o ld  chicks com 
in g  from  an  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-type 
la b o ra to ry  in c u b a to r.

E xperim enta l in fection . T w enty  an d  10 ch icken  em bryos w ere in o cu la ted  
on th e  6 th  d ay  (g roup  A) an d  14th d ay  (g ro u p  B) o f in cu b a tio n , re spec tive ly , 
w ith  0.1 m l of a d ilu te d  suspension o f a Salm onella  typ h im u riu m  s tra in  (103 
germ s) iso la ted  fro m  ch ick en , th ro u g h  th e  a ir  sac on th e  shell m em brane. T he 
sam e n u m b ers  o f ch ick en  em bryos were in fe c te d  a t  th e  above tim es w ith  0.1 m l 
o f a d ilu ted  suspension  o f  Staphylococcus aureus  in  th e  sam e m an n er. F o r ty  em 
b ry o s served  as u n in o c u la te d  contro l. T w e n ty  one-day-o ld  chicks w ere in fec ted  
p e r os w ith  sim ilar g e rm  counts of Salm onella  typ h im u riu m , a n o th e r 20 w ith  
Staphylococcus aureus  (g ro u p  C). Ten d ay -o ld  chicks were left as con tro l. One 
v iab le  em bryo , th e  em b ry o s  found dead a t  can d lin g , an d  one day-o ld  ch ick  w ere 
ex am in ed  daily  from  e a c h  group.

Histological exam ina tion . The en tire  em b ry o , th e  shell m em b ran e , th e  
cho rioa llan to ic  m e m b ra n e  (CAM), th e  y o lk  sac w all, an d  th e  b ra in , sp leen, liver, 
k id n ey s, b u rsa  of F a b ric iu s , th y m u s, lu n g , b one  m arrow  and  one o f th e  knee- 
jo in ts  o f  th e  chicks w ere  exam ined  h is to log ica lly  as described  earlie r (G láv its e t 
al., 1981).

Bacteriological a n d  mycological exam ina tions  w ere m ade from  th e  y o lk  sac, 
th e  su rface  of th e  CAM, th e  liver o f em bryos, th e  liver, h e a r t b lood, bone m a r
row , k n ee-jo in t an d  in te s t in a l  tra c t  o f ch icks, using  ag ar p la te s  co n ta in in g  5%  
sheep  blood, D rig a lsk i’s a n d  S ab o u rau d ’s a g a r  m edia . Virus isolation  w as a t 
te m p te d  from  th e  a lla n to ic  flu id  and  from  th e  spleen an d  lungs o f chicks in  
p r im a ry  chicken k id n e y  cell cultures.

R esults

In fec tion  w ith Salm onella  typh im urium

T he m o rta lity  o f  ch ick en  em bryos (g roups A an d  B) an d  day-o ld  chicks 
(g roup  C) in fec ted  w ith  Salm onella typ h im u r iu m  is show n in  F ig . 1. A t autopsy  
o f g roup  A and  g roup  В em bryos, th e  su ccu m b ed  em bryos show ed m ore ex 
p ressed , w hile th e  k illed  ones less p ro n o u n ced , tu rb id ity  of th e  a llan to ic  and  
am nion ic  flu ids, h y p e ra e m ia , oedem a an d  occasionally  diffuse superfic ia l necro 
sis o f  th e  CAM. T h e  em b ry o n ic  organs show ed  on ly  hy p eraem ia  o f v a ry in g  
degree. The b o d y  le n g th  (grow th) of em bryos in fec ted  e ith e r on th e  6 th  or 14 th  
d a y  o f  in cu b a tio n  sh o w ed  no difference fro m  th a t  o f con tro l em bryos o f th e  
sam e age.
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F ig . I .  M o rta lity  o f ch icken  em b ry o s an d  day-o ld  chicks in fec ted  w ith  Salmonella typ h im u riu m . 
Solid  line: G roup A, in fec ted  on  th e  6 th  d ay  of in cubation ; d o t te d  line: G roup B , in fec ted  
on  th e  14 th  d ay  o f in cu b a tio n ; b ro k e n  line: G roup C, in fec ted  on  th e  1st day  a fte r  h a tc h in g

E m bryos th a t  h a d  su rv iv ed  up  to  th e  tim e  o f h a tc h in g  broke open  th e  
egg-shell, b u t fa iled  to  h a tc h  o u t, as opposed to  th e  co n tro ls . No path o lo g ica l 
lesions were seen a t  th e  a u to p sy  o f th ese  em bryos.

П

t t f
A B C

F ig . 2. M o rta lity  o f ch icken  em b ry o s an d  day-o ld  chicks in fec ted  w ith  Staphylococcus aureus. 
Solid  line: G roup A , in fec ted  on  th e  6 th  d ay  of in cu b a tio n ; d o t te d  line: G roup B , in fec ted  
on  th e  14 th  d ay  o f in cu b a tio n ; b ro k e n  line : G roup C, in fec ted  on  th e  1st d ay  a fte r  h a tc h in g
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F ig . 3. D ila ted  vessels su rro u n d e d  b y  in fil tra tin g  in flam m ato ry  cells in  th e  CAM m esenchym a. 
G ro u p  A em bryo in fec ted  w ith  Salm onella  typ h im u r iu m . H aem a to x y lin —eosin (H -E .), X

ap pr. 63

F ig . 4. D e ta il of Fig. 3. M ain ly  g ran u lo cy tes  a re  seen in  th e  lum en o f th e  blood vessel and
a ro u n d  it.  H -E ., X a p p r. 160
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F ig . 5. D epletion  of ly m p h o cy tes  (arrow ) in  th e  m ed u llary  su b s tan ce  of follicles o f th e  b u rsa  
o f F abric ius. G roup C ch ick  in fec ted  w ith  Salmonella typ h im u r iu m . H -E . , X ap p r. 160

Histological exam ina tion  o f g roup  A and  g roup  В em bryos revea led  h igh  
n u m b ers  of leu co cy tes , p rim arily  h e te ro p h il g ran u lo cy tes , in  th e  lu m en  o f 
d ila ted  b lood  vessels o f th e  CAM m esen ch y m a; cells o ften  e x tra v a sa te d  (F igs 3 
an d  4). T he b a c te r ia  w ere p re sen t in  m asses on th e  su rface  o f th e  CAM e p ith e l
iu m  and  occasionally  also in  th e  m esenchym a. In  em bryos succum bed  to  in fec
tio n , th e  ep ithe lia l la y e r  of th e  CAM w as often  necro tic  an d  covered  b y  f ib r in . 
T he shell m em b ran e  an d  th e  y o lk  sac w all w ere in ta c t .  Signs in d ica tiv e  o f  n o r 
m al haem ocy topo iesis (h aem o cy to b lasts , e ry th ro id  an d  m yelo id  “ b la s t”  cells) 
w ere seen along th e  b lood  vessels o f  th e  la tte r .

T here w ere no  pa tho log ica l lesions in  th e  organs o f th e  succum bed  an d  
killed  em bryos.

In  g roup  C, th e  liver an d  sp leen  o f  chicks died of in fec tio n  show ed h y p e r-  
aem ia , a c tiv a tio n  o f  R H S  cells, an d  n ec ro tic -in flam m ato ry  foci accom pan ied  
b y  th e  p ro life ra tio n  o f re ticu locy tes. D ep le tion  of ly m p h o cy tes  was o b serv ed  
in  th e  m ed u lla ry  su b stan ce  o f th e  b u rsa l follicles (F ig . 5) an d  in  th e  c o rte x  o f 
lobes o f th e  th y m u s .

T he ly m p h o id  organs of k illed  g roup  C chicks w ere free from  th e  above- 
m en tio n ed  changes. T h e  b u rsa  of F ab ric iu s  show ed fo llicu lar h y p erp las ia . I n  a d 
d ition , in  th ree  ch icks o f th is  g roup  th e  liver an d  th e  sp leen  show ed lesions sim i-
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F ig. 6. Focal p ro d u c tiv e  p n eu m o n ia  ch arac te rized  b y  th e  p resence of m ononuclear cells
(arrow ). G roup C ch ick  in fec ted  w ith  Salm onella  typ h im u r iu m . H -E ., X ap p r. 63

la r  to , b u t  m ilder th a n , th o se  described  above . I n  th e  lungs o f fo u r chicks th e re  
w ere circum scribed  in f il tra tio n s  b y  m o n o n u c lea r cells, ex ten d in g  b o th  to  th e  
lum en  of p a rab ro n ch i a n d  to  th e  w all o f  a ir  an d  blood  capilla ries (F ig . 6). T he 
con tro l chicks w ere free from  lesions.

In  groups A an d  B , Salm onella ty p h im u r iu m  w as reco v ered  from  th e  su r
face o f th e  CAM o f b o th  th e  succum bed a n d  th e  k illed  em bryos in  rich , ca rp e t- 
-like cu ltu res. T he y o lk  sacs y ielded less a b u n d a n t cu ltu res . T h e  liv er o f suc
cum bed  em bryos y ie ld ed  a few, while t h a t  o f k illed  ones on ly  one or tw o  b a c 
te r ia l colonies on c u ltu r in g . T he organ ism  w as recovered  in  rich  cu ltu res  from  
th e  liver, th e  h e a r t  b lo o d , th e  bone m arro w  an d  th e  in te s tin a l t r a c t  o f group C 
chicks died  of in fec tio n , b u t  from  th e  sam e organs o f k illed  ch icks only  a few  
colonies grew  o u t, a n d  o n ly  up  to  th e  6 th  d a y  p o st-in fec tio n  (P I) . Salm onella  
organism s w ere n o t reco v e red  from  th e  sam e organs o f co n tro l chicks. T he myco- 
logical an d  гurological tests gave n eg a tiv e  re su lts  in  all groups.

In fection  w ith Staphylococcus aureus

T he m o rta lity  o f  ch ick en  em bryos (g roups A  an d  B) a n d  d ay -o ld  chicks 
(group C) in fec ted  w ith  Staphylococcus aureus  is show n in  F ig . 2. A t au to p sy  o f
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Fig. 7. D e m arc a te d  necro tic -in flam m ato ry  focus in  th e  k id n ey  o f a  G roup A em bryo in fec te d  
w ith  Staphylococcus aureus. H -E ., X a p p r. 63

group A  an d  В em bryos, th e  allan to ic  an d  am nion ic  flu id s of em bryos a n d  th e  
em bryonic  m em b ran es  show ed lesions o f  s im ila r n a tu re  and  degree as th o se  
found  in  em bryos in fec ted  w ith  Salm onella typ h im u riu m . The infected  em b ry o s 
d id  n o t d iffer in  b o d y  len g th  from  th e  co n tro ls  o f th e  sam e age.

E m b ry o s su rv iv in g  up  to  th e  tim e  o f h a tc h in g  resem bled  those o f th e  s a l
m onella-in fected  g roup . A t au to p sy  o f th e  su rv iv o rs  no pathological lesions 
were seen.

A ccord ing  to  h isto log ical ex am in a tio n  o f g roup  A an d  В em bryos, in f la m 
m atio n  of th e  CAM w as freq u en tly  accom pan ied  b y  necrosis of some e p ith e lia l 
cells from  th e  b eg in n in g  on. L a te r on, nec ro tic  lesions sp read  to  th e  m esenchy- 
m a w hich c o n ta in e d  la rg e  m asses of b a c te ria . T he shell m em brane and  th e  y o lk  
sac w all w ere in ta c t ,  an d  th e  la t te r  show ed n o rm a l haem ocytopoiesis.

In  som e o f th e  k illed  em bryos th e  fo llow ing changes were found . O n th e  
10th d ay  P I  th e  k id n ey s of a group A em b ry o  (F ig . 7) show ed su p p u ra tiv e -  
-necrotic  in fla m m a tio n  dem arca ted  b y  an g io fib ro b last tissue . E x a m in a tio n  o f  
a  group В em b ry o  on  th e  4 th  day  P I  rev ea led  an  acu te , diffuse, serous in f la m 
m atio n  accom pan ied  b y  developm ent o f nec ro tic  foci in  th e  liver (F ig. 8) a n d  
focal, h e te ro p h il g ranu locy tic  in te rs titia l in f la m m a tio n  in  th e  k idney  a t  th e  
sam e tim e.

Acta Veterinaria Hungarica 32, 1984



46 GLÁVITS et al.

F ig . 8. Serous h e p a titis  accom pan ied  b y  c ircu m scrib ed  necrosis of th e  p a ren c h y m a . G roup  В 
em b ry o  in fec ted  w ith  Staphylococcus aureus. H -E ., X ap p r. 160

I n  g roup  C, th e  liver o f chicks su ccu m b ed  to  in fec tion  show ed diffuse 
serous in fla m m a tio n  an d  con ta ined  b a c te r ia l  em boli, while th e ir  sp leen  show ed 
in fla m m a tio n  accom pan ied  b y  p ro life ra tio n  o f re ticu locy tes o f th e  red  p u lp . 
In  th e  b u rsa  o f F ab ric iu s  ly m p h o cy te  d ep le tio n  accom panied  b y  necrobiosis 
(k a ry o rrh ex is) o f sm aller groups of fo llicu la r lym phocy tes (F ig. 9) w as seen, an d  
th e  c o rte x  o f  th y m ic  lobu les show ed d e p le tio n  o f lym phocy tes. No p a th o lo g ica l 
lesions w ere seen in  th e  above organs o f  k illed  chicks. T heir b u rsa  of F ab ric iu s  
h a d  fo llicu la r h y p e rp la s ia . O f th e  chicks k illed  on th e  6 th  or 7 th  d a y  P I ,  3 h a d  
p u ru le n t, f ib rin o u s , necro tic  in fla m m a tio n  in  th e  knee-jo in t (F ig. 10) a n d  focal, 
p u ru le n t o steom yelitis  in  th e  hone m arro w . These changes w ere a b se n t from  
co n tro l b ird s .

In  b o th  th e  died  an d  th e  killed em b ry o s  o f groups A and  В Staphylococcus 
aureus grew  o u t in  rich , carpet-like  c u ltu re s  fro m  th e  surface of th e  CAM. H o w 
ever, lesser g ro w th  w as o b ta in ed  from  th e  y o lk  sac, even less colonies grew  o u t 
from  th e  liv e r o f em bryos succum bed to  in fec tio n , while th e  liv er o f on ly  five  
k illed  em bryos y ie lded , an d  even th e se  o n ly  1 -2 , b ac te ria l colonies. A b u n d a n t 
b a c te r ia l g ro w th  w as o b ta in ed  in  c u ltu re s  o f  liver, h ea rt b lood, bone m arro w , 
an d  in te s tin a l t r a c t  o f g roup  C chicks su ccu m b ed  to  in fection . F ro m  th e  b lood  
an d  o rgans o f k illed  chicks only one or tw o  colonies grew ou t occasionally ; how -
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F ig . 9. N ecro tic  zones (arrow ) in th e  follicles o f  th e  b u rsa  o f F ab ric iu s . G roup C ch ick  in fec ted
w ith  Staphylococcus aureus. H -E ., X ap p r. 160

F ig . 10. P u ru le n t n ecro tic  a r th ritis . G roup C chick  in fec ted  w ith  Staphylococcus aureus. H -E .,
X ap p r. 25
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ev er, from  th e  jo in t  c a v ity  an d  bone m a rro w  o f  chicks a ffec ted  w ith  a r th r it is  
a n d  osteom yelitis  la rg e  n u m b ers  of Staphylococcus aureus colonies developed . 
T h e  mycological an d  virological ex am in a tio n s g av e  neg a tiv e  re su lts  in  all g roups.

Discussion

O ur in v es tig a tio n s  h av e  revealed  t h a t  b o th  Salmonella typ h im u riu m  a n d  
Staphylococcus aureus  ap p lied  in  low co u n ts  (103 germ s) th ro u g h  th e  calcic egg
shell o n to  th e  o u te r su rface  o f th e  in ta c t shell m em b ran e  p e n e tra te d  in to  th e  egg 
a n d  dam aged  p rim a rily  th e  CAM, causing  i ts  in flam m atio n . This re su lted  in  
d e a th  o f ab o u t 1 0 -4 0 %  o f th e  em bryos. Salm onella  organism s p ro d u ced  no, 
w hile  staphylococci cau sed  only occasional, tissu e  changes in  th e  em bryon ic  
o rg an s. No m orpho log ica l signs in d ica tiv e  o f  ce llu la r or h u m o ra l im m u n e  re 
sponse  w ere seen. T h e  b a c te riu m  could be re iso la te d  in  rich  cu ltu res  from  th e  
CAM b u t  only few  co lonies grew  from  th e  o rg an s. The g ro w th  ra te  of in fec ted  
em b ry o s was n o t lesser th a n  th a t  of th e  c o n tro ls , an d  m ost o f th e  em bryos s u r 
v iv e d  u p  to  th e  tim e  o f h a tch ing .

T he p athogenesis  o f  various v ira l in fec tio n s  o f th e  em bryo  s trik in g ly  d if
fers from  th a t  fo u n d  in  th e  p resen t e x p e rim en t. A v ian  encephalom yelitis  v iru s , 
in fec tio u s b ro n ch itis  v iru s  (Casorso an d  J u n g h e r r , 1959), av ian  reov irus (M enen- 
dez e t  al., 1975; G lá v its  e t al., 1984) an d  len to g en ic  N ew castle  disease v iru s  
(G láv its  e t al., 1983a, b)  p roduce lesions p r im a r ily  in  em bryon ic  organs, w hich  
lesions m ay  lead  to  d e a th , re ta rd ed  g ro w th  o r m alfo rm atio n  o f em bryos.

O ur earlier in v e s tig a tio n s  have rev ea led  t h a t  lentogenic N ew castle  disease 
v iru s  produced  c h a ra c te r is tic  lesions p rim a rily  in  th e  re sp ira to ry  t r a c t  an d  ly m 
p h o id  organs, w hile a v ia n  reovirus in  th e  liv e r , h e a r t, p ancreas an d  g lan d u la r 
s to m a c h  wall. In  th e  f i r s t  h a lf  o f in cu b a tio n  th e se  v iruses caused  m ain ly  e x u d a 
tiv e  tissu e  changes in  th e  above organs o f e m b ry o s , re su lting  in  h igh  m o rta lity . 
O n th e  o th e r h an d , no m o rta lity  occurred  in  th e  second h a lf  o f in cu b a tio n , an d  
th e  organs co n ta in ed  p rim a rily  p ro d u c tiv e  ch an g es. B y th e  en d  of in c u b a tio n , 
signs ind ica tiv e  o f  ce llu la r and  h u m o ra l im m u n e  response h a d  also ap p ea red  
(B en ed ic t, 1977; F e h é r, 1981; F ir th , 1977; G láv its  e t al., 1983a, b; G lick, 1979; 
T iza rd , 1977). In  e x p e rim e n ta l in fec tion  w ith  Salm onella typ h im u riu m  an d  
Staphylococcus aureus no  m orphological signs in d ica tin g  cellu lar or h u m o ra l 
im m u n e  response w ere seen, p resu m ab ly  d u e  to  th e  d ifferen t pa thogenesis  o f 
th e se  infections. I n  o u r opin ion , th is f in d in g  c a n  be exp lained  b y  th e  fac t th a t  
th e se  b ac te ria  m u ltip lied  m ain ly  in  th e  em b ry o n ic  m em branes an d  flu id s, an d  
th u s  ex e rted  less e ffec t d irec tly  on th e  ly m p h o id  organs o f th e  developing  
em b ry o  th a n  th e  ab o v e  v ira l agents.

In  chicks in fec ted  w hen  day-old , th e  d isease appeared  in  th e  form  of acu te  
sep ticaem ia  or su b a c u te  pneum onia , or a r th r i t is  an d  osteom yelitis . W e consider
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im p o r ta n t  th e  o b se rv a tio n  th a t  in  b ird s  d ied  in  th e  acu te  stage  o f  th e  disease 
a tro p h y  o f th e  ly m p h o id  organs (necrobiosis and  d ep le tio n  o f lym phocy tes), 
w hile in  b ird s k illed  in  th e  su b acu te  stag e  h y p erp las tic  changes w ere seen.

T ak in g  in to  co n sid e ra tio n  also th e  conclusions d raw n  from  earlier experi
m en ts  (G láv its e t a l., 1983a, b) i t  seem s th a t  th e  ou tcom e o f  in fec tions occurring 
d u rin g  in cu b a tio n  dep en d s on th e  ty p e , v iru lence an d  dose o f th e  pathogen ic  
ag en t an d  on th e  tim e  o f its  p e n e tra tio n  in to  th e  em bryo . T hese fac to rs d e te r
m ine th e  pa thogenesis  o f th e  disease, th e  m o rb id ity  a n d  m o rta li ty  o f em bryos 
a n d  th e  degree o f th e ir  ac tive  resis tan ce  to  th e  p a th o g en ic  ag en t in  a given 
period .

In  ag reem en t w ith  observations m ade in  th e  fie ld , o u r ex perim en ts have 
show n th a t  th e  in fec tio n s occurring  d u rin g  in cu b a tio n  are  n o t alw ays fa ta l. 
E m b ry o s m ay  su rv iv e , h a tch , an d  lesions p roduced  b y  th e  g iven agen t m ay  
a lread y  be p resen t a t  h a tch in g , an d  th e  b ird s  m ay  becom e carrie rs  o f th e  p a th o 
genic agen t.
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RAPID ANALYTICAL METHOD FOR THE 
QUANTITATIVE DETERMINATION OF 

TRICHOTHECENE TOXINS IN FOOD AND FEEDS

Á. B a t a 1, A . V I n y i2 and R . L á s z t it y 1

d e p a r t m e n t  of B iochem istry  an d  Fo o d  T ech n o lo g y , T echnical U n iv e rsity  B u d a p e s t,
H-1521 B u d a p e s t,  P .0 .  B ox 91;

2C entra l V e terin ary  In s t i tu 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  S e p tem b e r 19, 1983)

T h e  tricho thecene  to x in s occurring  in  th e  purified  ex tra c ts  o f  food a n d  feed  sam ples 
c an  be  tran sfo rm e d  to  corresponding  free alcohols b y  tre a tm e n t w ith  tran se s te rify in g  reag en ts . 
T h e  tra n s fo rm a tio n  of th e  com m only  o ccu rrin g  trich o th ecen e  com pounds re su lts  in  th re e  free 
a lcoho ls, viz. T-2 te tra o l to x in , sc irpen trio l a n d  nivalenol. D eoxynivalenol does n o t  change 
d u rin g  th is  t re a tm e n t.

S E  52 s ta tio n a ry  phase  w as fo u n d  to  b e  th e  m o st su itab le  for th e  se p a ra tio n  of m yco- 
to x in -c o n ta in in g  sam ples. U sing h igh -p erfo rm an ce  th in -lay er ch ro m a to g rap h y  (H P T L C ) fo r 
th e  an a ly sis  o f tricho thecenols, th e  R f v a lu e s  a re  betw een  0.05 a n d  0.1 (benzene—ace to n e  
1 2 : 7  v /v ). B y  th e  use o f a  cap illa ry  gas ch ro m a to g rap h ic  m ethod  (SE  52 s ta tio n a ry  phase) 
th e  re te n tio n  indices o f trich o th ecen o ls  ran g e  fro m  2200 to  2500. In  c o m p ara tiv e  d e te rm in a 
tio n s  b e tw ee n  our fo rm er and  th is  new  m e th o d , th e  differences in  re su lts  w ere less th a n  ± 1 0 % .

T h e  recom m ended  tran se s te rif ic a tio n  m eth o d  using b o th  H P T L C  a n d  gas ch ro m a to 
g ra p h y  is sim pler and  m ore re liab le  th a n  o u r fo rm er m ethod  an d  needs no specia l s ta n d a rd s  
(e .g . neosolaniol).

K eyw ords. T richo thecene, m y co to x in , q u a n ti ta t iv e  d e te rm in a tio n , tra n se s te r if ic a tio n , 
h ig h -p erfo rm an ce  th in - la y e r  ch ro m a to g rap h y , gas ch ro m a to g ra p h y .

T h e 12, 13-epoxy-tricho thecenes a re  chem ically  re la te d  to x ic  m e tab o lite s  
p ro d u c e d  b y  various species o f F u sa riu m , Cephalosporium, M yrothecium  an d  
Stachybotrys  (Chi e t ah , 1978).

T hese fungi are w idely  d is tr ib u te d  in  n a tu re  and  h av e  been  iso la ted  from  
m a n y  va rie tie s  of crops used  for food  a n d  feed.

U p to  now , m ore th a n  40 k in d s o f  tricho thecenes have  been  iso la te d  from  
th e  above  fungal species (O h ta  e t ah , 1977).

M any  o f th e  n a tu ra lly  occu rrin g  tricho thecenes h av e  b een  re p o r te d  as 
b e in g  v e ry  tox ic  to  all k inds o f an im als  (Y esonder e t ah , 1978; M irocha e t ah , 
1976, 1979).

I n  p rac tica l c ircum stances th e  feed stu ffs  m ay be c o n ta m in a te d  b y  m an y  
m o ld  species. M ost o f th e  F u sa riu m  species p roduce several tr ic h o th e c e n e  m yco- 
to x in s  a t  th e  sam e tim e  (T able I). C onsequen tly , various to x in s  m a y  be  p re sen t 
in  feed stu ffs  (Table I I ) .  T he ex ten sio n  o f  analyses to  each tr ich o th ecen e  to x in  is 
a  v e ry  e lab o ra te  w ork  especially  b y  th in - la y e r  ch ro m ato g rap h y  (TLC) m eth o d s, 
fo r s e p a ra te  w orking processes m u s t be  used  for th e  analysis o f  th e  v a rio u s 
to x in s  to  achieve su ffic ien tly  low  d e te c tio n  lim its.
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To estim ate  th e  to x ic  effect of a fe e d s tu ff  i t  is adv isab le  to  ta k e  in to  con 
s id é ra tio n  each to x ic  co m p o n en t. O ur aim  w as to  develop a sim ple and  tim e  
sav in g  m ethod  to  s a t is fy  th e  above req u irem en ts .

Table I

T o x in s  produced by  d ifferent F u sa riu m  species

S pecies T o x in s  p ro d u ced

F. nivale fusarenon X , n ivaleno l

F. poae neosolaniol, T-2, H T -2 , diacetoxyscirpenol 
(DAS)

F. sporotrichioides neosolaniol, T-2, H T -2 , DAS

F. roseum neosolaniol, T-2, H T -2 , deoxynivalenol

F. equiseti neosolaniol, T -2, DA S

F, gram inearum neosolaniol, T-2, H T -2 , DAS

F. oxysporum fusarenon X , T-2, H T -2 , DAS

F. solani neosolaniol, T -2, H T -2 , DAS

Table II

T richothecene to x in s  in  20 feedstuff sam ples exam ined  b y  us earlier

N o. o f  sam p le T-2 to x in
H T -2
to x in DA S

D eo x y 
n ivaleno l

A cety l 
T -2 to x in

i + +
2 + +
3 + +
4 + +
5 + +
6 +
7 +
8 +
9 +

10 +
11 + +
12 + + +
13 + +
14 + + +
15 +
16 + +
17 + + +
18 +
19 +
20 +
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M aterials an d  m ethods
A p p a ra tu s

a) V acuum  ro ta ry  a p p a ra tu s  (B iichi, F law il, S w itzerland );
b) B lock th e rm o s ta t  (P ierce C hem ical Co., R ockfo rd , 111., U SA );
c) Gas c h ro m a to g ra p h  P a c k a rd  M odel 427 eq u ip p ed  w ith  F ID  d e te c to r  a n d  

H P  3390 in te g ra to r ;
d) Screw -cap v ials (P ierce C hem ical Co., R ockford , 111., U SA );
e) G lass cap illa ry  colum n, w e tte d  w ith  SE 52 s ta tio n a ry  phase , accord ing  to  

th e  m e th o d  o f Grob e t al. (1978).

Reagents and  solvents

a) All so lv en ts  w ere of com m ercial g rade , destilled  before  use (R ean a l, H u n 
gary );

b) M yco tox in  s ta n d a rd s : T-2 to x in  an d  d iacetoxyscirpeno l (DAS) w ere o b ta in e d  
from  S upelco ; MAS, H T-2 to x in  a n d  neosolaniol w ere k in d ly  supp lied  b y  D r. 
M. P a ly u s ik ; sc irp en trio l an d  T-2 te tra o l w ere p ro d u ced  b y  us;

c) B S T F A  (P ierce  Chem ical Co., R ockford , 111., U SA );
d) S odium  m e th y la te  (N aO M et) w as p rep a red  in  o u r la b o ra to ry  (11.5 g so d i

u m  -j- 1000 m l m ethano l);
e) Silica gel 60 (0.200-0.063 m m ) fo r co lum n c h ro m a to g rap h y , silica gel 60 

p la te s  (0.2 m m  th in ) for h igh -perfo rm ance th in - la y e r  c h ro m a to g ra p h y  
(H P T L C ) (M erck, D a rm s ta d t, F R G ).

Extraction  and  purifica tio n

T w e n ty  g of fine ly  g round  sam ple  w ere w eighed  in  a 500 m l E rlen m ey e r 
fla sk . T he sam ple  was e x tra c te d  w ith  200 m l o f  e th y l a c e ta te , th e n  w ith  200 m l 
o f m e th a n o l-w a te r  m ix tu re  (6 : 4 v /v ) on osc illa ting  sh ak e r in  tw o  step s . A fte r  
f i l tra tio n  th e  tw o  e x tra c ts  w ere com bined  an d  e v a p o ra te d  on ro ta ry  e v a p o ra to r .

T he resid u e  was dissolved in  2 m l o f  b en zen e -ace to n e  (2 : 1 v /v) an d  p o u r
ed on 1 0 x 1  cm  silica gel colum n. S u b seq u en tly  i t  w as w ashed  w ith  30 m l b e n 
zene fo r d e fa tten in g . The m yco tox ins w ere e lu ted  w ith  20 m l b en zen e -ace to n e  
( 1 : 1  v /v ). T h e  e lu a te  was d iv ided  in to  tw o p o rtio n s  fo r gas-liqu id  c h ro m a to 
g ra p h y  (GLC) an d  TLC an d  e v a p o ra te d  to  d ryness.

Transesterification  and derivatization

One p o rtio n  was d issolved in  10 m l o f 0.5 N  N aO M et. I t  w as k e p t a t  ro o m  
te m p e ra tu re  fo r 30 m in. Six m l o f 1 N  HC1 w ere a d d ed  in  m eth an o l, m ix ed , 
th e n  e v a p o ra te d  to  dryness. T he residue  was d isso lved  in  1 m l acetone . F iv e
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h u n d re d  jA  of ace tone  so lu tio n  was tra n s fe r re d  in to  a screw -cap v ia l an d  th e  
sam p le  was e v a p o ra te d  in  N 2 a tm o sp h ere . O ne h u n d re d  m l o f B S T F A  reag en t 
w as ad d ed , th e  v ia l w as closed t ig h t  an d  h e a te d  fo r 15 m in  a t  60 °C. T he m ix tu re  
w as  cooled and  in jec ted  in to  th e  gas c h ro m a to g rap h .

Gas chromatography

T en  m  long, 0.30 m m  i.d . w e tte d  b y  S E  52 s ta tio n a ry  phase  glass cap illa ry  
c o lu m n  was used  a t  a co lu m n  te m p e ra tu re  o f 180—260 °C, 4 °C /m in (G rob et 
a l., 1978).

T h in -la yer  chromatography

B en zen e-ace to n e  m ix tu re  (12 : 7 v /v ) w as used  for developing. T he devel
o p e d  TLC p la te  w as sp ra y e d  w ith  1%  4 -(p -n itro b en zy l)-p y rid in e , h ea ted  a t 
150 °C for 30 m in  an d  sp ra y e d  w ith  3 %  te tra e th y le n e -p e n ta m in e  so lu tion .T he 
sp o ts  o f tox ins w ere o f  b lu e  o r lilac b lue  co lou r (T ak itan i e t al., 1979). T he Rf 
v a lu e s  o f th e  ex am in ed  to x in s  are  show n in  T ab le  I I I .

Table III

T L C  d a ta  o f tricho thecene  m ycotoxins

M y co to x in R f v a lu e
D e tectio n  lim it /xg p e r  sp o t

T-2 tox in 0.53 0 .1

HT-2 to x in 0.33 0.05

Neosolaniol 0.28 0 .1

T-2 te trao l to x in 0.06 0.05

D iacetoxyscirpenol 0.50 0.2

M onoacetoxyscirpenol (MAS) 0.38 0 .1

Seirpentriol 0.06 0 .1

The developing solvent w as benzene—acetone 1 2 : 7  v/v .

Results and discussion

T he resu lts  o b ta in e d  b y  th e  analysis  o f 6 n a tu ra lly  c o n ta m in a te d  sam ples 
a re  sum m arized  in  T ab les  IV  an d  Y.

T he tra n sm e th y la tio n  reac tions w ere accom plished n ea rly  w ith o u t loss 
(T ab les IV  and  Y). T he new  m eth o d  is su itab le  fo r d e te rm in a tio n  o f th e  tricho -
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th e c e n e  to x in  co n te n t o f sam ples, an d  th e  re liab ility  of th e  s im u ltan eo u s d e te r 
m in a tio n  m eth o d  evolved earlier in  our la b o ra to ry  (B ata  e t al., 1983) is en h an ced  
b y  i t .  U sing special s ta tio n a ry  phase , b y  m easu ring  of 2 p eak s , th e  p resence  of 
7 fu sa rio to x in s  can  be followed.

Table IV

GLC resu lts  o f 6 n a tu ra lly  co n tam in a ted  sam ples before tran ses te rific a tio n

Sam ples T-2 to x in H T -2 to x in N eoso lan io l T-2
te trao l

D A S MAS S cir
p e n tr io l

M aize 0.17 0.05 0.00 0 0.85 0.00 0

O a t 0.72 0.10 0.00 0 0.00 0.00 0

R y e 1.97 0.07 0.85 0 0.00 0.00 0

M ixed feed  I 1.18 0.07 0.57 0 0.00 0.00 0

M ixed feed I I 1.75 0.27 0.00 0 0.50 0.14 0

M ixed feed  I I I 2.40 0.28 0.15 0 0.75 0.00 0

Table V

R esu lts o f th e  sam e sam ples as in  T ab le  IV  after tran ses te rifica tio n

Sam ples T-2 to x in H T -2 to x in  N eoso lan io l T-2
te trao l

DA S MAS S c irp en trio l

M aize 0 0 0 0.20 0 0 0.80

O at 0 0 0 0.85 0 0 0

R y e 0 0 0 3.15 0 0 0
M ixed feed I 0 0 0 1.82 0 0 0
M ixed feed I I 0 0 0 2.12 0 0 0.76
M ixed feed I I I 0 0 0 3.00 0 0 0.70

T he d irec t analysis of sam ples b y  H P T L C  and  th e  re in v e s tig a tio n  a fte r  
tra n se s te r if ic a tio n  give new  possib ilities in  th e  confirm ation . T he sp o ts  co rre 
sp o n d in g  to  th e  in d iv id u a l tr ich o th ecen e  com pounds d isap p ea r an d  a new  sp o t 
a p p e a rs  a fte r tran se s te rific a tio n . In  o u r opinion, it  is sa tisfy in g  to  d e te rm in e  
th e  en d  p ro d u c ts  o f tran se s te rif ic a tio n  processes for p re lim in ary  te s tin g  o f  fu sa 
r io to x in s . The q u a n tity  o f T-2 te tra o l a n d  scirpentrio l is th e  sum  o f severa l 
tr ic h o th e c e n e  com pounds. In  ad d itio n  to  th ese  tw o to x in s , n iva leno l m a y  also 
be  fo rm ed  in  sm aller am oun ts. D eo x y n iva leno l, if  p resen t in  th e  sam ple , w ill 
n o t  change during  tra n se s te rific a tio n .

B y  th e  increase of th e  ra tio  of ace to n e  in  the  benzene—acetone m ix tu re  
u sed  fo r H PT L C , th e  Rf values o f T-2 te t r a o l  and sc irpen trio l increase , so these

Acta Veterinaria Hungarica 32, 1984



56 BATA et al.

trich o th ecen o ls  can  b e  de te rm ined  se p a ra te ly  from  th e  co n tam in a tin g  co m 
p o u n d s . B y th e  ea rlie r  T L C  m ethods th e  d e te rm in a tio n  o f  T-2 to x in  an d  D A S 
w as v e ry  d ifficu lt, so m etim es  even im possib le , due to  th e  in terfering  effect o f  
co n tam in a tin g  co m p o u n d s .
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OCCURRENCE OF MYCOTOXINS IN FEEDS, 
ANIMAL ORGANS AND SECRETIONS

G ab rie lla  Sá n d o r

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

(R eceived  N o v em b er 1, 1983)

R e su lts  o f th e  m y co to x in a n a ly se sp e rfo rm e d in th e  C en tra l V e te rin a ry  In s t i tu te  (B u d a 
pest) in  y e a rs  1977 th ro u g h  1982 are re p o rte d . O f 7345 analyses 930 (12 .7% ) w ere p o sitiv e . M ost 
o f th e  sam p les w ere ta k e n  from  diseased  or d ead  an im als. T he a u th o r  describes th e  co nsidera
tio n s  d e te rm in in g  th e  d irec tio n  of e x am in a tio n , i.e. th a t  w hich  are  th e  m y co to x in s a  sam ple  
shou ld  be  te s te d  for. R o u tin e  analysis com p rised  11 m y co tox ins, using  in te rn a tio n a lly  accep ted  
th in -la y e r ch ro m ato g rap h ic  m eth o d s a n d  a p p ro p ria te  co n firm atio n  p rocedures.

T h e  d a ta  collected during  a  o n e-y ear p e rio d  are  ana ly sed  in  d e ta il. T hese  p rov ide  
in fo rm a tio n  fo r th e  p rac tice  on  th e  fu n g a l f lo ra  a n d  m y co to x in  co n te n t o f feeds a n d  on  th e  
clinical sy m p to m s and patho log ica l lesions p ro d u ced .

K eyw ords. O ccurrence, m y co to x in , feed , o rgan , secretion .

I n  th e 's ix tie s  o f  th is  c e n tu ry  i t  w as d iscovered th a t  fungal c o n ta m in a tio n  
o f feeds a n d  th e  consequen t m yco tox icoses are  o f decisive im p o rtan ce  in  an im al 
p ro d u c tio n .

M icrobiological ex am in a tio n  o f  feeds, p a r tic u la rly  d e te rm in a tio n  o f th e ir  
fungal f lo ra , has becom e w idesp read  in  H u n g a ry  since th a t  tim e . In  th e  C en tra l 
V e te rin a ry  In s t i tu te  i t  was in tro d u c e d  im m ed ia te ly ; th e  chem ical analysis  of 
m y co to x in s  w as s ta r te d  in  th e  ’sev en tie s . M ost o f th e  sam ples sen t to  th is  I n s t i 
tu te  w ere ta k e n  from  diseased fa rm  an im als or w ere p o st-m o rtem  specim ens.

In  p rev ious papers I  have  su m m arized  resu lts  o f th e  m ycological e x a m in a 
tio n  o f sev era l th o u san d s  of feed sam ples, to g e th e r w ith  resu lts  on th e  to x in - 
p ro d u c in g  ab ility  of 100 A sperg illu s , 100 F u sarium  an d  100 P én ic illiu m  s tra in s  
(Sellyey-S ándor, 1978, 1981).

D a ta  o b ta in ed  du ring  6 y ea rs  fo r 11 ro u tin e ly  analysed  an d  5 occasionally  
ex am in ed  m yco tox ins are re p o rte d  in  th e  p resen t p aper.

M yco tox in  analyses w ere p e rfo rm ed  if  (i) th e  v e te r in a r ian  called  a tte n tio n  
to  c lin ica l sy m ptom s or p a th o lo g ica l lesions in d ica tiv e  o f m ycotoxicosis, an d  
i f  (ii) th e  feed con ta ined  to x in -p ro d u c in g  fungi in  la rge  num bers or in  m o n o 
flo ra .

F o r  a y ea r chosen a rb itra r ily , a ll th e  positive  resu lts  av a ilab le  are  p re 
sen ted  in  d e ta il to  d em o n stra te  re la tio n sh ip s  betw een  th e  m ycological s ta tu s  
and  th e  m y co to x in  c o n te n t o f th e  feed on th e  one h a n d  and  th e  observed  clin ical 
sy m p to m s an d  patho log ica l lesions on th e  o th e r.
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M ethods

T h e  d e te rm in a tio n  o f  th e  following m y co to x in s  was perfo rm ed : zearale- 
n o n e , T -2 tox in , d iace to x y sc irp en o l, deoxyn iv a len o l, c itrin in , o ch ra to x in  A, 
p a tu lin , ru b ra to x in  B , a f la to x in  B 15 Gj, B 2, G 2, s ta c h y b o try o to x in s  (sa tra to x in s  
G  a n d  H ), s te r ig m a to cy stin . T he to x in s  w ere e x tra c te d  from  th e  sam ples, a p 
p ro p r ia te ly  purified , a n d  de term ined  b y  th in - la y e r  ch ro m a to g rap h y  using UY 
d e te c tio n  and /o r sp ra y  re a g e n ts , followed b y  d iffe ren t co n firm a tio n  m ethods.

T h e  analysis o f sam p les  for a lpha- an d  be ta -zeara len o l, d iace ty ln iva leno l, 
H T -2  to x in  and  T-2 te t r a o l  w as perfo rm ed  b y  gas ch ro m a to g rap h y  (GLC).

F o r  m ethodical d e ta ils , see th e  p ap ers  lis te d  u n d e r R eferences.

R esults and  discussion

T h e  resu lts o f th e  m yco tox in  analyses perfo rm ed  in  th e  6 -year period  
b e tw e e n  1977 and 1982 a re  show n in  T ab les I ,  I I  an d  I I I .

T ab le  IY  p re sen ts  in  de ta il th e  p ositive  re su lts  o b ta in ed  in  a one-year 
p e r io d ; th e  ty p e  o f feed , th e  n um ber of cells p e r g ram  o f A spergillus, P énic illium

Table I

D istrib u tio n  of th e  positive resu lts

Sample
Samples

zearalenone
1977 1978 1979 1980 1981 1982

M aize 3 5 2 — l i —

W h e a t 2 1 2 l 6 —
B arley — — - — — —

Soybean  groats — — — — — —

Sunflow er — — — — — -
S u g a r-b ee t slices - — — — - —
A lfalfa — - — — — —
H a y , s traw — 5 — - - l

M ixed feed 3 7 8 6 i l 12

L iver (piglet) — — — 23 - —
K id n ey - — — — — —
Milk — — - 16 — —
Faeces — — - - - 4

No. o f positive samples 8 18 12 46 28 17

No. o f sam ples exam ined 682 203 134 148 215 184

P er cen t positive 1.2 8.9 9.0 31.1 13.0 9.2
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an d  F u sa riu m  spp . capab le  o f to x in  p rod u c tio n , case -h is to ry  d a ta , an d  th e  
d e m o n s tra te d  m yco tox ins a re  g iven. All d a ta  are  show n, since i t  w ould  have  
been  a rb itra ry  to  re p o rt on ly  th o se  cases in  w hich th e  case h is to ry  h a d  in d ica ted  
th e  p resence o f  a ce rta in  m y co to x in , la te r  on con firm ed  b y  chem ical ex am in a
tio n . Such an  ap p ro ach  w ould  n o t rep resen t th e  co m p lex ity  a n d  m any-sidedness 
o f th e  d iagnostic  w ork. I t  shou ld  also he ta k e n  in to  acco u n t th a t  th e  v e te r in a 
ria n  su b m ittin g  th e  sam ple fo r ex am in a tio n  m akes, o r h as  o th ers  m ake, in v e s ti
g a tions in  o th e r  d irec tions, p a ra lle l w ith  th e  la b o ra to ry  analysis . T hus, he alone 
is c o m p e ten t to  decide u p o n  th e  aetio logical role o f th e  tox in (s) d em o n stra ted  
in  th e  feed , in  th e  ligh t o f all th e  resu lts  o b ta ined .

Som etim es, chem ical te s ts  w ere perform ed also fo r to x in s  a p p a re n tly  
u n re la te d  to  th e  case-h isto ry , ju s tif ie d  b y  th e  fie ld  v e te r in a r ia n ’s req u est or 
b y  re su lts  o f  th e  m ycological exam in a tio n s. A lthough  such  find ings do n o t have  
d iagnostic  v a lu e  in  th e  g iven  case, th e y  m ay  p rov ide  usefu l in fo rm atio n  as 
reg a rd s  fu r th e r  u sa b ility  o f th e  feed  u n d er s tu d y .

T ab le  IY  co n ta in s on ly  th e  p ositive  resu lts . O f course, m a n y  o f th e  “ posi
t iv e ”  sam ples gave n eg a tiv e  re su lts  for o ther m y co to x in s , as well as in  o th e r  
tox ico log ical, b acterio log ical a n d  virological te s ts .

b y  y ears an d  feed ty p es

p o sitive  fo r

T -2 to x in d iac e to x y sc irp e n o l

1977 1978 1979 1980 1981 1982 1977 1978 1979 1980 1981 1982

3 2 — 2 30 23
2 — — 6

О

10
о

11

1
Z

l

Z

6 1

1 1 2
1

1 — — — — — 1

— — 1 1
1

144

— — — — — — —
3

11
2

13 2
4

91 99 — — 1 3 3 1

19 17 4 108 193
4

138 1
—

1 4 4
4
8

843 279 146 387 789 548 18 40 48 102 63 159
2.3 6.1 2.7 28.0 24.5 24.6 5.6 0 2.1 3.9 6.3 5.0
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I t  should be n o te d  t h a t  th e  m aize w as su b jec ted  to  d ry in g  w ith  w arm  air 
b e fo re  stored . T hus, F u sa r iu m  spp . sensitive  to  h e a t m ay  h a v e  b een  p a r tly  or 
c o m p le te ly  destroyed , b u t  th e ir  h e a t- re s is ta n t to x in s  rem a in ed  ac tiv e  in  th e  
feed . N a tu ra lly , in  su ch  cases th e  m ycological find ings are  n o t  co n sis ten t w ith  
th e  to x in  d em o n stra ted .

N evertheless, in  m o s t cases th e re  is an  unam b ig u o u s re la tio n sh ip  betw een 
th e  p ro d u ced  lesions a n d  th e  d e m o n s tra te d  m yco tox in (s).

F ig . 1 shows th e  a n n u a l su m m ary  o f th e  p e rcen tag e  d is tr ib u tio n  of 
n e g a tiv e  and  positive re su lts , an d  th e  n u m b e r o f analyses. I n  th e  la s t  th ree  
y e a rs  o f s tu d y , th e  p ro p o r tio n  of po sitiv e  re su lts  increased . I n  a d d itio n  to  ob
je c t iv e , e.g. w e a th e r-d ep e n d e n t, co n d itions, su b jec tiv e  fac to rs  m a y  h av e  p layed  
a ro le  in  th is ; nam ely , th e  sam ples su b m itte d  fo r analysis w ere accom pan ied  b y  
a  m o re  detailed  ca se -h is to ry , allow ing us to  p erfo rm  aim ed ana lyses. In  add ition  
to  th is ,  th e  em ployed m e th o d s  h av e  undergone re m ark ab le  deve lopm en t.

O f th e  7345 an a ly ses  perfo rm ed  d u rin g  th e  6 years  o f s tu d y , 930 (12.7 % ) 
g av e  positive resu lts.

T h e  results re p o r te d  in  th e  p re se n t p a p e r c learly  d e m o n s tra te  th a t  th e  
ro u tin e  diagnostic a n d  re sea rch  w ork  on m yco tox ins helps to  solve problem s 
a ris in g  in  v e te rin ary  p ra c tic e  an d  an im a l p ro d u c tio n .

Table II

D istr ib u tio n  o f th e  po sitiv e  resu lts

Sam ple

Sam ples

deoxyn iva leno l citrin in

1979 1980 1981 1982 1978 1979

M aize — — 2 — — —

W h e a t - — — - — —

B arley — — — — — l

O a t — — — — — —

S o y b ean  groats — — — — — —

S unflow er — — — — — —

S u g ar-b ee t slices — — — — — —

A lfalfa — — — — — —

H a y , s traw — — — — l —

M ixed  feed — — 4 7 — —

L iv er (piglet) — — — — — —

K id n ey — — — — — —

M ilk (sow) — — — — — —

Faeces — — — — — —

N o. of positive samples — — 6 7 l l

N o. o f  sam ples exam ined 2 12 24 50 31 42

P e r  c en t positive 0 0 25 14 3.2 2.4
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y e a r s

Fig. 1. P e rcen tag e  d is tr ib u tio n  of positive  and  n e g a tiv e  resu lts , re la ted  to  th e  n u m b er o f 
analyses. S tr ia te d  colum ns: percen tages o f p o sitiv e  re su lts ; w h ite  colum ns: p e rcen tag es o f

negative  re su lts

b y  years an d  feed  ty p es

positive  for

o c h ra to x in  A

1980 1981 1982 1977 1978 1979 1980 1981 1982

— — 6 2 3 — 4 19 23

— — l — 2 — 2 10 8

— — ----- — 1 l 2 — 2

— — — — 1 l — 1 1
— — — — 1 l — — —
— — — — — — — — —
— — — — — l — — —

— — — — 3 — — — —

— — — — 2 — — — —

— — 2 2 12 8 17 26 16
— — — — — — — — —

— — — — — — 43 10 10
— — — — — — — — —

— — — — — — — — —

— — 9 4 25 12 68 66 60

15 34 85 76 147 122 294 394 317
0 0 10.6 5.3 17 9.8 23.1 16.8 18.9
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Table H I

D istribu tion  of th e  p ositive  resu lts

S am p les

S am p le

patulin

1977 1978 1979 1980 1981 1982

Maize l — — — — 3
W h ea t — — — — — —
B arley — — 2 — — —

Soybean  g ro a ts — — — — — —
Sunflow er - — — — — —

S u g ar-b ee t slices — — — — — —

A lfalfa — — — — — —
H ay , s traw l l — — — —
M ixed feed — 2 4 — — —
L iver (p ig le t) — — — — — —
K id n ey — — — — — —
M ilk (sow) — — — — — —
Faeces — — — - — —

No. o f  po sitiv e  sam ples 2 3 6 — — 3

No. o f  sam ples exam ined 111 49 62 28 27 78

P er c en t positive 1.8 6.1 9.7 0 0 3.8
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b y  years and feed ty p es

positive for

ru b ra to x in  В O th e r m y co to x in s, 1977-1982

1978 1979 1980 1981 1982 N o . o f  sam ples iex am in ed
No. of positive 

samples

— — l — — afla toxins 107 0
l l — — — a-zearalenol 4 4 faeces

— — l — — /?-zearalenol 4 4 faeces

— — — - — diacctylnivalenol 1 1 maize
4 — — — - HT-2 toxin 1 1 maize

— — — — — T-2 te trao l 5 5 faeces, m aize

— — — — — sa tra to x in  G, H 23 7 straw

— — — —  • — ste rigm atocystin 17 2 diet

5 — 6 5 l

10 l 8 5 l

37 22 42 52 57

27.0 4.5 19.0 9.6 1.8
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Table IV/a

D etails o f positive  re su lts  associated w ith  diseases in  pigs in  a  one-year period

R eg is tra tio n
n u m b er

E x am in ed  feed C ase-h isto ry M ould f lo ra , 
cells p e r  g ram

M ycotox in  d em o n s tra ted

170 m aize vom iting 96,000 P zearalenone
deoxynivalenol
griseofulvin

171 maize vom iting 5,000 P zearalenone
deoxynivalenol
griseofulvin

172 m aize vom iting

*

440,000 P zearalenone
deoxynivalenol
griseofulvin

933 w heat diseases o f th e  d igestive  
system

400 A 
300 P

ru b ra to x in  В 
ochratox in  A

1066 m ixed  feed gastroen teritis 2,400 A T-2 to x in

1067 m ixed feed gastroen teritis 800 P  
300 A

T-2 toxin

1528 m ixed feed d ea th s am ong fa tte n e d  
pigs

4,000 P T-2 to x in

1717 soybean groa ts inappetence, haem orrhag ic  
gastroen teritis , h ep a titis , 
occasionally m y o card ia l de
generation, b lood-streaked  
d iarrhoea

2.000 A
1.000 P

ru b ra to x in  В

1718 soybean groa ts inappetence, haem orrhag ic  
gastroen teritis , h e p a titis , 
occasionally m y ocard ia l de
generation , b lo o d-streaked  
d iarrhoea

5.000 P
2.000 A

ru b ra to x in  В

1719 soybean groats inappetence, haem orrhag ic  
gastroen teritis , h e p a titis , 
occasionally m y ocard ia l de
generation, b lood-streaked  
d iarrhoea

4.000 P
1.000 A

ru b ra to x in  В

1755 pigle t d iet gastroen teritis 96,000 P ochratox in  A

2439 maize d iarrhoea in sows a n d  p ig lets 74,000 P ochratox in  A

2440 maize d iarrhoea in sows a n d  p iglets 43,000 P ochratox in  A

2475 pigle t d iet sudden  d ea th , gastro en teritis 22,000 P ochratox in  A

2715 pigle t d iet d iarrhoea in  sows a n d  pig lets 3.000 F
3.000 A 

12,000 P

T-2 tox in

2718 piglet d iet d iarrhoea in  sows a n d  p iglets 1.000 F
3.000 A
1.000 P

T-2 tox in

3120 pig grower d ie t d iarrhoea, d e a th 1,000 A  
22,000 P

ru b ra to x in  В

3633 w h eat for sow d ie t inappetence an d  d iarrhoea  
in  1-2 days old p ig le ts

3.000 P
4.000 A

ochratox in  A

3820 pig le t d iet liver and k idney  degenera
tion , in testin a l c a ta r rh

2.000 P
2.000 A

p a tu lin
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Table I V /a  ( continued)

R e g is tra tio n  E x a m in e d  feed 
n u m b er

C ase-h istory M o u ld  f lo ra , 
ce lls  p e r  g ram

M ycotoxin d e m o n s tra te d

4112 pig grow er d ie t d e a th , gastroen teritis , 
liver degeneration

15,000 A 
2,000 P

ochratoxin A

4719 fa tten in g  p ig  d ie t d e a th 38,000 P  
6,000 A

ru b ratox in  В

5474 m aize fo r d ie t p ig le t d iarrhoea from  th e  
2nd—3rd day  a fte r  ingestion  
of th e  d iet

5.000 F
4.000 P
4.000 A

T-2 toxin

5475 w heat p ig le t d iarrhoea from  th e  
2 n d -3 rd  day a fte r ingestion 
of th e  d iet

49,000 P ochratoxin  A 
pa tu lin

5476 barley p igle t d iarrhoea from  th e  
2nd—3rd day  a fte r ingestion  
of th e  d iet

75.000 A
25.000 P

ochratoxin  A

6134 pig grow er d ie t d iarrhoea, inappetence 5.000 F
5.000 P
2.000 A

T-2 toxin

A - - A sperg illus;  F  = F u sa riu m ; P  =  Pénicillium

Table 1У/Б

D etails o f p ositive  resu lts  associated w ith  diseases in  p o u ltry  in  a  one-year period

R eg is tra tio n
n u m b er

E x a m in e d  feed C ase-h isto ry M ould  f lo ra , 
ce lls  p e r  g ram

M ycotoxin d e m o n s tra te d

89 diet depression and  d iarrhoea  in  
laying hens

4.000 A
5.000 P

zearalenone,
?

90 d ie t depression and  d iarrhoea  in 
laying hens

600 A zearalenone,
?

91 diet depression an d  d iarrhoea  in 
laying hens

100 A 
300 P

zearalenone,
?

92 d iet depression and  d iarrhoea  in 
laying hens

100 P zearalenone,
9

93 d iet depression and  d iarrhoea  in 
laying hens

11,000 A 
3,000 P

zearalenone,
?

491 s ta r te r  d ie t broiler chick d e a th ; 
p rio r to  d ea th  th e  b irds 
were a tax ic, staggered , 
showed d istu rbed  fe a th e r
ing, th e  g landular stom ach  
conten ts were b loody, h aem 
orrhages were seen around  
th e  o u tle t du c ts o f glands 
and on th e  caecal valves, 
feed consum ption w as reduced

8,000 P  
14,000 A

rubra to x in  В

494 s ta r te r  d ie t broiler chick d ea th ; 
p rior to  d ea th  th e  b irds

700 A 
1,000 P

ru bratox in  В

were a tax ic , staggered , 
showed d istu rbed  fe a th e r
ing, th e  g landular stom ach
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Table I V /Ь (con tinued)

R e g is tra tio n
n u m b e r

E x am in ed  feed C ase -h is to ry M ould f lo ra , 
cells p e r gram

M y co to x in  d e m o n s tra te d

conten ts were b lo ody , haem 
orrhages w ere seen a ro u n d  
th e  o u tle t d u c ts  o f  g lands and 
on  th e  caecal v a lves, feed 
consum ption  w as reduced

1052 layer feed d istu rb ed  fea th erin g , feed  
refusal, d ropped egg p ro 
duction , d ea th

18,000 P T-2 to x in

1053 lay er feed d istu rb ed  feath erin g , feed  
refusal, d ropped  egg p ro 
duction , d ea th

8,000 P T-2 to x in

1054 layer feed distu rbed  fea th erin g , feed  
refusal, d ropped  egg p ro 
duction , d ea th

9.000 P
2.000 A

T-2 to x in

1055 lay er feed distu rbed  fea th erin g , feed  
refusal, d ropped  egg p ro 
duction , d ea th

13,000 P  
3,000 A

T-2 to x in

2380 d iet loss of ap p etite , r e ta rd e d  
grow th, en te ritis , liv e r and  
k idney  degeneration

152,000 P o ch ra to x in  A

3455 diet haem orrhages in  th e  caecum  
and sm all in te stin e

4,000 A 
21,000 P

zearalenone, ?

4909 s ta r te r  d iet d ea th s am ong bro ile r 
tu rk ey s , d eg eneration  o f the  
inner organs

1,000 A o ch ra to x in  A

4924 diet en teritis , liver a n d  k id n ey  
degeneration

2,000 A 
17,000 P

o ch ra to x in  A

5133 diet d ea th s am ong 6 w eeks 
old chicks, in te s tin a l c a ta rrh , 
k idney  degeneration

2.000 F
5.000 P
4.000 A

ru b ra to x in  В

5407 s ta r te r  diet dea th s am ong bro ile r t u r 
keys

1,000 A o ch ra to x in  A

5641 diet dea th s am ong 6 w eeks old 
chicks

5,000 F T-2 to x in

6058 diet en teritis, liver an d  k id n ey  
degeneration

5,000 P ru b ra to x in  В

6147 grower d iet en teritis , k idney  deg en era 
tion , haem orrhages an d  
ulcers in  th e  gizzard

ru b ra to x in  В

6213 layer feed loss o f ap p etite , d ro p p ed  egg 
production

4,000 P T-2 to x in

7128 diet d e a th  of hens, ro osters, 
ducks; liver an d  k id n ey  de
generation, co ronary  h aem 
orrhages

27,000 P o c h ra to x in  A

7371 s ta r te r  diet liver and k idney  d eg en era 
tion , in flam m atio n  of th e  
sm all in testine

6.000 F
4.000 A
4.000 P

o ch ra to x in  A

A :=  Aspergillus ; F =  F usarium ;  P  == P én icillium
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Table IV/c

D etails of positive re su lts  associated  w ith  diseases in  ca ttle  in  a  one-year period

R eg is tra tio n
n u m b er

E x am in ed  feed C ase-h istory M ould  f lo ra , 
cells p e r  g ram

M ycotoxin  d e m o n s tra te d

57 m ixed feed d e a th  of 2—3 weeks old 
calves w ith in  12 h , en teritis

46,000 P ochratox in  A 
c itrin in

369 w heat ab o rtio n  of 2.5—8 m onths old 
fe tuses

1.000 F
3.000 P

zearalenone

464 hay ab o rtio n 10.000 F  
100,000 P

10.000 A

zearalenone

1124 soybean groats liver dam age, d ea th 400 P o chratox in  A

1194 m eadow hay w eigh t loss, inappetence 10.000 F
20.000 A

zearalenone,
?

1455 alfalfa erosions on th e  oral and 
p h a ry n g ea l m ucosa in  2-6 
weeks old calves

60,000 F zearalenone, 
T-2 tox in

1457 dairy  cow d ie t erosions on  th e  oral and 
p h a ry n g ea l m ucosa

1.000 F
7.000 P
4.000 A

zearalenone

3616 dairy  cow d ie t gastro en teritis 16.000 A
38.000 P

ochratox in  A

4533 hay d e a th  of young heifers, pu l
m o n ary  oedem a, haem or
rhages on  th e  h e a rt, h aem 
orrhag ic  en teritis  in  th e  
sm all in testin e

100,000 A citrin in

6222 hay d e a th 100,000 F T-2 tox in

6250 grower d iet d iarrhoea 9,000 P p a tu lin

6251 grower d iet d iarrhoea 79,000 A T-2 tox in

6460 rye in ap p e ten ce, w eight loss 2.000 F
6.000 P
6.000 A

T-2 to x in

6461 hay in ap p e ten ce, w eight loss 25,000 F T-2 tox in

A :=  Aspergillus ; F  = F u sa r iu m ; P  =  P énicillium
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Table ГУ/d

D etails o f positive re su lts  associated  w ith  diseases o f o ther anim als a n d  of those  lacking 
case-h isto ry  d a ta , in  a one-year period

R e g is tra tio n
n u m b e r

E xam ined  feed C ase-h istory M ould f lo ra , 
cells p e r  g ram

M ycotox in  d e m o n stra ted

20 m ixed feed fa ta l  cases in  sheep; loss of 
fleece, redden ing  of th e  sk in

3,000 P zearalenone, ?

858 maize unkn o w n 1.000 P
2.000 A

och ra to x in  A

1436 soybean groa ts unknow n 1.000 P
2.000 A ru b ra to x in  B

1829 hay unkn o w n 10,000 F  
110,000 A

zearalenone

1853 maize inap p e ten ce  in  sheep 3,000 A 
50,000 P

zearalenone, ?

2873 hay unknow n 230,000 A 
70,000 P

och ra to x in  A 
p a tu lin

2877 straw unknow n 10,000,000 P o ch ra to x in  A

3643 alfalfa unknow n 20.000 P
40.000 F

o ch ra to x in  A

3645 alfalfa unknow n 40.000 P
50.000 F

o ch ra to x in  A 
T-2 to x in , d iacet- 

oxyscirpenol

3647 alfalfa unknow n 20,000 F o ch rato x in  A

3894 sta rte r  d iet h igh  m o rta lity  am ong 
p h e asan ts

30,000 P o ch ra to x in  A

4615 diet neurological sym ptom s, 
e n te ritis , liver and  k idney  
degeneration  in  pheasan ts

31,000 P  
1,000 A

och ra to x in  A

4878 oat d e a th  o f 6 m o n th s old foals; 
p rio r  to  d e a th , severe d ia r
rhoea, increased  w a te r  con
su m p tio n , staggering; one 
cow th a t  h ad  consum ed 
o n ly  o a t-g rits  also died as 
well as 3 pigs; acu te  gastro 
en te ritis , liver degeneration

33,000 P och ra to x in  A

A  =  Aspergillus ; F  =  F u sarium ;  P  =  Pénicillium
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COMPARISON OF THE STRUCTURE OF 
SARCOCYSTIS CUNICULI  OF THE EUROPEAN  

RABÉIT ( ORYCTOLAGUS CUNICULUS)  AND 
SARCOCYSTIS LEPORUM  OF THE COTTONTAIL 

RABBIT ( SYLVILAGUS FLORIDANUS)  BY LIGHT 
AND ELECTRON MICROSCOPY

M. E l w a s i l a 1 ,  R . E n t z e r o t h 2 ,  B. C h o b o t a r 3 a n d  E .  S c h o l t y s e c k 2
1Zoology D ep artm en t, F a c u lty  o f Science, U n iv e rsity  o f  K h a r to u m , K h a rto u m , S u dan ; 

Z oolog isches I n s t i tu t  de r U n iv e rs itä t B onn, A b te ilu n g  fü r  Protozoologie, 
Poppelsdorfer Schloss, B onn , F ed era l R ep u b lic  o f G erm an y ; 

d e p a r tm e n t  o f B iology, A ndrew s U niv ersity , B errien  S p rin g s, M ichigan, U .S.A.

(R eceived  O ctober 19, 1983)

T he tissue cysts o f Sarcocystis cuniculi o f th e  E u ro p ea n  r a b b i t  (Oryctolagus cun icu lus)  
a n d  Sarcocystis leporum  o f th e  c o tto n ta il ra b b it  (S y lv ila g u s flo r id a n u s )  have  been  s tu d ied  
b y  lig h t and  e lectron  m icroscopy . T he m icrom orphology o f th e  tis su e  cysts  o f th e  tw o  ro d e n t 
species reveals on ly  m in o r d ifferences, in  cyst size, d im ensions a n d  sh ap e  of th e  cy st w all 
p ro jec tio n s and th e  am o u n t o f  g round  substance. C ross-transm ission  ex p erim en ts  are  needed  
to  de te rm in e  th e  re la tio n sh ip s be tw een  th e  tw o Sarcocystis species.

Keywords. Sarcocystis cu n icu li, Sarcocystis leporum , cy s t, s tru c tu re , lig h t m icroscopy , 
e lectron  m icroscopy, E u ro p ea n  ra b b it ,  co tto n ta il ra b b it.

In  1883, B a lb ian i p roposed  th e  nam e S arco sp o rid ia  for th e  p ro to zo an  
p a ra s ite s  w hich w ere seen b y  M iescher earlier (1843) in  m uscles o f a m ouse. Since 
R om m el and  H eydorn  (1972) discovered th e  life cycle o f  th e  Sarcosporid ia  as a 
coccid ian  life cycle a lte rn a tin g  betw een  an  in te rm e d ia te  h o s t (a p rey  an im al) 
an d  a defin itive  h o st (a p re d a to r) , m any  pu b lica tio n s on th e se  p ro to zo an  p a ras ite s  
h av e  appeared  (M ehlhorn  an d  H eydorn , 1978; L ev ine  a n d  T ad ro s, 1980; T ad ros 
an d  L aarin an , 1982). As th e  nam e im plies, Sarcocystis is fo u n d  in  m uscles o f th e  
in te rm e d ia te  h o st: in  rep tile s , b ird s and  m o stly  h e rb iv o ro u s  m am m als. W ith in  
th e  sarcocysts th o u san d s  o f  m erozoites an d  m e tro cy te s  are  p ro d u ced  b y  m ero- 
gony  (endodyogeny). S evera l s tud ies of r a b b it  Sarcocystis h av e  a lread y  been  
done. F o r exam ple, in  1977 F a y e r and  K rad e l described  th e  life cycle o f Sarco
cystis leporum  p a ra s itiz in g  th e  m uscles of th e  E a s te rn  c o tto n ta il  ra b b it  ( S y lv ila 
gus flo r id a n u s)  in  th e  U SA . C ats and  racoons w ere re p o r te d  as f in a l h osts  in  
w hich  gam ogony an d  spo rogony  occur. T adros an d  L a a rm a n  (1977) s tu d ied  S .

A ddress re p rin t re q u es ts  to  P rof. Dr. E . S choltyseck , A b te ilu n g  fü r Protozoologie, 
U n iv e rs itä t B onn, P o p p e lsd o rfe r Schloss, 5300 B o n n  1, F e d e ra l R ep u b lic  o f G erm any.
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c u n ic u li  o f th e  E u ro p e a n  ra b b i t  (Oryctolagus cun icu lus)  in  th e  N e th e rlan d s. 
D o m estic  ca ts  were fo u n d  to  be th e  f in a l hosts.

T h e  p resen t w ork  deals w ith  th e  com parison  of Sarcocystis leporum  in  th e  
E a s te rn  co tto n ta il r a b b i t  (S y lv ila g u s f lo r id a n u s )  an d  S. cun icu li in  th e  E u ro 
p e a n  ra b b it  ( Oryctolagus cun icu lus)  b y  lig h t an d  e lec tron  m icroscopy . Also, 
th e  p revalence  of S. cun icu li in  th e  a rea  a ro u n d  B onn, W est G erm an y , is re 
p o r te d .

M ateria ls and  m ethods

S ix ty -five  E u ro p e a n  ra b b its  w ere collected  in  th e  B o n n  a rea  in c lud ing  29 
in  J u ly —Septem ber 1980 a n d  36 in  J a n u a ry -M a rc h  1982. T w elve c o tto n ta il  r a b 
b its  w ere  collected in  B e rrien  S prings, M ichigan, du ring  th e  fa ll o f 1980 an d  
th e  sp rin g  of 1981. S am ples of ske le ta l m uscles, d iap h rag m , a n d  to n g u e  of th e  
r a b b i ts  w ere m inced an d  t r e a te d  w ith  try p s in  for th e  d e tec tio n  o f m erozoites. 
H e a v ily  infected  tissues w ere fix ed  in  2 .5 %  g lu ta ra ld eh y d e  in  0.1 M sodium  
c a c o d y la te  buffer, p H  7.4, a t  4 °C fo r 4 -1 2  h . A fte r being w ash ed  in  caco d y la te  
b u ffe r , th e  m ateria l w as p o st-fix ed  in  b u ffe red  1 .5%  0 s 0 4 fo r 4 h , w ashed  in  
b u ffe r  a n d  d eh y d ra ted  in  ascend ing  grades o f e thano l. W hile in  70%  e th an o l, 
th e  m a te r ia l was s ta in ed  w ith  1 .5%  u ra n y l a c e ta te  an d  p h o sp h o tu n g s tic  acid. 
A f te r  f in a l d eh y d ra tio n  in  e th a n o l an d  c learing  in  p ropy lene  ox ide , th e  m a te ria l 
w as em b ed d ed  in  A ra ld ite  or in  D ow  epoxy  resin . Sections w ere c u t  on a R eich 
e r t  u ltram ic ro to m e , s ta in e d  w ith  u ra n y l a c e ta te  and  lead  c itra te , an d  exam ined  
in  a Zeiss EM 9 S2 e lec tro n  m icroscope.

R esults

Prevalence o f  S . cuniculi in  the B o n n  area

E lev en  of 29 (37 .9% ) 0 . cunicu lus  co llected  in  J u ly -S e p te m b e r  1980 w ere 
p o s itiv e  for S. cunicu li, b u t  on ly  1 o f 36 (2 .8% ) ra b b its  co llec ted  in  J a n u a r y -  
M arch , 1982 were in fec ted . T h u s, th e  p revalence  o f S. cuniculi w as 18.5%  (12 o f 
65), w h ile  in  th e  A m erican  c o tto n ta il, th e  p revalence of S . leporum  w as 66 .6%  
(8 o f  12).

L ig h t microscopy

T h e sarcocysts o f S . cunicu li m easu red  1 .0-1.5 m m  in  le n g th  an d  125-200 
p m  in  d iam eter. E ach  sa rco cy st w as su b d iv id ed  in to  ty p ic a l c o m p a rtm e n ts  b y  
s e p ta  a n d  con tained  m e tro cy te s  an d  b an an a -sh ap ed  m erozoites (F igs 1 an d  2). 
T h e  s tr ia te d  wall was u p  to  10 p m  th ick . T he sarcocysts o f  S . leporum  were 
sp in d le -sh ap ed  and  m easu red  1.0—5.0 m m  b y  100-400 p m .

Acta Veterinaria Hungarica 32,1984



STRUCTURE OF SARCOCYSTIS CUNICULI AND S. LEPO RU M 73

F ig . 1. Sarcocystis cun icu li free m erozoite  (M E ) from  th e  ske le ta l m usc les o f th e  E u ro p ean
ra b b it . L ig h t m icrograph . X 1300

F ig . 2 . S . cuniculi. D e tach ed  sa rco cy st f ro m  th e  skeletal m uscle show ing  th e  s tr ia te d  cy st 
w all (CW ) an d  th e  div ision  in to  c o m p a rtm e n ts  b y  sep ta  (S). L ig h t m icrograph . X  575

F ig . 3. S . cuniculi. E le c tro n  m icrograph  o f th e  m erozoite (M E) w ith  th e  apical com plex 
ch arac te ris tics ; conoid (C), m ito ch o n d ria  (M I), m icronem es (M N ), pellicle  (P E ), rh o p trie s  

(R H ), am y lo p ectin  (A) a n d  nucleus (N). X 28,000

Electron microscopy 

S . cuniculi

The cysts w ere b o u n d ed  b y  a n  electron-dense p r im a ry  cy st w all w hich  
b o rd e re d  th e  num erous finger-like p ro jec tio n s  th a t  h a d  ap p e a re d  as s tria tio n s  
b y  lig h t m icroscopy (F ig . 4). T he p ro jec tio n s  con ta ined  n u m ero u s  f ib rilla r ele
m e n ts  w hich o rig in a ted  in  th e  g ra n u la r  g round  substance  a n d  ex ten d ed  lo n g itu 
d in a lly  to  th e  tip s  o f th e  p ro jec tio n s (F ig . 4). In  cross-section  th e  pro jections
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F ig . 4. S . cuniculi. Section  th ro u g h  th e  cy st w all (CW ) show ing th e  finger-like  p ro trusions 
(P R ) co n ta in in g  fib rilla r e lem ents (F E ). X 7300

F ig . 5. S . cuniculi. C ross-section  o f th e  cyst w all p ro tru sio n s w ith  th e ir  f ib r illa r  elem ents (F E ).
X 12,000

h a d  an  irreg u la r shape , w ith  an  e lec tron -pale  space b e tw een  th e  cen tra lly  con
c e n tra te d  fib rilla r e lem en ts  an d  th e  p rim a ry  cyst wall (F ig . 5).

In  long itu d in a l sec tions th e  p rim a ry  cy st wall w as f in e ly  se rra ted  along 
th e  p ro jec tions (F ig. 4); th e  se rra tions w ere n o t visible in  cross-sections (Fig. 5).

T he g round  su b s ta n c e  ap p eared  as a g ran u la r b an d  u p  to  1.5 g m  th ick  ju s t  
b e n e a th  th e  p ro jec tions. A t various places th in  b ranches from  th e  b an d  ex tend -
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Fig. 6. Sarcocystis leporum  in  th e  skeletal m uscle of th e  c o tto n ta il ra b b it .  E lec tro n  m icro 
g rap h  o f th e  m arg inal p a r t  o f a  cy s t w ith  p ro m in en t p ro tru sio n s (P R ) bo rd erin g  th e  sarco
p lasm  (SP) of th e  h o st m uscle  cell w ith  nucleus (H CN ). T he c y s t g round  su b s tan ce  (GS) con
ta in s  m etro cy te s  (MC) a t  th e  p e rip h e ry , an d  groups of m erozoites (M E) d iv ided  b y  se p ta  (SE ).

X 6350

ed in to  th e  in te rio r, d iv id ing  th e  cy st in to  c o m p artm en ts  in  w hich  th e  m e tro c y 
tes  an d  m erozoites w ere located .

T he m etro cy tes  w ere few  in  n u m b er in  com parison  to  th e  m erozo ites, an d  
w ere observed  a t  th e  p e rip h e ry  o f th e  cyst. T he m e tro cy te s  h ad  an  irreg u la r  
shape , an d  th e ir  e lec tro n -p ale  cy to p lasm  easily  d istingu ished  th e m  from  th e  
m erozoites (F ig. 4).

T he m erozoites o f S . cunicu li m easu red  10-12 la m x 2 - 3  f.ш  an d  h a d  th e  
ty p ic a l fin e  s tru c tu ra l e lem ents of Sarcocystis. E ach  m erozoite  w as su rro u n d ed

Acta Velerinaria Hungarica 32,1984



76 ELWASILA et al.

F ig . 7. S . leporum. L o n g itu d in a l section  th ro u g h  p ro tru sio n s fo rm ed b y  th e  p r im a ry  cy st 
w all (P W ). F ib rilla r e lem en ts (F E ) an d  g ranules (G) o f d iffe ren t size a re  v isib le w ith in  th e

p ro jec tio n . X 12,600

Fig. 8. S . leporum. L o n g itu d in a l section  th ro u g h  a d is ta lly  ex p an d ed  p ro tru sio n . N o te  th e  
fo lded  area  of th e  p r im a ry  cy st w all a t  th e  base o f th e  p ro tru s io n  (arrow s). X 16,000

F ig . 9. S . leporum. C ross-section th ro u g h  p ro tru sio n s show ing fib rilla r  e lem ents (F E ). X 11,700

Fig. 10. S . leporum. M e tro cy te  w ith  tw o form ing  d a u g h te r  cells (DC), m ito ch o n d rio n  (M I), 
m icronem es (M N ), conoid (C) an d  pellicle (P E ). X 11,600

F ig . 11. S . leporum. L o n g itu d in a l section  th ro u g h  a m erozoite  w ith  n u m ero u s m icronem es 
(M N ) a n d  cross sections o f rh o p tr ie s  (R H ), m ito ch o n d rio n  (M I), nucleus (N ) a n d  po lysaccharide

g ranules (A). X 10,000

b y  a th ree -m em b ran o u s pellicle an d  co n ta in ed  a conoid  w ith  a p o la r ring , 
n u m ero u s m icronem es a n d  ab o u t 15 bodies considered  to  be rh o p trie s  in  th e ir  
a n te r io r  region (Fig. 3).

Acta Veterinaria Hungarica 32, 1984



STRUCTURE OF SARCOCYSTIS C U NICU LI AND S. LEPORUM 77

S . leporum

T he sa rco cy ts  o f S. leporum  w ere la rg e r th a n  th o se  o f S. cuniculi, b u t  th e y  
revealed  s im ila rities in  th e ir  fine  s tru c tu re  to  S . cun icu li. The cyst w all fo rm ed  
finger-like p ro tru s io n s , w hich w ere m o stly  th ic k e r  an d  sh o rte r  (up to  6 p m  long) 
th a n  th e  e lo n g a ted  th in  p ro tru sio n s o f  S . cun icu li (F ig . 6). The lo n g itu d in a lly  
o rien ted  f ib r illa r  e lem ents found  w ith in  th e  p ro jec tio n s of S. leporum  o ccu rred  
in  b u n d les , a n d  th e y  d id  n o t e x te n d  a long  th e  w hole len g th  of th e  p ro je c tio n s  
(F igs 7 -9 ). In  ad d itio n , th e  p ro jec tio n s co n ta in ed  som e sca tte red  osm iophilic  
partic les . T h e  g ro u n d  substance  w as n ea rly  id en tica l in  appearance  w ith  t h a t  
o f  S. cunicu li b u t  ab o u t tw ice as th ic k  (up  to  3 pm)-, sep ta  orig inating  w ith  th e  
g ro u n d  su b stan ce  w ere also p re sen t (F ig . 6).

T he m e tro cy te s  of S . leporum  w ere ovoid in  sh ap e , bounded  b y  a  th re e -  
m em branous pellicle, w ith  e lec tron -pale  cy to p lasm  con ta in in g  a nucleus, m icro- 
nem es an d  a conoid  (Fig. 10). T he m erozo ites w ere n ea rly  iden tica l in  th e ir  f in e  
s tru c tu re  w ith  th o se  o f S . cun icu li;  th e y  w ere b an an a -sh ap ed , w ith  a  b ro a d e r  
p o ste rio r p a r t  co n ta in in g  th e  nucleus, an d  a p o in ted  ap ical com plex (F ig . 11). 
T he m erozoites m easured  8—13 X  2 -4  p m .

Discussion

R esearch  done on Sarcocystis sp p . in  th e  la s t 15 years is so enorm ous th a t  
i t  is su rp assed  o n ly  b y  P lasm odium  an d  Toxoplasm a  research . N ev erth e less , 
descrip tions o f  new  species an d  ex p e rim en ta l s tu d ies  done w ith  th e  e le c tro n  
m icroscope on  th e  sarcocysts an d  on th e  sex u a l stages h av e  con tinued  to  e n rich  
ou r know ledge o f th is  im p o rta n t p a ra s ite .

T he p rev a len ce  of S. cuniculi in  th e  B onn  a rea  show ed a f lu c tu a tin g  sea 
sonal tre n d . I n  th e  sum m er of 1980, 37 .9%  of th e  ex am in ed  rab b its  ( Oryctolagus 
cunicu lus)  w ere found  to  be in fec ted  w hereas in  th e  w in te r  of 1982 th e  in fe c tio n  
ra te  d ro p p ed  to  ab o u t 2 .8% . Collins an d  C harleston  (1979) rep o rted  th e  p re 
valence of S . cunicu li in  New  Z ealand  to  be a t  16% . M unday  et al. (1980) s tu 
died  S. cun icu li in  Oryctolagus cunicu lus  collected  in  n o rth e rn  T asm an ia  an d  
found  6 o f 8 (75% ) ra b b its  in fec ted , a n d  C erná e t al. (1981) rep o rted  a p r e v a 
lence o f 36% . T he p revalence of S . leporum  in  c o tto n ta il rab b its  in  M ichigan  
( Sylvilagus flo r id a n u s )  was found  to  he 66 .6% . O th er stud ies of S. leporum  
rep o rted  in fec tions o f 83 .3%  (F ay e r an d  K rad e l, 1977), and  54.1%  (C osgrove 
e t ah, 1982). T h e  reason  for th e  w ide ran g e  in  th e  p rev a len ce  of Sarcocystis in  
ra b b its  show n b y  these  rep o rts  has n o t been  th o ro u g h ly  s tud ied  and  is d iff ic u lt 
to  explain . Possib le  variab les inc lude  th e  su rv ey in g  o f anim als w ith  a w ide age 
ran g e  (younger ra b b its  w ould te n d  to  show  low er in fec tion  ra tes), v a r ia b ili ty  
in  th e  m eth o d s o f  exam in a tio n  o f tissues b y  d iffe ren t w orkers, and f lu c tu a tio n
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in  th e  in fec tion  ra te s  o f  th e  p red a to r  an im als  w h ich  disperse th e  spo rocysts  o f 
Sarcocystis.

I n  general, th e  c y s t w all of S. cun icu li a n d  S . leporum  is s im ila r to  th e  
th ick -w a lled  cysts w ith  finger-like  p ro jec tio n s  fo u n d  in  several species o f Sarco
cystis  (M ehlhorn a n d  H ey d o rn , 1978; E n tz e ro th , 1982). The lig h t an d  elec tron  
m icroscopic  details o f  th e  cy st of S. cun icu li in  th e  p resen t s tu d y  are  id en tica l 
to  th o se  described in  th is  species earlie r (T ad ro s an d  L aarm an , 1978). C om pari
sons be tw een  S. cu n icu li an d  S. leporum  re v e a l on ly  m inor m orpho log ical d if
fe ren ces in  cyst size, d im ensions and  sh ap e  o f  th e  cy st wall p ro jec tions, an d  th e  
a m o u n t o f g round su b s ta n c e . A lthough  th e  p re se n t d a ta  show a close s im ila rity  
o f  th e se  tw o species o f  Sarcocystis, c ro ss-tran sm issio n  stud ies are  needed  to  
d e te rm in e  also th e ir  physio log ical re la tio n sh ip , includ ing  host specific ity .
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IN VITRO CULTIVATION OF TRYP A N O PL A SM A  
STRAINS ISOLATED FROM PIKE AND LEECH 

(PRELIMINARY REPORT)

É v a  H a j d ú  a n d  I .  M a t s k a s i

V eterin ary  M edical R esearch  I n s t i tu te ,  H un g arian  A cad em y  o f Sciences, 
H-1581 B u d a p es t, P .O . B ox 18, H u n g a ry

(R eceived  J a n u a ry  4, 1984)

A Trypanoplasm a  s tra in  was iso la ted  fro m  th e  pike (E so x  lu c iu s)  and  a n o th e r  from  
th e  leech  (P iscicola geom etra). T he iso lates w ere  cu ltiv a ted  by  serial passages in SN B-9 d ip h asic  
b lood  ag ar m edium  a t  20 °C. The in v itro  d ev e lo p m en t of th e  s tra in s  is rep o rted  b riefly .

K eyw ords. T ryp a n o p la sm a , in v itro  c u ltiv a tio n , p ike, leech ( Piscicola geometra).

Trypanosom a  an d  T rypanop lasm a  species, w hich  are  haem oflagella tes 
b e long ing  to  th e  K in e to p la s tid a  o rd e r, a re  freq u en t p a ra s ite s  of b o th  th e  fe ra l 
fishes an d  fishes cu ltu red  in  po n d  fa rm s . A lthough  th e  tw o  genera m ark ed ly  
d iffer in  m orphology , th e y  are s im ila r in  b iology, d eve lopm en t and , p re su m ab ly , 
p a th o g en ic ity .

W hile Trypanosom a  spp. p a ra s itiz in g  fishes have  b een  s tu d ied  ex ten siv e ly  
from  b o th  th e  m orphological an d  th e  deve lopm ent-b io log ical p o in t of v iew , l i ttle  
a t te n tio n  has been  p a id  so fa r to  T rypanop lasm a  spp. T h e  b asis  o f e x p e rim e n ta l 
w ork  an d  research  on h aem oflage lla tes is co n stitu ted  b y  th e ir  iso la tio n  a n d  in  
v itro  cu ltiv a tio n . T he ab o v e-m en tio n ed  s itu a tio n  is well re flec ted  b y  th e  fa c t 
t h a t  w hile research  w orkers have  succeeded  in  c u ltiv a tin g  num erous T ryp a n o 
som a  species, on ly  tw o  re liab le  re p o r ts  are  availab le as reg a rd s  th e  c u ltu re  o f 
T rypanoplasm a  spp .

Ponselle (1913) succeeded in  c u ltu r in g  on an  N N N  m edium  m od ified  b y  
h im  th e  species Trypanoplasm a v a r iu m  Léger iso la ted  from  th e  p e rip h e ra l 
b lood  o f N em achilus barbatulus. H o w ev er, he failed to  give d a ta  on th e  d u ra 
tio n  o f  cu ltu rin g  an d  th e  n u m b er o f  su b cu ltu re s . S u b seq u en tly  several re sea rch  
w orkers have  a tte m p te d  in  v itro  c u ltu r in g  b u t, p resu m ab ly , failed  in  e s ta b lish 
ing  su b cu ltu res  from  th e  iso lates a n d  gave  no d a ta  re la tin g  to  th is  (T an ab e , 
1924; N ow icki, 1940). On a m odified  N N N  m edium , Q u ad ri (1962) successfu lly  
m a in ta in e d  in  con tinuous cu ltu re , th ro u g h  several passages, a Trypanop lasm a  
sp . iso la ted  from  th e  p e rip h era l b lo o d  o f  Salvelinus w illoughbii. Lom  (1979) 
cou ld  n o t m a in ta in  in  con tinuous c u ltu re  th e  species T . borelli iso la ted  from  
com m on carp.
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A ll a tte m p ts  a t  c u ltu r in g  T rypanoplasm a  spp . were m ad e  w ith  flagella tes 
o b ta in e d  u n d er sterile  co n d itions from  th e  p e rip h e ra l b lood o f fish . No iso lation  
a n d  c u ltu rin g  a t te m p ts  w ere m ade from  th e  leech  species ac tin g  as in te rm ed ia te  
hosts .

In  th e  p resen t p a p e r  th e  successful iso la tio n  an d  m a in ten an ce  in  c o n tin u 
ous c u ltu re  of th e  T rypanop lasm a  s tra in s  iso la te d  from  p e rip h e ra l blood o f th e  
p ike  (E so x  lucius)  a n d  fro m  Piscicola geometra , a leech co llec ted  from  com m on 
ca rp , a re  reported .

T h e  isolates w ere c u ltu re d  in an  SN B -9 d iphasic  b lood  ag a r m edium  p re 
p a re d  w ith  20%  in a c tiv a te d  h u m an  b lood  (an  o u td a te d  h a tc h ) . F o r ty  pg  Oxy
te tra c y c lin e  was a d d ed  to  th e  su p e rn a ta n t to  p re v e n t b a c te r ia l infection . T he 
o p tim a l in cu b a tio n  te m p e ra tu re  is 20 °C. T ry p an o p la sm s are  m ore susceptib le  
to  h ig h  tem p era tu re  t h a n  trypanosom es. T h is w as in d ica ted  b y  th e  fac t th a t  a t  
25 °C th e  stra ins c u ltu re d  b y  us failed to  d iv id e  fu r th e r , b u t  b e tw een  10 °C an d  
20 °C re ta in ed  th e ir  a b il i ty  to  divide.

T h e  cu ltu res w ere  passaged  every  14 d ay s , as a t  20 °C th e  logarithm ic  
p h ase  o f  grow th w as re a c h e d  on th e  14 th  d a y . A lim ited  g ro w th  was observed  
u p  to  th e  18th day . T h e  s tra in  iso lated  fro m  leech show ed considerab ly  b e tte r  
g ro w th  an d  reached  a  c o n cen tra tio n  of 5 X  107 specim ens/m l, w hereas th e  s tra in  
iso la ted  from  pike re a c h e d  a co n cen tra tio n  o f  o n ly  5 X 105/m l, due  to  its  m a rk e d 
ly  p o o rer grow th.

In  th e  leech, s h o r t  an d  wide flage lla tes w ere seen to g e th e r  w ith  long an d  
s len d er ones. The fo rm s iso la ted  from  th e  b lood  of th e  p ike  un ifo rm ly  co rre 
sp o n d ed  to  the  ty p ic a l b loodstream  form  o f Trypanoplasm a. In  cu ltu re  b o th  
s tra in s  exh ib ited  w ide v a r ia tio n  in m orpho logy . B o th  th e  fo rm s corresponding  
to  th o se  living in  th e  b lo o d stream  and  th e  long , slender ones occurring  in  th e  
leech  could  be fo u n d  in  th e  subcu ltu res. T ran sfo rm a tio n  o f th e  long, s lender 
fo rm s in to  rounded , o f te n  spherical, stages to o k  place on th e  3 rd  d ay  of c u ltu r 
ing . T he rounded  fo rm s , often  hav ing  v e ry  long  flagella , d iv ided  in tensely . 
D iv ision  was m o stly  b in a ry , b u t in  som e cases m u ltip le . H av in g  com pleted  
d iv ision , ind iv idual f lag e lla te s  did n o t s e p a ra te  im m ed ia te ly , b u t  rem ained  a t 
ta c h e d  to  one a n o th e r, fo rm ing  groups. A fte r m u ltip le  fission , g roups consisting  
o f num ero u s flage lla tes w ere form ed. A fte r th e  4 th  or 5 th  d a y  th e  long, slender 
fo rm s becom e p re d o m in a n t again, and  on th e  14th  d ay  spherica l form s occur 
on ly  occasionally. D u rin g  in  v itro  cu ltu rin g , in  ad d itio n  to  flage lla tes of reg u la r 
sh ap e , irregu lar form s also  appear.

O ur a tte m p ts  to  in fec t th e  com m on ca rp  an d  th e  go ldfish  w ith  th e  c u ltu r 
ed  T rypanoplasm a  s tra in s  failed.
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REVERSE RADIOIMMUNOASSAY FOR SEPARATION 
OF IODOTHYRONINES (RESEARCH NOTES)

P .  R u d a s  a n d  G .  P e t h e s

D e p artm en 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 a p es t, P .O . B o x  2, H u n g a ry

(R eceived  N o v em b er 21, 1983)

A n  im m unolog ical m e th o d  for se p a ra tio n  o f labe lled  io do thyron ines o rig in a tin g  fro m  
biological f lu id s is described. B y  using  th e  m e th o d , a r te fa c t fo rm atio n  can  be  avo ided  a n d  
th e  efficacy  o f sam ple  processing  fo r serial m e tab o lic  clearance ra te  s tud ies o f th y ro id  h o r
m ones can  be  enhanced.

K eyw ords. R everse  rad io im m unoassay , sep a ra tio n , iodo thyron ines.

I t  has been  show n recen tly  th a t  a considerab le  p a r t  (30%  or m ore) o f  th e  
c ircu la tin g  triio d o th y ro n in e  (T3) is fo rm ed  from  th e  th y ro x in e  (T 4) secre ted  b y  
th e  th y ro id  an d  is th e  p ro d u c t o f p e rip h e ra l m o n o d e iod ina tion  o f th e  T 4. T h is 
recogn ition  m akes i t  in ev itab le  to  se p a ra te  iodocom pounds from  a given p la sm a  
sam ple w h en  k inetic  s tu d ies  o f th y ro x in e  m etab o lism  are carried  o u t. A d eq u a te  
conclusions on  m etabo lic  processes c a n n o t be  d raw n  an y  m ore from  m easu rin g  
th e  in je c te d  labelled  th y ro x in e  a fte r TCA  (trich lo roacetic  acid) p re c ip ita tio n . 
In  o rd e r to  o b ta in  re le v a n t d a ta  on th y ro x in e  m etabo lism , th re e  im p o r ta n t  
w ays o f sep a ra tio n  h av e  been in tro d u c e d  in s te a d  of m easu ring  w hole p la sm a  
ra d io a c tiv ity  or p ro te in -h o u n d  iodine (P B I) ;  v iz. p ap e r c h ro m a to g ra p h y  (Bel- 
la b a rb a  e t a l., 1969), th in -la y e r c h ro m a to g ra p h y  (W est e t a l., 1965) an d  co lu m n  
ch ro m a to g ra p h y  of d ifferen t k inds (B lasi a n d  D eM asi, 1967; G reen, 1972; T ó th , 
1978). T he tw o  form er procedures have  th e  d isad v an tag e  o f re q u ir in g  e x tra c tio n  
before d irec t ap p lica tio n , th e  la tte r , on th e  o th e r  h an d , needs large  sam ple  q u a n 
titie s . H ow ever, th e  ra p id  developm ent o f th e  sep a ra tio n  tech n iq u es has m ad e  
i t  possib le to  prove th e  possib ility  o f T 4 to  T 3 conversion in  n o rm a l h u m a n  
beings (S te rling  et al., 1970), a t  th e  sam e tim e  i t  has been  d e m o n s tra te d  t h a t  
th e  se p a ra tio n  p rocedures applied  m ay  cause  a r te fa c t fo rm atio n . A rte fac ts  m a y  
be fo rm ed , f ir s t  of all, th ro u g h  “ in v i tro ”  d e io d in a tio n  in  th e  course o f c h ro m a to 
g rap h y  (F ish e r and  D u ssau lt, 1971; S ta n fo rd  an d  G older, 1975) or w hile b io lo 
gical m a te ria ls  are  e x tra c te d  b y  m eans o f d iffe ren t so lven t system s (see F ish e r 
and  D u ssau lt, 1971; B e llab a rb a  e t al., 1969; Y o lpert e t al., 1967).

T he ap p lica tio n  o f an  a p p ro p ria te  se p a ra tio n  procedure  is im p o r ta n t even  
in  species ex h ib itin g  re la tiv e ly  slow th y ro x in e  m etabo lism , e.g. in  h u m a n  su b 
je c ts , w here  T 3 genera ted  from  labelled  T 4 ap p ea rs  12 h  a fte r  T 4 a d m in is tra tio n  
(S ilva e t al., 1978). T 3 fo rm a tio n  is o f m u c h  g re a te r  in te re s t in  species in  w h ich
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th e  r a te  o f T 4 m etab o lism  is high, n am e ly , in  sm all an im als, an d  espec ia lly  in  
b ird s , w here n o n -h o rm o n a l io d in a ted  p ro te in s  m ay  d is tu rb  T 4 k in e tic  s tu d 
ies (A stie r and  N ew com er, 1978).

T h e  p resen t p a p e r  describes a p ro ced u re  w hich  enables one to  se p a ra te  
th e  endogenously  g e n e ra te d  iodocom pounds, w ith o u t e x tra c tio n  or c h ro m a to 
g ra p h y , from  sm all sam p le  q u an titie s . W h en  th is  m e th o d  is u sed , no a r te fa c t  
fo rm a tio n  should  be reck o n ed  w ith .

Results and discussion

T he p rocedure  is based  on im m uno log ica l sep a ra tio n  of th e  io d o co m 
p o u n d s . F ifty  to  100 [Л o f  p lasm a o r ig in a tin g  from  consecu tive b leed ings o f  
e x p e rim e n ta l an im als in jec ted  w ith  125I-lab e lled  th y ro x in e  are  tra n s fe rre d  in to  
R IA  tu b e s  co n ta in in g  400 /tg  8 -an ilin o -n ap h tlia len e-su lp h o n ic  acid (A N S) in  
100 [Л b a rb ita l b u ffe r, p H  8.4. The sam ples a re  th e n  m ixed  w ith  a p p ro p ria te ly  
d ilu te d , h igh ly  specific  an ti-T 3 ra b b it  se ru m , w hich  will h in d  b o th  125I-lab e lled  
a n d  in ac tiv e  T 3. A fte r  a n  in cu b a tio n  fo r 24 h  a t  room  te m p e ra tu re , th e  u n b o u n d  
T 4 m olecules p resen t in  th e  system  are im m obilized  w ith  charcoal b y  c e n tr ifu g a 
tio n ;  th e  su p e rn a ta n t w ill con ta in  T 3 +  a n tib o d y  com plex  an d  iodine (free, or 
b o u n d  to  n o n -h o rm o n a l p ro te in ). I f  th e  th y ro x in e  d isap p earan ce  cu rv e  is o f 
in te re s t ,  th e  p ro ced u re  can  be stopped  h ere  w ith  co u n tin g  th e  a c tiv ity  o f th y r o 
x in e  in  th e  charcoal f ra c tio n . W hen th e  T 4 to  T 3 conversion  ra te  is to  be m easu r-

T*T*I* ANS anti-Tj

vortex,
incubate

w

F ig . 1. D em o n stra tio n  o f th e  process app lied  to  se p a ra tio n  of io do thyron ines fro m  serum  
sam p les b y  reverse ra d io im m u n o a ssay  (see te x t)
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ed a n d  T 3 q u a n tita tio n  is to  be carried  o u t, a fu r th e r  s tep  is necessary . T h e  su 
p e rn a ta n t  fo rm ed  a t  th e  p rev ious s tep  is m ixed  e ith er w ith  a su ffic ien t a m o u n t 
o f g o a t a n ti- ra b b it  IgG  or w ith  p o ly e th y len e  glycol (P E G ). As a re su lt  o f  th is  
s tep  a n ti-T 3 -f- T 3 com plex is p re c ip ita te d . A fte r cen trifu g a tio n , th e  s u p e rn a ta n t  
w ill c o n ta in  th e  iodine alone (Fig. 1). T h e  follow ing p o in ts  w ere checked  w hile  
th e  m e th o d  w as developed:

(i) Iodocom pounds w ere re leased  from  th e  surface o f th e  tra n s p o r t  p ro 
te in s  b y  m eans o f  AN S. T he effic iency  o f  th a t  step  w as checked  earlier (P e th e s  
e t ah , 1978). F o u r h u n d red  /tg  A N S p e r  tu b e  w as found  to  be sa tis fa c to ry  in  a 
w ide ran g e  o f horm one co n cen tra tio n s.

(ii) O p tim iza tio n  of th e  a n tib o d y  added . To a c o n s ta n t a m o u n t (20 p g / 
tu b e )  o f  125I-T 3 increasing  q u a n titie s  (1—5 ng/m l) of u n labe lled  T 3 w ere p ip e tte d . 
T he a m o u n t of r a b b it  an ti-T 3 w as chosen  so as to  ensure th e  m ax im al b in d in g  
o f th e  h ig h est T 3 q u a n tity .

(iii) T he T 4-b inding  cap ac ity  o f th e  charcoal w as also s tu d ied . I n  th e  
p resence  o f an ti-T 3 added , i t  w as checked  w h e th e r th e  p u rified  125I -T 4 cou ld  be  
p re c ip ita te d  w ith  charcoal w hen  16 ng/100  [Л in ac tiv e  T 4 w as also p re se n t in  
th e  sy stem . T he nonspecific  ap p ea ran ce  o f 125I -T 4 in  th e  su p e rn a ta n t w as neg li
gible even  w hen th e  ab ove-m en tioned  h igh  c o n cen tra tio n  of in ac tiv e  T 4 w as 
p re se n t.

(iv) T he nonspecific  I-b in d in g  to  charcoal w as also in v es tig a ted  w ith  
131I  (N a l) . Since b ind ing  o f 131I  to  ch a rco a l d id  no t occur even in  tra c e s , we a s 
su m ed  th a t  all th e  a c tiv ity  m easu red  in  th e  p rec ip ita te  o rig inated  fro m  iodo- 
h o rm o n e  frac tio n .

(v) T he difference betw een  go a t a n ti- ra b b it  and  P E G  sep ara tio n  w as also  
looked  a t. T he d isad v an tag e  o f th e  second  an tib o d y  tech n iq u e  w as t h a t  th e  
long  tim e  needed  for in cu b a tio n  (14—48 h) m ade th e  p ro ced u re  un feasib le , a n d  
th a t  m ore th a n  20%  o f th e  ^ I -T g  b o u n d  to  an ti-T 3 rem ain ed  in  th e  s u p e rn a ta n t . 
T he possib le reason  for th is  in a d e q u a te  p a r ti t io n  m ay  be  th e  considerab le  so lu 
b ili ty  o f  th e  com plex form ed. T he se p a ra tio n  w ith  P E G  accord ing  to  C heung  
an d  S lau n w h ite  (1976) allowed a co m p le te  im m obiliza tion  o f th e  a n ti-T 3 -f- T 3 
com plex  req u irin g  on ly  seconds for th e  reac tio n .

T he m eth o d , w hich has been  u sed  to  in v estig a te  th e  th y ro x in e  m etab o lism  
in  ch ickens (Gallus domesticus ; R u d as  an d  P e thes, 1981), and  in  J a p a n e s e  
quails  (C oturnix coturnix japon ica  ; K o v ács e t al., 1981), is considered a p p lic 
ab le  especially  in  T 4 to  T 3 conversion  s tu d ies  in  connec tion  w ith  in v e s tig a tio n s  
in to  th e  T 4 m etabo lic  c learan ce-ra te . T h e  ad v an tag e  o f th is  p rocedure , in  co n 
t r a s t  to  prev ious sep ara tio n  tech n iq u es , is its  specific ity  an d  th e  th e o re tic a l 
exclusion  o f a r te fa c t fo rm ation .
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SUBSTRATE AND INHIBITOR SPECIFICITY OF 
A TRANSIENT, SOLUBLE PROTEOLYTIC ACTIVITY 

FROM SHEEP RUMEN

K . B a i n t n e r , G abrie lla  Cs. S z a b ó  and B .  A s b ó t h
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N u tritio n , H-2053 H erceghalom ; D e p a rtm e n t o f B io ch em istry  o f th e  U n iv ersity  M edical 
School, H-4032 D ebrecen , N agyerde i k r t .  98; In s t i tu te  o f E n zy m o lo g y  of th e  H u n g a r ia n  

A cadem y o f Sciences, H -1113 B u d ap es t, X I. K a ro lin a  ú t  29, H u n g a ry

(R eceived  Sep tem ber 7, 1983)

In  th e  ru m en  liq u o r s u p e rn a ta n t  o f fis tu la ted  sheep a  so lub le  p ro teo ly tic  fa c to r  w as 
fo u n d  w ith  a p ep tid e -b o n d  preference fo r th e  carboxyl-side o f  ly sin e  a n d  w ith  se n s itiv ity  to  
in h ib itio n  by  to sy l-lysine  ch lo ro m eth y l k e to n e  (TLCK ) a n d  p -ch lo ro m ercu rib en zo ate  (pCM B). 
T he d isappearance  of th e  fa c to r m ig h t h a v e  been  due to  changes in  th e  com position  o f ru m en  
flora.

K eyw ords. P ro tease  specificity , p ro tease  inh ib ito rs, ru m e n  pro teo lysis, ru m en  b a c te r ia ,
sheep.

R u m in a n ts  w aste  d ie ta ry  p ro te in s  because ru m e n  organism s d eg rad e  
am ino acids v ia  “ p a ire d ”  (S tick lan d -ty p e) d eam in a tio n  to  am m onia  an d  v o la 
tile  f a t ty  acids. F e rm e n ta tio n  o f p ro te in s has to  b e  p receded  b y  m icrob ia l 
pro teo lysis.

Several w orkers have  s tu d ie d  th e  q u a n tita tiv e  a sp ec ts  o f ru m in a l p ro te in  
d eg rad a tio n , b u t  few  in v es tig a tio n s  h av e  dealt w ith  p ro te a se s  o f  selected  s tra in s  
o f ru m en  b a c te r ia  (H u n t an d  M oore, 1958; Lesk a n d  B lack b u rn , 1971; H azle- 
wood an d  E d w ard s , 1981).

In  th e  p re se n t w ork we ap p ro ach ed  ru m en  c o n te n t  as if  i t  w ere a tissu e  
an d  we found  a p ro teo ly tic  fa c to r  in  th e  su p e rn a ta n t o f  ru m e n  liquo r. B ecause  
of its  so lub ility , th is  fac to r  w as m u ch  m ore su itab le  fo r  in v es tig a tio n  th a n  th e  
p a rtic le -b o u n d  b ac te ria l p ro teases  o f th e  ru m en  c o n te n t. U n fo rtu n a te ly , th e  
soluble a c tiv ity  p roved  to  be t ra n s ie n t  and  so i t  m ad e  a n  end  to  fu r th e r  s tu d ies .

M aterials and methods

R um en  c o n te n t was ta k e n  fro m  fis tu la te d  M erino sheep  fed on grass h a y  
an d  co n cen tra te . T he co n ten t w as pressed  th ro u g h  a  la y e r  o f c o tto n  to  o b ta in  
ru m en  liquor. B ac te ria  and  feed  pa rtic le s  w ere re m o v e d  b y  cen tr ifu g a tio n  a t  
25,000 g  for h a lf  an  ho u r an d  th e  su p e rn a ta n t w as u se d  as an  enzym e source. 
Care w as ta k e n  n o t to  c o n ta m in a te  th e  su p e rn a ta n t w ith  th e  b ac te ria l sed im en t. 
The feed o f th e  sheep co n ta in ed  no  d e tec tab le  p ro te o ly tic  a c tiv ity .
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T he ac tiv ity  o f  ru m e n  liquo r s u p e rn a ta n t  was c o n c e n tra te d  b y  acetone 
p re c ip ita tio n  (1 : 1) a n d  cen tr ifu g a tio n  o f th e  p re c ip ita te d  m a te ria l. W ater 
re s id u e s  were e x tra c te d  b y  an  ad d itio n a l a ce to n e  tre a tm e n t o f  th e  p rec ip ita te , 
o th e rw ise  ac tiv ity  w as ra p id ly  lost in  th e  freezer. The ru m e n  liq u o r could be 
s to re d  frozen for a t  le a s t  h a lf  a y ea r w ith  l i t t le  loss of ac tiv ity , b u t  a f te r  acetone 
p re c ip ita tio n  th e  fa c to r  becam e m uch m ore  lab ile  in  th e  p resence  o f w ater.

P ro teo ly tic  a c t iv i ty  o f  ru m en  liq u o r a n d  its  su p e rn a ta n t w as de term ined  
w ith  azocasein as s u b s tra te  in  0.1 M p H  6.5 p h o sp h a te  b u ffe r  a t  40 °C as de
sc r ib e d  b y  B a in tn e r (1981). T he sam e m e th o d  w as used to  d e te rm in e  th e  effect 
o f  in h ib ito rs . S y n th e tic  su b s tra te s  w ere ap p lied  u n d er th e  co n d itio n s  described 
in  th e  Tables.

A garose-bound p -am in o p h en y lm ercu ric  a c e ta te  co lum n w as p rep ared  ac
c o rd in g  to  S lu y te rm an  a n d  W ijdenes (1970).

Results

G eneral p ro te o ly tic  a c tiv ity  o f ru m e n  liq u o r was a p p ro x im a te ly  0.6 ŵg 
t ry p s in  equ ivalen t p e r  m l; 1 0 -1 5 %  o f th e  a c t iv i ty  w as e x tra c e llu la r , i.e. rem ain 
ed  in  th e  su p e rn a ta n t a f te r  cen trifu g a tio n . I n  in d iv idua ls dev o id  o f  th e  ac tiv ity  
s tu d ie d , only traces o f  p ro te o ly tic  a c tiv ity  w ere found  in  th e  ru m e n  liquo r su 
p e rn a ta n t ,  while its  a ce to n e  p re c ip ita te  w as com pletely  in a c tiv e .

L ittle  or no in h ib itio n  could be ach iev ed  w ith  p h en y lm eth y l-su lp h o n y l 
f lu o rid e  (PM SF) or w ith  to sy l-p h en y la lan in e  ch lo ro m eth y l k e to n e  (T PC K ), b u t 
p -ch lo ro m ercu rib en zo a te  (pCM B) an d  to sy l-ly sin e  ch lo ro m eth y l k e to n e  (TLCK) 
in h ib ite d  m ost o f th e  a c t iv i ty . O n an  organ ic  m ercuri co lum n (S lu y te rm a n  and 
W ijd en es , 1970) th e  f a c to r  lost its  a c tiv ity .

S u b stra te  sp ec ific ity  o f  th e  fac to r  w as dete rm in ed  w ith  a series of syn 
th e t ic  substra tes  (T ables I  an d  II) .

Table I

Substra te  specificity  o f  th e  p ro teo ly tic  fac to r in  th e  su p e rn a tan t o f ru m en  liquor

S u b s tra te nm A c tiv i ty

B enzoyl-L-arginine e th y l ester (B A E E ) 253 ±
B enzoyl-D L-arginine para-n itroan ilide  (B A pN A ) 410 —
B enzoyl-L-tyrosine e th y l ester (B T E E ) 256 —
H ippuryl-L-lysine 254 —

R eaction m ixture co n ta in ed  0.1 ml rum en liquor in 2.9 m l 0.1 M p H  6.5 ph o sp h a te  buffer 
o r 0.1 M pH  8.0 tris-H C l b u ffe r  and it  was in cu b a ted  a t  room  tem p era tu re  in  a 3 ml cuvette.

Acta Veterinaria Hungarica 32, 1984



RUMEN PROTEASES 89

Table I I

P ep tid e -b o n d  specificity o f th e  soluble rum inal p ro teo ly tic  facto r

S u b s tra te A c tiv ity  p e r  cen t

D -Ile-Phc-Lys-pN A 100

Z-Arg-V a l-ieu -p N A 37
Z -D -Phe-Pro-/f rg-pNA 16

Z-Cit-pNA 0

Suc-Gly-Val-Giy-pNA 0

Suc-Gly-V al- Pai-pN  A 0

Suc-Gly-Gly-P/ie-pNA 0

S u c-(A ia )3-pNA 0

Glu-pNA 0

T he facto r w as concen tra ted  b y  acetone p re c ip ita tio n  of th e  ru m en  liquor su p e rn a ta n t 
an d  in cu b a ted  a t  room  tem p era tu re  in  a 1.5-m l cu v e tte . Yellow colour o f lib e ra ted  p -n itro - 
an ilide  w as read  a t  405 nm . A ctiv ities are expressed  as %  of th e  h ighest a c tiv ity  (100% ). 

p N A  =  p ara-n itroan ilide ; Suc =  succinyl; Z =  benzyloxycarbonyl.

D iscussion

I n  prev ious stud ies (B a in tn e r, 1981), no in h ib itio n  o f th e  p ro teo ly tic  
a c t iv i ty  o f w hole ru m en  liquo r could  be ach ieved  b y  ad d itio n  o f e th y len e  d ia 
m ine  te tra a c e tic  acid (ED TA ) or b y  in h ib ito rs  o f soybean , p lasm a, egg w h ite  or 
la m b ’s m econium . In  th e  p resen t w ork  we exam ined  th e  effect o f a d d itio n a l 
in h ib ito rs  on th e  p ro teo ly tic  a c tiv ity  o f th e  ru m en  liq u o r su p e rn a ta n t. T h e  sen 
s i t iv i ty  to  in h ib itio n  b y  pCMB in d ica te s  th a t  th e  fac to r co n ta in ed  p ro teases  
re q u ir in g  su lfh y d ry l group(s) for fu n c tio n . O n th e  o th e r h a n d , th e  m ark ed , b u t  
n o t com ple te , in h ib itio n  by  T L C K  suggests th a t  a try p sin -lik e  serine p ro tea se  
w as th e  m ain  com ponen t o f th e  fac to r. H ow ever, PM SF, a specific in h ib ito r  o f 
serine  p ro teases , was ineffective, m ay b e  due to  its  decom position  d u rin g  th e  
r a th e r  long  in c u b a tio n  period. W e failed  to  id e n tify  th e  fac to r  w ith  k n o w n  p ro 
teases .

T he T ables show  th a t  th e  soluble p ro teo ly tic  fac to r o f ru m en  liq u o r p re 
fe rred  th e  su b s tra te  con ta in in g  L -lysine to  th e  su b s tra te s  co n ta in in g  L -arg in in e  
or o th e r  am ino acids. (H ippury l-L -ly sine  is an  excep tion , for th is  s u b s tra te , 
b e in g  specific fo r ca rb o x y p ep tid ase  В , is n o t sp lit b y  p ro teases). M ost o f  th e  
s u b s tra te s  w ere n o t sp lit a t  all. T he  p reference  fo r lysine is in  ag reem en t w ith  
th e  m a rk e d  sen s itiv ity  of th e  fac to r  to w a rd  T L C K , an  in h ib ito r  co n ta in in g  
lysine .

A fte r  th e  u n ex p ec ted  d isap p earan ce  o f th e  a c tiv ity  u n d e r s tu d y  fro m  th e  
ru m e n  o f ou r ex p erim en ta l sheep, on ly  tra c e s  o f a c tiv ity  rem ain ed  in  th e  super-
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n a ta n t ,  a lm ost all o f th e  a c tiv ity  being in  th e  p a r tic u la te  frac tio n  o f th e  ru m e n  
liq u o r. T he residual a c t iv i ty  o f th e  s u p e rn a ta n t could  n o t be in h ib ited  b y  T L C K . 
W e fa iled  to  res to re  th e  orig inal cond ition  b y  v a rious d ie ta ry  changes an d  to  
f in d  th e  fac to r in  o th e r  f is tu la te d  sheep. T h e  d isap p earan ce  o f th e  fac to r  m ig h t 
he  cau sed  b y  an  a c c id e n ta l e lim ination  o f a tra n s ie n t  b a c te ria l species from  th e  
ru m en .
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T ry p sin  in h ib ito r  co n cen tra tio n s  were d e te rm in ed  in  co lo s tru m , m ilk , m econium  and  
faecal sam ples ta k e n  from  d iffe ren t species o f u n g u la te s  an d  carn ivo res.

H ig h  h u t  declining in h ib ito r  co n ten ts  w ere fo u n d  in  th e  faeces  o f y o u n g  calves and  
low er co n cen tra tio n s in  th e  faeces o f suckling lam bs.

U n til d a ta  a b o u t m ore  species becom e av ailab le , on ly  p re lim in a ry  conclusions can  
be  d raw n  in  respect o f th e  re la tio n sh ip  be tw een  ta x o n o m y  an d  th e  occurrence  o f try p s in  
in h ib ito rs : a) A rtio d ac ty la  (ru m in a n ts  and  sow) an d  C arn iv o ra  secre te  a c id -re s is ta n t try p s in  
in h ib ito r  w ith  th e  colostrum, b ) M econium  t ry p s in  in h ib ito r  a p p ea rs  to  he  a ch arac te ris tic  
o f u n g u la tes , a lth o u g h  th e  d im in ish ing  fe ta l va lues ap p ro x im a te  zero in  th e  n ew b o rn  p ig le t, 
c) D a ta  fo r faecal try p s in  in h ib ito r  a re  availab le  in  y o u n g  ru m in a n ts  on ly .

K eyw ords. T ry p sin  in h ib ito r , co lostrum , m econium , faeces, n ew b o rn , ta x o n o m y , u n 
g u la te , carn ivore.

Laskow ski an d  L askow sk i (1951) d iscovered  an d  c ry s ta llized  from  bovine 
co lostrum  a try p s in  in h ib ito r  th a t  was re s is ta n t to  2 .5 %  trich lo ro ace tic  acid 
an d  in h ib ited  a -ch y m o try p sin , too . A sim ilar in h ib ito r  w as fo u n d  in  th e  colos
tru m  o f th e  sow (L askow sk i e t ah , 1957), ewe (B a in tn e r, 1976; S andho lm  and  
H o n k anen-B uza lsk i, 1979) an d  ca t (B a in tn e r, 1973). T he low -level acid-sensi
tiv e  try p s in  in h ib ito r  of h u m a n  co lostrum  (B a rk h o lt-P ed e rsen  e t ah , 1971) and  
r a t  m ilk  (W eström  an d  C arlsson, 1976) is derived  from  th e  se ru m  an d  is m ain ly  
a x-an titry p s in .

In  an o th e r line o f in v estig a tio n s a try p s in  in h ib ito r  fa c to r  w as d iscovered 
in  th e  m econium  of th e  p ig  fe tu s ; th is  in h ib ito r  d isap p ea red  a ro u n d  te rm  (Carls
son an d  K arlsson , 1972; B a in tn e r , 1975). H ig h  in h ib ito r  c o n te n t w as found  in  
th e  m econium  of th e  n ew b o rn  lam b  (B a in tn e r, 1975), an d  th e  in h ib ito r  was 
p a r tia lly  pu rified  from  it  (B a in tn e r, 1980). T he fac to r  in h ib ite d  try p s in , a -chy
m o try p sin , e lastase  an d  sub tilis in . I t  also occurred  in  th e  faeces o f th e  suckling 
lam b  in  low an d  g rad u a lly  d im in ish ing  co n cen tra tio n s  (B a in tn e r, 1980). H u m an  
m econium  lacks try p s in  in h ib ito r ; c a t’s m econium  co n ta in s  low  levels o f p ro 
teases (B a in tn e r, 1975).

In  co n tra s t to  try p s in  in h ib ito rs  o f th e  p lasm a , th e  in h ib ito rs  o f  co lostrum  
an d  m econium  do n o t occur in  all m am m alian  species; th e re fo re , i t  w as o f 
in te re s t to  exam ine as m a n y  species as we could  do.
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M ateria ls  and m ethods

Colostrum  sam ples w ere ta k e n  b y  m ilk ing th e m  in to  te s t  tu b e s  or cap illa ry  
tu b e s , using o x y to c in  s tim u la tio n  fo r th e  sm all an im als. U su a lly  one m econium  
o r  co lostrum  sam ple  w as ta k e n  from  each an im al. T he tim e  elapsed  betw een  
p a r tu r i t io n  and  sam p lin g  w as n o te d  an d  used for age d esig n a tio n . T he re indeer, 
b lu e  fox and  fe rre t co lo stru m  sam p les  were dried  on glass p la te s  a t  room  te m 
p e ra tu re , th e n  sc rap ed  in to  te s t  tu b e s  and  red isso lved  before  use. C olostrum  
sam p les  of o th e r species w ere s to re d  in  freezer. F aeca l an d  m econ ium  sam ples 
w ere  dissolved in  a la rg e  excess o f  saline, b u t com plete  d isso lu tion  could n o t be 
ach iev ed  w ith  m econ ium .

T rypsin  an d  c h y m o try p s in  w ere de te rm ined  w ith  sy n th e tic  su b s tra te s  b y  
m easu rin g  th e  increase  o f  e x tin c tio n  in  th e  UY ran g e  o f  a sp ec tro p h o to m e te r. 
B enzoy l-arg in ine e th y l es te r (B A E E ) and  ben zo y l-ty ro sin e  e th y l e s te r (B T E E ) 
w as  used  as su b s tra te  fo r try p s in  (Schw ert an d  T a k e n a k a , 1955) an d  ch y m o 
try p s in  (H um m el, 1959), re sp ec tiv e ly . T rypsin  in h ib ito r  v a lu es  w ere ca lcu la ted  
f ro m  th e  decrease in  th e  a c tiv ity  o f  a know n a m o u n t o f try p s in  in  th e  presence 
o f  a n  aliquo t of sam ple . R esu lts  w ere expressed  as in h ib ite d  try p s in  m illigram s 
o r m icrogram s an d  w ere re la te d  to  m l or gram  o f d ry  m a tte r  o f  th e  faecal sam ple, 
a n d  o f th e  w et m econ ium . T he d ry  m a tte r  co n ten t o f  m econ ium  h ad  been  found  
to  b e  ra th e r  c o n s ta n t (a b o u t 8 5 % ). T h e  sam ples w ere also ex am in ed  fo r ch y m o 
t ry p s in  in h ib ito r c o n te n t, b u t  no  num erica l d a ta  are  g iven  because th e  e rro r 
w as m uch higher th a n  w ith  th e  d e te rm in a tio n  o f try p s in  in h ib ito r.

M ean and  s ta n d a rd  d e v ia tio n  w ere ca lcu la ted  w hen  th e  n u m b er of sam ples 
w as  sufficient.

R esults

A ) T ryp sin  inhibitor in  colostrum and  m ilk

M are : The fiv e  sam ples o f co lo s tru m  (from  0 to  1/2 day ) co n ta in ed  traces  
o f  inh ib ito r. R esis tan ce  to  ac id  w as no t d e te rm in ed  because  o f th e  low  val-

D w a rf goat : T he  fo u r co lo s tru m  sam ples m ark ed ly  in h ib ite d  th e  a c tiv ity  of 
try p s in . No q u a n ti ta t iv e  s tu d ie s  w ere m ade.
Reindeer :

10 h  0.9
m g/g d ry  m a tte r

C at: E ach  of th e  e ig h t m ilk  sam ples (from  1/2 to  6 days) co n ta in ed  try p s in  
in h ib ito r: X =  105 i  30 //g /m l.

2 h 1.6
10 h 0.9
1/2— 1 d a y 0
1/2— 1 d ay 0
M atu re  m ilk 0
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B itch  (G erm an  sheep-dog): 0 h  2.5 m g/m l
6 h  2 .4  m g/m l 

12 h  0.2 m g/m l
B lue fo x  : O ne sam ple (betw een 1 a n d  2 days), 4.3 m g/g 
Ferret: O ne sam ple  (abou t h a lf  d ay ), 3.1 m g/g

B) T ry p s in  inhibitor in  meconium

V alues are  re la te d  to  w et w eight.
F oal:  1.6 m g/g ; 1.4 m g/g; 1.3 m g/g.
D w a r f goat k id :  6.6 m g/g; 4.4 m g/g ; 3.4 m g/g.
C alf: S ix sam ples; m ean  16.0 ±  7.0 m g/g ; ran g e  be tw een  26.7 and  7.9 m g/g . 
R eindeer ca lf:  Seven sam ples; m ean  10.0 ±  1-0 m g/g ; ran g e  b e tw een  33.5 
an d  1.6 m g/g.

C) T ry p s in  inh ib itor in  faeces

R eindeer ca lf: T he  sam ple ta k e n  on th e  4 th  d ay  se rved  as a con tro l; i t  la c k e d  
in h ib ito r , b u t  co n ta in ed  sign ifican t t ry p s in  an d  C hym otrypsin  a c tiv itie s . 
C alf:  R esu lts  are  re la ted  to  d ry  m a tte r .
a) H o ls te in -F rie s ian  calves: 5.5 ±  0.8 m g/g ; n  =  5; 3 days.
b) H o ls te in -F rie s ian  calves: 6.3 ±  2.6 m g/g; n  =  8; 10 days.

H o ls te in -F ries ian  x H u n g arian  S p o tte d  F x calves:

A ge, days C o n cen tra tion , m g/g n

1—  2 8.5 4
2— 10 7.2 ± 3 .1 6

10— 35 5.1 ± 2 . 4 8
35— 42 0.21 ±  0.14 8
42— 50 0.20 ±  0.05 5
50— 60 0.17 ±  0.11 8

— 100 0 2

D iscussion

A lth o u g h  o u r d a ta  are scarce fo r m o st o f th e  species, we decided to  p u b lish  
even  single va lu es  fo r tw o reasons: 1) i t  is d ifficu lt to  collect co lo stru m  an d  
m econium  sam ples, because th e  ow ners o f  th e  an im als a re  u su a lly  anxious a b o u t 
th e  possib le in te rfe ren ce  w ith  th e  essen tia l m o th e r—offspring re la tio n ; 2) even  
single values f i t te d  well in to  tren d s  w ith in  tax o n o m ic  g roups w hen we co m p ared  
th e  p re sen t fin d in g s w ith  lite ra ry  d a ta  (T able  I).
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Table I

O ccurrence o f acid -resis tan t try p s in  in h ib ito rs  in d ifferen t m am m als

C olostrum M econium Faeces

M an
(B ark ho lt-P edersen ,

1971)
(B a in tn e r, 1975)

R at* — — -

R abb it* —

Perissodac-
ty la

H orse N o th in g  or in 
traces

+

U
u

g
u

la
ta

 

A
r

ti
o

d
a

c
ty

la
 

R
u

m
in

a
 n

 t
ia

Pi g +
(L askow ski e t al., 

1957)

Decreasing
values

—

C attle ~ь
(L askow ski e t al., 

1951)

+ +

Sheep +
(B a in tn e r, 1976)

+ +

G oat (dw arf) + +
R eindeer + + _  ?

CS
U
O

C at +
(B a in tn e r, 1973)

—

> Dog +
U F  erre t +

U B lue fox +

* U npublished observations.

All sam ples t h a t  co n ta in ed  try p s in  in h ib ito r  in  sign ifican t co n cen tra tio n  
in h ib ite d  a -ch y m o try p sin , too.

A cid -resis tan t co lo stra l try p s in  in h ib ito r  appears to  be a ch a rac te ris tic  
o f ca rn iv o res  and  A rtio d a c ty la , i.e. ru m in a n ts  and  pig (T able I). Low in h ib ito r  
c o n c e n tra tio n  was fo u n d  in  m are’s co lo s tru m  (P erissodac ty la ) b y  Sandho lm  
an d  H o n k an en -B u za lsk i (1979) and  trace s  in  th e  p resen t in v es tig a tio n . W e h ad  
no f i r s t  co lostrum  from  th e  ca t, while all th e  c a t ’s m ilk sam ples co n ta ined  low  
b u t  sign ifican t co n cen tra tio n s  o f a c id -re s is tan t in h ib ito r.

T ry p sin  in h ib ito r  c o n te n t of th e  co lo s tru m  o f carn ivores seem s to  be h ig h 
er th a n  th a t  of ru m in a n ts , while h u m a n  (B a rk h o lt-P ed c rsen  et ah , 1971), r a t  
(W eströ m  and  C arlsson, 1976) and  ra b b it  co lostrum  (B a in tn e r, u npub lished ) 
lack  ac id -res is tan t in h ib ito r .
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M econium  try p s in  in h ib ito r  ap p ears  to  be a c h a ra c te ris tic  o f u n g u la tes  
(Table I), a lth o u g h  d im in ish ing  fe ta l values ap p ro x im a te  zero in  th e  new born  
p ig le t (Carlsson an d  K arlsson , 1972; B a in tn e r, 1975); i t  is lack in g  from  th e  
m econium  o f ca t, r a t  an d  m an  (B a in tn e r, 1975).

F aeca l try p s in  in h ib ito r  has been  found in  th e  y o u n g  lam b  (B a in tn e r, 
1980) an d  even m ore in  th e  y o u n g  ca lf  (p resen t stud ies), b u t  n o t y e t in  o th e r 
species. T he in h ib ito r  com plete ly  d isap p eared  from  th e  faeces a t  or before p h y s 
iological w eaning  tim e . In  th e  lam b , m econium  an d  faecal in h ib ito r  fac to rs 
show ed sim ilar ch a rac te ris tic s  (B a in tn e r, 1980).
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RAPID DETERMINATION OF MONENSIN AND 
NIGERICIN IN MEDICAL PREMIXES AND 

IN GROWTH-PROMOTING FEED PREPARATIONS

K a t a l i n  K o v á c s - H a d a d y  an d  К .  K u p ä s

B IO G A L  P h a rm ac eu tica l W orks, R esearch  D e p a rtm e n t in  Q u a lity  Control, 
H -4042 D ebrecen, P a llag i u. 13, H u n g a ry

(R eceived O ctober 31, 1983)

A q u a n tita tiv e  th in - la y e r  ch ro m ato g rap h ic  m eth o d  has b een  developed  fo r d e te rm in a 
tio n  of th e  ac tive  in g re d ie n t c o n ten t (0.05 to  10% ) of m edical p rem ix es a n d  g ro w th -p ro m o tin g  
feed  p rep ara tio n s  c o n ta in in g  nigericin  an d  m onensin . T h e  a n tib io tic s  w ere dissolved in  m e th a 
no l a t  room  te m p e ra tu re . C hro m ato g rap h y  w as p e rfo rm ed  o n  a  silica gel lay e r w ith  a  9 : 1 
chloroform —m eth an o l m ix tu re . T he in te n s ity  o f  sp o ts, developed  b y  v an illin —sulphuric  acid  
so lu tion , w as m easu red  w ith  a  sp ec tro d en sito m ete r. T he re su lts  a re  in  good  ag reem en t w ith  
d a ta  o b ta ined  b y  th e  m icrobiological m eth o d . T h e  e rro r o f th e  m ea su re m e n t was ± 5 %  w ith  
90%  p ro b a b ility  o n  th e  basis o f 5 to  8 p a ralle l m easu rem en ts.

K eywords. M onensin , nigericin , q u a n tita tiv e  th in -la y e r ch ro m a to g ra p h y , d e te rm in a tio n , 
p rem ix .

A m ong th e  p o ly e th e r-ty p e  an tib io tic s , m onensin  (A g tarap  and  C h am 
b erlin , 1967; A g ta ra p  e t  al., 1967; C ham berlin  an d  A g ta ra p , 1970; H an ey  e t  a l., 
1967) an d  n igeric in  (H a rn e d  e t a l., 1951; H o rv á th  a n d  G yim esi, 1971; S te in ra u f  
e t a l., 1968; S tem p e l e t  al., 1969) are  w idely  used  in  v e te r in a ry  p rac tice  as ac tiv e  
com ponen ts o f m ed ica l p rem ixes an d  g ro w th -p ro m o tin g  feed p rep ara tio n s .

In  fowls, m onensin -sod ium  is used  ag a in st E im eria  species because o f  its  
excellen t cocc id io sta tic  effect (C hapm an , 1974; F itzg e ra ld , 1972). I t  has b een  
show n in  beef c a t t le  th a t ,  as a re su lt o f its  specific effect on th e  in te s tin a l f lo ra , 
i t  p rom otes tra n s fo rm a tio n  of feedstuffs to  energy  (B row n e t al., 1974; O liver, 
1975; R au n  e t a l., 1974; R ichardson  e t a l., 1974), an d  th e re fo re  i t  is a co m p o 
n e n t o f g ro w th -p ro m o tin g  feed p rep ara tio n s .

N igericin  is u sed  th e ra p e u tic a lly  in  pigs w ith  enzootic  pneum onia  an d  
d y sen te ry  an d  in  tu rk e y s  suffering  from  sinusitis . T h is d ru g  is efficient in  su ch  
cases u n til  E . coli becom es th e  d o m in a tin g  flo ra . T h e  m ain  ad v an tag e  o f th e  
v e te r in a ry  use o f  b o th  drugs is th a t  th e y  are n o t u sed  in  h u m a n  th e ra p y .

M icrobiological (B reunig  e t a l., 1972; B reun ig  e t a l., 1977; K av an ag h  a n d  
W illis, 1972; K line  an d  R a th m ach e r, 1969; S m ither, 1975), sp ec tro p h o to m etric  
(G olab e t al., 1973), p a p e r and  th in -la y e r ch ro m a to g rap h ic  m ethods w ith  bio- 
au to g rap h ic  (A m m an  an d  G o ttlieb , 1955; B egue an d  K line , 1972; D onoho a n d  
K line, 1967; H a n e y  e t al., 1967) an d  in  s itu  d e tec tio n  are  u sed  for th e  d e te rm i-
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n a tio n  o f m onensin in  fodders an d  p rem ix es (K oufid is, 1976). N igericin  residues 
h a v e  been  m easured  b y  m icrobio logical m ethods in  an im al tissu es  (Czeglédi- 
J a n k ó  an d  D ankó, 1980).

I n  prem ixes tra c e  am o u n ts  o f a n tib io tic s  can  be m easu red  rap id ly  b y  
th in - la y e r  ch ro m a to g rap h y  w ith  th e  sam e accuracy  as b y  m icrobiological 
m e th o d s . T he ch ro m ato g rap h ic  m e th o d  is su itab le  for th e  d e te c tio n  of d e g ra d a 
t io n  p ro d u c ts , too , in  a d d itio n  to  th e  ac tiv e  com ponen t; th u s , i t  is an  effic ien t 
to o l fo r in v estig a tio n  o f  s ta b ility .

M onensin-sodium  w as o b ta in ed  from  E li Lilly an d  Co. N igericin-sodium  
w as a th re e  tim es rec ry s ta lliz ed  B IO G A L  p ro d u c t. I ts  ac tiv e  in g red ien t w as 
ch eck ed  b y  p o ten tio m e tric  t i t r a t io n . T h e  chem icals and  so lv en ts  used in  th e  
e x p e rim e n ts  were an a ly tica l-g rad e  p ro d u c ts .

T h e  an tib io tics w ere dissolved fro m  prem ixes and  feed p re p a ra tio n s  w ith  
m e th a n o l a t room  te m p e ra tu re .

C h ro m ato g rap h y  w as perfo rm ed  on  a M erck 5721 silica gel lay e r w ith o u t 
p re lim in a ry  tre a tm e n t o f th e  layer, u sin g  a 9 : 1 c h lo ro fo rm -m e th an o l m ix tu re .

S po ts of nigericin  an d  m onensin  w ere developed b y  a v a n illin -su lp h u ric  
ac id  so lu tio n  (3 g van illin  w as dissolved in  100 m l e thano l an d  1.5 m l c o n c e n tra t
ed  su lp h u ric  acid was ad d ed ). T he lay e rs  tre a te d  w ith  th e  develop ing  so lu tion  
w ere h e a te d  a t 80 °C fo r 5 m in.

Q u a n tita tiv e  analy sis  o f th e  d a ta  w as perform ed w ith  a S h im adzu  CS-920 
sp ec tro d en sito m e te r a t  Я — 505 nm  (for m onensin) and  A — 510 n m  (for n ige
ric in ) w avelengths.

Materials and methods

NaC

N igeric in

NaOC

CH,0H

CH.
' 3

CH Monensin

Fig. 1. T he s tru c tu re  o f n igeriem  and  m onensin
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Results and discussion

T he u su a l fo rm u la tio n  of chem icals  w hich are effective in  low  c o n c e n tra 
t io n  fo r increasing  g row th  and  fo r th e ra p e u tic a l purposes is th a t  th e  ac tiv e  in 
g red ien t is m ixed  in  a feedstu ff c o n ta in in g  m inerals, v itam in s  an d  p ro te in s .

T he ac tive  in g red ien t shou ld  be  dissolved from  th e  m atrices, o r a t  least 
i t  shou ld  be c o n cen tra ted  for th e  an a ly sis  w hen an y  o f th e  an a ly tica l m e th o d s  
is used . A lth o u g h  nigericin  an d  m o n en sin  co n ta in  carboxy lic  groups, th e y  are  
w ell-soluble, p rim arily  in  organic so lv en ts , am ong w hich  m eth an o l w as fo u n d  
to  be th e  m ost su itab le ; during  a 5 -m in  digestion  th e  an tib io tic s  are  co m p le te ly  
d isso lved  as p ro v ed  by  con tro l m easu rem en ts . Some o th e r com ponen ts o f  th e  
b ase-p rem ix  also appeared  in  th e  m e th a n o l e x tra c t, b u t  th e y  could be e ith e r  
se p a ra te d  from  th e  an tib io tics b y  c h ro m a to g ra p h y  or, because of th e  se lec tive  
d ev e lo p m en t, th e y  do no t d is tu rb  th e  m easu rem en t o f th e  m ain  co m p o n en t. 
I t  is adv isab le  to  f ilte r  th e  m e th an o lic  so lu tion  before ap p lica tio n  for c h ro m a to 
g rap h y .

F ive  to  10 [Л o f th e  filte red  so lu tio n  (which is eq u iv a len t to  10 to  20 ц g 
n igeric in  or m onensin) was app lied  to  th e  lay er in  sm all po rtio n s d ried  w ith  h o t 
a ir. C h ro m ato g rap h y  was carried  o u t using  a 9 : 1 ch lo ro fo rm -m e th an o l m ix 
tu re  in  a ch am b er sa tu ra te d  w ith  v a p o u rs  of th e  e luen t. T he R f values o b ta in e d  
fo r th e  an tib io tic s  are as follow:

R f ,  m onensin 0.9
R f ,  nigeric in 0.7
R f ,  deoxy-n igeric in 0.55

T he re la tio n  b e tw een  th e  q u a n ti ty  o f  an tib io tics  app lied  on th e  la y e r  a n d  th e  
d e te c to r  signal o f d en sitom eter is lin e a r  in  th e  range from  0 to  30 ^ig, u sin g  th e  
f irs t-o rd e r  lin ea r program m e (L IN  1) o f th e  in s tru m e n t.

In  ro u tin e  m easurem ents, tw o  s ta n d a rd  q u a n titie s  were ap p lied  to  all 
lay e rs  w hich su rro u n d ed  th e  q u a n tit ie s  o f an tib io tics in  th e  sam ples. T h e  in te n 
s ity  o f th e  red  spo ts of n igericin  a n d  m onensin  w as un ch an g ed  fo r tw o  hours 
a f te r  developm en t.

M ixtures containing nigericin

T he accu racy  o f th e  th in - la y e r  ch ro m ato g rap h ic  m eth o d  and  th e  possib le 
d is tu rb in g  effect o f m atrices h av e  b een  s tu d ied  by  th e  analysis of m ix tu re s  w ith  
kn o w n  com position . A nalysis o f tw o  d iffe ren t p ro d u c ts  w as perfo rm ed : p rem ix  
A  co n ta in ed  on ly  p o ta to  s ta rc h  in  a d d itio n  to  2%  o f nigericin . T h e  n igeric in  
c o n te n t o f p rem ix  В was 2%  as w ell, b u t  th e  m a trix  w as m ore com plex , co n 
ta in in g  m inerals, vegetab le  flou rs a n d  v itam ins. T he resu lts  are  su m m arized  
in  T ab le  I.
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Table I

A nalysis of n igericin-contain ing  prem ixes

N igeriem  c o n te n t, %  C o n tro l m easurem ent, %  S ta n d a rd  d ev ia tio n ,
/0

P n

A 2.0 98.2-101.9 ± 0 .8 0.90 7

В 2.0 95.1-104.5 ± 4 .0 0.90 6

T h e resu lts c le a rly  show  th a t  th e  acc u ra cy  a n d  th e  rep ro d u c ib ility  of th e  
q u a n ti ta t iv e  th in - la y e r  ch ro m a to g rap h y  are  exce llen t. T he m ore sign ifican t b u t  
n o t sy s tem a tic  errors o c c u r  in  th e  system  c o n ta in in g  m ore co m plica ted  m atrices.

M ix tu res  containing m onensin

T h e  m atrices o f  a ll m ix tu re s  w ere s im ila r to  p rem ix  B. A p a r t  of th e  resu lts  
w as co m p ared  to  th e  d a ta  o b ta in ed  b y  th e  agar-d iffu sion  m icrobiological m e th 
od a n d  a  good ag reem en t w as observed in  th is  case. In  o th e r cases th e  m onensin  
c o n te n t  w as know n fro m  loading , and  th e  re su lts  are  g iven as percen tages o f 
lo ad in g , to o  (Table I I ) .

Table П

In v e s tig a tio n  of m onensin-contain ing  m ix tures

M o n en sin
c o n te n t ,

%

M icrobiological
d e te rm in a tio n ,

%
T L C  re su lt,

%
S ta n d a rd
dev ia tio n ,

%
P n

R um ensin® 10.0 10.87 10.89 ± 3 .5 0.90 7
11.09 11.35 ± 1 .8 0.90 7

B eef c a t t le  prem ix 0.2 0.197 0.195 ± 5 .1 0.90 5
0.198 0.201 ± 3 .5 0.90 5

F a tte n e d  lam b prem ix 0.055 0.053 0.055 ± 3 .6 0.90 8

T LC  =  th in -layer ch ro m ato g rap h y

T h e resu lts c lea rly  p rove  th a t  a 0.05 to  10%  m onensin  c o n te n t can  be 
assay ed  in  prem ixes b y  q u a n tita tiv e  th in - la y e r  ch ro m a to g ra p h y  w ith  th e  sam e 
a c c u ra cy  as by  m icrob io log ica l m ethods. Q uickness an d  sim p lic ity  are th e  
a d v a n ta g e s  of th e  c h ro m a to g rap h ic  m eth o d .
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BOOK REVIEW

D e n n y ,  H . R .: Orthopädische Chirurgie am  H u n d . F e rd in an d  E n k e  V erlag, S tu t tg a r t ,  1983. 
203 pages, 365 figu res. R e ta il price: 26.80 DM. O rig inal t it le :  A G uide to  Canine O rth o p aed ic  
Surgery . B lackw ell Scientific  P u b l., O xford , 1980. T ra n s la te d  an d  th e  G erm an ed itio n  rev ised  
b y  K . B o n a th  a n d  M. L. Nagel.

T he la s t decad es have  seen a rem ark ab le  p rogress in  all fields of v e te rin a ry  su rg ery . 
T he progress com pels b o th  teach in g  s ta ff  an d  v e te r in a ry  p ra c titio n e rs  to  o b ta in  new  in fo rm a 
tio n  and  to  ta k e  p a r t  in  a con tinuous, ac tive  ex ten sio n  tra in in g . T h is book offers a  p o ss ib ility  
fo r th e  R ead e r to  a t ta in  u p -to -d a te  in fo rm a tio n  rep re sen tin g  th e  p re sen t s ta te  o f know ledge  
on canine o rth o p aed ic  surgery.

T he a u th o r  discusses th e  essence of o rth o p aed ic  diseases. C om prehension is g re a tly  
fa c ilita te d  by  th e  larg e  n u m b er o f figures. P rim arily  in fo rm a tio n  serving for b e tte r  p e rfo rm 
ance of th e  da ily  ro u tin e  w ork is p rov ided . T his, o f course, im plies th e  d isad v an tag e  t h a t  th e  
diseases are n o t d iscussed  in  full d e ta il. H ow ever, th e  a b u n d a n t  l is t  of references g iv en  a t  
th e  end of c h ap te rs  co un terbalances th is  d raw b ack  an d  p ro v ides am ple  in fo rm atio n  fo r th e  
R eader.

T he book is d iv ided  in to  five  ch ap ters . T he f i r s t  c h ap te r  deals w ith  bone frac tures  a n d , 
in  a d d itio n  to  th e  ch arac te ris tic s  o f frac tu res , discusses th e  healing  an d  rad iographic  d iagnosis 
o f frac tu res , frac tu re -in d u ced  d isorders in  bone g ro w th , bone tra n s p la n ta tio n  tec h n iq u es  as 
well as jo in t,  te n d o n  and  m uscle in ju ries.

T he th em e  o f th e  second ch ap te r  is th e  treatm ent o f  fractures. A fter discussing th e  con
se rv a tiv e  m an a g em e n t o f frac tu res , th e  a u th o r  gives a d e ta iled  acc o u n t o f th e  p rinc ip les  a n d  
m ethods of surg ical t r e a tm e n t, and  of th e  d iffe ren t m eta l im p la n ts , including th e  o p tim a l 
conditions o f th e ir  rem oval.

T he c h a p te r  dealing w ith  diseases o f  the sku ll and  vertebral colum n  con ta ins in fo rm a tio n  
on frac tu res  o f c ran ia l and jaw -bones an d  th e ir  t r e a tm e n t,  lu x a tio n  and  su b lu x a tio n  o f th e  
m an d ib u lar jo in t,  a n d  m an d ib u lar neu ro p rax ia  (so-called p a ra ly sis  o f th e  trig em in a l ne rv e). 
T he d iagnosis o f v e rte b ra l colum n diseases is fa c ilita te d  b y  th e  descrip tion  of v a lu ab le  a n d  
novel neuro log ical ex am inations. T he c h ap te r  p ro v id es also a s tim u la tin g  account o f th e  d is 
loca tion  and  f ra c tu re  o f sp inal v e rte b rae  and of th e  t re a tm e n t  o f frac tu res  by  osteo sy n th esis .

T he la s t  tw o  ch ap ters  deal w ith  o rth o p aed ic  diseases o f th e  fore- and  hind-lim bs , re sp ec 
tiv e ly . N o t on ly  a b rie f  b u t  very  p rac ticab le  d e sc rip tio n  of bone, jo in t,  ten d o n  a n d  m uscle  
diseases is p ro v id ed , b u t  also a survey  of d ev elo p m en ta l ab n o rm alitie s  and consequences 
o f g row th  and  m etab o lic  d istu rbances. In ju rie s  o f th e  p e rip h e ra l nerves supplying th e  lim b s 
are  discussed in  assoc ia tion  w ith  diseases o f th e  v e r te b ra l colum n.

M ost of th e  in fo rm a tio n  co n ta ined  b y  th is  bo o k  has been  availab le  so fa r on ly  in  s c a t
te re d  form , as p a r t  o f m anuals, a tlases , research  artic les , p a p ers  read  a t  conferences a n d  e x 
ten sio n  courses. T h e  a u th o r deserves p raise  for h av in g  critica lly  ev a lu a ted  and sy s te m a tize d  
th e  p e r tin e n t p rofessional know ledge, le ft o u t co n tro v ersia l or in sig n ifican t in fo rm atio n , th u s  
hav in g  crea ted  a book  ex trem ely  useful for th e  p rac tice . F o r th e  easily  com prehensib le t e x t  
b o th  th e  a u th o r  a n d  th e  tra n s la to rs  deserve praise.

I .  S Z O K O L Ó C Z Y
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IN S T R U C T IO N S  TO  A U T H O R S

M an u scrip ts are  a cc ep te d  on th e  b a s is  o f  sc ien tific  sign ifican ce  and  s u ita b ility  for p u b li
c a tio n  on  th e  u n d e rs tan d in g  th a t  th ey  h a v e  n o t  been  pu b lish ed , su b m itte d  or a ccep ted  for p u b li
c a tio n  e lsew here. A ccep tan ce  depends o n  th e  o p in io n  o f tw o  referees and th e  decision  of th e  
E d ito r ia l  B o ard . P ap ers  accep ted  for p u b lic a tio n  are su b je c t to  ed ito ria l rev ision .

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

M an u scrip ts m u s t  be in  E nglish  o r  H u n g a rian  and  c le a r ly  and  concisely w ritte n . T h ey  
sh o u ld  be  ty p e d  double  sp aced  w ith  w ide  m arg in s. Two copies o f  th e  m a n u sc 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 tit 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 rs  sh o u ld  also be  su p p 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 a m e  of w om en) a n d  su rnam 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  w as done. T h e  m ailin g  address o f  th e  au th o rs  m u s t also be in d ica ted  
here.

A b strac t. T his sh o u ld  n o t exceed 200 w ords an d  sh o u ld  o u tlin e  b riefly  th e  p u rpose  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  phrases, 
g en era lly  kno w n  in fo rm a tio n  and re p e tit io n  shou ld  be av o ided .

In tro d u ctio n . T h is p a r t  should s t a te  b r ie f ly  th e  n a tu re  a n d  purpose of th e  w ork  an d  cite  
re ce n t im p o r ta n t  w ork  b y  o thers .

M aterials and m eth o d s. D escribe m a te ria ls , m eth o d s, a p p a ra tu s , e x 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 ce  th e  resu lts . 
T h is p a r t  m ay  have  su bhead ings.

R esu lts . T he ex p e rim e n ta l d a ta  sh o u ld  he p resen ted  c learly  and  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.

D iscussion sh o u ld  b e  focussed o n  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  given in  R esu 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 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 rr  e t  ah , 1978; M anson  a n d  S ta rr , 1979).
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NUTRITIVE VALUE OF SLAUGHTER RY-PRODUCT
MEALS

M . H e g e d ű s

D e p a r tm e n t o f A nim al N u tr itio 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 . 0 .  B o x  2 , H u n g a ry

(R eceived J u n e  13, 1984)

S la u g h te r  b y -p ro d u c t m eals are p ro d u c e d  fro m  co nfisca ted  o rg an s, b lood, fe a th e r , 
p o u ltry  legs a n d  heads, g u ts , e tc ., in  d ry  re n d e r in g  p lan ts  b y  cooking, d ry in g , an d  p a r tia l  
d e fa ttin g . T h e  wide v a r ia tio n  in  com position  a n d  n u tr it io n a l v a lu e  o f such  p ro d u c ts  is a t t r i 
b u te d  to  th e  v a ria tio n  in  th e  n a tu re  of th e  r a w  m ate ria ls  a n d  th e  co n d itions used  in  th e ir  
processing .

T h e  ra w  m ateria ls v a ry  in  p ro te in , fa t  a n d  ash  c o n te n t an d  th e  q u a lity  o f  th e  p ro te in  is 
d e te rm in e d  b y  th e  ty p e  of so ft an d  h a rd  offals u sed .

T h e  n u tr itio n a l v a lu e  o f m ea t-an d -b o n e  m ea ls  is u n ch an g ed  o ver a  w ide range  o f p ro cess
ing  tim es a n d  tem p era tu res . H ow ever, a f te r  p ro lo n g ed  h ea tin g  a t  e x trem e  tem p e ra tu re s , th e  
a v a ilab ility  o f essential am ino  acids m ay  d ecrease  m ark ed ly . T o x in s fro m  oxidized  fa ts  o r 
b a c te r ia l co n ta m in a tio n  h a v e  in  th e  p rac tice  l i t t l e  effect on  th e  n u tr it io n a l v a lu e  o f m ea t-a n d - 
bone  m eals.

T h e  s lau g h te r b y -p ro d u c t m eals are r ic h  in  lysine  and  th u s  can  com plem en t cereals.

K eyw ords. M eat-and-bone  m eal, b lood  m ea l, fe a th e r m eal, n u tr it iv e  v a lue , p ro te in  
q u a lity .

B ones an d  soft an im al tissues h a v e  long been used  in  th e  m a n u fa c tu re  
o f m ea t-an d -b o n e  m eals. These p ro d u c ts  are  n u tr itio n a lly  an d  econom ically  
im p o r ta n t  sources of p ro te in  for liv e s to ck , p a rtic u la rly  fo r p o u ltry  an d  sw ine.

T h e y  are  p rim arily  a rich  source o f  p ro te in , h u t  th e  c o n tr ib u tio n  of m in e r
als, v i ta m in  В com plex an d  energy a re  a lso  im p o rta n t. T he s lau g h te r b y -p ro d 
u c t m eals are usually  d ried  p ro d u c ts  f ro m  a b a tto irs  an d , depend ing  on th e  
raw  m a te r ia l, are called  m ea t m eal, b o n e  m eal, m ea t-an d -b o n e  m eal, b lood  
m eal, or fe a th e r  m eal. F ro m  these  p ro d u c ts  m ea t-an d -b o n e  m eals are  p ro d u ced  
in  th e  la rg e s t q u a n ti ty  from  an im al carcasses an d  ined ib le  s lau g h te r  b y - 
-p ro d u c ts , such  as con fisca ted  o rgans, o ffals, b lood, p o u ltry  legs an d  h ead s , 
gu ts , e tc .

T h e  im p o rtan ce  o f recycling  of th e  losses of s lau g h te rin g  to  th e  an im al 
p ro d u c tio n  is well in d ic a te d  b y  th e  q u a n t i ty  o f raw  m ate ria ls  availab le  fo r 
ren d erin g  in  H u n g ary , w hich  is m ore t h a n  200 th o u sa n d  to n s  p e r year.

T h e  large  v a r ia tio n  in  co m position  an d  g ro w th -p ro m o tin g  a b ility  o f  
m ea t-an d -b o n e  m eals from  th e  sam e a n d  from  d iffe ren t ren d e rin g  p la n ts  h av e  
been recognized  and  w idely  rep o rted  fo r  m a n y  years. I n  th e  p re se n t p a p e r  a 
rev iew  b ased  on our experiences is r e p o r te d  on th e  fac to rs  w hich  can in flu en ce  
th e  n u tr i t iv e  value o f an im al p ro te in  m ea ls .

1* Acta Veterinaria Hungarica 32, 1984



106 HEGEDŰS

M aterials an d  m ethods

P roduction  and orig in  o f  an im al by-product meals

T he fu n d a m e n ta l process in  th e  p ro d u c tio n  o f m ea t-an d -b o n e  m eals is 
h e a tin g  o f raw  m a te r ia ls , rem oval o f th e  m o istu re , an d  p a r tia l  d e fa ttin g  
(B erzseny i, 1978; R egős an d  B erszán , 1978). T he ra w  b y -p ro d u c ts  o b ta in ed  
fro m  slaugh te rhouses a re  h ea ted  in  d ry  ren d e rin g  p la n ts  to  th e  p o in t o f s te r il
iz a tio n . In  th e  d ry  re n d e rin g  m ethod , th e  s team  used fo r h e a tin g  does n o t com e 
in to  c o n ta c t w ith  th e  raw  m ate ria l (Szél a n d  Gál, 1980; H ussel an d  K ieh n , 
1980).

T he ty p ica l losses du ring  th e  s la u g h te rin g  o f sw ine an d  b eef ca ttle , th e  
ra w  m a te ria l basis o f  m eat-an d -b o n e  m ea l p ro d u c tio n , a re  show n in  Figs 1 a n d  
2 (Solym os and  K ra jcso v ics , 1979).

80.3°/o products for human consumption

F ig . 1. Losses d u rin g  sw ine-slaughtering

A cta  Veterinaria Hungarica 32, 1984
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100%

3.7%
for rendering 
industry

0.3%
for pharmaceutical) 
industry

8A%
for leather 
industry

11.3%
losses via canal

0.01%
hair

8.0 %
rumen and gut 
contents

68.3% products for human consumption
F ig . 2. Losses d u rin g  b e e f c a tt le  s laugh tering

T h e  an im al p ro te in  m eals ex am in ed  (m eat-an d -b o n e  m eal, p o u ltry  
b y -p ro d u c t m eal, b lood  m eal, fe a th e r  m eal) w ere p roduced  in  d iffe ren t d ry  
re n d e rin g  p lan ts  on an  in d u stria l scale.

M ethods

C hem ical com position  of th e  sam p les  w as dete rm in ed  accord ing  to  th e  
H u n g a ria n  s ta n d a rd  MSZ 68301.

T h e  n e t p ro te in  u tiliza tion  (N P U ) w as m easu red  w ith  th e  carcass m e th o d , 
w hich  dete rm in es th e  difference in  carcass n itro g en  betw een  ra ts  fed  a te s t  
p ro te in , an d  those  fed  a p ro tein-free d ie t  (H egedűs e t al., 1982, 1983a).

A m ino  acid ana ly ses  were p e rfo rm ed  in  an  ion-exchange liq u id  c h ro m a 
to g ra p h  (H egedűs e t a l., 19836^ . H y d ro x y p ro lin e  w as de te rm ined  b y  th e  co lour 
re a c tio n  o f  ox id ized  h y d ro x y p ro lin e  w ith  p -d im eth y lam in o b en za ld eh y d e  
(H egedűs an d  B okori, 1983).

1 M SZ 6830 (1981): T ak a rm án y o k  tá p lá ló é r té k é n e k  m eg á llap ítá sa . S zab v án y , B u d a p e s t.
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108 HEGEDŰS

Results and discussion

Chem ical com position o f  meat-and-bone meals

T he w ide v a r ia tio n  in  chem ical com position  a n d  n u tr i t io n a l v a lu e  o f 
m ea t-an d -b o n e  m eals is a ttr ib u te d  to  th e  v a r ia tio n  in  th e  n a tu re  an d  com posi
t io n  o f th e  raw  m a te r ia ls  and  th e  co n d itio n s used  in  th e  processing (E ggum , 
1970). T here  is ev id en ce  th a t  th e  raw  m a te ria ls  used  in  th e  m an u fa c tu rin g  o f 
m ea t-an d -b o n e  m eals can  largely  a ffec t th e  n u tr i t iv e  va lu e  of these  p ro d u c ts . 
S im ila rly , th e  p rocessing  conditions u sed  in  d ry  ren d e rin g  p lan ts  m ay  also be 
im p o r ta n t  in  d e te rm in in g  th e  g ro w th -p ro m o tin g  a b ility  of m ea t-an d -b o n e  
m eals.

T he m o istu re  a n d  f a t  co n ten t of m e a t-an d -b o n e  m eals can  be s ta n d a rd iz e d  
b y  processing  (d ry in g , f a t  ex trac tio n ). T h u s  th e  c rude  p ro te in  c o n te n t an d  ash  
c o n te n t w ill depend  on  th e  com position  o f  th e  raw  m ate ria ls  used.

T h e  ty p ica l chem ical com position  o f  m ea t-an d -b o n e  m eals acco rd ing  to  
th e  H u n g a ria n  s ta n d a rd  is show n in  T ab le  I .

T able  I

Chem ical com position  o f m eat-and-bone m eals according to  th e  H un g arian  s ta n d a rd

T y p es  o f m e a t-a n d -b o n e  
m eals

M oistu re  (% ) 
(m ax im u m )

C rude p ro te in  
(% ) (m in im um )

C rude f a t  (% ) 
(m ax im um )

C ru d e  a sh  (% ) 
(m ax im u m )

I (a) 10 62 15 22
II (a) 10 58 15 28
III (b) 10 54 15 28
IV (b) 10 50 15 30
V (b) 10 46 15 34
VI (so lvent e x trac ted ) (b) 10 54 8 30
VII (so lvent e x trac ted ) (b) 10 50 8 34

(a) =  No keratinous raw  m ate ria l is p e rm itted
(b) =  Crude p ro te in  can  c o n ta in  m axim um  10 p e r  cen t k e ra tin

T he crude p ro te in  co n ten t is in  g en era l in  s ig n ifican t nega tive  co rre la tio n  
w ith  th e  crude ash  c o n te n t. This is i l lu s tra te d  in  F ig . 3 (H egedűs e t a l., 1984a).

The effect o f  raw m aterials

In  m ea t-an d -b o n e  m eal th e  c ru d e  p ro te in  level is in  inverse  re la tio n , 
w hile  th e  ash c o n te n t is in  d irect re la tio n  w ith  th e  p ro p o rtio n  o f bone in  th e  raw  
m a te r ia l  (Figs 4 a n d  5).
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'1 Crude protein 
(•/.)

r y = -2  03x* 96.99
r =- 0.56

10

2 10 20 30
Crude asht'/o)

F ig . 3. C orre la tion  be tw een  crude p ro te in  an d  ash  c o n te n t o f m ea t-an d -b o n e  m eals

B ones co n ta in  large am o u n ts  o f  collagen w hich has a low  n u tr it io n a l 
v a lu e  d u e  to  deficiencies of several e ssen tia l am ino acids, p a rtic u la r ly  o f t r y p to 
p h a n  (H egedűs e t a l., 1983a).

T h e  pro te ins o f  th e  connective tissu es  are re la tiv e ly  rich  in  h y d ro x y p ro - 
line , as com pared  to  o th e r  m eat p ro te in s . T he n e t p ro te in  u tiliza tio n  (N P U -in d ex ) 
o f  m ea t-an d -b o n e  m eals decreases w ith  th e  increasing  a m o u n t o f h y d ro x y p ro - 
lin e  in  th e  m eals. W hen  th e  N P U  v a lu e  was p lo tted  ag a in st th e  am o u n ts  o f

100 90 50 0 Bones (7.)
^ In  dry defatted m aterial

F ig . 4. C o n trib u tio n  o f bone  and soft raw  m a te r ia l  to  th e  p ro te in  c o n te n t o f m ea t-an d -b o n e
m eals
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Proportions of raw material 
in the meat-and-bone meals

0 10 50 100 Soft raw materials (*M
100 90 50 0 Bones (•/.)
*ln dry defatted material

F ig . 5. C on trib u tio n  o f b o n e  a n d  soft raw  m a te ria l to  th e  ash  c o n te n t o f m ea t-an d -b o n e  m eals

h y d ro x y p ro lin e  in  log  (g/16 g N), th e  n e g a tiv e  co rre la tio n  w as m ore p ro 
n o u n c e d . T hus, h y d ro x y p ro lin e  co n ten t h a s  a ce rta in  v a lu e  fo r p red ic tin g  th e  n e t 
u ti l iz a tio n  of p ro te in s  in  m eat-an d -b o n e  m eals co n ta in in g  raw  m ate ria ls  rich  in  
co llagen  (Fig. 6; H eg ed ű s an d  B okori, 1983).

M eat-and-bone m eals are v ir tu a lly  c a rb o h y d ra te -free  an d  on ly  th e ir  
p ro te in , lip id , m in era l a n d  v ita m in  c o n te n ts  h av e  to  be  considered . F ro m  th ese , 
th e  p ro te in s  are th e  m o s t im p o rta n t n u tr ie n ts  (H egedűs e t a l., 19846).

A tk inson  an d  C a rp e n te r  (1970) s tu d ie d  th e  in fluence  o f raw  m ateria ls  
on  p ro te in  q u a lity  o f  m eat-an d -b o n e  m eals p ro d u ced  from  bov ine  m uscle,

Hydroxyproline [log(g/16gNj]

F ig . 6. R egression b e tw e e n  N P U  value a n d  h y d ro x y p ro lin e  c o n te n t o f m ea t-an d -b o n e
m eals
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gut and tendon. T he dilution o f m uscle protein o f  high nutritive value w ith  
tendon  and ossein o f  low  nutritive va lu e  has resulted in lower N P U  values.

M eat-and -bone m eals, c o n ta in in g  a c e r ta in  a m o u n t o f  sk in , c a rtilag e  a n d  
con n ec tiv e  tissue , h a v e  a high co llagen  c o n te n t. Collagen h a s  b een  show n by- 
B e n d e r  an d  Doell (1957) to  have no  b io log ica l v a lu e  fo r ra ts  fed  as sole source 
o f p ro te in  in  a te s t  d ie t.

T h e  effects o f  d iffe ren t raw  m a te r ia ls  a n d  processing co n d itions used  in  th e  
m a n u fa c tu re  o f m ea t-an d -b o n e  m ea ls  w as s tu d ie d  b y  S k u rra y  an d  H e rb e r t  
(1974); s ign ifican t co rre la tio n  w as fo u n d  b e tw een  w eigh t gains o r feed  co n v e r
sion efficiencies o f ch icks and  th e  co llagen  c o n te n t o f th e  v a rio u s m a te ria ls  even  
w ith  d iffe ren t p rocessing  tim es a n d  te m p e ra tu re s .

B lood p ro te in s , in  w hich m e a t-a n d -b o n e  m eals are  u su a lly  p o o r, a re  
d e fic ie n t in  iso leucine; w hen used  as th e  m a in  source o f p ro te in  in  r a t  d ie ts , 
th e y  m a y  depress g ro w th  (H egedűs, 1983).

T h e  p re d o m in a n t p ro te in  o f h o o f, h a ir , wool an d  fe a th e r  is k e ra tin . T he 
n u tr i t iv e  value o f k e ra tin  as th e  sole sou rce  o f  p ro te in  in  e x p e rim e n ta l ch icken  
or r a t  d ie ts  is v e ry  low . This has b e e n  a t t r ib u te d  to  th e  u su a lly  low  d ig es tib ility  
o f k e ra t in  and  to  a deficiency in  k e ra t in  o f severa l essen tia l am ino  acids (viz. 
h is tid in e , m eth io n in e , lysine an d  t ry p to p h a n ) .  T he h igh  cy stin e  c o n te n t o f 
a d e q u a te ly  processed  fea th e r m eal, h o w ev er, can  be u tilized  effic ien tly  (H ege
dűs, 1984).

T ab le  I I

E ffec t o f d ifferent raw  m ate ria ls  on th e  feed  in ta k e , g row th , and  n e t p ro te in  u tiliza tio n  of ra ts
(H eg ed ű s , 1981)

R a w  m a te ria l  (sole p ro te in  so u rce  in  te s t  diet)
F e e d  in ta k e  

(g /ra t/1 0  d ay s)
A verage  w eig h t g a in  

in  10 d a y s  (g)
NPU
(%)

Pig s to m ach 29.9 0.3 i6
B eef ten d o n 34.4 0.2 5
B eef v e in 38.0 3.9 18
Pig m e a t cuts 79.0 32.5 64
R esidues o f  fa t rendering 70.7 17.5 49
M eat residues, sep ara ted  from  raw  bones 68.0 21.0 51
Pig sk in 25.4 - 5 .7 0

A verage in itia l w eights o f  ra ts  were 55.2 d : 0.1 g. 
Crude p ro te in  levels o f te s t  d iets were 10 p e r  cen t. 
P ro te in  sources were lyophilized  and ground.

T h e  effect o f  d iffe ren t raw  m a te r ia ls  on th e  feed in ta k e , g ro w th , an d  n e t 
p ro te in  u tiliza tio n  o f  r a ts  is illu s tra te d  in  T ab le  I I  (H egedűs, 1981).
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The effect o f  processing conditions

T he m ost im p o r ta n t  processing in  th e  m a n u fa c tu re  o f m ea t-an d -b o n e  
m eals is th e  heat treatm ent. I ts  effect can  be b o th  benefic ia l and  d e tr im e n ta l. 
H e a t  destroys u n d e s ira b le  m icroorganism s, enhances d ig estib ility  an d  in c rea s
es p a la ta b ility . T he u n d esirab le  effects o f  th e rm a l processing are  d e s tru c tio n  
o f am ino  acids b y  o x id a tio n , m od ifica tion  o f  som e o f th e  linkages be tw een  th e  
am ino  acids th a t  a re  e ith e r  n o t hydro lysed  d u rin g  d igestion  or th a t  th e  release 
of am ino  acids is d e lay ed  (L ang, 1970; N esheim , 1974).

T here  is m u ch  ev idence  in  th e  l i te ra tu re  t h a t  th e  u su a l cooking tim e  an d  
te m p e ra tu re  (30 m in  a t  130 °C) genera lly  h av e  l i t t le  effect on th e  n u tr i t iv e  
v a lu e  o f m ea t-an d -b o n e  m eals (B ender, 1972). D u rin g  prolonged heating, 
how ever, th e  n u tr i t iv e  v a lu e  of m eat p ro te in  m ay  fall. Donoso e t al. (1962) 
h e a te d  p o rk  in  water a t  110 °C for 24 h , th e n  d ried  i t  a t  100 °C fo r 16 h ; N P U  
fell from  76 to  41, av a ila b le  lysine fell b y  3 0 % , an d  16%  o f th e  m eth io n in e  an d  
4 4 %  o f th e  cystine  w ere  destroyed .

Blood meals a re  especially  sensitive to  h e a t t re a tm e n t. S a tisfac to ry  b lood  
m eal (availab le  ly sin e  c o n te n t 5%  or g rea te r) can  be p roduced  for use in  feed- 
s tu ffs , if  processing te m p e ra tu re s  rem ain ed  u n d e r  135 °C (H am m  an d  S earcy ,
1976). New processes (sp ray  dry ing , f la sh  d ry in g , rin g  d ry ing , co n tin u o u s 
process) are v e ry  p ro m isin g  in  th is  re sp ec t (K ra m e r e t a l., 1978).

Overheating in  th e  processing o f ra w  m a te ria ls  o f m ea t-an d -b o n e  m eals 
causes p ro found  chan g es in  th e  p ro te in  m olecules. T he s tru c tu ra l changes lead  to  
a re ta rd a tio n  of e n z y m a tic  digestion  o f p ro te in s . T h e  effect is a co n seq u en t re 
d u c tio n  in  th e  a m o u n t o f  essential am ino  acids re leased  fo r ab so rp tio n  in to  th e  
b lo o d stream . L ysine is in v o lved  in  th e  fo rm a tio n  o f  p e p tid e  linkages b y  its  side- 
c h a in  am ino groups. U n d e r severe h e a t t r e a tm e n t  th is  reac tio n  can  p roceed  to  a 
p o in t w here th e  a v a ila b ility  o f lysine becom es v e ry  low  (H egedűs e t a l., 1981).

D rying  can  also  a ffec t th e  a v a ila b ility  o f am ino  acids. As processing  
p roceeds, w a te r e v a p o ra te s  an d  th e  decrease  in  th e  la te n t  h e a t o f e v a p o ra tio n  
allow s th e  te m p e ra tu re  o f th e  m eat b y -p ro d u c ts  to  increase  rap id ly  (S k u rra y , 
1982), re su lting  in  a m ark ed  decrease in  th e  av a ila b ility  o f am ino acids. O ver- 
d ry in g  to  a m o istu re  c o n te n t o f less th a n  5 p er cen t enhances th e  h y d ro p h o b e  
c h a ra c te r  o f b y -p ro d u c t m eals, and  th e ir  d ig es tib ility  becom es low er.

Protein quality o f  m eat-and-bone meals

The v a ria tio n  in  th e  n u tr itio n a l v a lu e  o f th e  p ro te in  is n o t on ly  due  to  th e  
chan g in g  p ro te in  c o n te n t  o f d ifferen t b y -p ro d u c t m eals b u t  also th e  d iffe ren t 
co n cen tra tio n  of in d isp en sab le  am ino acids an d  th e ir  ava ilab ility .

The q u a lity  o f p ro te in s  of m ea t-an d -b o n e  m eals depends on severa l fa c 
to rs , such as
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— d ig estib ility ,
— am ino ac id  com position ,
— availab le  am ino  aeid c o n te n t,
— possible to x ic  factors.
The in com ple te  av a ilab ility  o f  essen tia l am ino ac ids in  m ea t-an d -b o n e  

m eals is a ttr ib u te d  to  the  u n d ig es tib le  n a tu re  o f som e o f th e  raw  m a te ria ls  
u sed  in  th e ir m a n u fa c tu re . The d ig e s tib ility  an d  n u tr i t iv e  v a lu e  o f m a n y  an im a l 
p ro te in s  have b een  show n to  im p ro v e  on d é n a tu ra tio n  b y  h ea t. P ro lo n g ed  
h e a tin g  a t high te m p e ra tu re , h o w ev e r, m ay  lead  to  h e a t d am age o f m e a t-a n d - 
b o n e  meals (H egedűs e t al., 1981).

In  the  q u a lity  contro l of m e a t-a n d -b o n e  m eals th e  c rude  p ro te in  c o n te n t 
d e te rm in ed  by  th e  classic K je ld ah l p ro ced u re  can  be m islead ing  in  th e  p re d ic 
t io n  o f the  n u tr i t iv e  value. T his is p a r tic u la rly  th e  case w hen  raw  m a te ria ls  
co n ta in in g  k e ra tin , e.g. fea thers, h a ir , hooves, are also u sed . T he d ig es tib ility  
o f  fea th e r-p ro te in  is low  if  it  is n o t  ad e q u a te ly  d e n a tu ra te d . A t th e  sam e tim e , 
th e  p ro te in  c o n te n t o f fea ther is h ig h . In  such cases, th e  c ru d e  p ro te in  c o n te n t 
o f  m eat-an d -b o n e  m eals is m uch h ig h e r th a n  th e ir  av a ilab le  p ro te in  c o n te n t 
(F ig . 7, Bokori a n d  H egedűs, 1980). To e lim ina te  th is  p ro b lem , raw  m a te ria ls  
w ith  h igh  k era tin  c o n te n t m ust s e p a ra te ly  be processed an d  p u t  in to  c ircu la tio n .

To control th e  q u a lity  of p ro te in s  o f m eat-an d -b o n e  m eals, n o t on ly  th e  
p epsin -so lub le -n itrogen  and th e  a m in o  acid com position  m u s t be te s te d , b u t  
r a th e r  th e  a v a ilab ility  o f am ino ac id s .

Crude protein 
(g/lOOg)

Available protein 
(g/IOOg)

5051 52 53 52.55 5657 58 596061 626364 65 66 67 68 69 70 71 72 73 77 78 79 Code number
of samples

Meat-and-bone meal samples produced in a dry rendering plant on different days

F ig . 7. Crude- and  av a ilab le  p ro te in  c o n te n t  o f m ea t-an d -b o n e  m eals p ro d u ced  fro m  ra w  
m a te ria ls  con ta in ing  a  v a ry in g  p ro p o rtio n  of fe a th e r
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M eat-and -bone m ea ls  hav ing  su rp lu s  in  ly sine  are  u sed  to  com plem en t 
ce rea l g rains, in  w hich  ly s in e  is th e  lim itin g  e ssen tia l am ino  acid . F o r th is  reason , 
th e  av a ilab le  lysine c o n te n t  is an  im p o r ta n t p a ra m e te r  to  in d ic a te  th e  grow th- 
p ro m o tin g  ab ility  o f m ea t-an d -b o n e  m eals.

A vailab le  ly sine  c o n te n t o f d iffe ren t b y -p ro d u c t m eals d e te rm in ed  b y  th e  
ra t-g ro w th  te s t  v a rie d  considerab ly . E sp ec ia lly  th e  b lood  m eal sam ples ex am 
in ed  b y  us h ad  low  av a ilab le  lysine c o n te n ts  (2 -3  g/16 g N ). T he availab le  
ly sin e  co n ten t of all th e  exam ined  p ro te in  m eals (m ea t-an d -b o n e  m eals, fish  
m eals, b lood  m eals, p o u l t ry  b y -p ro d u c t m eals, fe a th e r  m eals) w as considerab ly  
low er th a n  th e ir  gross ly sin e  co n ten t (H eg ed ű s e t a l., 1982).

T h e  g row th  ra te s  o f  r a ts  on m ea t-an d -b o n e  m eal b a sed  d ie ts  are sensitive  
to  b o th  th e  am o u n t o f  m ea t-an d -b o n e  m eal a n d  th e  ty p e s  o f  cereals in  th e  d ie t. 
T h e  p ro te in  q u a lity  o f  m ix tu re s  of w h ea t a n d  m ea t-an d -b o n e  m eal, b a rley  and  
m ea t-an d -b o n e  m eal, as w ell as m aize a n d  m e a t-an d -b o n e  m eal, cha rac terized  
b y  in  v ivo  indices ( ra t-N P U , re la tiv e  w e ig h t gain , feed  efficiency) show ed th a t  
in  a ll o f  th e  feed in g re d ie n t pa irs s tu d ied , th e  m ix tu res  ex h ib ited  com plem en
ta r y  effects. H ow ever, in  v itro  indices ( lim itin g  essen tia l am ino  acids, sum  of 
e ssen tia l am ino acids, C hem ical Score, E s se n tia l A m ino A cid  In d e x , P red ic ted  
V alue) h av e  failed to  d e te c t  in  several cases th e  co m p lem en ta ry  effects show n 
b y  in  v ivo  indices (H eg ed ű s e t al., 19836 a n d  1983c).

Possible toxic factors

T he possible g row th -dep ressing  fa c to rs  p re sen t in  m ea t-an d -b o n e  m eals 
a re  considered  to  be

— tox ins from  ox id ized  fa t  or M aillard  reac tio n ,
— b ac te ria l co n ta m in a tio n ,
— high calcium  levels.
T oxins from  ra n c id  fa ts  or tox ic  p ro d u c ts  o f M aillard  reac tio n  as w ell as 

to x ic  decom position  p ro d u c ts  (biogen am ines) are  o f m in o r im p o rtan ce .
T here  has been  considerab le  d iscussion  on th e  possib le  d an g er associa ted  

w ith  th e  presence o f  ox id ized  fa ts  in  a n im a l d ie ts  (S k u rra y , 1982). H ow ever, 
i t  h as  been show n t h a t ,  using  an  ox id ized  m ea t-an d -b o n e  m eal sam ple, i t  
w as p rac tica lly  im possib le  to  fo rm u la te  a d ie t w hich  h a d  a perox ide  value 
h ig h  enough to  cause  g ro w th  depression in  p o u ltry  (A tk in so n  an d  C arpen te r, 
1970).

T he q u a lity  o f  f a t  in  m eat-an d -b o n e  m eals shou ld  n o t  he overem phasized  
b ecau se  of th e  low  co n c e n tra tio n  of p e ro x id e  in  th e  f in a l feeds.

C oncerning th e  Salm onella co n ta m in a tio n  o f m ea t-an d -b o n e  m eals, i t  is 
g en era lly  expected  t h a t  w ith  m odern  fa c to ry  p rac tices  o f  cleanliness an d  a h igh 
en o u g h  rendering  te m p e ra tu re  b ac te ria l to x ic ity  will n o t a rise  (N yiredy , 1963; 
S k o v g aard , 1980).
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W hen v e ry  h igh  levels o f m ea t-an d -b o n e  m eal a re  used  as a p ro te in  
su p p lem en t to  cereal d ie t th e  excessive d ie ta ry  calcium  levels  (up  to  2 .5 %  Ca 
in  th e  feed) m ay  cause depression in  ch ick  grow th. In  th e  p rac tice , how ever, 
su ch  a  h igh p ro p o rtio n  of m ea t-an d -b o n e  m eal is n o t used  (m ax im u m  4 -1 0 %  
m ea t-an d -b o n e  m eal in  th e  feed). T h e  o rig in  o f grow th d ep ression  can  be  r a th e r  
an  occasional im b a lan ce  of am ino acids (S k u rray , 1973).

T his review  show s th a t  th e  p ro d u c tio n  an d  use of m e a t-an d -b o n e  m eals 
in  th e  feed o f liv esto ck  is a fav o u rab le  m e th o d  fo r recy c lin g  th e  s la u g h te r  
b y -p ro d u c ts . T h e  a d v a n ta g e  o f th is  m e th o d  is, besides th e  red u c tio n  o f th e  
p ro b lem s of e n v iro n m en ta l p o llu tion  cau sed  b y  slaugh te r b y -p ro d u c ts , a m ore 
e ffic ien t u tiliz a tio n  o f feed resources.
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BIOCHEMICAL AND SEROLOGICAL EXAMINATION OE 
SOME MYCOPLASM A  STRAINS OF GOOSE ORIGIN

L. St ip k o v it s , Z s u z s a n n a  V a h g a , M. D o b o s -K o v á c s* and M. Sá n t h a

V e te rin a ry  M edical R esea rch  In s t i tu te ,  H u n g a rian  A cadem y of Sciences, H-1581 B u d a p e s t, 
P . O. B ox  18; a n d  * D e p a rtm e n t o f P a th o lo g y , 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 Ju n e  29, 1984)

C u ltu ra l, b iochem ical a n d  serological ch a ra c te ris tic s  o f five M ycoplasm a  s tra in s  iso la ted  
fro m  th e  a irsac  a n d  th e  p h a llu s  ly m p h  of geese w ere s tu d ied . All s tra in s  show ed m orpholog ical 
c h arac te ris tics  ty p ic a l o f th e  class M ollicutes. T h ey  re q u ire d  cho lestero l an d  were in h ib ite d  b y  
d ig ito n in . S tra in s  46, 1219, 1221 an d  1222 w ere g lucose-negative  a n d  arg in ine-positive , s tra in  
1220 sp litte d  glucose, b u t  n o t  arg in ine. A ccording to  th e  g ro w th -in h ib itio n  and  im m u n o flu o 
rescence te s ts  s tra in s  46 a n d  1221 form ed a d is tin c t serological g ro u p , s tra in s  1219 a n d  1222 
be longed  to  an o th e r, w hile  s tra in  1220 rep resen ted  th e  th ird  group. All s tra in s  d iffered serologic
a lly  fro m  all know n  a v ia n  m ycop lasm a reference species as well as 48 m am m alian  m ycop lasm a  
reference s tra in s .

K eyw ords. M ycop lasm a , goose, b iochem ical e x am in a tio n , serological e x am in a tio n .

T he chronic re sp ira to ry  disease ch a rac te rized  b y  fib rin o u s airsaccu litis  
an d  p e rito n itis  w as o ften  recognized, besides chicken a n d  tu rk e y , in  geese 
(V uillaum e, 1983). F ro m  th e  lesions m em bers o f M ycop lasm atales w ere iso la ted  
(K osovac an d  D ju ris ic , 1970; S tip k o v its  e t  ah , 1975). A m ong th e  iso la tes, 
M ycoplasm a ga llinarum , Acholeplasm a la id law ii and  A . axan thum  (S tip k o v its  
e t al., 1975) h av e  b een  fo u n d  an d  m an y  cu ltu re s  have  rem a in ed  u n id en tif ied . 
As a re su lt of s tu d ies  on m ycop lasm a in fec tio n  o f geese in  th e  la s t years (S tip 
k o v its  e t  a l., 1984a, 6), a t  p re se n t several iso la tes  are  in  ou r h an d .

In  th is  p a p e r th e  re su lts  o f b iochem ical an d  serological ex am in a tio n  o f 5 
s tra in s  o f goose o rig in  are  p resen ted .

Materials and methods

M edia. F o r iso la tio n  an d  fu r th e r  c u ltiv a tio n  o f s tra in s , m ed ium  В (E rn ő  
and  S tip k o v its , 1973a) an d  s ta n d a rd  m ycop lasm a m edium  (T ully  and  R az in ,
1969) w ere used. F o r  b iochem ical ch a ra c te riz a tio n , v a rio u s  m odifica tions of 
m edium  В (E rnő  an d  S tip k o v its , 19736) w ere app lied .

Stra ins. T he  f iv e  s tra in s  su b jec ted  to  c h a ra c te riz a tio n  te s ts  w ere s tra in  
46 iso la ted  from  th e  a irsac  o f  a d u lt lay ing  geese, and  s tra in s  1219, 1220, 1221 
and  1222 c u ltu red  from  th e  phallus ly m p h  o f ganders. All s tra in s  were f ilte re d  
an d  cloned 3 tim es b y  th e  conven tiona l m e th o d , w ith  450-nm  M illipore filte rs  
(S ubcom m ittee , 1972).
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E xa m in a tio n  o f  the stra ins fo r  criteria o f  the order M ycoplasm atales

M orphology. O rgan ism s from  2 to  3 d ay s  old flu id  cu ltu res  w ere s ta in ed  
w ith  G iem sa so lu tion  an d  exam ined  b y  lig h t m icroscopy. U nfixed  o rganism s 
w ere  exam ined  b y  d a rk -fie ld  m icroscopy. T h e  colony m orpho logy  w as s tu d ie d  
b y  stereom icroscope, a n d  D ienes’s s ta in  w as used.

M icroorganism s w ere exam ined  b y  e lec tro n  m icroscopy. Two p re p a ra tiv e  
p ro ced u res  w ere u sed : u ltra - th in  sec tion ing  an d  n egative  sta in in g . T he f lu id  
c u ltu re s  w ere cen trifu g ed . T he s u p e rn a ta n t  frac tio n  w as d iscard ed ; th e  sed i
m e n te d  cu ltu res a n d  ag a r cxdtures o f m icroorganism s w ere fix ed , f ir s t  in  5 %  
g lu ta ra ld e h y d e , th e n  in  1%  osm ium  te tro x id e , d e h y d ra te d  in  step -g rad ed  
e th a n o l, em bedded  in  D u rc u p a n  an d  c u t in to  u ltra - th in  sections. F o r n eg a tiv e  
s ta in in g  th e  fo rm v ar-co a ted  an d  ca rb o n -stab ilized  grids w ere covered w ith  a 
sm all d rop  of cen trifu g ed  m icroorgan ism  suspension, d ried  fo r one m in u te , 
excess flu id  was d ra in ed  b y  to u ch in g  th e  edge of th e  grid  w ith  f ilte r  p a p e r, an d  
th e  p re p a ra tio n  w as s ta in e d  for 90 s w ith  a d ro p  of 2 %  p h o sp h o tu n g stic  acid  
(P T A ) in  d istilled  -water a d ju s te d  to  p H  6 .5 -7 .0  by  add ing  K O H . T he grids w ere 
ex am in ed  and  p h o to g rap h ed  in  a JE M  J E O L  100S elec tron  m icroscope.

F iltra tion  studies. T he f i l te ra b ility  o f  th e  stra in s w as checked b y  using  
m em b ran e  filte rs  o f 450 an d  220 nm .

Reversion studies. T he  s tra in s  w ere carried  th ro u g h  five  consecu tive  
passag es in  flu id  m ed iu m  В w ith o u t pen ic illin  an d  th a lliu m  a ce ta te . A t th e  end  
o f  exp  e rim en ts th e  f in a l b ro th  cu ltu re  w as exam ined  b y  m icroscopy.

E xa m in a tio n  o f  the stra ins fo r  criteria o f  fa m ily

Sterol requirement fo r  growth. T he  s tra in s  were passaged  in  m ed iu m  В 
b ro th  w ith o u t se rum . In h ib itio n  o f g ro w th  b y  d ig iton in  w as exam ined  accord ing  
to  th e  tech n iq u e  o f F re u n d t e t al. (1973). S tero l req u irem en t was d e te rm in ed  
b y  th e  m eth o d  of E d w a rd  (1971) using  series o f various m edia.

E xa m in a tio n  o f  the stra ins fo r  criteria o f  genus and species

Biochem ical tests. T he  s tra in s  w ere exam ined  for a b ility  to  sp lit glucose, 
a rg in in e  an d  u rea  in  b ro th , an d  fo r th e ir  a rb u tin - an d  aescu lin -hydro lysing  
c a p a b ility  on ag a r p la te s  accord ing  to  th e  tech n iq u e  described  elsew here 
(E rn o  an d  S tip k o v its , 19736). P h o sp h a ta se  a c tiv ity  an d  té tra z o liu m  re d u c tio n  
w ere in v es tig a ted  acco rd ing  to  th e  m e th o d  of A luo tto  e t al. (1970), th e  film  
a n d  sp o t p ro d u c tio n  w as checked  as described  by  F a b ric a n t an d  F re u n d t (1967). 
I n  each  te s t  tw o m ycop lasm a s tra in s , a po sitiv e  and  a n eg a tiv e , w ere u sed  for 
in o cu la tin g  m edia  w ith  an d  w ith o u t su b s tra te s  for com parison .

Serological tests. T he  s tra in s  w ere ex am in ed  by  th e  g ro w th -in h ib itio n  (G I) 
te s t  as described  b y  th e  W ork ing  G roups o f W H O /FA O  P ro g ram m e on C o m p ar
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a tiv e  M ycoplasm ology (1976), using  th e  a n tise ra  p rep ared  a g a in s t th e  follow ing 
reference  s tra in s : av ian  s tra in s :  M . anatis  1340; M . colum binasale  694; M . 
gallinaceum  D D ; M . g a llinarum  P G  16; M . gallisepticum  X 9 5 ; M . gallopavonis 
W R 1 ; M . iners P G  30; M . iowae 695; M . meleagridis 17529; A . la id law ii P G  8; 
A . axanthum  610; as well as bov ine  s tra in s :  M . alkalescens D 12; M . arg in in i 
G 230; M . bovigenitalium  P G  11; M . bovirhinis  PG  43; M . bovis D o n e tta ; M . 
bovoculi M 165/69; M . canadense 257 C; M . dispar  462/2; M . gateae CS; M. mycoi- 
des subsp . mycoides P G  1; M . verecundum  ATCG 10145; A . m odicum  P G  49 
S qu ire ; sw ine s tra in s : M . hyopneum oniae  J ;  M . hyorhinis  B T S-7; M . hyosyno- 
viae  S 16; A . g ranu larum  F r ie n d ; ovine a n d  goat s tra in s : M . agalactiae P G  2; 
M . capricolum  Calif. K id ; M . conjunctivae  H R C  581; M . m ycoides subsp . capri 
P G  3; M . ovipneum oniae  У  98; M . putrefaciens  K S-1; A . oculusi 19 L ; T ype  5 
(G 145); T y p e  7 (A 13143); T y p e  11 (2D ); h u m a n  s tra in s ; M . buccale CH 20247; 
M . fa u c iu m  DC 333; M . fe rm en tons  P G  18; M . hom inis  P G  21; M . lipoph ilum  
M aB y; M . orale CH 19299; M . pneum oniae  F H ; M . sa livarium  P G  20; an d  o th e r 
s tra in s : M . arthritid is  P G  6; M . canis P G  14; M . caviae G 122; M . edwardii 
P G  24; M . equigenitale T  37; M . equirhinis  M 432/72; M . fe lim in itu m  B E N ; 
M . fe lis  CO; M . m aculosum  P G  15; M . neurolyticum  S ab in  A ; M . p r im a tu m  
H R C  292; M . p u lm o n is  P G  34; M . spum ans  P G  13.

A n tise ra  p rep a red  a g a in s t th e  in v es tig a ted  goose s tra in s , n am ely  an tise 
ru m  376 o b ta in ed  ag a in s t s tra in  46, an tise ru m  2840 re a c tin g  w ith  s tra in  1219 
a n d  an tise ru m  2846 a g a in s t s tra in  1220, w ere used in  c o m p ara tiv e  te s ts .

Serological in v e s tig a tio n  w as also p erfo rm ed  b y  in d ire c t im m unofluo res
cence (IF ) as described  b y  D el G iudice e t  al. (1967), b u t  u sin g  on ly  a n tise ra  
p re p a re d  ag a in s t goose s tra in s .

R esults

Criteria fo r  the order M ycoplasm atales

C ultural characteristics. A ll o f th e  s tra in s  grew in  m ed iu m  В w ith in  2-A  
d ay s a t  37 °C aerob ica lly , m ore  in ten s iv e ly  in  th e  presence th a n  in  th e  absence 
o f  5 %  carb o n  d ioxide. A ll s tra in s  fo rm ed  ty p ic a l “ fried-egg”  colonies on solid 
m ed ia , b u t  colonies w ith o u t c e n tra l p ap illa  w ere also seen (F ig . 1). N one o f th e  
s tra in s  grew  on blood  ag a r, ex cep t s tra in  1220, w hich p ro d u ced  t in y  (0.5 m m ) 
colonies show ing a lp h a -ty p e  haem olysis. N o changes o f co lony  size or colony 
m orpho logy  o f th is  s tra in  w ere observed  a f te r  16 passages m ad e  from  blood  
ag a r to  b lood  agar.

M orphological characteristics. All s tra in s  w ere G ram -n eg a tiv e . I n  G iem sa- 
s ta in e d  p re p a ra tio n s  m a in ly  coccobacillary  form s were observed . I n  dark -fie ld  
m icroscopy  also coccoid e lem en ts  w ith  som e p leom orphism  w ere d e tec ted .
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F ig . 1. Colonies of m y co p la sm a  s tra in  1221 on ag ar p la te , cu ltu red  fo r 72 h  and  s ta in ed  w ith
D ienes’s s ta in . X 40

E lectron  m icroscope s tud ies of u ltra - th in  sections rev ea led  p leom orphism  
(F igs 2 and  3). T he cell size v a ried  from  160 to  480 nrn fo r s tra in  1221 an d  from  
180 to  1700 nm  fo r th e  o th e r  s tra in s . All s tra in s  h ad  fin e ly  g ran u la r cy top lasm , 
som etim es m em b ran e -b o u n d  vacuoles w ere seen (Figs 4 a n d  5). In  all s tra in s  a 
th ree -lay ered  co m p o u n d  m em brane (u n it m em brane) w as d em o n stra ted . 
I n  n eg a tiv e ly -s ta in ed  p re p a ra tio n s  long b ran ch in g  f ilam en ts , sm all blebs an d  
sw ollen  spherules w ere fo u n d  (Figs 6 an d  7).

Filtration studies. All s tra in s  passed th ro u g h  th e  450-nm  filte r  (Table I).
Reversion studies. B ased  on colony fo rm , cu ltu ra l ch arac teris tics , lig h t- 

m icroscopy and  d a rk -fie ld  m icroscopy ex am in a tio n , th e re  w as no evidence o f

F ig. 2. P leo m o rp h  u ltra s tru c tu re  o f  24-h-old a g a r cu ltu re  o f s tra in  1222. X 25,000
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Table I

C ultural and biochem ical ch arac te ris tics  o f goose m ycoplasm as

S t r a i n s
1  e s ts  p e rfo rm e d

46
1222

8387/3 /1 /4
1221

8388/7
1219

8389/3/1/4
1220

8390 /3 /2 /1

F iltra t io n  th ro u g h  B efore 1.6 x lO ’ 2.3x10® 2 .0 x 1 0 ’ 1.2x10® 1.2x10®
450 n m  A fte r 1 .8 x 1 0 ’ 1 .5 x 1 0 « 1 .7 x 1 0 ’ 1.7x10® 1.9x10®
220 n m  A fte r 3.2 X  10® 1.8x10® 2 .0 x 1 0 ’ 4 .7 x 1 0 * 1.0 x l O 1

G lucose-splitting _ _ _ _
+

A rginine-hydrolysing + + + + —

P h o sp h ata se  fo rm atio n — — — — +

D igiton in  sen sitiv ity + + + + +

Cholesterol req u irem en t + + + + +

G row th  on b lood  ag ar — — — — +

H aem olysis — — — — +

Criteria fo r  fa m i ly

Sterol requirement. All s tra in s  could  be  c u ltu red  fo r on ly  2 passages in  
m ed ium  В w ith o u t horse serum . T he w ashed  suspension  o f cells of th e  s tra in s  
d id  n o t p ro d u ce  g row th  on m edia  free fro m  stero l, b u t  grew  in  m edia  su p p le 
m en ted  w ith  50 pg  o f cholesterol p er m l.

2* Acta Veterinaria Hungarica 32, 1984

F ig. 3. P leo m o rp h  u ltra s tru c tu re  o f 24-h-old f lu id  cu ltu re  o f s tra in  1222. X 31,000

rev ersio n  to  cell-w alled b a c te ria  a f te r  fiv e  passages in  m ed ium  В w ith o u t 
b a c te ria l in h ib ito rs .
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F ig . -/.^U ltra -th in  sec tio n  p re p a ra tio n  of 24-h-old a g a r  cu ltu re  o f s tra in  1220. O rganism s h av e  
g  fin e ly  g ra n u la r  c y to p la sm  and  th ree -lay e red  co m pound  m em b ran e . X 38,000

D igiton in  sen sitiv ity . G row th  of all o f  th e  s tra in s  w as in h ib ite d  b y  d ig ito - 
n in -c o n ta in in g  disc, p ro d u c in g  in h ib ito ry  zones 4 -5  m m  in d iam ete r.

C riteria  fo r  genus and  species

Biochem ical characteristics. All s tra in s  w ere a rb u tin - , aescu lin-, film  an d  
sp o t-  an d  u rea -n eg a tiv e . O th er b iochem ical ch a rac te ris tic s  are  g iven in  T ab le  I .

F ig . 5. U ltra - th in  sec tion  p re p a ra tio n  of 24-h-old f lu id  cu ltu re  of s tra in  1219. O rganism s h a v e  
th ree - la y e red  com pound m em b ran e . Som etim es o rg an ism s h av e  a m em b ran e -b o u n d  vacuo le  ( * ) .

X 19,500
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F ig. 6. U ltra s tru c tu re  o f 24-h-old flu id  cu ltu re  o f  s tra in  1221. N egative  s ta in in g . L ong f ila m en ts
are  seen. X 15,000

Serological studies. N one of th e  5 s tra in s  u n d er in v es tig a tio n  reac ted  in  G I 
w ith  an y  o f th e  an tise ra  p repared  a g a in s t know n av ian  and  m am m alian  m y co 
p la sm a  a n d  acho lep lasm a species. T h e  s tra in s  used for im m u n iza tio n  re a c te d  
o n ly  w ith  hom ologous an tise ra  (T able I I ) .  S tra in  1221 reac ted  w ith  an tise ru m  
376, a serum  p rep a red  aga in st s tra in  46, an d  s tra in  1219 p ro v ed  to  be id en tica l 
w ith  s tra in  1222.

T he resu lts  o f G I were confirm ed  b y  th e  I F  te s t, nam ely  th e  s tra in s  r e a c t
ed  w ith  hom ologous an tise ra  b u t d id  n o t  w ith  heterologous ones. S tra in  1221 
re a c te d  w ith  an tise ru m  376, while s tra in  1219 w ith  an tise ru m  2839 (Table I I ) .

F ig. 7. E le c tro n  m ic ro g rap h  of s tra in  1219 in  f lu id  cu ltu re . N ote  th e  b ra n ch in g  filam en ts  a n d  
spherules. N eg ativ e  sta in in g , x  32,000
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ТаЫ е I I

R esults o f serological tes ts

Antisera Strainsi 46 1219 1220 1221 1222

IF GI IF GI IF GI IF GI IF GI

376 (against 46) + + + 4.0 — — — — + + + 3.6 — —

2844 (against 1220) — — - — + + + 4.5 — - - -

2839 (against 1222) — — + + + 5.1 — — — — + + + 3.0

A n tisera  against 60 o th e r
species n t — n t — n t — n t — n t —

R em ark s: I F  =  im m unofluorescence te s t;
G I =  g ro w th -in h ib itio n  te s t; 
n t  =  n o t te s te d

Discussion

All s tra in s  p ro b a b ly  belong to  th e  class M ollicutes as ind ica ted  b y  th e  
ty p ic a l fried-egg m o rp h o lo g y  of th e  colonies, th e  p leom orph ism  of cell fo rm  in  
d a rk -fie ld  e x a m in a tio n  a n d  G iem sa-sta ined  p re p a ra tio n s , th e  absence of cell 
w all an d  th e  p resence o f  trip le -lay e red  m em b ran e  in  th e  e lec tron  m icrogram , th e  
absence of reversion  to  b ac te ria l fo rm s, a n d  passage o f  cells th ro u g h  450-nm  
filte rs .

T he in h ib itio n  o f  g ro w th  of all s tra in s  b y  d ig ito n in  an d  th e ir  fa ilu re  to  
grow  in  stero l-free a n d  serum -free m ed ia  m ig h t p lace th e m  in  th e  fam ily  M yco- 
p lasm ataceae . T he in a b ili ty  to  u tilize u re a  m eets th e  c r ite r ia  of th e ir  inc lusion  
in  th e  genus M ycoplasm a.

T he serological s tu d ies  based  on G I show  th a t  a ll s tra in s  are d iffe ren t 
fro m  th e  know n species used for co m p ariso n . A ccord ing  to  th e  resu lts  o f G I 
an d  IF , th e  in v e s tig a te d  goose s tra in s  m a y  be p laced  in  3 groups: s tra in s  46 
a n d  1221 fo rm  th e  f i r s t  group, s tra in s  1219 an d  1222 th e  second one, w hile 
s tra in  1220 rep re sen ts  th e  th ird  group .

Since th e  a n tis e ra  used  for com p ariso n  rep re se n te d  m ost of th e  re le v a n t 
M ycoplasm a  an d  A choleplasm a  species req u ired  to  be  te s te d  for tax o n o m ic  
p u rposes, th e  in v e s tig a te d  stra ins seem  to  re p re se n t new  M ycoplasm a  species. 
To confirm  th is  su p p o sitio n , th e  D N A  base  com position  of th e  stra in s shou ld  
be d e te rm in ed , M ycop lasm a  species n o t  s tu d ie d  d u rin g  th e  p resen t w ork shou ld  
be  in c lu d ed  fo r co m p ariso n , fu rth e rm o re , som e o th e r  serological te s ts  (like 
M I (m etabolic  in h ib itio n ) , im m unodiffusion) and  tw o -w ay  exam ina tions shou ld  
be  perfo rm ed  fo r th e  f in a l c h a rac te riza tio n  o f th ese  s tra in s .
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EFFICACY OF LASALOCID SODIUM AGAINST 
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L . S t i p k o v i t s ,  T. K o b u l e j *  a n d  Z s u z s a n n a  V a r g a

V eterin ary  M edical R esearch  In s t i tu te ,  H u n g a ria n  A cadem y o f Sciences, H -1581 B u d a p es t, 
P . 0 .  B ox  18; a n d  ‘ D e p a rtm e n t o f Zoology an d  P ara sito lo g y , 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 . 0 .  B ox 2, H u n g a ry

(R eceived  J u n e  18, 1984)

T he so-called ionophore (p o ly e th e r m onocarbon ic  ac id -type) an tib io tic s  
rep resen t a new  fam ily  o f an ticocc id ia l com pounds. T hese drugs possess a 
v a r ie ty  o f ad v an tag eo u s  p ro p ertie s  n o t ow ned b y  th e  co n v en tio n a l coccidio- 
s ta tic  com pounds.

A t p re se n t th re e  ionophore  an tib io tic s , viz. lasa loc id , m onensin  an d  
salinom ycin , a re  be ing  used  in  H u n g a ry  in  bro iler ch ick  p ro d u c tio n  to  p re v e n t 
th e  adverse  effects o f coccidioses.

D urin g  th e  fie ld  tr ia ls  co n d u c ted  w ith  lasalocid , f ir s t  B ozzai (1977), th e n  
U d v arhe ly i (1979) observed  th a t  lasa locid  reduced  th e  n u m b e r o f b ird s  suc
cum bed to  m ycoplasm osis. T he p re se n t au th o rs  re -in v es tig a ted  th e  ab o v e  o b 
se rv a tio n  in  a im ed  exp erim en ts . T he resu lts  of these  p re lim in a ry  ex p erim en ts  
are  p re sen ted  below .

In  vitro experim ents

L asalocid  sod ium  (lasalocid-N a) w as dissolved in  d istilled  w a te r  (50 
m g/100 ml) or in  e th an o l (1 g/100 m l). O f th e  stock  so lu tio n , d ilu tions o f 100.0, 
50.0, 10.0, 5.0, 1.0, 0.5, 0.1, 0.05 an d  0.01 /ig/m l c o n cen tra tio n  w ere p rep a red  
in  1 m l “ B ”  m ycop lasm a m edium . T he n u tr ie n t  m ed ium  series o b ta in ed  in  th is  
w ay  w as in o cu la ted  w ith  b ro th  cu ltu re s  o f M ycoplasm a gallisepticum  (Se), 
M . gallisepticum  (M S-16), M ycoplasm a  sp . (of goose o rig in ), Acholeplasm a laid- 
latvii (PG  8), M . hyorhinis  (BTS-7) an d  M . bovis (D o n e tta ) , c o n ta in in g  103 
colony-form ing  u n its  (cfu). F o r each  m icroorganism  one tu b e , free of lasalocid  
sodium , w as in o cu la ted  an d  served  as con tro l. T he tu b e s  w ere in c u b a te d  a t  
37 °C fo r 3 d ay s. F ro m  each tu b e  0.01 m l n u tr ie n t m ed iu m  w as in o cu la ted  on 
agar p la te s  da ily . A fte r  in c u b a tin g  th e  ag a r p la te s  a t  37 °C fo r 4 days in  th e  
presence o f C 0 2, th e  cfu w as d e te rm in ed . W ith  g lu cose-sp litting  s tra in s , th e  
change o f co lour caused  b y  th e  g ro w th  o f m ycop lasm es a n d  decom position  of 
th e  su b s tra te  w as also m on ito red  (T able I).
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Table I

A nti-m ycop lasm a effect o f lasalocid  sodium  (/tg/m l)

S tra in s
L asa lo c id TyUm

m y co p lasm a
s ta tic

m y co p lasm a
c idal

m y co p la sm a 
s ta t ic

m y co p lasm a
cidal

M . gallisepticum  Se 5.0 5.0 0.05 0.05

M . bovis (D onetta) 5.0 10.0 0.5 0.5

M . hyorh in is  (BTS-7) 5.0 10.0 1.0 5.0

M .  sp . 8389 (of goose origin) 10.0 50.0 0.1 0.1

A . la id law ii (PG  8) 10.0 50.0 0.1 0.1

M . gallisepticum  (MS-16) 0.1 10.0 0.1 0.1
0.1* 0.1* N .T . N .T.

* a f te r  incubation  for 4 d ay s; N . T . =  no t tes ted

In  th e  in  v itro  e x p e rim e n t, th e  an ti-m y co p lasm a  effect of lasalocid  sodium  
in  a co n cen tra tio n  o f 0.1 to  10.0 /ig/m l p ro v ed  to  be m y co p la sm asta tic , while 
in  a  co n cen tra tio n  o f 5.0 to  50.0 /xg/ml m y cop lasm acidal. T h e  su rv iv a l o f M yco
p la sm a  gallisepticum  (M S-16) w as follow ed fo r 4 days. In  th is  case th e  m in im um  
in h ib ito ry  co n cen tra tio n  w as 0.1 /ig/m l. T he m y co p la sm asta tic  a n d  m ycop las
m a c id a l con cen tra tio n s o f  ty lo sin  ta r t r a te  (T ylan) used  as co n tro l v a ried  b e 
tw e e n  0.1 and  1.0 an d  0.1 a n d  5.0 p g /m l, re sp ec tiv e ly .

In  vivo experiment

F if ty  3 weeks old sexed  cockerels free fro m  M . gallisepticum  w ere assigned 
to  5 g roups of equal size. B irds of G roup 1 w ere in o cu la ted  in tra p e rito n e a lly  
w ith  0.3 m l of a m ix tu re  o f  b ro th  cu ltu res o f  d iffe ren t M . gallisep ticum  s tra in s  
(8318, 8400, MS-16). B ird s  o f G roup 2 w ere n o t  in o cu la ted  b u t  received  a d ie t 
c o n ta in in g  75 m g/kg lasa lo c id -N a for 5 days. B irds of G roup  3 w ere in o cu la ted  
w ith  th e  cu ltu re  of M . gallisep ticum  s tra in s  as described  above an d  tre a te d  w ith  
lasa lo c id -N a, while th o se  o f G roup 4 w ere in o cu la ted  an d  fed  a d ie t con ta in in g  
100 m g/kg  T y lan  over a perio d  of 5 days. Cockerels of G roup 5 served  as u n 
in fe c te d  and  u n tre a te d  con tro ls . T re a tm e n t w as s ta r te d  on th e  d ay  o f in o 
cu la tio n .

T he chicks w ere k e p t  u n d e r o b se rv a tio n  fo r 3 w eeks, a n d  th e ir  bo d y  m ass 
g a in  w as m easured in d iv id u a lly  and  reco rded  on days 7, 14 an d  21 o f th e  ex 
p e r im e n t. The b ird s  w ere  k illed , au to p sied  a n d  exam ined  fo r th e  presence o f 
lesions in  th e  re sp ira to ry  a n d  abdom inal o rgans. R esu lts  o f th e  in  v ivo ex p eri
m e n t are  show n in T ab les  I I  and  I I I .
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Table I I

E fficacy  of lasalocid  sod ium  in  th e  trea tm e n t o f chicks in fected  b y  M ycoplasm a gallisepticum

In fe c 
t io n

B o d y  m ass  g a in  in  w eek

G roup T re a tm e n t 1 2 3 b o d y  m ass L esions

o f th e e x p e rim e n t

1 — +
X
s

247
18

310
29

176
27

733
7

7/10

2 lasalocid 
75 m g/kg

— X
s

303
50

325
13

263
6

891
32 0/10

3 lasalocid 
75 m g/kg

+ X
s

250
54

332
15

296
8

878
8 3/10

4 Т у  lan
100 m g/kg

+ X
s

323
16

341
17

314
38

978
14 2/10

5 Control — X
s

263
10

309
8

251
10

823
10 0/10

Table I I I

C om parison of th e  experim ental groups b y  S tu d e n t’s t te s t

C o m p ared  g ro u p s
B o d y  m ass  g a in  in  ex p e rim e n ta l w eeks

T o ta l
1 2 3

In fec ted  and u n in fec ted P  <  0.05 N.S. P  <  0.01 P  <  0.01
Infected  and lasa lo c id -trea ted  
In fec ted  and T y la n -tre a te d N.S. N.S. N .S. P  <  0.01

U ninfected , lasa lo cid -trea ted  
U ninfected, u n tre a te d P  <  0.05 P  <  0.05 P  <  0.05 P  <  0.01

N . S. =  n o t sign ifican t

T he re su lts  in d ic a te  t h a t  in  th e  m y cop lasm a-in fec ted  group of chicks fed 
a d ie t co n ta in in g  75 m g /k g  lasalocid  th e  n u m b e r o f b ird s  exh ib iting  gross 
pa tho log ica l lesions w as lo w er th a n  in  th e  in fec ted  an d  u n tre a te d  group.

A ccording to  d a ta  o f  th e  body  m ass gain , a lth o u g h  chicks fed  th e ra p e u tic  
doses o fT y la n  show ed  s tro n g e r p ro tec tio n  th a n  th o se  g iven 75 m g/kg lasalocid- 
N a, i t  can be s ta te d  t h a t  th e  la t te r  com pound  also possesses an  an ti-m y co p las
m a effect. T his effect m a y  h av e  g rea t p ra c tic a l im p o rtan ce . F u rth e rm o re , i t  is 
know n from  th e  l i te ra tu re  t h a t  lasa locid -N a is n o t  in co m p a tib le  w ith  t ia m u tin , 
w hile th e  o th e r  tw o  io n o phores, m onensin  an d  sa linom ycin , are.

R eferences

B ozzai, L. (1977): R e p o r t on  th e  use  o f A vatec-N a as a n  an ticocc id ia l a g en t in  b ro iler fa tte n in g  
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CORRELATIONS BETWEEN THE TITRES OF NATURAL 
AND IMMUNE ANTIBODIES TO SHEEP ERYTHROCYTES 

IN INBRED MOUSE STRAINS

I .  A n d ó  a n d  J .  F a c h e t *
In s t i tu te  o f  G enetics, B iological R esearch  C en ter, H u n g a rian  A cadem y of Sciences, H-6701 
Szeged, P . O. B ox  521; a n d  ’ In s t i tu te  o f P a th o p h y sio lo g y , U n iv e rs ity  M edical School a t  

D ebrecen , H -4012 D ebrecen, P . O. B ox  23, H u n g a ry

(R eceived A pril 26, 1984)

G enetic  reg u la tio n  o f th e  serum  “ n a tu ra l”  an tib o d y  level has been  s tu d ied  to  sheep 
e ry th ro c y te s  (S E ) in  d iffe ren t in b red  an d  H -2 congeneic m ouse s tra in s . N a tu ra l ag g lu tin in s 
w ere p ro d u ced  b y  C 57B l/10S cS n and  th e ir  H-2 congeneic p a r tn e rs  while n o t by  th e  o th e r  
s tra in s  te s te d .

T he cap a b ility  to  p ro d u ce  these  “ n a tu ra l  ag g lu tin in s”  w as in h erited  recessively  in  th e  
F j  h y b rid s  o f  th e  p ro d u cer a n d  n o n p ro d u cer stra in s .

A lth o u g h  th e  d is tr ib u tio n  of th e  “ high”  an d  “ low”  serum  ag g lu tin in  levels a f te r  im m u n 
iza tio n  w ith  S E  ex h ib ited  s im ilar d is tr ib u tio n  p a tte rn  as th e  “ n a tu ra l  an tib o d ies”  am ong th e  
d iffe ren t in b red  an d  H -2 congeneic stra in s , th e  inheritan ce  o f th e  h igh-responsiveness was 
fo u n d  to  be d o m in a n t in  th e  1', hybrids.

K eyw ords. N a tu ra l an tib o d ies , im m une an tib o d ies , sheep e ry th ro c y te s , m ouse s tra in s , 
inh eritan ce .

N a tu ra l an tib o d ies  are  im m unoglobu lins w hich can  re a c t w ith  well- 
defined  an tig en s w ith o u t a n y  prev ious c o n ta c t w ith  th e  an tig en  in  q uestion . 
T h ey  a re  p re se n t in  th e  b o d y  flu ids in  m ost o f th e  v e r te b ra te s  (Jo rm a la in e n  
an d  M äkelä, 1971; A ndó e t a l., 1978). T h e ir p ro d u c tio n  is p re su m ab ly  induced  
b y  u b iq u ito u s  b a c te ria  or th e y  m ay  rep re sen t a “ basic  no ise”  o f re s tin g  ly m p h o 
cy tes  (L ieb erm an  e t al., 1974; W ilson e t a l., 1972). Clones p ro duc ing  n a tu ra l  
an tib o d ies  w hich  re a c t w ith  a com pound m ay  be th e  re la tiv es  of clones secre ting  
im m u n e  an tib o d ies  a f te r  c o n ta c t w ith  th e  sam e d e te rm in a n t (Jo rm a la in e n  an d  
M äkelä, 1971). I f  th is  is so, th e  level o f n a tu ra l  an tibod ies reac tin g  w ith  a com 
p o u n d  m ay  p red ic t th e  a b ility  o f an  o rgan ism  to  m o u n t h igh  or low  levels of 
an tib o d ies  in d u ced  b y  th e  sam e d e te rm in a n t.

In  a p rev ious s tu d y  corre la tions w ere observed  b e tw een  th e  genetic  
co n tro l o f n a tu ra l  an d  im m u n e  a n tib o d y  levels to  a h a p te n , oxazolone (A ndó 
e t  a l., 1978). In  th is  w o rk , we ex ten d  o u r stud ies on a com plex , n a tu ra lly  
occurring  a n tig en , th e  sheep  e ry th ro c y te  (SE).

A ddress re p r in t req u ests  to :  P rof. D r. J .  F a c h e t, In s t i tu te  o f P a th o p h y sio lo g y , U n i
v e rs ity  M edical School D ebrecen , H -4012 D ebrecen , H u n g ary .

Acta Veterinaria Hungarica 32, 1984



132 ANDÓ and FACHET

M aterials an d  m ethods

N orm al sera w ere p re p a re d  from  2 -3  m o n th s  old fem ale m ice (A ndo e t al., 
1978). Im m u n e  sera  w ere  ta k e n  4 day s a fte r  an  in tra p e r ito n e a l in jec tio n  of 
4 x lO 6 SE . T he sam e sheep  served  as e ry th ro c y te  donor th ro u g h o u t.

The antibody titres w ere d e te rm in ed  b y  h a e m a g g lu tin a tio n  o f a 1%  
e ry th ro c y te  suspension  in  “ V ” -b o tto m ed  m ic ro tite r  p la te s . F o r t i t r a t io n  of 
in d u ced  an tib o d y  levels, im m u n e  sera  w ere d ilu ted  in  p h o sp h a te -b u ffe red  
sa line  (p H  7.2). T he n a tu ra l  a n tib o d y  c o n ta in in g  n o rm al sera  w ere d ilu ted  w ith  
P B S  con ta in in g  0 .5 %  Р У Р -К 6 0 . N a tu ra l an tib o d ies  d id  n o t a g g lu tin a te  SE  in  
P B S  w ith o u t P Y P -K 60 . A n tib o d y  ti t re s  w ere expressed  as th e  m ean  in  lo g 2 
u n its .

In  all ex p erim en ts  th e  standard error of th e  m ean  (SEM ) w as ca lcu la ted . 
T h e  significance o f th e  d ifferences w as ca lcu la ted  b y  S tu d e n t’s t te s t . O nly  
th o se  differences are  d iscussed  w here P  <  0.01 w as found .

R esults

D ifferen t in b red  s tra in s  show ed a co n sis ten t p ic tu re  in  re sp ec t to  th e ir  
c a p a c ity  to  p roduce  n a tu ra l  agg lu tin in s to  SE  (T able I). Mice o f s tra in  C57BL/ 
lO ScSn an d  th e ir  H -2 congeneic p a r tn e rs  w ere p ro d u cers , w hereas all o th e r  
s tra in s  w ere n o n p ro d u cers . T he a b ility  to  p ro d u ce  a g g lu tin a tin g  an tib o d ies  w as 
in h e r ite d  recessively  in  tw o  F j h y b rid s  of p ro d u ce r an d  n o n p ro d u cer s tra in s  
(T ab le  I I ,  co lum n “ A ” ). Im m u n e  sera  o f th e  in b red  s tra in s  te s te d  revealed  a 
s im ila r s tra in  d is tr ib u tio n  to  th e  n a tu ra l  a n tib o d y  levels. H ig h er response w as 
o b serv ed  in  BIO, BIO .A , B 10 .B R  and  B 10.D 2 th a n  in  th e  o th e r  s tra in s  o f m ice. 
H ow ever, c o n tra ry  to  th e  n a tu ra l  a n tib o d y  levels, s tra in s  w ith  H -2 b h ap lo ty p e  
e x h ib ite d  sligh tly  low er a n tib o d y  responses th a n  th e ir  H -2 congeneic p a r tn e rs  
a n d  th e  h igh responsiveness w as in h e rite d  d o m in a n tly  (T able I I ,  co lum n “ B ” ). 
A ll th e  sera  lost th e ir  c a p a c ity  to  ag g lu tin a te  SE  a fte r  2 -m ercap to e th an o l t r e a t 
m e n t show ing th a t  th e  an tib o d ies  w ere of IgM  ty p e  (d a ta  n o t show n).

D iscussion

T he above re su lts  a n d  th e  o b se rva tions o f o thers (D av id so h n  an d  S te rn , 
1949; S te rn  and  D av id so h n , 1954) d e m o n s tra te  th a t  ag g lu tin a tin g  an tibod ies 
to  sheep e ry th ro cy te s  c ircu la te  in  th e  b lood  o f d iffe ren t m ouse s tra in s  even 
w ith o u t previous c o n ta c t w ith  th is  an tig en . On th e  o th e r h a n d , IgM -type a n ti
bod ies are induced  b y  im m u n iza tio n  w ith  a low  dose of th is  an tig en . T he level 
o f b o th  typ es of an tib o d ie s  is u n d er genetic  con tro l. T here  is a s tro n g  co rre la tio n
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Table I

A nti sheep e ry th ro c y te  t itre s  in  th e  sera o f in b red  and  H -2 congeneic m ouse strains

S tra in
H -2

h a p lo ty p e
H a e m ag g l. 

t i t r e - lo g 2(x  ±  Sx)
N o. o f  ab . p ro d u c e rs8. 

N o. o f  a n im a ls  te s te d
Im m u n e  an tib o d y  t i t re s

BIO b 2.9 ± 0 .2 1 29/30 4.4 ±  0.25
BIO.A a 2.6 ±  0.28 16/17 5.9 ±  0.33
BIO.M f 3.2 ± 0 .3 4 17/18 N .T .b
B IO .B R к 2.8 ±  0.28 21/21 5.7 ±  0.19
B10.D2 d 2.9 ±  0.48 15/17 5.5 ±  0.26
B IO .R III r 3.6 ±  0.52 9/9 N.T.

B10.A(2R) h2 3.2 ±  0.36 10/11 N.T.

B10.A(4R) h4 4.5 ±  0.68 8/8 N.T.

B10.A(5R) i5 3.8 ±  0.54 9/9 N.T.

BIO.ARM m 2.4 ±  0.34 21/23 N.T.

A .B Y b 0.0 ±  0.00 0/18 2.4 ±  0.23

A /P h a 0.0 ±  0.00 0/18 2.8 ± 0 .1 9

A.CA f 0.0 ±  0.00 0/12 N.T.
A.SW s 0.0 ±  0.00 0/10 N.T.

C3H /D iSn к 0.0 ±  0.00 0/18 2.4 ±  0.21
C3H.SW b 0.0 ±  0.00 0/8 1.7 ±  0.29

CBA к 0.0 ±  0.00 0/14 0.9 ±  0.36

BALB/C d 0.0 ±  0.00 0/7 N.T.

A K R к 0.0 ±  0.00 0/20 N.T.

DBA /2 d 0.0 ±  0.00 0/19 1.0 ±  0.31

a norm al sera 
b n o t tes ted

Table I I

A nti sheep e ry th ro c y te  t itre s  in th e  sera o f inb red  an d  F j  h y b rid  mice

A nim als H-2
p h e n o ty p e

Aa Bb

BIO bb 2.90 ±  0.21 (29/30)° 4.4 ±  0.25 (14)d

B10.D 2 dd  2.94 ±  0.48 (15/17) 5.5 ±  0.26 (12)

C3H.SW bb  0.00 ±  0.00 (  0/ 8) 1.7 ±  0.29 ( 7)
DBA /2 dd  0.00 ±  0.00 (  0/19) 1.0 ±  0.31 ( 7)

(B 1 0 x C 3 H .S W )F ! bb  0.00 ±  0.00 (  0/ 8) 6.0 ±  0.37 (  6)

(B 10.D 2 X D B A /2)F , dd 0.00 ±  0.00 (  0/12) 6.0 ±  0.26 ( 6)

a A n tib o d y  titre s  (log2 u n its )  in  th e  sera o f nonim m unized  mice (x ±  Sx)
b A n tib o d y  titre s (log2 u n its )  in  th e  sera o f m ice im m unized  w ith  4 x l 0 6 SE  i. p. (x ±  Sx) 
0 N u m b er of an tib o d y  p ro d u cers/N u m b er o f anim als tes ted  
d N u m b er of anim als te s te d
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b e tw e e n  th e  an ti-sheep  e ry th ro c y te  t i t r e s  an d  th e  “ genetic  b a c k g ro u n d ” o f th e  
m o u se  s tra in ; C 57B L/10ScSn genetic  b a ck g ro u n d  giving a h ig h e r  t i t r e  th a n  th e  
o th e rs . T here  is no re g u la to ry  role o f th e  m a jo r h is to c o m p a tib ility  com plex 
(M H C) linked  im m une  response  (Ir)  genes over th e  n a tu r a l  a n tib o d y  level, 
w hile  a w eak , b u t  s ig n ifican t, I r  gene e ffec t over th e  p r im a ry  IgM  response is 
d e te c ta b le . These f in d in g s a re  co n sis ten t w ith  th e  prev ious o b se rv a tio n  t h a t  th e  
n a tu r a l  a n tib o d y  level to  oxazolone is u n d e r  th e  in fluence  o f  n o n -М НС linked  
genes a n d  likew ise T -ce ll-in d ep en d en t (A ndo  e t al., 1978). T h e  o b se rv a tio n  th a t  
th e  s tr a in  d is trib u tio n  p a t te r n  o f th e  n a tu ra l  and im m u n e  a n tib o d y  levels to  
S E  a n d  to  oxazolone (A ndó e t al., 1978) paralle ls, show s a s im ila r p ro p e rty  of 
th e  an tib o d y -p ro d u c in g  clones possib ly  as a resu lt o f th e  com m on an cestra l 
o rig in  (W ilson e t a l., 1972).

T h e  reverse in h e rita n c e  o f th e  n a tu ra l  and  an tig en -in d u ced  a n tib o d y  levels 
su g g ests , on th e  o th e r  h a n d , th a t  th e  t i t r e s  are the  f in a l ou tco m es o f d iffe ren t 
re g u la to ry  m echanism s, th e  la t te r  b e ing  H -2 and  T-cell d e p e n d e n t, w hile th e  
fo rm e r T-cell and  H -2 in d ep en d en t.

T h e  low n a tu ra l  a n tib o d y  level in  th e  F x h y b rid s  can  be in te rp re te d  
e i th e r  b y  th e  recessive in h e rita n c e  o f th e  high n a tu ra l  an tib o d y -p ro d u c in g  
c a p a c ity , or b y  th e  d o m in a n t in h e rita n c e  o f th e  to le ran ce  in  th e  F x h y b rid s  to  
c ro ssreac tin g  self-an tigens. T he d o m in a n t in heritance  o f h ig h  p rim a ry  response 
co u ld  be th e  re su lt o f th e  a c tiv a tio n  o f  im m une-response genes of th e  H-2 
co m p lex  b y  a T-cell d e p e n d e n t an tig en  (A ndó and  F a c h e t, 1977; P a r ro t t  e t  a l.,
1970).
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SEXUAL DIMORPHISM OF LONG BONE GROWTH
IN CATTLE

L . B a k t o s ie w ic z

A rchaeological In s t i tu te  o f  th e  H u n g a r ia n  A cadem y of Sciences, H -1250 B u d ap es t, Ű ri u . 49,
H u n g a ry

(R eceived  Ju n e  12, 1984)

T he g re a tes t len g th s  o f th e  th re e  long  bones co n stitu tin g  th e  th o rac ic  lim b  h a v e  been  
an a ly sed , using  73 c a tt le  sk e le to n s o f  va rio u s geno types in  o rd e r to  d e te c t sexual d im orph ism  
in  th e  fro n t e x tre m ity ’s re la tiv e  g ro w th  ra te s . S ta tis tic a lly  s ig n ifican t resu lts  an d  e x te rn a l 
ev idence  of an  in te rsp ecific  co m p ariso n  (h u m an  ske le ta l d a ta )  h ig h lig h ted  th e  synerg ism  b e 
tw een  g row th  horm ones a n d  te s to s te ro n e , w hich  resu lts  in m ore p ro n o u n ced  g row th  tend en cies  
in  bulls.

Keywords. C a ttle  g ro w th , long  bo n e  p ro p o rtio n s , sexual d im o rp h ism , reg u la tio n  o f bone 
g ro w th , s ta tis tica l analysis.

F o r m ore th a n  a c e n tu ry  th e  id en tifica tio n  o f an im al bones from  a rc h a 
eological sites in  E u ro p e  h as  b een  p rim arily  carried  o u t b y  researchers w ith  
v e te r in a ry  tra in in g  (R iitim ey e r, 1861).

One of th e  m o st ex c itin g  aspec ts  o f archaeozoological analysis, th e  reco n 
s tru c tio n  of in d iv id u a l an im als , has also been  a m a jo r focus o f th e  w ork . T he 
m e tric  v a ria b ility  o f sk e le tons, how ever, is ra re ly  discussed in  a w ider, physio log
ica l co n tex t.

A pplied  research  in  th is  f ie ld  is u su a lly  e x h au s ted  b y  th e  ca lcu la tion  of 
“ fa c to rs”  w hich serve as h a n d y  “ rules o f th u m b ”  in  e v e ry d a y  w ork. O n th e  
o th e r  h an d , th is  p ra c tic a l a p p ro a c h  is b y  defin ition  n o rm a tiv e  an d  th u s  ten d s  
to  overlook  a d e ta iled  u n d e rs ta n d in g  o f th e  v a r ia b ility  in  g ro w th  p h en o m en a  
in  th e  region o f th e  sk e le ton  u n d e r  discussion.

In  th is  p ap er, basic  re sea rch  concern ing  g row th  d y n am ics of th e  e x tre m ity  
bones in  c a ttle  is u sed  to  h ig h lig h t th e  p o te n tia l effects o f  sexual d im orph ism  
w h ich  in terferes in  a v a r ie ty  o f  w ays to  fo rm  th e  a c tu a l sk e le ta l m akeup  o f th e  
in d iv id u a l a t  th e  p e a k  o f its  p o s tn a ta l  on togeny .

Materials and methods

D ue to  th e  obv ious d ifficu lties in  organizing large-scale  te s t  s lau g h te rs  
a im ed  on ly  a t  th e  co llection  o f long  bones, th is  s tu d y  relies on  th e  analysis  o f 
d a ta  from  34 skele tons. As a re su lt of th e  re la tiv e  sc a rc ity  o f such  read ily  
av a ilab le  com plete specim ens in  m useum s an d  u n iv e rs ity  collections (m easure-
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m e n ts  fo r th is  p a p e r cam e fro m  m a te ria l in  16 in s titu tio n s ) , ex ten siv e  use has 
b een  m ad e  of co m p ara tiv e  m a te ria ls  p u b lished  in  th e  l i te ra tu re . T ab le  I  shows 
th e  sex  an d  b reed /fo rm  com p o sitio n  of th e  basic  d a ta  se t com piled  fo r th e  
p u rp o ses  o f th is  s tu d y .

A lth o u g h  th e  m a te r ia l  d id  n o t p e rm it d e ta iled  ex am in a tio n  o f on togenetic  
sequences (only tw o ca lves w ere  inc luded  in  th e  sam ple), th e  w ide genetic  
v a r ia b il i ty  of skeletons in  a sense offered a ran g e  o f “ re la tiv e  ages” , as defined  
b y  d iffe ren tia l m a tu ra tio n  o f th e  breeds u n d e r  discussion.

Table I

C om position  of th e  m ate ria l u se d  in  th e  s tudy . P a ren thesized  num bers in d ica te  d a ta  from  th e  
l i te ra tu re  as c ited  u n d e r “ Source” . O th e r sources m ay  be decoded using  th e  a lp h ab etic  reg ister o f 

in s titu tio n s  lis ted  w ith  th e  A cknow ledgem ents

F o rm  o r b reed
S ex

T o ta l S ource
Cow Bull

A urochs 2 (3) +  1 6 L ehm an , 1949; M atolcsi, 
1966; 6; 9; 13

A rchaeological specim ens (2) + l 3 B ökönyi, 1951; 8

B u sa /S erb ian  ru ra l breed (1) + 2 1 4 B oessneck, 1956; 15

C hillingham  cattle 2 1 3 3; 13

S im m enthal/F leckvieh (2) + 2 (4) 8 K och , 1927; Boessneck,
1956; M atolcsi, 1966; 1

G rey  H u n g arian (6) ( 3 ) +  1* 10 B ökönyi, 1951; M atolcsi, 
1 9 6 6 ;2

Je rse y  ca ttle (1) 1 M atolcsi, 1966

K o s tro m a  crossing 1 ( 1 ) +  1 3 M atolcsi, 1966; 1

D ach au  T u rb ary  Cow (1) 1 D u ers t, 1904

Sw edish  R ed  Poll 2 6; 7

M iscellanea (6) + 17 (6) +  3 32 D ierich , 1910; K och, 1927; 
1 -6 ;1 0 -1 2 ;1 4 -1 7

T O T A L 47 26 73

* T h e  on ly  cas tra te  in th e  sam ple  — assigned to  th e  group  of males.

As fa r as th e  co m p o sitio n  of th e  m a te r ia l is concerned , d ifferences b e 
tw e e n  th e  degree o f sex u a l d im orph ism  itse lf  m igh t h av e  b een  expec ted  w hen 
e x tre m e ly  d iffe ren t b reed s  w ere com pared . T h is phenom enon  m ay  be p a r tic u 
la r ly  a p p a re n t in  m o d ern  b reed s an d  seem s to  co rre la te  w ith  th e  assim ilative 
ty p e  o f m etabo lic  c o n s titu tio n . In  th e  sam ple  u n d e r d iscussion here , how ever, 
sk e le ta l d a ta  from  re la tiv e ly  ea rly  an d  p rim itiv e  c a ttle  h a v e  been  inc luded . 
A side  from  wild c a ttle  a n d  archaeological specim ens, d a ta  from  th e  lite ra tu re  
also  belong  to  th is  l a t te r  g ro u p  (B usa, C hillingham , G rey H u n g a ria n , “ T u rb a ry
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cow ” ), an d  even re la tiv e ly  m odern  breeds are  rep resen ted  m o stly  b y  references 
d a te d  to  th e  f ir s t  h a lf  o f th is  c en tu ry . T he sam e holds tru e  for th e  m a jo r ity  
o f m iscellaneous b reeds. Skele ta l d a ta  in  th is  g roup  w ere p red o m in an tly  re c o rd 
ed in  osteological collections w hich  h ad  been  estab lished  long before th e  tim e  
o f in ten s iv e  c a ttle  rea rin g . T hus, only  a few  in d iv id u a ls  from  m ore re c e n t 
collections (K o stro m a  crossings from  G ödöllő an d  a y o u n g  bu ll from  B in g h am 
to n , fo r exam ple) m ay  p o te n tia lly  rep re sen t ex trem es w ith in  th e  sam ple.

Follow ing  th e  princip les o f a llom etric  g ro w th , g re a te s t leng th  o f each  
long bone in  th e  fro n t e x tre m ity  has been com pared  w ith  th e  theo re tica l le n g th  
o f  t h a t  e x tre m ity  rep resen ted  b y  th e  sum  o f h u m eru s, ra d iu s , and  m e taca rp u s  
len g th s  (von  den  D riesch, 1976). Special m ethodo log ical considerations in  th is  
s tu d y  m ay  be sum m arized  as follows:

1) A lth o u g h  th is  analysis  h as  been in sp ired  b y  th e  archaeozoological 
a t te m p ts  to  re c o n s tru c t s ta tu re , on ly  a p p ro x im a te  i.e. m inim al w ith e rs  
h e ig h t could  h av e  been  e s tim a ted  on m o u n ted  skeletons. The above- 
m en tio n ed  “ th eo re tica l e x tre m ity  le n g th ”  (T E L ) w as deem ed m ore 
a c c u ra te , an d  fa c ilita te d  th e  use o f d a ta  from  th e  lite ra tu re  as w ell. 
In  ad d itio n , th e  use o f sum m arized  hone len g th s  m ade th e  e v a lu a tio n  
o f in d iv id u a l bone len g th s  as e x tre m ity  segm ents m ore realistic .

2) A tra d itio n a l archaeozoological ap p ro ach , on th e  o th e r  han d , has b een  
re ta in e d  in  th e  use o f th e  len g th  of in d iv id u a l bones as in d ep en d en t 
v a riab le s  (x) in  p red ic tin g  T E L  (y) in  th e  reg ression  analysis, w h ich  
w as th e  m ain  s ta tis tic a l too l app lied  in  th is  p ap er.

3) W hile th e  p rinc ip le  o f a llo m etry  d e te rm in ed  th e  m ethodological 
fram ew o rk  of th is  an a ly s is , none of th e  classical lo g arithm ic  t r a n s fo r 
m atio n s (H u x ley , 1932) have  been  used . C onsidering  th a t  th e  decisive 
m a jo rity  o f in d iv id u a l skeletons av a ilab le  fo r s tu d y  w ere re p re se n ta 
tiv e s  o f th e  a d u lt age g roup  and  belonged to  th e  la s t  phase of g ro w th  
(F á b iá n , 1969), i t  w as hoped  th a t  th e y  w ould  d isp lay  re la tive  g ro w th  
ten d en c ies  in  th e  fo rm  o f lin ear regression even in  th e  case of n a tu ra l  
scaling , an d  th a t  th is  assu m p tio n  w ould be su p p o rte d  b y  high coeffi
c ien ts o f lin ea r  co rre la tio n . I f  th is  holds tru e , th e  in tro d u c tio n  o f lo g 
a rith m ic  tra n sfo rm a tio n s  w ould h av e  on ly  m ad e  th e  resu lts  u n n e c 
essarily  a b s tra c t an d  th u s  m ore co m plica ted  to  in te rp re t in  tra d itio n a l 
te rm s.

4) R e la tiv e  g ro w th  ra te s  betw een  long bones w ere ca lcu la ted  to  m in im ize 
en v iro n m en ta l d isto rsions in  th e  h igh ly  heterogeneous sam ple.

H ypothesis and test im plications

G row th  an d  d ev e lo p m en t (to g e th e r w ith  h is to d iffe ren tia tio n ) are fu n d a 
m en ta l aspec ts  o f on togeny . T he sex and  in  p a r t  th e  physio log ical c o n s titu tio n
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g ro w th  ra te fo r each  p a r t  o f  th e  skele ton  follow a hy p erb o lic  decline

o f  th e  an im al are  genetica lly  d e te rm in ed , w hile  en v iro n m en t m a y  e ith e r  s tim u 
la te ,  o r se t lim ita tio n s  on, th e  m a n ife s ta tio n  o f in h e rited  g ro w th  p o ten tia ls . 
E n d o c rin e  func tions m a y  be  reg a rd ed  as a dynam ic  b u ffe rin g  sy s tem  b e 
tw e e n  e x te rn a l an d  in te rn a l changes, a n d  as such have  a  d e fin ite  im p a c t on 
o n to g e n y .

I n  F ig . 1, a  sy n th e tic  lo n g itu d in a l b o n e  g row th  m odel is p u t  fo rw ard  in  a 
q u a n tif ie d  form . I t  is b ased  on th e  g ro u n d -lay in g  w ork b y  M edaw ar (1945), 
H a b e rm e h l (1961), Schm id  (1972) an d  K em én y  (1974). C hanges in  specific 

I d log size

d tim e
(co n tin u o u s  line). W hen  th e se  ten d en c ies  a re  p ro jec ted  on th e  log istic  g row th  
c u rv e  sym bolizing  sexual m a tu ra tio n  (d ash ed  line), in te rsec tio n  p o in ts  be tw een  
th e  tw o  ty p es  o f fu n c tio n s v a ry  from  b o n e  to  bone. ( I t  sh o u ld  be p o in ted  o u t 
t h a t ,  w hile  th e  hyperbo lic  decline o f specific  g row th  ra te s  h a s  genera lly  been  
reco g n ized , sexual m a tu ra tio n  m ay  be sym bolized  b y  a p eak ed  curve  a lte rn a 
tiv e ly .)  T he older th e  an im al is w hen  ep ip h y sea l fusion of a p a r tic u la r  bone tak es  
p la c e  (low er, a sy m p to tic  p h ase  o f th e  h y p erb o les  sym bolizing specific g row th  
ra te )  th e  m ore chance th e re  is th a t  th e  bone  will be in flu en ced  b y  gonadal 
h o rm o n es . A ccordingly , th e  m ore h o riz o n ta l th e  co n tin u o u s line is to  th e  
r ig h t  of th e  dashed  line, th e  less p ro b a b ili ty  th e re  is t h a t  re spec tive  bones 
w ill h a v e  been m odified  b y  sexual m a tu ra tio n . This reason ing  is analogous 
to  th e  observ a tio n  th a t  c e rta in  pa th o lo g ic  deform ations are  m ost p ro m in en t 
in  th o se  areas where bone g ro w th  is m o st ra p id  and  th u s  th e y  v a ry  w ith  age 
(S ta m p , 1982).

As is show n b y  F ig . 1, th e  re la tiv e  sequence of ep iphysea l fusion in  lim b 
b o n es  does n o t s tr ic tly  follow  th e  “ d is ta l to  p ro x im al”  d irec tio n  set as a no rm  
b y  th e  H am m o n d ian  princip les. C onsiderab le  in d iv id u a l v a r ia b ili ty  is also 
a p p a re n t .

Follow ing early  in ten s iv e  g ro w th , th e  fo rm atio n  o f la te r  m a tu r in g  skele ta l 
p a r t s  is in ev itab ly  su b jec t to  m o d ifica tio n  b y  gonadal ho rm ones w hich  are  also 
re sp o n sib le  for th e  d ev e lo p m en t o f se c o n d a ry  sexual ch a ra c te ris tic s  o f a q u a n 
t i t a t iv e  n a tu re . I t  w as th u s  hoped  th a t  a regression  analysis  o f m e tric  ske le ta l 
d a ta  w ould  su p p o rt th e  follow ing h y p o th es is :

S exual d im orph ism  in  long  bone sizes an d  p ro p o rtio n s m ay  be in te rp re te d  
as a  re su lt o f in te rfe ren ce  betw een  p ro lo n g ed  lo n g itu d in a l g ro w th  in  ce rta in  
e x tre m ity  segm ents an d  in ten sify in g  ex p o su re  to  gonadal horm ones w hich  are 
p re s e n t in  an  ever increasing  a m o u n t in  th e  b lood  th ro u g h  th e  process o f sexual 
m a tu ra tio n .

Should  s ta tis tic a l s ta te m e n ts  n o t  conform  w ith  th is  te n d e n c y  a t  th e  
P  <[ 0.05 level o f p ro b a b ility , th e  re sea rch  hypo thesis  m u s t be re jec ted  in  
f a v o u r  of th e  nu ll h y p o th esis  w hich assum es no obvious re la tio n sh ip  betw een  
th e  fo rm a tio n  of th e  f ro n t e x tre m ity  a n d  th e  sex of ca ttle .
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0 2 A
Age in years

F ig . 1. S ch em atic  re p re se n ta tio n  of th e  changing  re la tio n sh ip  b e tw een  re la tiv e  g ro w th  a n d  
sex u a l m a tu ra tio n  (d ash ed  line) d u rin g  th e  developm en t o f  p r im itiv e  ca ttle . D ifferen tia l fu sion  
o f th e  epiphyses is show n  b y  th e  con tin u o u s lines, w hich  re a d  as follow s: 1 p rox im al end  of 
ra d iu s , 2 d is ta l en d  o f h u m eru s , 3 d is ta l end of m eta ca rp u s , 4  p ro x im a l end of h u m eru s a n d  

d is ta l end  o f rad iu s , 5 co rp o ra  v e r te b ra e

R esults

As an  in tro d u c tio n  to  th e  p roblem  th e  th e o re tic a l p itfa lls  in  using th e  
so-called “ fa c to rs”  in  w ith e rs  h e ig h t estim atio n s are  p in p o in ted . A ccording to  
th is  ap p ro ach , w ith e rs  h e ig h t is to  he o b ta in ed  b y  m u ltip ly in g  in d iv id u a l bone 
len g th s  (u sually  from  m etapod ia ls) b y  th e  c o n s ta n t “ fa c to r”  derived  from  
m easu rem en ts  ta k e n  in  co m p ara tiv e  sam ples (B oessneck , 1956; Zalkin , 1961; 
M atolcsi, 1966, e tc .).

T he u n d e rly in g  assu m p tio n  is th a t  w ith e rs  h e ig h t m ay  be e s tim a ted  b y  
e x tra p o la tio n  fro m  a c o n s ta n t p ro p o rtio n , r a th e r  th a n  from  th e  re la tio n sh ip  
be tw een  ac tu a l sizes.

A b rie f  rev iew  o f T ab le  I I  suggests th a t  in  sp ite  o f  i ts  a ttra c tiv e  p rac tica l 
s im p lic ity  th is  e s tim a tio n  m eth o d  m ay  be b iased  b y  n e g a tiv e  an d  n o t necessar
ily  h igh , s ig n ifican t lin e a r  co rre la tions betw een  th e  le n g th s  o f bones expressed  
as th e  p ercen tag e  o f  T E L . W hile th e  p ro p o rtio n  o f th e  h u m eru s  increases con
s is te n tly  a t  th e  expense  o f th e  m e taca rp u s  in  b o th  sexes, i t  is b a re ly  co rre la ted  
w ith  th e  p e rcen tag e  o f rad iu s . T he c o n tr ib u tio n  o f  th is  la t te r  bone to  th e  
e x tre m ity  as a w hole, how ever, is also n eg a tiv e ly  c o rre la ted  w ith  th e  p ro p o rtio n  
o f  m e taca rp a l le n g th .
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Table II

U n iv a r ia te  sta tistics an d  coefficients of c o rre la tio n  characteriz ing  sex -dependen t p rop o rtio n s (% )
of th e  fro n t e x tre m ity

A v erag e  p ercen tag e  a n d  
s ta n d a rd  e rro r

C o effic ien t o f  
v a ria tio n

C oefficient o f  c o rre la tio n  

rad iu s

a n d  s ta n d a rd  e rro r 

m e ta c a rp u s

Cows n  =  47

h u m erus 37.283 ±  0.150 0.027 - 0 .0 7 9  ±  0.147 - 0 .7 3 4  ±  0.068

ra d iu s 36.698 ± 0 .1 2 9 0.024 1 —0.618 ±  0.091

m etaca rp u s 26.018 ± 0 .1 9 0 0.049 1

B ulls n  =  26

h u m eru s 38.602 ±  0.344 0.045 - 0 .1 8 9  ±  0.187 —0.799 ±  0.071

ra d iu s 36.354 ±  0.230 0.032 1 — 0.439 ±  0.158

m etaca rp u s 25.044 ±  0.376 0.077 1

T o ta l n  =  73

h u m eru s 37.759 ±  0.172 0.039 - 0 .1 9 7  ± 0 .1 7 2 — 0.791 ±  0.044

rad iu s 36.574 ± 0 .1 1 8 0.027 1 — 0.444 ±  0.099

m etaca rp u s 25.666 ±  0.189 0.062 1

Table III

U n iv a ria te  sta tistics an d  coefficients o f co rre la tio n  characteriz ing  sex -d ep en d en t re la tionsh ips 
b e tw ee n  indiv idual bone leng ths and T E L . S ta n d a rd  errors of th e  estim a te  show  th e  accuracy  of

pred ic ting  T E L  from  each bone

M ean  v a lu e  and  s ta n d a rd  
e rro r
m m

C oeffic ien t 
o f  v a ria tio n

C oefficien t o f c o rre la tio n  
a n d  s ta n d a rd  e rro r

S ta n d a rd  e rro r 
o f  th e  e s tim a te  

m m

Cows n  =  47

hum erus 299.130 ± 6.059 0.137 0.987 ±  0.004 ± 6 .5 0 2

rad iu s 294.190 ± 5.696 0.131 0.986 ±  0.004 ± 6 .4 4 2

m etacarpus 207.651 ± 4.259 0.139 0.951 ± 0 .0 1 4 ± 8 .8 9 7

T E L 800.970 ± 14.811 0.125 — -

B ulls n  =  26

h u m erus 342.712 ± 11.035 0.164 0.981 ±  0.008 ± 11 .0 0 1

rad iu s 322.020 ± 9.547 0.151 0.979 ±  0.008 ±  9.877

m etacarpus 219.833 ± 4.762 0.110 0.934 ±  0.025 ±  8.694

T E L 884.569 ± 24.617 0.142 - -

T o ta l n  =  73

hum erus 314.870 ± 6.043 0.163 0.983 ±  0.004 ±  9.359

rad iu s 304.241 ± 5.294 0.148 0.984 ±  0.004 ±  8.102

m etacarpus 212.050 ± 2.824 0.113 0.941 ±  0.014 ±  8.137

T E L 831.161 ± 13.732 0.140 — —
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V irtu a l d iscrepancies of th is  k in d  le n t an  im p e tu s  to  th e  analysis o f  ab so 
lu te  le n g th s  as a m eans of d e tec tin g  th e  possible im p a c t o f ho rm onal effects on 
sexual d im orph ism  m an ifested  in  long  bone grow th .

A s is show n in  T ab le  I I I ,  h e te ro g e n e ity  o f th e  m a te r ia l re su lted  in  coeffi
c ien ts  o f  v a r ia tio n  exceeding b o th  th o se  in  T ab le  I I  an d  th e  norm s se t fo r lin e a r  
tr a i ts  b y  M ayr e t al. (1953). C oefficients o f co rre la tion  a re  w ith  no ex cep tio n , 
how ever, h igh  and  s ign ifican t. T h is is w hy  i t  is suggested  th a t  lin ea r e x tra p o la 
tio n  u sin g  th e  regression m eth o d  shou ld  be based  on ab so lu te  bone le n g th s  in  
p re d ic tin g  T E L . T he s ta n d a rd  e rro r  o f  such  es tim a tio n s  m ay  he ex p ec ted  to  lie 
w ith in  a  1 .3—2.2 cm  range  along  th e  regression  line.

Table IV

Regression equations describ ing  re la tionsh ips be tw een  T E L  and 
in d iv idual bones

T E L C oefficien t o f 
in te g ra tio n

C oefficien t o f 
regression

Cows n  =  47

hum erus У = 78.973 + 2.414 X

radius У = 46.821 + 2.564 X

m etacarpus У = —65.969 + 4.175 X

Bulls n =  26

hum erus У = 134.850 + 2.188 X

radius У - 71.550 + 2.525 X

m etacarpus y = -1 7 6 .5 2 0 + 4.827 X

T o ta l n  =  73

hum erus y = 127.710 + 2.234 X

radius y = 43.887 + 2.588 X

m etacarpus y = —  138.540 + 4.573 X

R egression  eq u a tio n s for each  in d iv id u a l bone are  listed  in  T ab le  IV . 
A ccord ing  to  th e  ta b u la te d  coeffic ien ts o f regression sexual d im orph ism  is m an i
fe s te d  in  th e  g row th  ra te  o f h u m eru s  an d  m e taca rp u s . In  th e  case o f th is  l a t te r  
bone 1 m m  lo n g itu d in a l g row th  in  bu lls is accom pan ied  b y  an  alm ost 5 m m  
increase in  T E L . The sam e increase is 1 m m  less in  cows. A less m ark ed  sexual 
d ifference m ay  be seen w hen th e  g ro w th  in te n s ity  o f T E L  is s tud ied  as a fu n c tio n  
of h u m e ru s  g row th . In  th is  case, how ever, an  opposite  ten d en cy  m ay  be  ob 
serv ed : a  1 m m  increase in  h u m eru s le n g th  o f cows is m a tch ed  b y  som e 2.4 m m  
g ro w th  o f th e  w hole e x tre m ity , w hile th e  sam e v a lu e  is only  2.2 m m  in  th e  
g roup  o f  bu lls. No sexual d im orph ism  is a p p a re n t w hen  coefficients of reg ression  
o b ta in ed  fo r rad iu s  are  exam ined .
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D iscussion

S ta tis tic a lly  s ig n ifican t re su lts  v e rified  th e  use o f abso lu te  bone len g th s  
in  e s tim a tin g  T E L . T he p ro b lem  cen tra l to  th is  p ap er, how ever, is to  in v es tig a te  
th e  h y p o th e tic a l co rrespondence  be tw een  q u a n ti ta t iv e  secondary  sex  c h a ra c te r
is tic s  (o steom etric  d a ta  g a th e re d  on long  bones) an d  th e  basic  h o rm o n a l b a c k 
g ro u n d  o f sexual d im orph ism .

T h e  con tro l o f  seco n d ary  ch a rac te ris tic s  in  b o th  sexes is th e  re sp o n sib ility  
o f  g o n ad a l horm ones. A ndrogens are sy n th es ized  m ostly  in  th e  L eyd ig  in te r 
s t i t ia l  cells o f th e  te s tic le s  in  hu lls w hile o estrogens are  p ro d u ced  in  th e  th e c a  
fo llicu li ( tu n ica  in te rn a )  in  th e  ovaries (F eh é r, 1980). T he secre tion  o f  b o th  
h o rm o n es  is u n d er th e  in flu en ce  of th e  IC S H /L H  horm one o f th e  ad en o h y p o p h y 
sis a n d  in tensifies be tw een  6 to  10 m o n th s  in  m odern  c a ttle  w ith  sexual m a
tu r a t io n .  T he endocrine reg u la tio n , how ever, depends on th e  in te g ra te d  ac tio n  
o f  v a r io u s  horm ones an d  to  single o u t one p a r tic u la r  fac to r  w ould  be m islead ing  
(B ö k ö n y i an d  B artosiew icz , 1983).

A ccord ing  to  th e  w ide ly -accep ted  h eu ris tic  app roach , due  to  th e ir  s tru c 
tu r a l  a n d  fu n c tio n a l c h a rac te ris tic s , ho rm ones responsib le fo r th e  shape o f long 
b o n es  here  m ay  be u su a lly  sub -d iv ided  in to  tw o  m ajo r g roups (Sissons, 1971; 
K e m é n y , 1974).

T h e  f irs t o f th ese  inc ludes th e  g ro w th  ho rm one produced  b y  th e  p itu ita ry  
g la n d . T h e  m ajo r u n c e r ta in ty  has been  w h e th e r  th is  horm one ac ts  d irec tly  on 
b o n e -fo rm in g  cells o r a ffec ts  bone g ro w th  b y  reg u la tin g  th e  level o f c ircu la tin g  
fa c to rs  (B ran d , 1982). I t  is w idely  k n ow n , how ever, th a t  excessive am o u n ts  o f 
th is  su b stan ce  cause ab n o rm a l g row th  o f th e  skeleton . U n d er ex p erim en ta l 
c ircu m stan ces  chronic  a d m in is tra tio n  o f g ro w th  horm one re su lted  in  th e  n e t 
in c re a se  o f bone m ass in  dogs (H a rris  an d  H ean ey , 1969).

G ro w th  an d  sex u a l m a tu r i ty  depend  on m an y  sy n th e tic  processes an d  
m o s t o f  th e  horm ones are  invo lv ed  in  th e ir  co n tro l. The second m a jo r m e th o d o 
lo g ica l g roup , th a t  o f th e  ste ro id  h o rm ones, m a y  a c t on th e  sk e le ton  d irec tly  
w ith o u t  in te rv en tio n  o f  o th e r  endocrine g lands. O f these , te s to s te ro n e  s tim u la tes  
e p ip h y se a l g row th  an d  i ts  in fluence  is sy n erg is tic  w ith  th a t  o f  th e  p i tu i ta ry  
g ro w th  ho rm one (S issons, 1971). T h u s g o n ad ec to m y  in  ro o ste rs , fo r exam ple , 
d ec reases  th e  in te n s ity  o f in te rm e d ia ry  m etab o lism  causing re la tiv e  h y p o th y re -  
osis, w h ich  resu lts in  a decline in  th e  oxygen  ab so rp tio n  o f th e  tissues. O n th e  
o th e r  h a n d , increased  glycogenesis te n d s  to  s tim u la te  p ro te in  ca tab o lism , w hich  
is  a lso  m an ifested  in  th e  less developed  m u scu la tu re  and  m ore slender bones in  
ca p o n s  (B ökönyi an d  B artosiew icz , 1983). T h e  earlier c a s tra tio n  ta k e s  p lace, 
th e  m ore  m ark ed  th e se  effects are. C o m p ara tiv e  stud ies o f c a tt le  h av e  show n 
t h a t  s te e r  carcasses h a d  less edible p ro d u c t (m uscle) th a n  th o se  o f hu lls, w hile 
g o n a d e c to m y  o f heifers d id  n o t h av e  a d ra m a tic  effect on carcass ch a rac te ris 
t ic s  (K la s tru p  e t a l., 1984). O estrogen  in  g enera l has a re ta rd in g  effect on bone
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g ro w th , w hile la rge  excess doses o f  te s to s te ro n e  in h ib it g row th  ju s t  as do 
oestrogens (S ilberberg  an d  S ilberberg , 1971).

F u n d a m e n ta l w ork , especially  b y  H a m m o n d  (1952) has p o in ted  o u t t h a t  
th e  gross te n d e n c y  o f  long bone o ssifica tion  follows a d is ta l to  p ro x im al d irec 
tio n . T h is o b se rv a tio n  w as also su p p o rte d  b y  w eighing e x tre m ity  bones a n d  
e lem en ts from  th e  ax ia l skeleton o f ca lves a t  v a rio u s ages.

A s show n in  F ig . 1, how ever, b one  o ssifica tion  does n o t follow th is  s tr ic t  
seq u en tia l p a tte rn .  A m ong th e  bones u n d e r  d iscussion in  th is  s tu d y , th e  m e ta 
ca rp a l is u n q u e s tio n a b ly  th e  f irs t to  reach  f in a l len g th . This is show n b y  th e  h ig h  
re la tiv e  g ro w th  ra te  o f  T E L  re su ltin g  fro m  th e  co n tinu ing  g ro w th  o f  m ore  
p ro x im a lly  lo ca ted  e x tre m ity  segm ents. I n  b u lls , th e  la rger coeffic ien t o f  r e 
gression m a y  be  ex p la in ed  b y  th e  effect o f  te s to s te ro n e  w hich reinforces sk e le ta l 
g ro w th  p a ra lle lly  w ith  sexual m a tu ra tio n  as w as m en tioned  in prev ious p a r a 
g rap h s. T h is also leads to  an  acce lera ted  ep ip h y sea l fusion of bu ll m e ta p o d ia , 
w hile o ssifica tion  o f  th e  m e taca rp u s  in  heifers is p a rtia lly  com pleted  b y  th e  
tim e  o f th e  in itia l secre tion  of gonadal h o rm o n es. T he re la tiv e ly  re ta rd e d  fu sion  
o f ep ip h y sea l p la te s  o f th e  hum erus m ak es th is  bone prone to  shap ing  b y  sex u a l 
d im o rp h ism . As a re su lt, th e  e x tre m ity  as a w hole m ain ta in s  a pro longed  p ro 
cess o f  g ro w th  re la tiv e  to  its  p rox im al seg m en t ( th a t  is th e  hum erus) in  fem ales. 
In  o th e r  w ords, th e  s tim u la tin g  effect o f  te s to s te ro n e  ensures th a t  th is  p ro x i
m ally  lo c a te d  bone grow s m ore h a rm o n ica lly  w ith  T E L  in bulls.

T h e  lo n g itu d in a l g row th  of th e  e x tre m ity  is rem ark ab ly  co n sis ten t w ith  
th e  change o f rad iu s  len g th  in  b o th  sexes. F o r  th is  reason  th e  rad iu s  is p ro p o sed  
as a good bone fo r w ith e rs  h e igh t e s tim a tio n s  in  pooled  archaeozoological sa m 
ples w h en ev er i t  is p reserv ed  in  its  to ta l  le n g th .

R ecen tly , a series o f d a ta  on live w e ig h t an d  sm allest b re a d th  to  g re a te s t  
len g th  p ro p o rtio n  o f  th e  rad iu s  in  s ix ty  D u tch -F rie s ian  h a lf  sibs h av e  b een  
pu b lish ed  b y  B erg strö m  and  W ijn g a a rd e n -B ak k e r (1983). Follow ing th e  co m 
p u ta tio n a l schedule  o f  th is  p ap e r th e ir  re su lts  w ere sub jec ted  to  a reg ression  
analysis . T h u s th e  lack  o f m arked  sex u a l d im o rp h ism  in th e  re la tiv e  g ro w th  o f  
rad iu s  m a y  be  con firm ed  from  a n o th e r  a sp e c t: in  sp ite  o f th e  sligh t d ifference 
in  th e  “ slen d ern ess”  o f th e  bone itse lf, th is  p ro p o rtio n  (y) changes as th e  
fu n c tio n  o f live w eigh t (x) in  th e  v e ry  sam e  w ay  in  b o th  sexes:

M ales: y  =  lS .ie i^O .O C H x  (г =  0.967)

F em ales: у  =  15.001 +  0 .004x  (г =  0.828)

T his a c tu a l lack  o f  sexual d im o rp h ism  in  th e  g row th  o f rad ius en couraged  
th e  co m p lem en ta ry  use o f an  in te rsp ec ific  com parison  in  th is  s tu d y . P h y s ic a l 
a n th ro p o lo g y  has long  been  concerned w ith  co rre la tio n s betw een  bo d y  d im en 
sions. T ra d itio n a lly , ta b u la te d  series o f b o n e  m easu rem en ts  serve th e  pu rposes 
o f e x tra p o la tio n . B re itin g e r (1938) p u b lish ed  such  a tab le  for m en in  w hich  th e
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g re a te s t len g th  o f h u m e ru s  and  th a t  o f  ra d iu s  are  listed . A n o th er p u b lic a tio n  
(B ach , 1965) sum m arizes  g rea test le n g th  o f hum erus and  M artin ’s lb  le n g th  
o f ra d iu s  fo r w om en. Ig n o rin g  th e  m in o r te c h n ic a l difference betw een  th e  tw o  
ra d iu s  len g th s  m easu red , one m ay  re a so n a b ly  estim a te  g row th  ra te s  fo r ra d iu s  
(x) in  h u m a n s  as w as d one  w ith  th e  T E L  fo r c a tt le  in  T ab le  IV . In  th is  a r ra n g e 
m e n t th e  follow ing lin e a r  equations w ere  o b ta in e d :

M ales: y  =  - 9 6 .3 7 1  +  1 .103x (r =  0.998)

F em ales: y  =  - 5 3 .1 3 7 + 0 .9 1 2 x  (r =  1.000)

(H ig h  coeffic ien ts o f co rre la tion  resu lt fro m  th e  use of m ean  values in  th e  ta b le s  
an a ly sed .) N a tu ra lly , m e taca rp a lia  cou ld  n o t  be ta k e n  in to  co n sid e ra tio n  in  
h u m a n s  and  th e  w hole s ta tic  function  o f  th e  th o ra c ic  lim b is d ifferen t in  h u m a n s  
from  th a t  o f c a ttle . S till, th e  g row th  in te n s i ty  o f hum erus exceeds t h a t  o f  th e  
ra d iu s  in  m en, w hile th e  g row th  ra te  o f  h u m e ru s  even falls below  th e  c rite r io n  
fo r iso m etric  g row th  in  w om en.

T hese resu lts  co n firm  find ings o b ta in e d  b y  th is  cu rren t w ork  an d  seem  
to  su p p o r t th e  in te rp re ta t io n  th a t  th e  h u m e ru s  reaches a m a tu re  size ea rlie r in  
fem ale  c a ttle  th a n  in  bu lls. Consider th e  e x tre m ity  as a w hole: a c o m p a ra tiv e  
s tu d y  o f  th e  tw o sexes has show n th a t  th e  m e ta c a rp u s  reaches its  f in a l size in  
b u lls  ea rlie r th a n  in  cows, while th e  o p p o site  holds tru e  for h u m eru s le n g th . 
In  o th e r  w ords, m e tric  d a ta  tak en  on c a t t le  skele tons p roved  useful in  i l lu s t r a t 
in g  th e  synerge tic  in te rfe ren ce  b e tw een  g ro w th  horm one and  te s to s te ro n e , 
w hile such  c lea rcu t ten d en c ies  are b u ffe red  b y  la te r  sk e le ta l m a tu ra tio n  b ro u g h t 
a b o u t, am ong  o th e rs , b y  oestrogen in  fem ale  c a ttle .

S ta tis tic a lly  sig n ifican t resu lts  show  th a t  one of th e  secondary  sex  c h a r 
a c te ris tic s  in  bu lls is a m ore “ p o la rized ”  g ro w th  schedule w hich falls in  line 
w ith  know n  g ro w th  princip les and  w h ich  m a y  be associated  w ith  th e  e n d o c ri
no log ica l m akeup  o f th is  sex.

A pplied  archaeozoological re sea rch  shou ld  be aw are o f th e  b ias in tro 
d uced  b y  th is  sex u a l d ifference in to  s ta tu r e  e s tim ations.
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PRODUCTION OF T-2 TOXIN AND RELATED 
TRICHOTHECENES ON DIFFERENT MEDIA

Á . B a t a , J .  T é r e n  and R . L á s z t it y

D e p a r tm e n t o f B io ch em istry  an d  F o o d  T ech n o lo g y , T echnical U n iv e rs ity  B u d a p es t, H - l l l l  
B u d ap es t, M űegyetem  rk p . 3, H u n g a ry

(R eceived  F e b ru a ry  24, 1984)

F u sa riu m  tricinctum  w as exam in ed  fo r p ro d u c in g  T-2 to x in  a n d  its  m etabo lites o n  cereal 
su b s tra te s . M ax im um  T-2 to x in  level (253 m g /k g ) w as a tta in e d  o n  rice  su p p lem en ted  w ith  1 0 %  
glucose a n d  in cu b a te d  a t  room  te m p e ra tu re  (1 w eek), th e n  a t  low  tem p e ra tu re  (1 w eek), a n d  
a g a in  a t  ro o m  te m p e ra tu re  (1 week). A fte r  lo n g -te rm  c u ltiv a tio n  T-2 to x in  w as m e ta b o lize d  
in to  H T -2 to x in  a n d  T-2 te tra o l, b u t  no  s ig n ifican t increase  o f  com pounds w as o b se rv ed .

K eyw ords. F u sa riu m  tricinctum , T -2 to x in , trich o th ecen es, to x in  p ro d u c tio n , c ereal 
su b s tra te .

T-2 to x in  an d  re la ted  trich o th ecen es  are p o te n t cy to to x ic  and  im m u n o 
suppressive  m yco to x in s  p ro d u ced  b y  som e species o f F u sa riu m  and  o th e r fu n g i 
(S m alley  an d  S tro n g , 1974). T rich o th ecen es w ere f ir s t  d e tec ted  in  n a tu ra l ly  
m o u ld y  f ie ld  m aize in  th e  U n ited  S ta te s  (B am b u rg  e t a l., 1968). I t  w as re p o r te d  
th a t  F u sa riu m  tric inctum  (syn. F . sporotrichioides) p ro d u ced  T-2 to x in  on m aize 
cu ltu re  (S z a th m á ry  e t a l., 1976).

W e d iscovered  th a t  T-2 to x in  can  occur n a tu ra l ly  in  p reh a rv es t fie ld  
m aize (B a ta  e t ah , 1983). T richo thecenes can  be p ro d u ced  on sy n th e tic  m ed ia  
(K o tso n is  an d  E llison , 1975) an d  on au to c lav ed  cerea l long -te rm  an d  low - 
te m p e ra tu re  cu ltu re s  (B u rm eiste r, 1971; G rove e t ah , 1970; Ueno e t ah , 1975). 
V ery  h ig h  q u a n titie s  of T-2 to x in  w ere o b ta in ed  w hen  to x ic  fu saria  w ere c u l
tu re d  on ce rta in , g lucose-supp lem en ted  m edia ab so rb ed  in to  v e rm icu lite  
(C ullen e t ah , 1982).

T h is p a p e r  re p o rts  ab o u t th e  co n d itio n s in flu en c in g  th e  grow ing o f  F . 
tric inc tum  an d  i ts  T-2 to x in , H T-2 to x in  a n d  T-2 te tr a o l  p ro d u c tio n  (F ig . 1) on 
cereal su b s tra te s  an d  g lucose-supp lem en ted  m edia.

M ateria ls an d  m ethods

M icroorganism

F u sa riu m  tric inctum  N R R L  3299 w as used  in  th is  experim en t. Spore 
in o cu lu m  w as p re p a re d  b y  grow ing th e  fu n g u s on S ab o u ra u d  m edium  a t  25 °C 
fo r 7 days.
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N a m e R i R. R, R.

T-2 to x in O H O A c1 OAc OV al2

HT-2 tox ins O H O H OAc OVal

Neosolaniol O H OAc OAc O H

T-2 te trao l to x in s O H O H OH O H

Fig. 1. Som e n a tu ra lly  o ccurring  tr ich o th ecen e  to x in s  (1 О Ac =  a ce ty l, 2  OVal =  v a le ry l)

M edia  and  substrates

T h e follow ing su b s tra te s  w ere s tu d ie d :
1) S ab o u rau d  ag a r
2) 74 g g ra ined  m aize (100 m l) —)— 50 m l w a te r
3) 90 g rice (100 m l) + 1 0 0  ml w a te r
4) 90 g rice (100 m l) + 1 0 0  m l o f 5 ,1 0  an d  20%  glucose so lu tio n
5) 2 g soybean  m ea l + 0 .5  g m aize s teep  liq u o r + 1 0 0  m l w a te r
6) 2 g soybean  m eal + 0 .5  g m aize s teep  liq u o r + 1 0 0  m l o f 5, 10 and  20 %  

glucose so lu tio n .

Culture conditions

R o u x  b o ttle s  c o n ta in in g  one o f th e  above-lis ted  su b s tra te s  w ere a u to 
c laved  fo r 30 m in  a t  120 °C and  in o cu la ted  w ith  spore suspension . T he te m p e ra 
tu re  a n d  tim e  o f in c u b a tio n  are show n in  th e  tab les .

E xtraction  and p u r ific a tio n

T h e co n ten t o f  R o u x  b o ttle s  w as e x tra c te d  w ith  400 m l o f e th y l a c e ta te , 
th e n  w ith  400 m l o f m e th a n o l-w a te r  m ix tu re  (6:4 v /v). A fte r f i l tra tio n  th e  tw o  
p o rtio n s  w ere com bined  an d  e v a p o ra te d  on  a ro ta ry  e v a p o ra to r . 1/10 p a r t  w as 
d isso lved  and  p laced  on a 10 x l  cm silica gel colum n. T he co lum n  was d e fa tte d  
w ith  30 m l benzene, th e n  th e  to x in s  w ere e lu te d  w ith  20 m l o f b en zen e -ace to n e  
(1:1 v /v ). T he to x in -co n ta in in g  e lu a te  w as d iv ided  in to  tw o  p o rtio n s  fo r th in -  
la y e r  ch ro m a to g rap h ic  (TLC) and  gas-liq u id  ch ro m ato g rap h ic  (GLC) analysis 
an d  e v a p o ra te d  to  d ry n ess  (F ig. 2).
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C U L T U R E
E x tra c t io n  w ith  e th y l ace ta te  and  
m e th a n o l: w a te r  (6 +  4 v /v ) 
F il tra t io n

F IL T R A T E

E v a p o ra tio n  o n  ro ta ry  e v ap o ra to r

R E S ID U E

C O LU M N  C H R O M A T O G R A P H Y

E v a p o ra tio n  on  ro ta ry  e v ap o ra to r

R E S ID U E

T LC  GLC

Fig. 2. E x tra c tio n  a n d  p u rif ic a tio n  of th e  to x ins p ro d u ced  in  cu ltu res

D eriv a tiza tio n  o f th e  sam ples w as carried  o u t as described  prev iously  
(B a ta  e t a l., 1983).

Gas chromatography

A te n  m  long glass cap illa ry  co lum n (s ta tio n a ry  p h ase  S E  52) o f 0.30 m m  
in te rn a l d iam e te r (i.d.) w as used  a t  a colum n te m p e ra tu re  o f 180-260 °C, 4 °C/ 
m in.

Thin-layer chromatography

B en zen e-ace to n e  m ix tu re  (12:7 v /v) was used  fo r develop ing . T he TLC 
p la tes  w ere v isualized  b y  sp ray in g  w ith  1%  4 -(p -n itro b en zy l)p y rid in e , followed 
b y  h e a tin g  a t  150 °C fo r 30 m in  a n d  b y  sp ray ing  w ith  3 %  te tra e th y le n e p e n ta -  
m ine so lu tion  (T ak itan i e t ah , 1979).

M ycotoxin standards

T-2 to x in  o b ta in ed  from  Supelco  (4-6322), H T-2 to x in  k in d ly  supplied  
b y  D r. M. P a ly u sik  and  T-2 te tr a o l  p rep ared  in ou r la b o ra to ry  w ere used.

Results and discussion

C u ltiv a tin g  th e  fungi a t  ro o m  te m p e ra tu re  a tim e-d ep en d en ce  o f tricho - 
thecene  p ro d u c tio n  can be o b served  (T able I). T he m ax im u m  T-2 to x in  level 
w as o b ta in ed  in  sam ple 1 (y ielded  a f te r  3 weeks o f in cu b a tio n ) an d  i t  decreased
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Table I

P ro d u c tio n  of trich o th ecen es a t  co n stan t tem p e ra tu re

S u b s tra te

C o n d itio n s  o f  p ro d u c tio n
Trichothecenes®

m g /k g

T e m p e ra tu re
o f

in c u b a tio n

T im e
o f

in cu b a tio n
T -2 H T -2

T -2
te trao l

M aize 1 20-22  °C 3 weeks 52 4 2

2 4 weeks 18 9 12

3 5 weeks 0 b 0 b 0 b

R ice  1 20-22  °C 3 weeks 104 18 5

2 4 weeks 57 16 21

3 5 weeks 3 0 b 0 b

a m ean s of th ree  rep lica tions 
ь < 0 .5  m g/kg

th e re a f te r . GLC d e te rm in a tio n  in d ic a te d  th a t  sam ple 2 (g a th e re d  a fte r  4 weeks 
o f  in cu b a tio n ) c o n ta in e d  H T -2 a n d  T-2 te tra o l a t  th e  h ig h e s t level. T he co n ten t 
o f  th e se  m e tabo lites also  decreased  in  sam ple 3 (ex am in ed  a f te r  5 weeks of 
in cu b a tio n ).

T he effect o f th e  low  te m p e ra tu re  in te rv a ls  w as s tu d ie d  in  th e  su bsequen t 
ex p e rim en ts . As show n in  T ab le  I I ,  th e  m ax im um  y ield  o f T -2 to x in  w as a tta in ed  
in  sam ple  1 w ith  b o th  su b s tra te s . F u r th e r  v a ria tio n s  re su lte d  in  th e  decrease 
o f  T -2  to x in  and  its  m e ta b o lite s  an d  only  v a ria tio n  2 re su lte d  in  a m odera te  
in c rease  of th e  c o n c e n tra tio n  o f H T-2 to x in  an d  T-2 te tra o l .

Table II

E ffect o f th e  low  tem p e ra tu re  in te rvals on trich o th ecen e  p ro d u c tio n

In c u b a te d  fo r Trichothecenes®

S u b s tra te Sam ple 0 — 7 8 - 1 4 15— 21 22— 28 T - 2 H T -2 T -2
te tra o l

d a y s  a t  te m p e ra tu re  (°C) m g /k g

M aize l 20-22 5-8 20-22 — 125 15 7

2 20-22 5-8 20-22 20-22 23 17 21

3 20-22 5-8 5-8 — 81 5 1

4 20-22 5-8 5-8 20-22 42 10 17

R ice 1 20-22 5-8 20-22 — 215 24 8

2 20-22 5-8 5-8 — 80 24 8

3 20-22 5-8 5-8 — 73 12 3

* m eans of th ree  rep lica tio n s
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B ased  on these  p re lim in a ry  re su lts  th e  follow ing con d itio n s w ere selected  
as o p tim u m  fo r T-2 to x in  p ro d u c tio n : rice  as su b s tra te ; 1 w eek  a t  20-22  °C 
follow ed b y  1 w eek a t  5 -8  °C a n d  1 w eek  a t  20-22  °C ag a in  as in c u b a tio n  
p a ra m e te rs .

T h e  effect o f glucose c o n c e n tra tio n  is show n in  T ab le  I I I .  T h e  m ax im u m  
y ie ld  o f  T-2 to x in  an d  m e tab o lite s  w as a tta in e d  on rice  su p p lem en ted  w ith  
a b o u t 10%  glucose. T he c a rb o h y d ra te -d ep en d en ce  of tr ich o th ecen e  p ro d u c tio n  
w as also  observed  w hen  soym eal s teep  liq u o r w as used as s u b s tra te , b u t  th e  
f in a l T -2 to x in  co n cen tra tio n  w as v e ry  low .

Table III

E ffec t o f glucose concen tra tion  on  trich o th ecen e  p ro d u c tio n  (incubated  fo r 1 w eek a t  20-22 °C, 
fo r 1 w eek a t  5 -8  °C a n d  fo r one w eek again  a t  20-22 °C)

T rich o th ecen es

S u b s tra te T -2 H T -2 T -2  te t r a o l

(m g /tg )

Sabouraud* 12 2 0 »

Rice* 215 24 8

R ice - f  5%  glucose* solu tion 237 20 10

R ice +  10%  glucose* solution 253 21 8

R ice -f- 20%  glucose* solu tion 102 8 2

Soya* 14 1 0b

Soya -f- 5%  glucose* 18 2 0 b

Soya +  10%  glucose* 21 4 1

Soya +  20%  glucose* 18 2 0 b

a m eans of th ree  replications 
b < 0 .5  m g/kg

A ccord ing  to  ou r re su lts , rice su p p lem en ted  w ith  10%  glucose is an  im 
p ro v ed , v e ry  useful su b s tra te  fo r T-2 p ro d u c tio n . In  ad d itio n  to  its  usefulness, 
th e  iso la tio n  of to x in s  req u ires  less p u rif ic a tio n  to  rem ove th e  in te rfe rin g  
m a te ria ls  th a n  w ith  th e  m aize s u b s tra te .
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OCCURRENCE OF NEW MONOGENEANS OF FAR-EAST 
ORIGIN ON THE GILLS OF FISHES IN HUNGARY

K . M o l n á r

V e te rin a ry  M edical R esearch  In s t i tu te ,  H u n g a rian  A cadem y of Sciences, H-1581 B u d a p es t,
P . O. B ox 18, H u n g a ry

(R eceived  J a n u a ry  11, 1984)

I n  1983 six m onogeneans o f F a r -E a s t  o rig in , new  for H u n g a ry , w ere d e m o n s tra ted  to  
occur on  th e  gills o f fishes re a re d  in  H u n g a ria n  p o n d  farm s. O f th ese  species, D actylogyrus  
hypophthalm ichthys  an d  D . scrjabin i w ere fo u n d  on  th e  silver carp , D . aristichthys on  th e  b ig h ead , 
D . sachuensis on  th e  com m on ca rp , w hile  Pseudodaclylogyrus b in i an d  P . anguillae  w ere dem o n 
s tra te d  on  th e  eel. T h is is th e  f ir s t  r e p o rt  on  th e  occurrence of D . sachuensis in  E u ro p e . E a rlie r  
th e  tw o  Pseudodactylogyrus species h a d  p a ra s itiz e d  on ly  eels liv ing  in  th e  P ac ific  O cean; 
how ever, a t  p re sen t th e y  can  be  considered  to  be  com m on p a ras ite s  o f  A n g u illa  anguilla  a t  th e  
E u ro p ea n  coast.

K eyw ords. M onogenea, D actylogyrus , Pseudodaclylogyrus, C yp rin id ae , A n g u illa , o ccu r
rence , H u n g a ry .

In  H u n g a ry , su rveys o f th e  M onogenea fa u n a  o f fishes w ere s ta r te d  in  th e  
n in e teen -six ties . M olnár (1964, 1968, 1976) an d  M olnár an d  N em eth  (1962) 
described  m ore th a n  100 m onogenean  species, am ong th e m  severa l new  ones, 
from  fishes rea red  in  p o n d  fa rm s an d  from  n a tu ra l fre sh w a te r  fishes. These 
su rveys well re flec ted  th e  m onogenean  fa u n a  o f n a tiv e  E u ro p ean  fish  species 
an d  inc luded  som e p a ra s ite s  in tro d u c e d  from  th e  F a r-E a s t. O f th e  m onogeneans 
o f herb iv o ro u s fishes in tro d u c e d  in to  H u n g a ry  in  1963, M olnár (1968) d em o n 
s tra te d  on ly  th e  g rasscarp  p a ra s ite s  D actylogyrus lamellatus an d  D . ctenopharyn- 
godonis, a lth o u g h  also o th e r  F a r -E a s te rn  species w ere know n  to  occur in  th e  
n e ig h b o u rin g  areas o f th e  Sov iet U nion  (M usselius, 1967), th e  in tro d u c tio n  of 
w hich  species in to  H u n g a ry  w as ex p ec tab le . T he f irs t p a ra s ite  th a t  w as n o t 
in tro d u c e d  b u t  gained  e n try  in to  H u n g a ry  th ro u g h  n a tu ra l  w a te rs  w as th e  
com m on carp  p a ra s ite  D . achmerowi (M olnár, 1976); i t  w as follow ed b y  th e  
s ilver carp  p a ra s ite  D . suchengtaii (M olnár, 1978).

T he p re se n t p a p e r  re p o rts  th a t  b y  1983 p rac tica lly  all com m on ca rp , 
g rassca rp , b ig h ead  an d  silver ca rp  D actylogyrus spp . n a tu ra liz e d  in  th e  E u ro 
p ean  p a r t  o f th e  Soviet U n ion  h a v e  sp read  over to  H u n g a ry . F u rth e rm o re , 
a D actylogyrus p a ra s ite  o f th e  com m on ca rp , p rev iously  kn o w n  to  occur ex 
c lusively  in  A sia, has also been  d e m o n s tra te d . T he lis t o f m onogeneans new ly  
occu rring  in  H u n g a ry  is com ple ted  b y  th e  tw o Pseudodactylogyrus species 
p a ra s itiz in g  th e  gills o f eels.
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M aterials and  m ethods

T he te s t m a te r ia l consisted  of p a ra s ite s  co llected  d u rin g  an  an im al h e a lth  
su rv e y  of pond fa rm  fish es  an d  com m on ca rp  used  in  aq u a riu m  ex p erim en ts.

D actylogyrus p a ra s ite s  w ere collected  fro m  th e  gills alive. T he p a ra s ite s  
w ere  s tu d ied  in  n a tiv e  s ta te  or th e y  w ere p laced  in to  am m o n iu m  p ic ra te  so lu tio n  
o r  g lycero l-g e la tin e  a n d  ex am in ed  in  slide p re p a ra tio n s .

R esults

(1) In  th e  sp rin g  o f  1983 d ac ty logyrosis  w as observed  in  silver ca rp  
( H ypophthalm ichthys m o litr ix )  an d  b ighead  ( H ypophthalm ichthys nobilis)  k e p t 
a t  a h igh den sity , u n d e r  poor m an ag em en t co n d itions in  th e  w in te rin g  an d  
s to ra g e  ponds of an  E a s te rn  H u n g arian  fa rm . Since D . suchengtaii and  D . nobilis, 
th e  tw o m onogeneans t h a t  h ad  a lread y  been  know n  to  occur on these  fishes in  
H u n g a ry  have fa iled  to  cause severe in fec tio n  u n til  now , th e  p resen t disease 
o u tb re a k , a cco m p an ied  b y  clinical signs, h a s  called  o u r a tte n tio n , an d  th e  
d e te c te d  helm in th s  w ere  su b jec ted  to  d e ta iled  ex am in a tio n . In  th e  silver ca rp , 
besid es  th e  less f re q u e n tly  occurring  D . suchengtaii specim ens, ex trem ely  large  
n u m b e rs  of D . hypophthalm ichthys  A chm erow , 1952 w ere d e tec ted  from  th e  gill 
lam ellae , while D actylogyrus scrjabini A chm erow , 1954 specim ens w ere found  
on  th e  gill rak e rs . I n  th e  b ighead , besides D . nobilis know n  a lread y  p rev iously , 
m o s t p a rasite  sp ec im en s belonged to  th e  species D actylogyrus aristichthys 
L on g  e t Y u, 1958.

S ubseq u en tly  th e  above-m en tioned  p a ra s ite s  w ere d e m o n s tra te d  to  
o ccu r in  o ther H u n g a r ia n  p o n d  farm s as well.

(2) D uring  o u r  aq u a riu m  ex p erim en ts  co n d u c ted  on com m on carp  
( C yprinus carpio)  f ry  w ith  o th e r pu rposes, D actylogyrus in fec tion  w as d iag 
n o sed  am ong th e  fish  k e p t  in  aq u a ria . T he fish  to  be  used  in  th e  ex p erim en t h a d  
b een  tra n sp o rte d  to  th e  la b o ra to ry  a t  10 d ay s  o f age. T h ey  ap p eared  free from  
in fec tio n  for a lo n g  tim e , a n d  p a ras ite s  could  be  d e m o n s tra te d  only  la te r . A  d e 
ta ile d  s tu d y  of th e  p a ra s ite s  responsib le fo r th e  in fec tion  revealed  th e  occurrence 
o f  a  Dactylogyrus species p rev iously  u n k n o w n  in  H u n g a ry . L a te r  on th e  species 
w as iden tified  as D actylogyrus sachuensis L ing , 1965. T his p a ra s ite , so fa r  
u n k n o w n  in  E u ro p e , w as f irs t  collected b y  G ussev (1955) from  A m ur w ild carp  
( C yprinus carpio haem atopterus)  liv ing  in  th e  R iv e r A m ur. A t th a t  tim e  on ly  
one  p a ra s ite  spec im en  w as availab le , th e  d a ta  an d  a d raw ing  o f w hich  w ere 
g iven  u n d er th e  n a m e  D actylogyrus sp . 1. T he species w as described  in  d e ta il 
b y  L ing Mo-en (1973), in  Chinese language, in  a book  ed ited  b y  Chen. A fte r th e  
A m u r region a n d  C h ina , th e  p a ra s ite  w as f i r s t  described  in  H u n g a ry , w here i t  
p ro d u ced  even fa ta l  d ac ty logyrosis  in  com m on carp  u n d e r  aq u a riu m  cond itions.

Acta Veterinaria Hungarica 32, 1984



N E W  M O N O G E N E A N S  O F  F A R -E A S T  O R IG IN  IN  F IS H E S  I N  H U N G A R Y 155

T he in fec tio n  o f  lab o ra to ry -rea red  s to ck s b y  th is  gill p a ra s ite  species cou ld  
be m a in ta in e d  fo r a long tim e. H ow ever, a t te m p ts  a t  co llecting  D . sachuensis  
specim ens from  th e  gills o ffish  com ing d ire c tly  from  pond  farm s have in v a ria b ly  
failed.

(3) E els ( A n g u illa  anguilla)  h av e  b een  in tro d u ced  in to  H u n g a ry  re g u la rly  
for a b o u t 22 y ea rs . In itia lly  th e  eels w ere p laced  ou t in to  n a tu ra l  w ate rs, w hile  
m ore re c e n tly  th e y  a re  reared  in  b asin s u n d e r  in ten siv e  m an ag em en t co n d itio n s. 
O f th e  m onogeneans on ly  Gyrodactylus anguillae  E rg en s, 1960 has been  fo u n d  
to  occur in  th is  f ish  species u n til  q u ite  re c e n tly . In  1983 we found  tw o  o th e r  
m onogenean  species, Pseudodactylogyrus anguillae  (Yin an d  P ro s to n , 1948) a n d  
P . b in i (K ik u ch i, 1929) on th e  gills o f eels k e p t  in  in ten s iv e  cu ltu res. A fte r th e ir  
f irs t d e tec tio n , th e se  pa rasite s  were d e m o n s tra te d  also in  new ly -im ported  s to ck s 
an d  in  s tocks n o t  p laced  o u t y e t. T h e  occu rrence  o f  Pseudodactylogyrus sp p . 
in  E u ro p e  h as  a lre a d y  been  rep o rted  in  a sh o rt com m unica tion  (M olnár, 1983).

D iscussion

In  pa rasito lo g ica l surveys co n d u c ted  in  1983 six  D actylogyrus and  P seudo
dactylogyrus species o f F a r-E a s t o rig in  w ere  d e m o n s tra te d  in  fishes rea red  in  
H u n g a ry . T h e  ap p ea ran ce  in  H u n g a ry  o f  th e  species D actylogyrus aristichthys, 
D . hypophthalm ichthys  an d  D . scrjabini fo u n d  on herb ivo rous fishes h ad  b een  
expec ted  since th e se  p a ras ite s  h ad  been  p re se n t on th e  neighb o u rin g  U k ra in ian  
an d , p re su m ab ly , R o u m an ian  te rr ito rie s . T h e  p o ssib ility  o f th e ir  gain ing e n try  
in to  H u n g a ry  th ro u g h  n a tu ra l w ate rs w as in d ic a te d  in  ad v an ce  b y  th e  a p p e a r
ance o f th e  species D . achmerowi an d  D . suchengtaii t h a t  h ad  been d e m o n s tra t
ed earlie r. T he fa c t t h a t  these  p a ra s ite s  ap p e a re d  in  m asses on th e ir  specific  
hosts seem s to  v e rify  th e  s ta te m e n t o f M usselius (1968) an d  B au er e t al. (1981), 
viz. t h a t  th e y  m a y  p ro v e  to  possess co n siderab le  p a th o g en ic ity . These p a ra s ite  
species h av e  especia lly  g rea t im p o rtan ce  in  silver ca rp , since th is  fish  species 
h ad  earlie r been  free from  D actylogyrus sp p . in  H u n g a ry , how ever, i t  is now  
exposed to  th re e  D actylogyrus species in  th is  c o u n try , inc lud ing  D . suchengtaii 
d e m o n s tra te d  in  1978.

T he ap p e a ra n ce  o f D . sachuensis in  H u n g a ry  is m uch  m ore su rp ris in g ; 
i t  w as n o t ex p ec ted  a t  all. O bviously , in  ad d itio n  to  th e  fou r D actylogyrus 
species com m only  occu rring  in  E u ro p e  ( D actylogyrus extensus, D . vastator, 
D . anchoratus a n d  D . m in u tu s) ,  th e  M onogenea fa u n a  o f th e  com m on ca rp  
(C yp rin u s carp io) com prises o th e r, F a r -E a s te rn  species (D . achmerowi, D . 

fa lc ifo rm is , D . m olnári, D . mrazeki an d  D . sachuensis) .  T he  la t te r  are ind igenous 
p a rasite s  o f th e  A m u r w ild carp  an d  w ere described  b y  A khm erov  (1952), G ussev 
(1955), E rg en s  an d  D u lm aa  (1969), an d  L in g  (1973). I t  is also know n th a t ,  d u r 
ing  th e  in tro d u c tio n  o f  th e  A m ur w ild ca rp  in to  E u ro p e , o f th e  above-lis ted
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species D . achmeroivi re ach ed  th e  E u ro p e a n  p a r t  o f th e  Soviet U nion  (G ussev , 
1962), an d  th e n  H u n g a ry  (M olnár, 1976). T w o suppositions ex is t concern ing  th e  
ap p e a ra n ce  of D . sachuensis. The m ore p ro b a b le  one is t h a t  th is  p a ra s ite  h a d  
been  in tro d u ced  to  E u ro p e  w ith  th e  A m u r w ild carp  b u t  th e  la te n t  in fec tio n  
p ro d u ced  b y  i t  re m a in e d  unrecognized. T h e  o th e r possib ility  is th a t  D . sachu
ensis  go t in to  H u n g a ry  w ith  th e  koi c a rp  b re d  as an  aq u a riu m  fish .

T he d e m o n s tra tio n  o f Pseudodactylogyrus spp . is p a r tic u la r ly  in te re s tin g  
fro m  th e  bio logical p o in t o f view , since th e se  pa rasite s  do n o t belong to  th e  
o rig in a l p a ra s ite  fa u n a  o f  th e  E u ro p e a n  eel (A n g u illa  anguilla) .  These species 
w ere  collected b y  th e  scien tists  f irs t d esc rib in g  th em  from  eel species liv in g  in  
th e  P ac ific  O cean. A ccord ing  to  G ussev  (1965) th e  species A n g u illa  ja p o n ica  
a n d  A . reinhardti c a n  be considered th e  h o s ts  o f th ese  p a ra s ite s . So fa r , tw o  
a u th o rs  have  re p o r te d  th e  appearance  o f  Pseudodactylogyrus spp . in  E u ro p e a n  
eels. I n  J a p a n , O gaw a an d  E gusa (1976) d e m o n s tra te d  P . anguillae  a n d  P . 
b in i, in  th e  c o m p an y  o f th e  species d esc rib ed  b y  th em  as P . m icrorchis, on  A .  
anguilla  k e p t to g e th e r  w ith  A . ja p o n ica . I n  th e  E u ro p ean  p a r t  of th e  S o v ie t 
U n io n  Golovin (1977) collected specim ens o f  P . anguillae an d  P . b in i fro m  A .  
angu illa  k e p t to g e th e r  w ith  A . ja p o n ica  in  ex p erim en ta l basin s. I t  w ould  be  
p lau sib le  to  suppose  t h a t  P . anguillae  a n d  P . bin i obviously  go t to  E u ro p e  w ith  
th e se  ex p erim en ta l fish . H ow ever, b ecau se  o f  th e  iso la tion  o f th e  above s to ck  
a n d  th e  ex ten siv e  in fec tio n  of p ig m e n te d  eels cau g h t n e a r  th e  coastline  o f 
W este rn  E u ro p e , i t  is m ore probab le  t h a t  th e  eels h ad  c o n tra c te d  in fec tio n  b y  
p a ra s ite  species w h ich  a t  p resen t can  be reg a rd ed  as th e ir  p e rm a n e n t p a ra s ite s  
in  th e  v ic in ity  o f  th e i r  original h a b i ta t .  So fa r  th is  p re su m p tio n  h as  b een  
su p p o rte d  by  on ly  one au th o r, viz. W elcom m e (1981), w ho rep o rted  t h a t  in  
1975 A n gu illa  austra lis  had  been in tro d u c e d  from  N ew  Z ealand  to  I ta ly .  
I t  c a n n o t be ex c lu d ed  th a t  o ther ill-considered  fish  in tro d u c tio n s  to o k  p lace  to  
o th e r  E u ro p ean  c o u n trie s  as well.

F rom  s tu d ies  on th e  p a tho log ica l significance o f th e  six m onogenean  
species new ly d e m o n s tra te d  in  H u n g a ry  i t  seem s th a t  D. sachuensis is th e  o n ly  
one  th a t  m ay  be d isreg a rd ed . P re su m a b ly  th is  sm all p a ra s ite  can  p ro d u ce  gill 
d am ag e  sim ilar to  t h a t  induced  b y  D . anchoratus an d  D . achmerowi, b u t ,  in  
sp ite  of its  p a th o g e n ic ity  proved  b y  us in  aq u a ria , th e  losses in flic ted  b y  i t  are  
fa r  from  those  cau sed  b y  D. vastator a n d  D . extensus.

A ccording to  M usselius (1967, 1968), D. aristichthys p a ra s itiz in g  th e  
b ig h ead  and  D. hypophthalm ichthys  liv in g  on  th e  silver ca rp  can  produce  sign if
ic a n t  gill lesions. O u r observations m ad e  u n ti l  now  are  in  ag reem en t w ith  th e  
ab o v e  finding.

Im ad a  an d  M uroga (1977) p ro v id e d  d e ta iled  d a ta  on th e  p a th o lo g ica l 
sign ificance o f th e  eel parasites P . b in i a n d  P. anguillae  (in  o u r op in ion  th e  
la t t e r  species is sy n o n y m o u s w ith  P . m icrorchis). The sam e a u th o rs  ( Im a d a  
a n d  M uroga, 1979) described  a m e th o d  fo r  con tro lling  th e se  p a ra s ite s  u n d e r
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large-scale cond itions. W ith  th is  know ledge, th e  p re v e n tiv e  an d  th e ra p e u tic  
t re a tm e n t o f eel s tocks rea red  in  H u n g a ry  u n d er iso la ted  cond itions can  give 
reassu rin g  resu lts .

A cknow ledgem ents

T he a u th o r  is in d e b te d  to  D r. А. У . G ussev (L eningrad) fo r h is he lp  in  th e  id en tif ic a tio n  
o f th e  species D. sachuensis, a n d  to  D r. F . M oravec (P rague) fo r m ak in g  availab le  th e  Chinese 
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FINE STRUCTURE OF THE PROCESS OF OOCYST WALL 
FORMATION OF E l  M E R I A M A X I M A  (APICOMPLEXA:

EIMERIINA)

M. E l w a s il a

Z oology D e p a rtm e n t, F a c u lty  o f Science, U n iv e rs ity  o f K h a r to u m , K h a rto u m , S u d a n

(R eceived  A pril 20, 1984)

T h e  fin e  s tru c tu re  o f th e  m acro g am o n ts  a n d  m ac ro g am e te s o f E im eria  m axim a , a  cocci- 
d iu m  p a ra s itiz in g  th e  sm all in te s tin e  o f  p o u ltry  is g iven . T h e  p rocess o f oocyst w all fo rm a tio n  
w as fo llow ed b y  e lectron  m icrographs. T h is w as fo u n d  to  h e  a tt r ib u te d  m ain ly  to  th e  a c tiv itie s  
o f  w all-fo rm ing  bodies I  an d  I I  g iving rise  to  th e  o u te r  a n d  in n e r  oocyst laye rs , re sp ec tiv e ly . 
F o u r  m em b ran es w ere also fo u n d  to  p a r tic ip a te  in  th e  p rocess o f oocyst w all fo rm a tio n  o f  
E im eria  m axim a.

K eyw ords. E im eria  m axim a , m ac ro g am o n t, m ac ro g am e te , oocyst, w all fo rm a tio n , 
u ltra s tru c tu re .

T he successful p ro p ag a tio n  o f coccid ian  p a ra s ite s  is due, a t  least in  p a r t ,  
to  th e  p ro p ertie s  o f th e ir  ro b u s t oocysts. C occidian oocysts w ith s ta n d  ad v erse  
e n v iro n m en ta l cond itions an d  resis t c e rta in  chem icals. Such oocyst p ro p e rtie s  
are  endow ed in  th e  o ocyst wall. O ocyst w all fo rm a tio n , a t  le a s t in  th e  E im eriin a , 
is a t t r ib u te d  to  th e  a c tiv itie s  o f th e  w all-fo rm ing  bod ies (Scholtyseck  a n d  V oig t, 
1964; S cho lty seck  e t a l., 1969, 1971). T he associa tion  of th e  w all-form ing  bodies 
an d  th e  p a ra s ite  m em branes, an d  th e  ro le th e y  p la y  in  oocyst wall fo rm a tio n  is 
n o t fu lly  u n d e rs to o d . In v es tig a tio n s  done on th e  oocyst w all fo rm a tio n  o f 
c e r ta in  E im eria  species con tinue  to  shed  lig h ts  on  th is  com plicated  p rocess 
(V arghese, 1975; W h e a t e t ah , 1975; M ichael, 1978; C hobo tar e t a l., 1980; 
S en au d  e t a l., 1980; an d  S ib ert an d  Speer, 1980).

In  th e  p re sen t com m u n ica tio n  th e  fin e  s tru c tu re  o f th e  oocyst w all fo r
m a tio n  o f E im eria  m axim a  is described  an d  p re sen ted  in  pho to m icro g rap  hs.

Materials and m ethods

T h ir ty  W h ite  L eghorn  ch ickens, 2 -3  w eeks o ld , w ere in o cu la ted  w ith  
p u re  sp o ru la te d  oocysts o f  E . m axim a . T he  in fec tio n  dose w as 10,000 to  330,000 
oocysts. Tw o chickens w ere k illed a t  6-h in te rv a ls  b eg in n in g  a t  6 h  p o st in o cu la 
tio n  (p . i.). S crap ings an d  sm all pieces o f th e  m idd le  p a r t  o f th e  sm all in te s tin e  
w ere c u t, an d  fix ed  in  2 .5 %  g lu ta ra ld eh y d e  in  2 .14%  sodium  cacody la te  b u ffe r 
o f p H  7.4, o sm o la lity  o f 400, fo r 2 -4  h  a t  4 °C. T he m a te r ia l was th e n  w ash ed  
in  caco d y la te  b u ffe r an d  po stfix ed  in  1 .5%  0 s 0 4 in  th e  cacody la te  b u ffe r
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fo r 2—4 h . These p ro ced u res  w ere follow ed b y  w ashing  in  buffer. T he m a te ria l 
w as d e h y d ra te d  in  g rades of e th an o l. W hile  in  70%  e thano l, th e  m a te r ia l w as 
s ta in e d  w ith  1%  u ra n y l a c e ta te  an d  1%  p h o sp h o tu n g stic  acid a t  4 °C fo r 20 h . 
T he m a te r ia l  w as em b ed d ed  in  a ra ld ite  o r E R L . Sections w ere c u t on an  u l t r a 
m ic ro to m e  and  ex am in ed  w ith  a Zeiss E M  9s2 e lec tron  m icroscope.

R esults

T h e  y o ung  m acro g am o n ts  of E . m a x im a  w ere found  to  be o v a l in  shape , 
su rro u n d e d  b y  a th ree -m em b ran o u s  pellicle. W all-form ing  bodies I I  ap p ea red  
f ir s t ,  a n d  th e y  w ere enclosed  in  th e  ro u g h  endop lasm ic  re ticu lu m  (E R ) c iste rnae . 
W all-fo rm in g  bodies I I  w ere re la tiv e ly  la rg e  a n d  were d is tr ib u te d  a ro u n d  th e  
n u c leu s. W all-form ing  bodies I  w ere m uch  sm aller, n o t su rro u n d ed  b y  m em 
b ra n e s , an d  w ere in  th e  ce n tra l p a r t  o f th e  p a ra s ite . W all-form ing bod ies I  an d  
I I  rev ea led  hom ogeneous osm iophilic c o n te n ts . T he young m acro g am o n ts  o f E . 
m a xim a  w ere also ch a rac te rized  b y  large  n u m b ers  of large m ito ch o n d ria  a r 
ra n g e d  a t  th e  p e rip h e ry , an d  a few am y lo p ec tin  granules w ere sc a tte re d  in  th e  
cy to p la sm . T he nucleus w as large an d  w as c e n tra lly  s itu a te d , u su a lly  w ith  a 
p ro m in e n t nucleolus (F ig . 1).

In  th e  m acrogam etes of E . m axim a  th e  th ree-m em b ran o u s pellicle d isap 
p e a re d  an d  th e  m acrogam etes were su rro u n d ed  b y  u n it m em branes s tre n g th e n e d  
a t  p a r ts  w ith  E R . W all-fo rm ing  bodies I  an d  I I  h ad  a p p ro x im a te ly  equal 
d ia m e te rs . The hom ogeneously  osm iophilic  w all-form iug  bodies I  w ere a rran g ed  
a t  th e  p e rip h e ry , w hile w all-form ing  bodies I I  show ed spongy n a tu re  an d  m oved 
to w a rd s  th e  p e rip h ery . Large n u m b ers  o f am y lo p ec tin  granules o f  eq u a l size 
filled  th e  cen tra l p a r t  o f th e  m acrogam ete . T h e  p e riphera l m ito ch o n d ria  w ere 
sm alle r th a n  those  o f th e  y oung  m acro g am o n ts . T he nucleus w as s itu a te d  in  th e  
c e n tre , w ith  a nucleo lus (F ig. 2). T he y o u n g  m acro g am o n ts  an d  m acro g am etes  
w ere fo u n d  in  p a ra s ito p h o ro u s  vacuoles r ich  in  in tra v a c u o la r  tu b u le s .

T h e  process o f oocyst w all fo rm a tio n  beg an  w ith  changes w hich  to o k  
p lace  in  th e  p e rip h e ra lly -a rran g ed  w all-fo rm ing  bodies I . F irs t th e ir  co n ten ts  
p a r tic u la te d  in to  sm all g ranu les. T hen  th e  w all-form ing bodies d is ru p te d  an d  
osm ioph ilic  t in y  g ran u les  w ere sc a tte re d  a long  th e  inner side of th e  zygo te  u n it  
m e m b ra n e  (F ig. 3,M 1). T he d ispersal of th e  osm iophilic  partic les  o f w all-fo rm ing  
b od ies I  w as found  to  be irreg u la r. L ong can a ls  of th e  rough E R  w ere seen a t  th e  
p e r ip h e ry  of th e  zygo te . These canals th e n  fo rm ed  a m em brane  (F ig . 3, М2) 
be low  th e  sc a tte re d  osm iophilic  pa rtic le s  o f  w all-form ing  bodies I.

C hanges th e n  to o k  place in  w all-fo rm ing  bodies I I .  These w ere spongelike 
a n d  th e n  p a r tic u la te d  an d  m oved to  th e  p e rip h e ry  of th e  zygote. T he c o n ten ts  
o f w all-fo rm ing  bodies I I  w ere d is tr ib u te d  b e n e a th  th e  new ly-fo rm ed  m em b ran e  
(М2) (F ig . 3) o f E R  orig in . These th e n  coalesced and  form ed a d isco n tin u o u s
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hom ogeneous osm iophilic  lay e r a ro u n d  th e  zygote. In  m o s t cases th is  lay e r w as 
found  to  be th ic k e r  an d  m ore c o n cen tra ted  a t  th e  po les of th e  developing  
oocyst (Figs 5, 6, 8). T he E R  canals th e n  form ed tw o  a d d itio n a l m em branes 
(F igs 3 an d  4, М3, M4) b y  a rra n g e m en t u n d e rn e a th  th e  osm iophilic  lay e r fo rm ed  
b y  w all-form ing bod ies I I .  T hese m em branes s e p a ra te d  th e  cy toplasm ic co n 
te n ts  from  th e  d eve lop ing  o u te r  la y e r  o f th e  o ocyst w all. T he o u te rm ost u n i t  
m em b ran e  of th e  m acro g am ete  rem ain ed  in ta c t  an d  re la tiv e ly  sm ooth  th ro u g h 
o u t (Figs 3 an d  4, M l). O sm iophilic  p artic les w ere also  seen in  th e  p a ra s ito - 
pho rous vacuole  su rro u n d in g  th e  zygo te , as th e  p a r tic u la tio n  of th e  w all-form ing 
bodies to o k  place a t  th e  p e rip h e ry  o f th e  zygote. T h e  process of oocyst w all 
fo rm atio n  w as n o t possib le  to  follow  fu rth e r , due to  f ix a tio n  d ifficulties, b u t  
th e  oocyst w all fo rm a tio n  o f E . m axim a  revealed  a re la tiv e ly  th in  o u te r la y e r  
follow ed b y  a th ic k e r  osm iophilic  lay e r (Fig. 7).

D iscussion

As seen b y  lig h t an d  elec tron  m icroscopy th e  o o cy st w all of m ost coccidi- 
ans is com posed o f tw o  lay ers  o rig in a tin g  from  tw o  k in d s  of cell inclusions. 
T he so-called d a rk  bodies (w all-form ing bodies I) , w h ich  are PA S-positive 
granu les, form  th e  o u te r  lay e r o f th e  oocyst. The in n e r o o cy st lay e r is form ed b y  
w all-form ing  bodies I I ,  w hich correspond  to  th e  ligh t-m icroscop ic  p ro te in  
g ranu les (S cho ltyseck  e t al., 1969).

The w all-fo rm ing  bodies o f E . m axim a  a p p e a r f i r s t  as hom ogeneously  
osm iophilic in y o u n g  m acro g am o n ts . As th e  process o f  m acrogam etogenesis 
proceeds, th e  c o n te n ts  o f w all-form ing  bodies I I  change to  spongy-like n a tu re . 
T h is is in  ag reem en t w ith  th e  genera l tre n d  seen in  th e  E im e r ia  species rep o rted  
b y  o th e r w orkers (S cho ltyseck , 1962; Scholtyseck  e t a l., 1971; M ehlhorn, 1972; 
F erguson  e t al., 1977; K n ö b b e r e t a l., 1980).

Y arghese (1975), s tu d y in g  th e  zygo te  and  th e  e a rly  oocyst of E . labbeana, 
observed  th a t  th e  f ir s t  no ticeab le  change in  th e  y o u n g  zyg o te  w as th e  d isag
g regation  an d /o r fusion  an d  su b seq u en t d isappearance  o f w all-form ing  bodies I . 
D is in teg ra tion  an d  g ra d u a l d isso lu tion  of w all-form ing  bodies I  occasionally  
h ap p en ed  w ith in  vacuo les. T he d isap p earan ce  of w all-fo rm ing  bodies I  coincided 
w ith  th e  ap p earan ce  o f an  osm iophilic lay e r b e n e a th  th e  lim itin g  m em brane, 
an d  th is  lay er becam e th e  o u te r  la y e r  o f  th e  w all o f th e  fu tu re  oocyst. M ichael 
(1978) gave sim ilar d esc rip tio n  o f th e  fa te  of th e  w all-fo rm ing  bodies of E . 
acervulina. W h ea t e t  al. (1975) re p o rte d  th a t  w all-form ing  bodies I  of E . m ivati 
m acrogam etes becam e less hom ogeneous and  b roke u p  in to  sm all partic les 
w hich  appeared  to  be  d is tr ib u te d  in to  sm all vesicles. M ore obvious changes in  
w all-form ing bodies I  in  th e  m acrogam etes of E . acervulina  w ere described b y  
F erguson  e t al. (1977). T h ey  f irs t  dissolved and  th e n  passed  th ro u g h  a tran s itio n -
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al g ra n u la r  phase w hich  w as th e n  rep laced  b y  electron-pale m a te r ia l. C hobotar 
e t  a l. (1980) gave an  a cco u n t o f th e  changes w hich to o k  p lace  in  w all-form ing  
b o d ies  o f  E . pap illa ta , lead in g  to  th e  fo rm a tio n  o f th e  oocyst w all. S enaud  e t al. 
(1980) described  th e  fo rm a tio n  o f  th e  o o cy st w all o f E . acervulina. T he  process 
o f  o o cy st w all fo rm atio n  o f  E . m a xim a  o bserved  in  th e  p re se n t s tu d y  w as essen
t ia l ly  s im ila r to  th e  fo rm a tio n  o f  th e  o ocyst w all in  o th e r  E im eria  species. 
T h e  f in e -s tru c tu ra l s tu d ies  on th e  fo rm a tio n  of th e  oocyst w all h a v e  d e m o n s tra t
ed  th e  ro le  p layed  b y  th e  w a ll-fo rm ing  bodies. A ccordingly , th e  o ocyst w all is 
fo rm e d  o f tw o lay e rs : an  o u te r  e lec tron -dense  and  re la tiv e ly  hom ogeneous 
la y e r , a n d  an  in n e r e lec tron -pale  la y e r  (Scholtyseck, 1962; S cho lty seck  and  
V o ig t, 1964; S cho ltyseck  e t al., 1969; Scholtyseck  e t al., 1971; D o en s-Ju teau  
a n d  S en au d , 1974; V arghese, 1975; F erg u so n  e t ah , 1977; M ichael, 1978; 
M arch io n d o  e t a l., 1978; C h o b o tar e t  a l., 1980; Senaud e t a l., 1980; S ib e rt an d  
S p eer, 1980).

In  E . m axim a, th e  species s tu d ie d  here , th e  o u te r la y e r  o f  th e  oocyst w all 
w as e lec tron -pale  an d  th in n e r  th a n  th e  e lectron-dense in n e r la y e r.

T h e  n u m b er o f m em b ran es w h ich  are  in co rpo ra ted  in  th e  oocyst wall 
fo rm a tio n  in  th e  E im eriin a  is v a rie d . N ine m em branes w ere  re p o rte d  in  th e  
o o c y s t w all of Isospora canaria  an d  3 m em branes in  I .  serin i (Speer an d  Du- 
szy n sk i, 1975). F o u r m em b ran es w ere re p o rte d  to  be fused  in  th e  osm iophilic 
o u te r  a n d  e lec tro n -lu cen t lay e r o f  th e  oocyst wall o f Sarcocystis  spp . In  E . 
perforans  5 u n it m em b ran es w ere o b se rv ed  in  th e  oocyst w all (S cho lty seck  e t al., 
1971). S ib e rt and  Speer (1980) o b se rv ed  a to ta l  of 5 m em b ran es  before and  
d u r in g  th e  oocyst w all fo rm a tio n  o f  E . nieschulzi. A single m em b ran e  was 
re p o r te d  in  E . larim erensis  an d  in  E . callospermophili (R o b e rts  e t ah , 1970). 
F iv e  m em branes w ere in c o rp o ra te d  in  th e  fo rm ation  o f th e  o ocyst w all o f 
E . p a p illa ta  (C hobo tar e t a l., 1980). S en au d  e t al. (1980) describ ed  3 m em branes 
in  th e  fo rm atio n  o f th e  oocyst w all o f  E . acervulina. In  th e  p re se n t s tu d y  4 
m em b ran es  were o bserved  to  p a r t ic ip a te  in  th e  fo rm atio n  o f  th e  oocyst wall 
o f  E . m axim a . T he p resence  o f h ig h ly  osm iophilic  partic les in  th e  parasito p h o - 
ro u s  v acuo le  su rro u n d in g  th e  m acro g am etes  o f E . m axim a  a n d  th e  role th e y  
m ig h t p la y  in  oocyst w all fo rm a tio n  n eed  fu r th e r  in v es tig a tio n s . W h ea t e t al. 
(1975) observed  occasionally  a d a rk  m ass o f m ateria l, th e  c rescen t b o d y , a t  one 
e n d  o f  th e  p a ras ito p h o ro u s  v acuo le  su rro u n d in g  th e  m ac ro g am ete  o f  E . m ivati.
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Fig. 1. E im eria  m axim a  4—5 days p o st-in fec tio n  (p. i.). E lectron  m icrograph  of a young m acro- 
g a m o n t show ing th e  a rran g em en t of th e  w all-fo rm ing  bodies (W F1 and  W F2) and the  p e rip h e ra l

m ito ch o n d ria  (M I). X 13,500

Fig. 2. E . m axim a  5—6 days p. i. E lec tro n  m icrograph  of a m acrogam ete . N otice th e  a rra n g e 
m en t o f th e  w all-form ing bodies and  th e  large  num bers of am y lopectin  (A). X 8850



F igs 3 and 4. E. m axim a  5—6 days p. i. E lec tro n  m icrograph  of th e  oocyst wall fo rm ation . 
N o tice  th e  appearance of th e  osm iophilic p a rtic les  (O P) in th e  p a rasito p h o ro u s vacuole (PV).

X 30,000



F ig. 5. E . m axim a  6-7 days p. i. E lectron  m ic ro g rap h  of a developing oocyst; reg u la r oocyst wall
fo rm atio n . X 7000

F ig. 6. E . m axim a  6-7 days p. i. E lectron  m ic ro g rap h  of an  oocyst w ith in  a h o st cell: irregu lar
oocyst wall fo rm a tio n . X5700



F ig. 7. E . m axim a  6-7 d a y s  p . i. E lectron  m icrograph  of th e  oocyst wall. X 16,240

Fig. 8. E . m axim a  6-7 d ay s  p. i. E lectron  m icrograph  of a developing oocyst. N otice th e  p a rti-  
cu la tion  of th e  rem ain in g  w all-form ing bodies I I  (W F2). X 8250

Abbreviations : A =  a m y lo p e c tin ; E R  =  endoplasm ic re ticu lu m ; H CN  =  host cell nucleus; 
IL  inner layer of th e  o o cy st w all; IT  =  in tra v ac u o la r  tu b u le s ; M 1-M 4 =  m em branes p a r t i 
c ip a tin g  in the  oocyst w all fo rm a tio n ; MI =  m ito ch o n d ria ; N =  nucleus; PV  =  p a ras ito p h o - 
rous vacuole; OL =  o u te r  la y e r  of th e  oocyst w all; O P  =  osm iophilic  partic les; W F1 =  w all

fo rm in g  body  I ;  W F2 =  w all-fo rm ing  body  I I



Acta Veterinaria Hungarica 32 (3 — 4), pp. 165—170 (1984)

EFFECT OF pH AND TEMPERATURE ON FOUR -  
DEHYDROGENASE ENZYMES OF 

HAEMONCHUS CONTORTUS

J y o t i k a  K a p u r , M. L . S o o d  and  G. L. S o m *

D e p a r tm e n t o f Zoology a n d  ‘ D e p a rtm en t o f B iochem istry , P u n ja b  A g ric u ltu ra l U n iv e rs ity ,
L udh iana-141  004, In d ia

(R eceived A p ril 26, 1984)

S uccina te  deh y d ro g en ase  (SD H ), n ico tin eam id e  aden ine d in u cleo tid e  dehydrogenase  
(N A D H -D H ), g lucose-6 -phosphate  d eh y d ro g en ase  (G P D ) a n d  g lu ta m a te  dehydrogenase  
(G D H ) ac tiv ities  were in v e s tig a te d  in a d u lt  specim ens of H aem onchus conlorlus. E ffec t o f  p H  
a n d  te m p e ra tu re  on th e  a c t iv ity  of these  en zy m es w as stu d ied . S D H  e x h ib ited  m ax im u m  
a c tiv ity  (a b o u t 120 n m o les/m in /m g  p ro te in ) a t  a n  op tim um  p H  of 8.2 a n d  te m p e ra tu re  32 °C, 
a n d  N À D H -D H  (ab o u t 46 nm oles/m in /m g p ro te in )  a t  an  o p tim u m  p H  o f 9.0 an d  te m p e ra tu re  
32 a n d  42 °C. p H  and  te m p e ra tu re  o p tim a fo r  G P D  an d  G D H  w ere 7.4 a n d  7.0, and  37 °C a n d  
27 °C, respec tive ly . M ax im u m  a c tiv ity  re co rd e d  w as a b o u t 4 a n d  162 nm oles/m in /m g  p ro te in , 
re sp ec tiv e ly , for G PD  a n d  G D H . Possible ro le o f  th ese  enzym es in  th e  m etab o lism  of th e  p a ra s ite  
is d iscussed .

K eyw ords. H aem onchus contortus, su c c in a te  d eh y drogenase , n ico tin eam id e  ad en in e  
d in u cleo tid e  d eh ydrogenase , g lucose-6 -phosphate  dehydrogenase , g lu ta m a te  dehydrogenase , 
p H , tem p e ra tu re .

Haem onchus contortus (N em a to d a : T richostrongy lidae) is one o f th e  
m o st pathogen ic  species parasitiz in g  th e  abom asum  of ru m in a n ts . I t  has a t t r a c t 
ed  considerab le  a t te n t io n  by  in v e s tig a to rs  in  d iffe ren t p a r ts  o f th e  w orld  
(see Sood and  K a p u r , 1982). E nzym es o f  d ifferen t sources a re  know n b y  one 
n a m e , even th o u g h  th e y  m ay h av e  p ro p ertie s  c learly  in d ic a tin g  chem ical 
d ifferences. These d iffe ren tia tin g  c h a ra c te rs  include p H  a n d  te m p e ra tu re  
o p tim u m  values, im m unolog ical d ifferences, etc. These d ifferences can be o f 
considerab le  im p o rtan ce  fo r th e  ch e m o th e ra p y  of p a ra s itic  n em ato d es. In  sp ite  
o f  th is , on ly  little  a t te m p t  has been m a d e  in  th is  reg a rd  (B a r re t t  an d  F a irb a irn , 
1971).

T he p resen t s tu d ie s  on H . contortus (R u d ., 1803) w ere u n d e rta k e n  to  s tu d y  
th e  effect o f p H  an d  te m p e ra tu re  on  fo u r  key  d ehydrogenases invo lved  in  th e  
m e tab o lism  of H . contortus.

Materials and methods

A d u lts  of H . contortus of b o th  sexes were recovered  from  th e  abom asum  
o f go a ts  ( Capra hircus)  p rocu red  from  lo ca l ab a tto irs . T he w orm s w ere th o ro u g h 
ly  w ashed  in  saline to  rem o v e  the  a d h e rin g  m ateria ls.

A ddress re p rin t re q u e s ts  to  Dr. M. L . S o o d , A ssociate P rofessor
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W orm s w ere hom ogen ized  in  0.25 M sucrose for 5 m in  a n d  cen trifuged  fo r  
2 m in  a t  2000 rp m . T h e  su p e rn a ta n t  th u s  o b ta in ed  w as em ployed  for assay ing  
enzym es.

S uccinate  d eh y d ro g en ase  (SD H ) EC 1.3.99.1 w as e s tim a te d  b y  th e  m eth o d  
o f A rrigon i an d  S inger (1962), n ico tin eam id e  aden ine  d in u c leo tid e  dehydroge
n ase  (N A D H -D H ) E C  1.6.99.3, g lucose-6 -phosphate  d eh y d ro g en ase  (G PD ) 
E C  1.1.1.49 and  g lu ta m a te  dehydrogenase  (G D H ) EC  1.4.1.2 b y  th e  m eth o d s 
c ite d  in  B ergm eyer’s b o o k  (1974). C hange in  ex tin c tio n  w as observed  a t  30 sec 
in te rv a ls  fo r 3 m in  a t  340 n m  in  th e  case o f G PD  an d  G D H , a t  600 n m  in  th e  
case  o f SD H  an d  a t  420 n m  in  th e  case o f  N A D H -D H . P ro te in  w as m easu red  
b y  th e  m ethod  o f L o w ry  e t  al. (1951).

F o r stu d y in g  th e  effect o f p H , 0.5 M p h o sp h a te  b u ffe r  w as used in  th e  
case  o f SD H  and  0.05 M tris-H C l b u ffe r in  th e  case o f  N A D H -D H , G PD  an d  
G D H , in  th e  p H  ran g e  fro m  6.2 to  9.4. T he effect of te m p e ra tu re  w as s tud ied  a t  
th e  p H  of m ax im um  a c tiv ity , in  th e  ra n g e  from  22 to  52 °C.

Results

R esu lts of th e  an a ly s is  concern ing  th e  fou r enzym es a re  g iven in  T able I  
a n d  F igs 1-3.

W ith  th e  in c rease  in  p H , th e re  w as a con tinuous in crease  in  th e  S D H  
a c tiv i ty  (Fig. 1) u p  to  p H  8.2, w here m ax im u m  a c tiv ity  w as o b ta in ed . This w as

Table I

p H  and  te m p e ra tu re  op tim a of dehydrogenases o f  H . contenus

E n z y m e O p tim u m  p H O p tim u m  te m p e ra tu re
(°C)

SD H 8.2 32

N A D H -D H 9.0 32 ,4 2

G PD 7.4 37

G D H 7.0 27

follow ed by  a c o n tin u o u s  decrease. W ith  th e  increase in  te m p e ra tu re  th e re  w as 
a progressive increase  in  th e  enzym e a c tiv i ty  till th e  o p tim u m  a t  32 °C; th e re 
a f te r , th e  a c tiv ity  d ecreased  con tinuously .

T here  w as a p ro g ressive  increase  in  th e  N A D H -D H  a c tiv ity  (Fig. 2), 
w ith  increasing  p H ; th e  o p tim u m  was reach ed  a t  p H  9.0. T h e rea fte r , th e  a c tiv i
t y  decreased. W ith  re g a rd  to  th e  effect o f te m p e ra tu re , no  p a r tic u la r  tre n d  w as 
ev id en t. O p tim um  v a lu e s  w ere o b ta in ed  a t  32 °C an d  42 °C.
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X
CL

nmoles transformed substrate/min/mg protein

Fig. 1. E ffec t o f  p H  and  te m p e ra tu re  on  a c tiv ity  o f S D H  a n d  G D H

A c tiv ity  of G P D  (F ig . 3) in c rea sed  w ith  increasing  p H ; op tim u m  w as 
reach ed  a t  7.4. T his w as followed b y  a  con tinuous d ecrease; no a c tiv ity  w as 
reco rd ed  a t  9.4. S im ila rly , w ith  in c reas in g  te m p e ra tu re , th e re  w as a p rogressive

о— O NADH-DH-pH 
о— о NADH-DH-Temperature/C°

nmoles transformed substrate/min/mg protein

о
<b
l—
3
a
s.
E

Fig. 2. E ffec t o f  p H  and  te m p e ra tu re  on  a c tiv ity  o f N A D H -D H
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Fig. 3. E ffec t o f p H  and  te m p e ra tu re  on a c tiv ity  o f G PD

in crease  in ac tiv ity , w ith  th e  o p tim u m  a t  37 °C. This w as follow ed b y  a con
tin u o u s  decrease till 52 °C , w here th e re  w as a slight increase .

W ith  increase in  p H , th e re  w as a p rogressive increase  in  th e  a c tiv ity  o f 
G D H  (Fig. 1), w ith  o p tim u m  a t  7.0. T h e re a fte r , th e  a c t iv i ty  d ropped  ra p id ly  
a n d  again  increased  a t  9.0. A t p H  9.4, h a rd ly  an y  a c tiv ity  w as observed. W ith  
re g a rd  to  th e  effect o f  te m p e ra tu re , m ax im u m  a c tiv ity  w as d em o n stra ted  a t  
27 °C , beyond w hich , w ith  b o th  increase an d  decrease in  te m p e ra tu re , a co n ti
n u o u s  decrease in th e  a c t iv i ty  was observed .

Discussion

SD H  cata ly ses th e  o x ida tion  o f su cc in a te  to  fu m a ra te . The enzym e in 
A ncylostom a can inum  h a s  i ts  o p tim u m  p H  a t  9.0 in  H C 0 3 b u ffe r  and  a t  p H  8.0 
in  p h o sp h a te  b u ffe r (W a rre n , 1965). In  H . contortus th e  o p tim u m  p H  is 8.2 in  
p h o sp h a te  buffer, th u s  b e in g  in  close ag reem en t w ith  th e  re p o rte d  pH  o p tim u m  
fo r th e  SD H  of A . ca n in u m . T his in d ica tes  th a t  p h o sp h a te  an d  HCOjj” ions h av e  
som e d ifferen tia l e ffect on SD H  a c tiv ity  in  A . caninum . In  H . contortus, th e  
e ffec t of d ifferen t b u ffe rs  has n o t been s tu d ied .

N A D H -D H  is a m em b er o f th e  re sp ira to ry  chain , a c tin g  as a ca rrie r o f  
e lec trons betw een  N A D H  an d  m ore e lec tropositive  co m p o n en ts  (H arp er e t ah ,
1977). A m ong n em a to d es , so fa r  i t  has b een  de tec ted  o n ly  in  Ascaris  (K m etec  
a n d  B ueding, 1961; K u n im o to  and  N a g a k u ra , 1974). In  H . contortus, i t  is 
b e in g  rep o rted  fo r th e  f i r s t  tim e . I t  ex h ib its  s ign ifican t a c tiv ity  a t  a h igh ly  
a lk a lin e  pH .
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G P D , one of th e  k ey  enzym es o f  th e  H M P p a th w a y , has been re p o rte d  
in  severa l species (A nw ar e t  al., 1977; H erm o so  e t al., 1982). H ow ever, th e re  is 
no ev idence th a t  th e  p a th w a y  is in v o lv ed  in  energy  m etab o lism  in p a ra s itic  
n em ato d es. I ts  m ain  fu n c tio n  is p ro b ab ly  to  p rov ide  N A D P H  an d  C5, C7 sugars 
fo r sy n th e tic  processes (B a rre tt , 1976). I ts  a c tiv ity  in  H . contortus is n e a rly  
50 p e rcen t of th a t  re p o rte d  in Ascaris  (B a r re t t  and  B eis, 1973), th u s  in d ica tin g  
its  role m ain ly  in sy n th e tic  processes; nucle ic  acid b io sy n th esis  from  glucose 
has been repo rted  b y  K a p u r  and  Sood (1984). F u r th e r , i ts  a c tiv ity  is s ign ifi
c a n tly  low er th a n  th a t  o f  r a t  liver, in  w h ich  on ly  10%  o f glucose b reak d o w n  
is b y  th e  pentose p a th w a y .

G D H  plays a c e n tra l role in  am ino  acid  d eam in a tio n  a n d  in  th e  fo rm atio n  
o f a-am ino  n itrogen  g ro u p s from  am m onia . I t  has been  d e te c te d  only  in  a few  
species, v iz ., A scaris, A .  can inum  an d  D iro fila ria  im m itis  (P erez  et al., 1967; 
R asero  e t al., 1968; L an g e r an d  J iam p erm p o o n , 1970; M cN eill an d  H u tch iso n ,
1971). To our know ledge, in  H . contortus G D H  is b e ing  re p o r te d  for th e  f irs t  
tim e . I ts  a c tiv ity  is v e ry  h ig h  in  com parison  to  th a t  in  D . im m itis  (M cNeill an d  
H u tch iso n , 1971). H o w ev er, i t  is very  low  re la tiv e  to  th a t  in  Fasciola hepatica  
(P rich a rd  and  Schofield, 1968). This in d ic a te s  th e  re la tiv e ly  low  im p o rtan ce  of 
a -k e to g lu ta ra te  d eh y d ro g en ase  in  H . contortus.
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COMEDOCARCINOMA AS SYMMETRICAL CUIRASS 
CANCER IN THE MAMMARY GLANDS OF A FEMALE

ROXER

M. S c h ö n b a u e r  and H. K. D r e i e r

I n s t i tu te  fo r P a th o lo g y  a n d  F o rensic  V e te rin a ry  M edicine, an d  Clinic fo r O b s te tric s , G ynae
cology an d  A ndro logy  o f th e  U n iv e rsity  fo r V e te rin a ry  M edicine, V ien n a , A u stria

(R eceived M ay 18, 1984)

A  case o f a b ila te ra l, sy m m etric  com edocarcinom a in  th e  m a m m a ry  g lands of a  fem ale 
b o x e r is described. T he carc in o m a form ed as cuirass cancer dev elo p ed  m éta s tasés  in  b o th  
ly m p h a tic  nodes an d  in th e  lu n g s a n d  was analogous to  co m ed o carc in o m ata  o f m an  a n d  cat. 
A  con n ec tio n  be tw een  re p e a te d  tre a tm e n t o f th e  dog w ith  gestagene  (ch lo rm ad in o n e  a ce ta te )  
a n d  th e  com edocarcinom a fo rm ed  as cuirass cancer could  be  n e ith e r confirm ed  n o r re fu ted .

K eyw ords. C om edocarcinom a, cuirass cancer, m a m m ary  g lan d , dog, boxer.

In  th e  l i te ra tu re  th e re  are  only  few d escrip tions of an im a l com edocarci
n o m a ta  and  cuirass cancers. U p to  now , th e  coincidence o f b o th  form s in  th e  
sam e an im a l has n ev e r been  observed. T he te rm  com edocarcinom a w as coined 
b y  B loodgood (1934). A t th e  end  of th e  p a s t c e n tu ry  he c re a te d  i t  for carc inom a 
fo rm s o f th e  fem ale m a m m a ry  g lands w hich grew  in  th e  lac tife ro u s duc ts  an d  
fo rm ed  a cen tra l n ec ro tic  cy linder. U pon p ressu re  on th e  su rface  i t  can  be 
squeezed  ou t ju s t  like a  com edoic clo t. On th e  c o n tra ry , a  cu irass cancer is a 
ca rc inom a form  w hich  p e n e tra te s  th e  w hole m am m a ry  g land  like a cuirass an d  
w hich , som etim es, ex u lce ra tes .

Diagnosis

Case history and clinical diagnosis

A  n ine-year o ld  fem ale boxer dog, be tw een  M ay 1976 a n d  J u ly  1981 
t r e a te d  a lto g e th e r 16 tim es  w ith  ch lo rm ad inone  a c e ta te  in  o rd e r to  suppress 
h e a t , w as p resen ted  a t  th e  Clinic of O bste trics , G ynaecology an d  A ndrology. 
C lin ically , an  en tire ly  sy m m etric  tu m o u r could  be observed  in  b o th  m am m ary  
g lands reach ing  from  th e  f ir s t  abdom ina l te a t  to  th e  in g u in a l te a ts  an d  se p a ra t
ed  like a groove in  th e  m ed ian  line. B ecause o f  d ifficu lties w ith  re sp ira tio n  an d  
b a d  general cond ition , th e  dog was p u t  to  sleep.

A ddress o f th e  a u th o rs : L in k e  B ahngasse  11, A -1030  V ienna. A u s tr ia
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Pathological-anatom ical diagnosis

A t th e  d issec tion  an  e n tire ly  sym m etric  tu m o u r  w as found  on b o th  
m a m m a ry  glands (F ig . 1); in th e  a rea  o f th e  second ab d o m in a l te a t  i t  m easured  
1 X 3  cm  in cross-cu t (F igs 2, 3 a n d  4) an d  h a d  a solid consistency . T he tu m o u r  
h a d  grow n over th e  tw o  ab d o m in a l te a ts  in to  th e  in g u in a l te a ts  (F ig. 5), w here 
i t  reach ed  a d iam e te r  o f 4 cm  on b o th  sides an d  ex ten d ed  be tw een  th e  sk in  an d  
th e  m usculi rec ti ab dom in is ju s t  like  a cu irass in  th e  fo rm  o f a cy linder. B o th  
in g u in a l ly m p h a tic  nodes w ere en la rg ed  an d  dull an d  h a d  on th e  c u t su rface  
g reasy , round  foci as la rg e  as a g ra in  o f san d . U pon p ressu re , num erous necro tic  
cy linders could be  squeezed o u t on  th e  c u t surface, w hich  w ere ty p ic a l an d  
p a th o g n o m ic  for co m ed o carc in o m ata . T he lungs w hich , due  to  th e  e u th a n a s ia , 
w ere  considerab ly  congested , w ere clearly  h a rd en ed  a n d  show ed sm all m é ta 
s ta sé s  being g reasy  on th e  c u t su rface  an d  resem bling  th e  foci of th e  in g u in a l 
ly m p h a tic  nodes. T h e  m étastasés  w ere found  in  th e  p u lm o n a ry  p a ren ch y m a  in a 
d issem in a ted  fo rm , m o st f re q u e n tly  in  su b p leu ra l p osition . L ittle  s tr in g y  m ucus 
in d ic a te d  th e  p resence  of a b ro n ch itis .

Histopathological diagnosis

The diagnoses m ade on b o th  m am m a ry  g lands w ere en tire ly  id en tica l and  
show ed  th e  ty p ic a l c h a rac te ris tic s  o f a c en tra lly  n ec ro tiz in g  com edocarcinom a 
w h ich  in no w ay  can  be d iffe re n tia ted  from  co m ed o carc in o m ata  in  m an  and  
also  those in  th e  d om estic  ca t. T h e  g rea t po lygonal cells (F ig . 6) w ere a rran g ed  
co ncen trically  in  th e  d u c t sy s tem  o f th e  la c tea l g land . T ow ards th e  cen tre , 
th e y  showed reg ressive  changes u p  to  a cen tra l necrosis. B esides considerab le  
d isp lacem en ts o f th e  nucleus—p lasm a  re la tio n , severa l m itoses o ccu rred  as 
expression  of a h ig h  g row th  p o te n tia l.

The s tru c tu re  o f th e  carc in o m a was m a in ta in ed  in  b o th  ingu ina l ly m p h a 
tic  nodes (Fig. 7) as well as in  th e  lu n g  m étastasés  (F ig . 8). O th e r d e riv a tiv e  
tu m o u rs , in p a r tic u la r  th e  o s teo m etas tases  occu rring  o ften  in  c o n te x t w ith  
h u m a n  m am m ary  cancer, could  n o t  be d em o n stra ted .

Discussion

C om edocarcinom ata occur in  m an , dog, and  ca t. W ith  a p ercen tag e  of 
5 -6 %  of th e  m a lig n a n t ep ith e lia l tu m o u rs  of th e  m a m m a ry  g land , th e  dog 
show s a sim ilar freq u en cy  to  m an  (S chönbauer, 1981). T his carc inom a is of 
p a r tic u la r  in te re s t fo r co m p ara tiv e  p a th o lo g y ; due to  th e  fa c t th a t  th e  m a jo rity  
o f  canine m am m a ry  tu m o u rs  h a s  to  be a t tr ib u te d  to  th e  m ixed m am m ary  
tu m o u rs , th e  g re a te s t p a r t  o f th e m  can n o t be ta k e n  fo r co m p ara tiv e  stu d ies ,
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because, a p a r t from  v e ry  ra re  carc inosarcom as, m ixed  tu m o u rs  in  p a r tic u la r , 
ben ign  tu m o u rs  do n o t occur in  m an . B ecause o f th e  e x tra o rd in a ry  m orpho log i
cal s im ila rity  of th e  com edocarcinom a from  -which m an  an d  dog are suffering , 
such  cases could he ta k e n  in  o rd e r to  w ork  o u t t r e a tm e n t s tra teg ies . I t  is p ro v en  
th a t  th is  ty p e  of tu m o u r  in  th e  dog is m a lig n an t (S ch ö n b au er, 1981) a n d , th u s , 
i t  shows no difference fro m  h u m a n  tu m o u rs  of th is  k in d  n e ith e r  in  its  biological 
fea tu re s . T he fo rm atio n  o f a u n ila te ra l cu irass cancer can  som etim es be observed  
in  dogs, p a rtic id a rly  in  th e  case o f m ixed  m am m ary  tu m o u rs . T he g row th  on 
b o th  sides w hich, in  ad d itio n , is e n tire ly  sym m etric , c o n s titu te s  an u n p re c e d e n t
ed case am ong our p a tie n ts  w hich  we could n o t y e t p ro v e  fo r com edocarcino- 
m a ta . A ccording to  B ässler (1978), such  cuirass cancers as com edocarcinom a 
occur v e ry  seldom  in  m an , a co n d itio n  w hich  p o in ts  o u t th e  co m p ara tiv e  p a th o 
logical aspect.

As a t  least a con n ec tio n  be tw een  p ro life ra tio n s o f th e  m am m ary  g land  
an d  th e  ch lo rm adinone a c e ta te  is a lre a d y p ro v en  (N elson e t a l., 1973), we assum e 
a v e ry  sceptic a t t i tu d e  to w ard s  th is  m e th o d  of h e a t p o s tp o n em en t for fem ale 
dogs, even if  in th is  case a d irec t connection  betw een  th e  incidence o f th e  ca rc i
n o m a an d  th e  h e a t p o s tp o n e m e n t b y  m eans o f ch lo rm ad inone  a c e ta te  could be 
n e ith e r  confirm ed n o r re fu ted .
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F ig. 1. T he carcinom a has en tire ly  grow n in to  th e  m am m ary  com plexes of th e  dog, s ta r tin g  
fro m  th e  f irs t  abdom inal te a t  and  con tinu ing  cau d a lly . In  th e  m edian  line, th ey  are se p a ra ted  by

a groove (arrow )

F ig . 2. L ike a p la te , th e  tu m o u r lies betw een  skin  and  m uscles. Cut surface  be tw een  f i r s t  and
second abdom inal te a t ,  rig h th a n d



F ig . 4. T he left m am m ary  com plex is en tire ly  id en tica l, also here necrotic  cylinders can  be 
squeezed  o u t; second abdom inal te a t ,  le f th an d

F ig . 3. U pon pressure, n u m ero u s  necro tic  cy linders can  be squeezed o u t; cu t surface betw een  
f i r s t  an d  second ab d o m in a l te a t ,  r ig h th an d . T he sam e area  as show n in Fig. 2



Fig. 5. The carcinom a has enlarged and p e n e tra te d  in to  th e  lac tea l g land cy lin d rica lly ; cu t
surface a t  th e  rig h t inguinal te a t

Fig. 6. C om edocarcinom a w ith  cen tra l necrosis. M etac ry la te-em b ed d ed , H. and  E . X 250



F ig . 7. M etastasis of ly m p h a tic  node. In g u in a l ly m p h a tic  node. M etac ry la te  em bedded , H . and
E . X 224

Fig. 8. M etas tasis  in  th e  lung. M etac ry la te-em b ed d ed , H . and  E . X 308
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EFFECT OF THYROTROPIN (TSH) TREATMENT ON THE 
VITAMINS A AND E AND LIPID-PEROXIDE STATUS OF

DOMESTIC FOWL

M. MÉZES
D e p a rtm e n t o f A n im al P hysio logy  a n d  H yg iene, U n iv ersity  o f A g ric u ltu ra l Sciences, H-2103

Gödöllő, P á te r  K . u. 1, H u n g ary

(R ece iv ed  D ecem ber 27, 1983)

T h y ro tro p in  (T SH ) tr e a tm e n t  (3000 m U /d ay /k g  b o d y  w e ig h t in tra m u sc u la rly )  w as 
fo u n d  to  hav e  an  effect, th ro u g h  th e  a c tiv a tio n  o f th e  th y ro id  g lan d , on  th e  lip id  (cholesterol) 
a n d  lip id-soluble v ita m in  (v itam in s A a n d  E ) co n ten ts  o f th e  b lood  p la sm a  in  dom estic  fowl. 
T h e  v ita m in  A a n d  E  c o n te n t o f  th e  liv e r  also decreased  as a n  effec t o f t r e a tm e n t.  T he lip id- 
pe ro x id e  value , as m easu red  b y  th e  m alo n y ld ia ld eh y d e  (M DA) c o n te n t o f th e  p lasm a  an d  th e  
liv e r, increased  as well as th e  a c t iv ity  of tw o  im p o rta n t free -rad ica l-e lim in a tin g  enzym es, 
c a ta la se  an d  g lu ta th io n e  perox idase .

Keywords. T h y ro x in e , lip id -p ero x id e , v ita m in  E , dom estic  fowl.

T he effect o f th y ro tro p in  (T SH ) on th y ro id  a c tiv ity  an d  th y ro id  horm one 
secre tion  (K aneko  e t ah , 1969) as well as th e  in te rre la tio n sh ip s  betw een  th y ro id  
horm ones an d  th e  lip id  m e tab o lism  are  w ell-know n from  th e  l i te ra tu re . The 
lip o ly tic  a c tiv ity  o f th y ro tro p in  (B u tc h e r e t al., 1968) is b ased  on th e  ac tiv a tio n  
o f th e  cA M P -dependen t lipase  sy stem . The th y ro id  ho rm ones n ega tive ly  
co rre la te  w ith  th e  lip id  an d  cho lestero l co n ten t o f th e  b lood  p lasm a (F raser, 
1954). The fa t-so lub le  v ita m in s  (e.g. v itam in s  A and  E) also co rre la te  w ith  th e  
lip ids. M any in v es tig a to rs  h av e  suggested  a special in te ra c tio n , an  an tagon ism , 
b e tw een  th e  q u a n ti ty  of v ita m in  A  an d  th y ro id  ho rm ones (W asserm an , 1971; 
B h a t and  C am a, 1978) and  also be tw een  th a t  o f v ita m in  E  an d  th y ro id  h o r
m ones (W heeler an d  P erk in so n , 1949; P oste l, 1956). T h y ro id  horm ones have  an  
effect on th e  g lu ta th io n e -d e p e n d en t free-rad ica l scav en g er system  as well. 
Som e p rev ious in v estig a tio n s h av e  revealed  th e  effect o f th y ro id  horm ones on 
g lu ta th io n e-red u c tase  (M enendez, 1974) and  superox ide  d ism u tase  (P e tro v ic  
e t al., 1982) enzym e ac tiv ities .

M aterials and methods

T w en ty -fo u r weeks old b ro ile r h y b rid  lay ing  hens (S h av er S tarcross) 
w ere used. A d a ily  dose of 3000 m U /kg  body  w eight o f th y ro tro p in  (A m bion in j. 
O rganon , Oss) w as given in tra m u sc u la r ly  to  10 b ird s over fiv e  days. The daily  
dose was te n  tim es th e  da ily  average  p ro duc tion  re p o rte d  in  th e  lite ra tu re
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(N ew com er and  H u a n g , 1974). C on tro l b ird s (n =  10) w ere g iven  saline only. 
T h e  hens received a .com m erc ial lay in g  hen  d ie t ad  lib itu m . T h e  room  te m p e ra 
tu re  w as 2 3 ^ 0 .5  °C a n d  th e  lig h t period  12 h.

B lood was w ith d ra w n  da ily  fro m  th e  cu b ita l ve in  in to  heparin ized  tub es 
a p p ro x im a te ly  one h o u r  a f te r  th e  b eg inn ing  of th e  lig h t p erio d , for th y ro id  
a c t iv i ty  shows d iu rn a l v a r ia tio n s  (M uray  e t ah , 1981). T he in jec tio n  was p e r
fo rm ed  a t  th e  sam e tim e . T h y ro id  a c tiv ity  w as d e te rm in ed  b y  m easuring  th e  
th y ro x in e  level o f th e  p lasm a . F o r th e  d e te rm in a tio n  o f th y ro x in e  a specific 
rad io im m u n o assay  (R IA ) k it  developed  fo r h u m an  d iag n o stic  pu rpose  was used 
( In s t i tu te  of Iso topes o f  th e  H u n g a ria n  A cadem y  o f Sciences, B u d ap est).

P lasm a cho lestero l w as d e te rm in ed  b y  th e  L ie b e rm a n n -B u rch a rd  reac 
tio n  (Zöllner and  E b e rh a n g e n , 1965). V itam in  A d e riv a tiv e s  (re tino l, re tin y l 
este rs) in th e  p lasm a w ere se p a ra te d  b y  th e  m ethod  o f V a lilq u is t (1974), and  
th e ir  q u a n tity  w as m easu red  w ith  trich lo ro acetic  acid chrom ogen (B árdos, 
1975). The v itam in  E  in  th e  p la sm a  w as m easured  b y  th e  m ethod  of B ieri 
(1975). A t th e  end of th e  e x p e rim en t th e  b ird s w ere k illed b y  d ecap ita tio n , and  
th e  th y ro id  w eight as w ell as th e  v ita m in  A and  E  c o n te n t o f th e  liver were 
m easu red . V itam in  A  c o n te n t o f th e  liv er was d e te rm in ed  b y  th e  m ethod  
in d ic a te d  above. V ita m in  E  w as m easu red  as described  b y  H aack e r (1977).

T he lip id  p e rox ide  v alue  w as d e te rm in ed  b y  m easu rin g  th e  th io b a rb itu -  
ric -ac id -reac tiv e  p ro d u c ts  in  th e  p lasm a  and  in  th e  liv e r (P lace r e t ah , 1966; 
U ch iy am a  and M ihara , 1978), a n d  expressed  in  m alo n y ld ia ld eh y d e  (MDA) 
c o n te n t. The s ta n d a rd  w as 1 ,1 ,3 ,3 -te trae th o x y p ro p an e  (F lu k a  A. G., Basel). 
C a ta lase  (E . C. 1.11.1.6) a c tiv ity  w as m easured  b y  th e  m e th o d  o f Beers an d  
S izer (1952) and  th e  a c tiv itie s  a re  g iven  in  B ergm eyer u n its  (B . U .). One B. U. 
is th e  ca ta lase  a c tiv ity  decom posing  1000 mg H 20 2/m in . G lu ta th io n e  peroxidase 
(E . C. 1.11.1.9) enzym e a c tiv ity  w as m easured  in  a ten fo ld  h aem olysa te  p re 
p a re d  from  red blood cells accord ing  to  G ünzler e t al. (1974). T he u n it  of g lu ta th i
one peroxidase a c tiv ity  expresses th e  n u m b e r o f pm ol N A D P  oxidized per m in, 
as m easu red  a t 340 n m . E n zy m e a c tiv itie s  w ere re la te d  to  th e  p ro te in  co n ten t, 
w h ich  w as d e te rm in ed  b y  th e  B iu re t m ethod .

F o r th e  s ta tis t ic a l  analysis  o f re su lts  S tu d e n t’s t te s t  w as used.

Results and discussion

T he five-day  T S H  t re a tm e n t  re su lted  in  an  increase  o f  th e  th y ro id  w eight 
(T ab le  I I I ) .

T he th y ro x in e  (T 4) level o f th e  blood p lasm a increased  b y  th e  second d ay  
o f  tre a tm e n t and  decreased  th e re a f te r , w hich seem s to  be a ty p ic a l w aning  
e ffec t o f prolonged, sy stem ic  T S H  tre a tm e n t (Table I). T h e  o b ta in ed  p lasm a 
th y ro x in e  values, w h ich  a re  n u m erica lly  h igher th a n  th o se  rep o rted  in  th e
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l i te ra tu re , are p re su m a b ly  due to  th e  u se  o f th e  R IA  k it  developed for h u m a n  
d iagnostic  purpose.

T he to ta l ch o les te ro l level of th e  p lasm a  decreased  in  th e  tre a te d  g roup  
from  th e  firs t to  th e  th i rd  day  of t r e a tm e n t  (P  <  0.05). I t  is a w ell-know n 
effect o f th y ro id  h y p e rfu n c tio n  th a t  a n  enhanced  th y ro id  horm one secre tion  
suppresses the  p la sm a  cholesterol level (Table I).

T he q u a n tity  o f  v ita m in  A d e riv a tiv e s  (re tino l, re tin y l esters) in  th e  
p lasm a  showed v a rio u s  changes as a re su lt o f t r e a tm e n t (Table I). R e tin o l, 
w hich  is th e  b io log ically  active form  o f  v ita m in  A in m o st tissues (G oodm an , 
1980), decreased b y  th e  second and  th i r d  days of tr e a tm e n t .  I t  ap p ears  th a t  
th is  effect depends p a r t ly  on the  re lease  o f th y ro x in e , p a r t ly  on th e  dose of 
T S H . I t  is know n t h a t  d iffe ren t doses o f  horm ones p ro d u ce  d ifferen t, som etim es 
op p o site , effects. T h e  e ffec t of th y ro id  ho rm ones on v ita m in  A m etabo lism  w as 
in v es tig a ted  earlier (B árd o s and M ézes, 1981). A t th a t  tim e  i t  was fo u n d  th a t  
th is  w as an a n ta g o n is tic  re la tionsh ip  an d  depended  u p o n  horm one dosage.

T he q u a n tity  o f  re tin y l esters also  show ed a decrease as an  effect o f t r e a t 
m e n t. This effect w as b ased  upon th e  in h ib itin g  effect o f  th y ro id  horm ones on 
th e  c a ro te n e -v ita m in  A  conversion in  th e  in te s tin a l w all (A belin, 1933). As 
co m p ared  to  th e  c o n tro l, th e  decrease w as sign ifican t (P  <  0.01) on th e  second 
an d  th ird  days of t r e a tm e n t ,  in d ic a tin g  th a t  also th is  change was re la te d  to  
th y ro x in e  release.

In  the  T S H -tre a te d  group th e  v ita m in  E  c o n te n t o f th e  p lasm a also 
decreased  sig n ifican tly  b y  th e  second d a y  (Table I I ) . I t  w as show n earlie r t h a t  
en h an ced  thy ro id  h o rm o n e  secretion le d  to  low er v ita m in  E  levels in  th e  p lasm a  
(P o ste l, 1956). W h eele r an d  P erk inson  (1948) found th a t  th e  h igher m etab o lic  
r a te  resu lted  in in c rea sed  v itam in  E  re q u ire m e n ts , an d  th e re fo re  also th e  p lasm a  
v ita m in  E level d ec reased . In  th e  T S H -tre a te d  group an  appreciab le  decrease 
(P  <  0 .05) was fo u n d  in  th e  v itam in  E  co n te n t o f th e  liv e r  (Table I I I )  as well.

T he lip id -p e ro x id a tiv e  processes w ere in v e s tig a te d  b y  m easuring  th e  
level o f MDA, w hich  is one of th e  en d -p ro d u c ts  of th e  seco n d ary  o x id a tio n  of 
lip id s . I t  was found  t h a t  in the  T S H -tre a te d  group th e  p lasm a  M DA c o n te n t 
increased  (P  <  0.05) fro m  th e  fo u rth  d a y  o f tre a tm e n t (T ab le  I I ) . These changes 
show ed th a t  T S H  tre a tm e n t  had  a d o se -d ep en d en t e ffec t on lip id  p e ro x id a 
tio n , an d  th e  increase  o f  th e  p lasm a M D A  level w as n o t  closely re la ted  to  th e  
a c tu a l thy rox ine  level.

T he ca talase en zy m e  ac tiv ity  o f  th e  p lasm a w as h ig h er in  th e  t r e a te d  
g roup  (P  <  0.05) on  th e  second and  th i rd  days of tr e a tm e n t ,  as co m p ared  to  
th e  con tro l (Table I I ) .

T he g lu ta th io n e  peroxidase a c t iv i ty  of th e  h aem o ly sa te  increased  from  
th e  th ird  day  of t r e a tm e n t  (Table I I ) .  T h e  changes fo u n d  in  th e  enzym e a c tiv i
ties suggest th a t  th e  o rgan ism  can e lim in a te  th e  oxygen  free-rad icals, f ir s t  b y  
th e  ac tiv a tio n  of c a ta la se  enzym e w h ich  can decom pose hydrogen  p e ro x id e ,
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Table I

Plasm a th y ro x in e , cholestero l and  v ita m in  A levels during  T S H  tre a tm e n t

D a y  o f  
t r e a tm e n t G roup

T h y ro x in e
(nm ol/1)

C ho leste ro l
(m m ol/1 )

R e tin o l R e tin y l e ste rs

( /im o l/l)

0 T rea ted  x 57.43 3.74 2.50 9.40
s ± 12.30 0.48 0.98 2.70

Control X 52.43 2.97 2.37 9.70
S ± 11.00 0.58 0.87 2.90

l T rea ted  x 147.17*** 2.31* 2.10* 8.80
s± 26.50 0.47 0.40 1.10

Control X 49.43 3.28 2.70 7.10
S ± 18.79 0.20 0.10 2.20

2 T rea ted  x 251.33*** 2.28* 1.20** 7.00**
S ± 52.69 0.31 0.40 2.10

Control X 46.83 3.31 1.90 12.30
®± 21.60 0.40 0.10 1.30

3 T rea ted  x 107.33** 1.98* 1.60 6.50**
s ± 23.20 0.48 0.20 0.60

Control X 61.33 3.64 1.50 9.00
S ± 13.47 0.88 0.70 1.60

4 T rea ted  x 89.00 2.98 2.00 2.70
s ± 23.68 1.02 0.50 1.10

Control X 64.29 2.95 1.90 3.40
S ± 16.50 1.30 0.10 0.10

5 T rea ted  x 71.66 2.94 1.50 5.90
S ± 27.40 0.88 0.20 1.50

Control X 60.03 3.96 2.70 5.80
S ± 15.27 1.20 0.70 1.90

* =  P  <  0.05 ** =  P  <  0.01 *** =  P  <  0.001

a n d  su b seq u en tly  b y  th e  a c tiv a tio n  o f g lu ta th io n e  p e ro x id ase  w hich can  
decom pose  n o t on ly  h y d ro g en  perox ide  b u t  organic perox ides (m ain ly  lip id - 
h y d roperox ides) as w ell. T he e lev a tio n  o f th e  p lasm a M D A  level seems to  
s u p p o r t th is  h y p o thesis .

No s ign ifican t a l te ra tio n  occurred  in  th e  MDA c o n te n t o f th e  liv er, 
w h ich  m eans th a t  th e  en z y m a tic  a d a p ta tio n  o f h ep a to cy tes  is su ffic ien t for th e  
e lim in a tio n  of oxygen  free-rad ica ls .

T he resu lts  in d ic a te  th a t  T S H  t re a tm e n t  has an  effect n o t  on ly  on lip id  
m e tab o lism , b u t on th e  m etab o lism  o f lip id -so lub le  v itam in s  (v itam in s A an d  
E ) as well. In  dom estic  fow l, th is  effect e x te n d s  also to  th e  lip id -p ero x id e  s ta tu s . 
T h e  e ffec t is based  on th e  a c tiv a tio n  o f th e  th y ro id  g land, w hich  w as d e m o n s tra t
ed b y  m easuring  th e  T 4 leve l o f th e  p lasm a.
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Table II

P lasm a  v itam in  E  an d  m alonyld ia ldehyde c o n ten t, catalase  a c tiv ity  a n d  haem olysate  g lu ta th io n e
p erox idase  ac tiv ity

D a y  o f 
t re a tm e n t G ro u p

V ita m in
E

(m m ol/1 )

T B A -reac tiv e  
p lasm a  p ro d u cts  
(M D A nm ol/m l)

C a ta la se  
(B . U ./g  p ro t.)

G lu ta th io n e- 
p e ro x id ase  
(U /g p ro t.)

0 T rea ted  x 0.61 7.44 17.83 1.69
s± 0.10 1.34 7.51 0.26

C ontrol X 0.62 5.98 20.27 1.95
S ± 0.12 0.88 4.50 0.42

l T rea ted  x 0.63 5.18 19.66 2.38
s  + 0.03 1.23 3.54 0.92

C ontrol X 0.64 5.21 18.49 2.16
S ± 0.06 1.14 3.16 0.69

2 T rea ted  x 0.52* 5.89 25.10* 3.62
8 ± 0.03 0.73 4.54 0.85

Control X 0.47 6.64 19.55 3.38
S ± 0.03 1.58 2.22 0.52

3 T rea ted  x 0.47 5.92* 20.99* 5.51*
S ± 0.04 0.46 2.38 0.94

Control X 0.48 7.77 17.10 2.15
S ± 0.05 1.21 2.29 0.28

4 T rea ted  x 0.52 13.63* 19.45 2.99*
s ± 0.03 2.96 8.12 1.11

Control X 0.49 10.37 15.21 1.93
• ± 0.04 2.21 6.07 0.56

5 T rea ted  x 0.54 12.41* 16.19 2.14*
* ± 0.06 2.76 2.22 0.50

Control X 0.54 7.73 15.66 1.44
S ± 0.04 2.37 1.51 0.34

* =  P  <  0.05

Table III

T hyro id  w eight an d  v itam in  A, v ita m in  E  an d  m alonyld ia ldehyde c o n ten t o f liver a fte r
T S H  tre a tm e n t

T re a te d C o n tro l

T hyro id  
w eigh t (mg) 360.31 ±  51.85** 204.33 ± 62.26

L iver v itam in  
A (m m ol/g) 0.71 ±  0.19* 1.07 ± 0.29

L iver v itam in  
E  (m m ol/g) 0.96 ±  0.29* 2.69 ± 1.03

L iver m alonyldia ldehyde 
(tm iol/g) 0.72 ±  0.24 0.46 ± 0.29

* =  P  <  0.05 ** =  P  <  0.01
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OCCURRENCE AND SOME CHARACTERISTICS OF THE 
IgG RECEPTORS OF THE SMALL INTESTINAL MUCOSA: 

IN VITRO EXPERIMENTS

K . B a iNTNER and G y . KOCSIS
R esearch  In s ti tu te  fo r A n im al N u tritio n  o f  th e  R esearch  C entre fo r A n im al B reeding an d  
N u tr i tio n , H-2053 H erceg h a lo m ; and P h y la x ia  V e te rin a ry  B iologicals Co., H-1107 B u d a p es t,

Szállás u . 5, H u n g a ry

(R eceived J a n u a ry  25, 1984)

B inding  of 131I- lab e lle d  IgG  to  th e  m em b ran e  frac tio n  of sm all in te s tin a l m ucosal 
hom o g en a tes  of y o u n g  spec im ens of v a rio u s  species an d  some fac to rs  in flu en cin g  th is  b in d in g  
w ere  s tu d ied  in v itro . Spec ific  b inding w as d e m o n s tra te d  by  co m p e titio n  w ith  un labelled  IgG .

Bovine IgG j a n d  Ig G 2 were no t b o u n d  specifically  to  th e  e p ith e liu m  o f th e  p ro x im al an d  
d is ta l  sm all in testin e  o f th e  new born  lam b , p ig le t, c a t, ra b b it  an d  g u in ea-p ig  and  of th e  new ly- 
h a tc h e d  chicken. C hicken  Ig G  was n o t b o u n d  specifically  to  th e  in te s tin a l ep ithe lium  of th e  
n ew ly -h a tch ed  ch icken  a n d  o f th e  suckling  r a t .

T he ep ithe lium  o f th e  p rox im al sm all in te s tin e  o f th e  18-day-old r a t  b o u n d  bovine Ig G 2 
specifically , b u t  l ittle  o r no  bovine IgG j w as b o u n d . T he specific b in d in g  could  be b locked  b y  
a d d in g  un labelled  ov in e  se ru m , porcine se ru m  or bovine  Ig G 2 p rev io u sly , b u t  n o t by  bovine  
Ig G j o r by  th e  new born  p ig le t  serum  devo id  o f  g am m a globulin.

In  th e  p rox im al sm all in testin e  o f th e  r a t ,  th e  specific b ind ing  o f b o v in e  Ig G 2 declined 
ra p id ly  betw een days 17 a n d  23. I t  is k n o w n  t h a t  th e  ab so rp tio n  of a n tib o d ies  from  th e  m ilk  
ceases betw een  days 19 a n d  21 in  th is  species. In  th e  d is ta l p a r t  o f th e  sm all in te s tin e , th e  b in d 
ing  o f bovine IgG 2 w as v e ry  low  th ro u g h o u t.

T he resu lts  of th e  p re se n t ex p erim en ts  e x te n d  th e  earlier fin d in g s a b o u t th e  ch ara c te ris 
tic s  o f in te stin a l IgG  re c e p to rs  m ed ia ting  th e  selective tran sm iss io n  o f Ig G  in  th e  suckling  r a t ,  
a n d  in d ica te  th e  lack  o f  Ig G  recep tors in  species w ith  поп-selective Ig G  tran sm iss io n  (p ig le t, 
la m b , k itte n )  and in  species w hich  are u n a b le  to  tra n s m it  IgG  n eo n a ta lly  across th e  g u t ( rab b it, 
gu inea-p ig , chicken).

Keywords. Ig G  re ce p to rs , sm all in te s t in e , r a t ,  p ig, sheep, c a t,  r a b b it ,  guinea-pig , 
ch ick en , bovine IgG , ch ick en  IgG.

B ram bell (1966) w as th e  f irs t  to  suggest th a t  in te s tin a l im m unoglobu lin  
tran sm iss io n  was m e d ia te d  b y  specific  recep to rs  in  th e  b ru sh  b o rd e r m em brane 
o f  th e  en terocy tes o f  th e  suckling r a t .  L a te r  th e  presence o f  F c recep to rs was 
con firm ed , by  m eans o f  labelled im m u n o g lo b u lin s , in  th e  p ro x im a l p a r t  o f th e  
sm all in te stin e . T h e  recep to rs  were fo u n d  to  be specific fo r Ig G  w hile show ing 
d iffe ren t affin ities fo r  Ig G  subclasses an d  fo r IgG s of d iffe ren t species (Jones an d  
W ald m an n , 1972; M ackenzie, 1972; R odew ald , 1973). S im ila r recep to rs were 
found  in  th e  sm all in te s t in e  o f th e  su ck lin g  m ouse (G uyer e t a l., 1976).

In  th e  p resen t w o rk  th e  o ccu rrence , d isappearance  a n d  som e ch a rac te ris 
tic s  o f in te s tin a l Ig G  recep to rs  w ere s tu d ie d  in  a sim ple in  v itro  system .
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Materials and methods

Preparation and labelling o f  IgG

B ovine Ig G  w as p rep ared  b y  sa lt p rec ip ita tio n  re p e a te d  th ree  tim es an d  
se p a ra te d  to  subclasses on a D E A E -cellu lose  colum n (M ilstein  and  F e in ste in , 
1968) in  im m unochem ica l p u rity . C hicken an d  h u m an  IgG s w ere C ohn-fractions 
w ith  a 90%  IgG  c o n te n t. B ovine an d  ch icken  IgG  p re p a ra tio n s  were labelled  
w ith  carrier-free 131I  in  th e  presence o f C hloram ine T. L abe lled  IgG  was s e p a ra t
ed  from  u n b o u n d  a c tiv i ty  on a S ep h ad ex  G-25 colum n a f te r  red u c tio n  w ith  N a 
m etab isu lp h ite .

Preparation o f  crude m ucous membrane fraction

P rox im al a n d  d is ta l sm all in te s tin e s  o f 7 species ( ra t ,  guinea-pig , ra b b it , 
c a t , pig, sheep a n d  chicken) w ere sam pled  a t  d ifferen t ages. In  th e  chicken, 
je ju n a l and caecal sam ples were o b ta in ed . Before k illed , th e  new born  an im als 
w ere n o t allow ed to  suckle  and  th e  o ld e r ones were s ta rv e d  fo r a t  least 6 h  in  
o rd e r to  prov ide t im e  fo r th e  d isap p ea ran ce  o f IgG  from  th e  g u t. The an im als 
w ere killed b y  b leed ing . A fter s littin g , th e  in testin e  w as g en tly  rinsed  w ith  
sa line  and  th e n  fro zen  in  0.1 M, p H  6.0 ace ta te  buffer. T h e  d a y  a fte r, th e  in 
te s tin e  was s tirre d  v igo rously  fo r 5 m in  w ith  a glass rod  a t  room  te m p e ra tu re . 
T h e  in tes tin a l w all w as th e n  d iscarded  an d  th e  m ucous m em b ran es were c e n tr i
fu g ed  a t  6000 g  fo r 15 m in. T he sed im en t con ta in in g  th e  c ru d e  m em brane f ra c 
t io n  was su spended  in  ace ta te  b u ffe r  an d  volum es rep re sen tin g  20 m g d ry  
m a tte r  were p ip e tte d  in to  p lastic  cen trifu g e  tubes.

B in d in g  experim ents

Five  jug lab e lled  IgG  ( ^ 1 2  k B q ) w as added  to  a b o u t 20 m g (d. m .) c rude  
m em b ran e  fra c tio n  an d  k e p t a t  ro o m  te m p e ra tu re  w hile sh ak en  period ically . 
A fte r  15 m in th e  m ix tu re  was w ashed  w ith  2 m l a c e ta te  b u ffe r  3 tim es, each  
tim e  cen trifug ing  th e  m em b ran e  f ra c tio n  a t  6000 g fo r 15 m in . The rem ain ing  
a c tiv ity  (to ta l b in d in g ) w as expressed  in  p er cen t o f th e  o rig inal ac tiv ity . T he 
to ta l  b ind ing  w as th e  sum  o f th e  specific  an d  nonspecific  b in d in g . In  th e  con tro l 
tu b e s  500 gg  un lab e lled  h u m an  IgG  p reced ed  th e  labelled  IgG . T he con tro l va lu e  
w as considered n o nspec ific  b ind ing , an d  th e  specific b in d in g  w as ca lcu la ted  b y  
su b tra c tin g  th e  c o n tro l v a lu e  from  th e  to ta l  b ind ing . T he u n lab e lled  IgG  slig h t
ly  reduced  th e  n o n spec ific  b ind in g , to o , b u t  th e  red u c tio n  n e v e r surpassed  1 % , 
as de term ined  w ith  a d u lt  r a t ’s in te s tin e . In  ex p erim en t 1 th e  values w ere 
co rrec ted  acco rd ing ly . N um erica l va lu es  of ex perim en ts 2 an d  3 can n o t be 
com pared .
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In  ex p erim en t 1, pooled in te s tin e s  o f  12 chickens w ere s tu d ie d ; th e  in te s 
tin e s  o f ra b b its , gu inea-p igs and  ca ts  w ere  pooled  in  each  l i t te r ;  p ig le ts  an d  lam bs 
w ere te s te d  in d iv id u a lly . A t leas t 4  an im als  or 4 l itte rs  w ere s tu d ie d  in  each 
species. In  ex p erim en t 2, each e x p e rim e n ta l series w as done w ith  pooled  in te s 
tin e s  o f  18-day-old ra ts . In  ex p e rim e n t 3, th e  in te s tin e s  w ere pooled  b y  pairs.

R esu lts

E xp erim en t 1

T he b ind ing  o f bov ine  IgG j a n d  Ig G 2 to  th e  ep ith e liu m  o f th e  p rox im al 
a n d  d is ta l po rtions o f th e  sm all in te s tin e  w as stu d ied  in  7 species in  v itro . T he 
species an d  th e ir  ages w ere as fo llow s: 18-day-old  an d  a d u lt  ra ts ,  new b o rn  an d  
10-day-o ld  ra b b its , 1 % -day-o ld  g u in ea -p ig s , 1% - an d  5 -day -o ld  k it te n s , pig 
fe tu se s  in  th e  la s t th ird  of p reg n an cy , n ew born  p ig lets an d  lam b s, an d  new ly- 
h a tc h e d  chickens.

No specific b in d in g  o f bovine Ig G  w as d e tec ted , ex cep t in  th e  18-day-old 
r a t ,  w h ich  was s tu d ie d  in  d e ta il in  e x p e rim e n t 2. C hicken Ig G  d id  n o t b ind  
specifica lly  to  th e  in te s tin a l ep ith e liu m  o f th e  n ew ly -h a tch ed  ch icken  and  
o f  th e  18-day-old r a t .

E xp erim en t 2

Specific b in d in g  o f  bovine Ig G x a n d  Ig G 2 w as s tu d ie d  in  d iffe ren t c ircum 
s ta n c e s  w ith  th e  ep ith e liu m  of th e  p ro x im a l sm all in te s tin e  o f  18-day-old  ra ts  
(T able  I).

T ab le  I

Specific in  v itro  b inding o f bovine IgG  to  th e  m em brane  frac tion  of th e  ep ith e liu m  of suckling 
r a t ’s p rox im al sm all in testin e: re su lts  o f a rep resen ta tiv e  exp erim en t

M em brane - f  b o v in e  I g G ^

M em brane -f- h u m a n  Ig G  - f  bo v in e  IgG j*  **

0 .4%

о %

M em brane +  b o v in e  Ig G 2* 6 . 0 %

M em brane +  h u m an  IgG -(- b o v in e  Ig G 2* 0  % • •

M em brane +  ovine serum -f- b o v in e  Ig G 2* 0  %
M em brane +  porcine  serum +  b o v in e  Ig G 2* 0  %
M em brane +  new born  pig serum  +  bovine Ig G 2* 5.6%

M em brane -f- bov ine IgG^ +  bovine Ig G 2* 5.0%

M em brane +  bovine  IgG 2 +  bovine Ig G 2* 0  %

E a c h  va lue  represen ts th e  m ean  of tw o m easu rem en ts .
T h e  am o u n ts  used of th e  respective  reagen ts p e r  tu b e : m em brane 20 m g (d . m .), labelled bovine 
Ig G  5/zg, unlabelled bovine IgG  100 /ig, h u m a n  IgG  500 /ig and  serum  25 / t l .

* =  I31I-labelled IgG
** =  reference value
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E xperim en t 3

In  th e  p ro x im al h a lf  o f th e  sm all in te s tin e  o f th e  r a t  p ups, b ind ing  o f 
b o v in e  Ig G 2 declined  s teep ly  b e tw een  day s 17 an d  23 o f  life (F ig. 1). In  th e  
d is ta l portion  no conclusive  d e m o n s tra tio n  o f th e  changes w as possible, due  to  
th e  low  in itia l v a lu es .

F ig . 1. B inding of b ov ine  Ig G 2 to  th e  p ro x im al sm all in te s tin a l e p ith e liu m  of th e  r a t  be tw een  
days 17 a n d  23 o f p o s tn a ta l  life. A verages fo r 4 l it te rs  i  s ta n d a rd  erro r

Discussion

All of our Ig G -b in d in g  te s ts  w ere n eg a tiv e , w ith  th e  ex cep tio n  of suckling  
r a t s  (E x p erim en t 1). T h e  new born  an im als bo rn  w ith o u t gam m a g lobulin  
(p ig le ts and  lam bs) w ere n o t  allow ed to  suckle, th u s , th e  co n tam in a tio n  of th e ir  
in te s tin e s  w ith  IgG  o f  th e  b lood  could be excluded. In  th e  o th e r  species c o n ta 
m in a tio n  w ith  serum  Ig G  w as possible, how ever, th e  an im als  w ere e x san g u in a t
ed  an d  th e  in te s tin e s  w ere p rep ared  in  th e  sam e w ay  as th o se  of th e  r a t  pups 
re a c tin g  positively .

U ntil now  in te s tin a l recep to rs b ind ing  n a tiv e  IgG  could  be d em o n stra ted  
o n ly  in  species th a t  tra n sp o r te d  IgG  selectively  ( ra t  an d  m ouse). T he sm all 
in te s tin e  of p ig lets, lam b s an d  k itte n s  tra n sp o rts  large am o u n ts  of IgG  on th e  
f i r s t  2 days of life, b u t  w ith o u t an y  a p p a re n t selection  b e tw een  p ro te in s (B ram - 
be ll, 1958). A ccord ing ly , we failed to  d e tec t specific IgG  recep to rs in  th ese  
species; n e ith er d id  th e  nonspecific  b in d ing  exceed th a t  o f th e  suckling ra t .  
I n  th e  ra b b it and  gu in ea-p ig  no su b s ta n tia l q u an titie s  o f IgG  are  tra n sm itte d  
b y  th e  gu t p o s tn a ta lly ; th e  b ind ing  experim en ts w ere n eg a tiv e  accord ingly . 
T h e  neg a tiv e  resu lts  w ith  ch icken  in testin es  are  in  tu n e  w ith  th e  d em o n stra tio n
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t h a t  in  th is  species an tib o d ie s  are  tra n s m itte d  v ia  th e  y o lk  sac ep ith e liu m  
(B rierley  an d  H em m ings, 1956) and  n o t th ro u g h  th e  in te s tin a l m ucosa (C larke 
a n d  H ard y , 1970).

T he IgG  of th e  ru m in a n ts , as co m p ared  to  m ost o f  th e  o th e r IgG s o f 
m am m alian  orig in , is p o o rly  abso rbed  b y  th e  in te s tin e  o f  th e  suckling  r a t  
(B ram bell, 1966) and  b in d s  poorly  to  th e  in te s tin a l recep to rs  (Jo n es and  W e id 
m a n n , 1972). B ovine Ig G  is com posed o f tw o  subclasses, a n d  th e  in te s tin e  o f  th e  
suck ling  r a t  tra n sm its  th e  m ore basic  frac tio n  p re fe re n tia lly  (Jones, 1976). 
In  accordance, we fo u n d  th e  bovine Ig G 2 o f re la tiv e ly  h igh  p K  to  h ind  spec ifi
ca lly  to  th e  p rox im al in te s tin a l ep ith e liu m  o f th e  suckling  r a t ,  w hile th e  bo v in e  
IgG j o f low er p K  h o u n d  slig h tly  or n o t a t  all (E x p e rim en t 2). T he bovine Ig G x 
d id  n o t com pete  su b s ta n tia lly  w ith  bov ine  Ig G 2 for th e  recep to rs  (T able I) . 
A  co n tra s tin g  b eh av io u r w as observed  d u rin g  th e  p ro d u c tio n  o f bovine colos
t ru m  (B randon  e t a l., 1971): th e  u d d e r o f th e  cow secre tes m uch  m ore Ig G x 
th a n  IgG 2.

In  th e  p resen t ex p erim en ts  (Table I) sheep and  p ig  sera  in h ib ited  th e  
specific  b ind ing  o f lab e lled  IgG , h u t  th e  n ew born  p ig let se ra , devoid  of g am m a 
g lobu lin , d id  n o t.

In  th e  suckling  r a t ,  a t  th e  end  o f  th e  th ird  w eek o f  life , th e  in te s tin a l 
ep ith e liu m  a lters  its  d iffe ren tia tio n  in  an  “ all or none”  w ay  in  th e  d is ta l h a lf  
o f  th e  sm all in te s tin e  as a consequence o f  th e  e levation  o f  co rtico ste ro n e  p ro 
d u c tio n  (H allid ay , 1959; D an iels e t ah , 1972). T he new  cells rep lace  th e  p re v i
ous, vacuolized ones on th e  19 th  an d  2 0 th  d a y  (Clarke an d  H a rd y , 1969; B a in tn e r  
an d  V eress, 1970). A lth o u g h  no m ark ed  m orphological changes w ere seen in  th e  
p ro x im al sm all in te s tin e , th e  changes o f  th e  enzym e p a t te r n  (B a in tn e r an d  
V eress, 1970), th e  cessa tio n  of IgG  tran sm iss io n  on days 19 a n d  20 (H a llid ay , 
1956), an d  th e  decrease o f  th e  b in d in g  o f Ig G  betw een  d ay s  17 an d  23 (F ig. 1) 
in d ic a te  th a t  th e  re d iffe ren tia tio n  o f th e  ep ithe lium  e x te n d s  to  th e  p ro x im al 
sm all in te s tin e , too . H ow ever, in  th e  p re se n t ex p erim en t th e  changes w ere 
slow er th a n  th e  en zy m a tic  an d  m orphological changes in v es tig a ted  in  o u r 
ea rlie r experim en ts (B a in tn e r  an d  V eress, 1970).
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STUDIES ON THE AVAILABILITY, TRANSPORT AND  
UTILIZATION OF OXYGEN IN LOW- AND HIGH-FLOW  

SEPTIC SHOCK IN CALVES

P .  N. S a h a y 1 a n d  R .  N . K o h l i 2
D e p a rtm e n t o f S u rg e ry  a n d  R adiology, P u n ja b  A g ricu ltu ra l U n iv e rs ity , L u d h ian a-1 4 1 0 0 4 , 
In d ia ;  P re se n t a d d ress : 1R an ch i V e te rin a ry  College, R an ch i-834007 , In d ia ;  2U n iv e rs ity  o f

M aiduguri, N igeria

(R eceived M arch  23, 1984)

A v a ila b ility , t r a n s p o r t  and  u tiliza tio n  o f  oxy g en  w ere s tu d ied  in  20 clinically  h e a lth y  
calves e x h ib itin g  h y p o k in e tic  (low-flow), h y p e rk in e tic  (high-flow ), o r a com bination  o f b o th , 
flow  s ta te s  a t  d iffe re n t s tag es o f experim en ta l sep tic  shock. A rte ria l P q, (p a rtia l p ressu re  o f 
oxygen  in  b lood) decreased  sign ifican tly  a t  te rm in a l  stages b u t  oxygen  sa tu ra tio n  of a r te r ia l  
haem oglobin  re m a in e d  a lm o st u n affec ted  a n d  C a 0 2—C v 0 2 (a rte ria l an d  venous oxygen  co n 
te n ts )  h a d  a ten d e n cy  to  decrease  in  all shock s ta te s . T he P 50 v a lu es ( th e  P q, a t  w hich  b lo o d  
is 50%  s a tu ra te d  w ith  oxy g en ) had  a te n d e n cy  to  decrease on ly  a t  la te  shock w ith  low- a n d  
h igh-flow , w hile th e  sam e w as tru e  a t  all stages in  com bined  shock. A verage P q, increased  o n ly  
in  com bined h igh- a n d  low -flow  septic  shock. T h ere  w as red u ctio n  in  0 2 de livery  a t  early  (9 .2 % ) 
an d  la te  (1 6 % ) shock  stag es in  th e  low-flow g ro u p , w hile in  th e  h igh-flow  group 0 2 d e liv e ry  
increased  a t  b o th  s tag es (1 7 .9 %  and 4 0 .2% , resp ec tive ly ). In  com bined  high- an d  low -flow  
sep tic  shock , 0 2 d e liv e ry  increased  a t  early  a n d  decreased  a t  la te  shock  stages. 0 2 u til iz a tio n  
declined  in v a ria b ly  in  all fo rm s and  a t  all stages o f  shock  w ith  a g re a t deal o f v a ria tio n  in m ag n i
tu d e  ex cep t a t  e a rly  s tag es o f com bined shock , w here  i t  increased.

K eyw ords. S ep tic  shock , oxygen, calf.

S eptic  shock  is s till a largely  u n so lv ed  p roblem  w ith  reg ard  to  an  u n d e r 
s ta n d in g  o f th e  m echan ism s involved  a n d  m an ag em en t (G elin e t al., 1980). 
T he w eight o f th is  p ro b lem  is especially  enhanced  in  bov ine  species, w here v e ry  
few  stud ies on sep tic  shock  have been  co n d u c ted  so fa r. Sporadic  ev idence o b 
ta in e d  from  in tra v e n o u s  ad m in is tra tio n  o f endo tox ins is in ad eq u a te  since th e  
p ic tu re  o f shock  th u s  p roduced  is m a rk e d ly  d ifferen t from  th e  clinical sep tic  
shock (P erb e llin i e t a l., 1978). Singh a n d  K oh li (1980) in v es tig a ted  som e basic  
p a th o p h y sio lo g ica l changes in  bovine sep tic  shock. R ecen tly  m uch in te re s t  
has been  a t t r a c te d  b y  th e  oxygen tra n s p o r t  sy stem  d u rin g  vario u s stress co n 
d itions. A p a r t  fro m  th e  card iac o u tp u t an d  its  d is tr ib u tio n , blood oxygen co n 
te n t  an d  a ff in ity  o f  haem oglob in  fo r oxy g en  are th e  fac to rs  upon  w hich o x ygen  
tra n s p o r t  to  th e  tissu es  is dependen t. I n  c a tt le , responses o f th e  ca rd io v ascu la r 
system  to  sep tic  shock  w ere found  to  be  in  th ree  d is tin c t categories (S ah ay , 
1982). These an im als  m a y  ex h ib it h y p o k in e tic  dynam ics (low-flow s ta te )  o r  
h y p e rk in e tic  d y n am ics (high-flow  s ta te )  o r a co m b in a tio n  of th e  tw o flow  
s ta te s . T h ere  does n o t  ap p ear to  be  a n y  s tu d y  on th e  various aspects  o f  
oxygen  tra n s p o r t  sy s tem  w ith  d iffe ren t flow  sta te s  in  bov ine  sep tic  shock. A n
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e x tra p o la tio n  o f d a ta  on  septic  shock  fro m  one species to  a n o th e r  m ay be m is
lead in g  since su b s ta n tia l  species v a r ia tio n s  h av e  been reco rded  (K u ida  e t  a l., 
1961; Singh an d  K o h li, 1980). T he p re se n t in v es tig a tio n  w as, th ere fo re , u n d e r 
ta k e n  to  ev a lu a te  th e  changes in  th e  a v a ila b ility , tra n sp o r t  an d  co n sum ption  o f  
o x y g en  in  d iffe ren t flow  sta te s  of e x p e rim e n ta l sep tic  shock in  calves.

Materials and methods

T w en ty  c lin ica lly  h ea lth y , 1 to  1 %  y e a rs  old crossbred  calves m a in ta in e d  
u n d e r  iso m an ag eria l schedule  w ere u sed . C a th e te riza tio n  o f  ca ro tid  a r te ry  an d  
ju g u la r  ve in  for co llec tin g  blood sam ples a n d  fo r haem o d y n am ic  m easu rem en ts , 
a n d  in d u c tio n  o f  sep tic  shock b y  s tr a n g u la tin g  a segm en t o f  je ju n u m , w ere 
accom plished  as d esc rib ed  earlier fro m  th is  la b o ra to ry  (S ingh an d  K ohli, 1980).

T h e  P o 2 (p a r t ia l  p ressure o f o x y g en  in  blood) of a r te r ia l ( P a 0 2) an d  
v en o u s  ( P v 0 2) b lood  an d  th e ir  p H  w ere  m easu red  in  a B lood Gas A n alyser 
(R ad io m e te r , C openhagen , th e  B. M. E . 33 blood m icroequ ipm en t) a t  37 °C. 
T h e  a r te r ia l ( S a 0 2) a n d  venous ( S v 0 2) oxy g en  sa tu ra tio n  w as derived  fro m  
S everinghaus n o m o g ram  using m easu red  P o 2 and  p H  values. T he a rte ria l (C a 0 2) 
a n d  venous (C v 0 2) o x y g en  co n ten ts w ere  ca lcu la ted  accord ing  to  th e  fo rm u la :

O xygen  co n ten t (m l/100 m l) =
H b  X 1.34 X  S0s 

100

w here  H b  =  haem o g lo b in  g/100 m l, 1.34 =  so lub ility  coeffic ien t of oxygen  
in  haem og lob in , an d  So2 =  oxygen s a tu ra t io n  of blood.

T he P 50 v a lu e  ( th e  P o 2 a t w h ich  b lood  is 50%  s a tu ra te d  w ith  oxygen) 
o f  a r te r ia l  b lood  w as m easured  usin g  th e  fac to rs  described  b y  S everinghaus 
(1966), on a b lood  gas ca lcu la to r (ty p e  B C G  1, R ad io m eter, C openhagen).

A verage (A v.) P o 2 =  PvC>2A--1/3 ( P a 0 2- P v 0 2).
O xygen d e liv e ry  to  th e  tissues (m l/m in ) w as m easu red  as card iac o u tp u t  

(Q) (L /m in) X C a 0 2 (m l/L ).
0 2 co n su m p tio n  w as m easured  b y  u s in g  th e  eq u a tio n :
0 2 co n su m p tio n  =  Q (L /m in) X  C a 0 2- C v 0 2 (m l/L).
S tab ilized  p re sh o ck  values o f a ll th e  p a ram e te rs  w ere ta k e n  to  serve as 

n o rm a l con tro l (s tag e  O) of th e  re sp ec tiv e  p a ra m e te rs . Since th e  su rv iv a l tim e  
o f  in d iv id u a l an im als  follow ing shock  v a r ie d  w idely, th e  tim e  e lapsing  b e tw een  
c re a tio n  of shock a n d  d e a th  was d iv id ed  in to  five  equal s tages (stages 1 to  5). 
E a r ly  an d  la te /te rm in a l shock stages co rresp o n d ed  to  stages 2 and  5, re sp ec 
tiv e ly . T he values o f  0 2 delivery  an d  0 2 co n su m p tio n  for th e  o th e r  stages w ere 
e x tra p o la te d  from  th e  correspond ing  v a lu e  o f Q. S ta tis tic a l analysis was d one  
w ith  one-w ay an a ly s is  o f  variance . F o r  stagew ise  analysis S tu d e n t’s t te s t  w as 
ap p lied .
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Results and discussion

In d u c tio n  o f sep tic  shock  b y  s tra n g u la tin g  a seg m en t o f bow el h as  been  
conv inc ing ly  d e m o n s tra te d  in  a s im ila r m odel (Singh an d  K oh li, 1980). O n th e  
b as is  o f Q an d  re la te d  h aem o d y n am ics  th e  ensuing shock  in  th e  p resen t s tu d y  
e x h ib ite d  low -flow  s ta te  (h y p o k in e tic ), h igh-flow  s ta te  (hyp erk in e tic ) an d  
co m b in a tio n  of low- an d  h igh-flow  s ta te  (com bined shock) in  12, 3 an d  5 a n i
m als, respective ly . A cco rd ing ly , th e  d a ta  of these  g roups h av e  been an a lysed  
se p a ra te ly  to  show  th e  effect o f  flow  s ta te s  on th e  d iffe ren t p a ra m e te rs  of 
o x y g en a tio n  d u rin g  shock  s tag es  (Table I). The av erag e  su rv iv a l tim e  a f te r  
in d u c tio n  of shock in  low -flow , h igh-flow  an d  com bined  shock  w as 22, 27 an d  
29 h , respective ly .

I t  is a p p a re n t t h a t  a r te r ia l  P o 2 ex h ib ited  a sig n ifican t (P  <7 0.05) fa ll on ly  
in  th e  te rm in a l s tage  (stage  5) in  all th e  flow  s ta te s . C o n tra rily , S a 0 2 show ed 
m a rg in a l differences an d  C a 0 2—C v 0 2 ex h ib ited  a te n d e n c y  to  decline in  th e  
la s t  stages b u t  its  m a g n itu d e  w as g re a te r  in  com bined h igh- an d  low -flow  shock  
(T ab le  I). The P 50 of a r te r ia l  b lood  show ed s ta tis tic a lly  s ig n ifican t (P  <  0.05) 
d ecrease  a t  stage  4 in  low -flow  an d  from  stage 3 onw ard  in  h igh-flow , b u t  i t  h a d  
a te n d e n c y  to  decrease a t  all stages in  th e  co m b in a tio n  g roup . H ow ever, on 
stagew ise analysis th e  decrease in  P 50 in  th e  la t te r  g roup  was s ig n ifican t 
(P ^  0.05) only a t  s tag e  3,

R ed u c tio n  of th e  oxygen  de livery  a t  early  (9 .2% ) an d  la te / te rm inai (16% ) 
s tag es  of low -flow  shock  w as m a in ly  due to  decreased Q. A n o th e r possible reaso n  
w as th e  observed increased  a f f in ity  of 0 2 fo r haem oglobin  (decreased  P à0 values) 
a t  th is  stage. In  such  a s ta te  oxygen  u n load ing  is h am p ered  a t  th e  tissu e  level 
(F illey , 1971). H ow ever, th e  benefic ia l effect of th e  increased  a ff in ity  o f 0 2 
fo r haem oglob in  w as e x h ib ite d  a t  th e  lu n g  level, w here in  th e  te rm in a l s tag es , 
d e sp ite  th e  h igh ly  s ig n ifican t fa ll in  P o 2 values, oxygen s a tu ra tio n  w as a ffec ted  
o n ly  m arg inally . T he a lte ra tio n  in  th e  a ff in ity  of 0 2 for haem og lob in  was found  
to  be  re la ted  w ith  th e  changes in  b lood  p H , C 0 2 ten s io n , b o d y  te m p e ra tu re  
a n d  ce rta in  organic p h o sp h a te s  (B ren n a  e t ah, 1972). I t  is p robab le  t h a t  th e  
in te ra c tio n  of th ese  ligands w hich  affect th e  oxyhaem og lob in  d issocia tion  
cu rv e  (W ranne e t ah , 1972) w as responsib le  fo r th e  le f t sh if t observed  in  th e  
p re se n t s tu d y . In  com bined  shock , a sign ifican t decrease in  P iu va lu e  w as o b 
se rv ed  in  th e  te rm in a l s tag es  an d  th is  le ft sh ift should  c o n tr ib u te  to  th e  low  0 2 
d e liv e ry  a t  th is  stage . H ow ever, a le f t sh ift in  th e  h igh-flow  shock  was e ffec tive
ly  com p en sa ted  b y  th e  a p p rec iab ly  increased  Q.

A verage P o 2 in  th e  p re se n t s tu d y  w as ca lcu la ted  to  f in d  th e  re la tio n sh ip  
b e tw een  th is  v a riab le  an d  th e  C a 0 2—C v 0 2. This v a ria b le  is m ore im p o r ta n t 
th a n  P q2 alone since i t  is th is  p ressu re  w hich drives 0 2 fro m  system ic  cap illaries 
to  th e  tissues. C onsequen tly , an  increased  A v. P o 2 shou ld  d riv e  m ore oxygen  to  
th e  tissues and  th u s  in crease  C a 0 2—C v 0 2 (F illey , 1971). In te re s tin g ly , in  th e
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Table I

M ean  ±  S. E . o f o x y g en atio n  p a ram ete rs  in  low-flow  (A), high-flow  (B ) a n d  com bination  o f 
h igh- a n d  low-flow (C) sep tic  shock in  calves

0 1 2 3 4 5

A rte ria l P q, m m  Hg

A 81.3 82.1 80.2 80.2 77.8 69.1
±  3.12 ±  2.09 ±  2.12 ±  2.47 ±  2.88 ±  2.17

В 77.5 77.8 76.06 74.8 75.8 66.4
±  2.04 ±  3.48 ±  4.99 ±  0.50 ±  3.30 ±  4.78

C 93.8 90.66 81.46 87.4 87.3 75.4
±  8.34 ±  3.62 ±  3.06 ± 2 1 .1 9 ±  2.11 ±  2.87

S a 0 2%

A 96.2 96.5 96.6 96.5 96.0 94.6
±  0.41 ±  0.29 ±  0.30 ±  0.34 ±  0.65 ±  1.05

В 96.1 96.2 96.3 96.5 96.6 95.3
±  0.29 ±  0.93 ±  0.55 ±  0.05 ±  0.44 ±  1.02

C 96.3 97.6 97.2 97.8 97.7 97.1
±  1.16 ±  0.27 ±  0.35 ±  0.47 ±  0.23 ±  0.49

C a 0 2- C v 0 2 ml/100 ml

A 3.30 3.42 3.50 3.39 3.04 2.87
±  0.27 ±  0.23 ±  0.27 ±  0.20 ±  0.36 ±  0.38

В 3.79 3.64 3.94 3.03 3.44 3.00
± 0 .5 2 ± 0 .3 8 ± 0 .6 1 ± 0 .6 7 ± 0 .3 3 ± 0 .0 8

C 3.85 2.90 3.60 3.57 3.17 2.10
± 0 .3 3 ± 0 .9 1 ± 1 .2 ± 0 .4 8 ± 0 .5 ± 0 .6 6

A rte ria l P 50 m m  Hg

A 26.23 26.12 25.79 25.91 25.77 25.88
±  0.11 ±  0.08 ±  0.19 ±  0.14 ±  0.12 ±  0.28

В 26.20 26.23 26.0 25.66 25.43 25.66
±  0.10 ±  0.08 ±  0.11 ±  0.08 ±  0.28 ±  0.06

C 26.62 26.4 25.72 25.22 25.65 25.27
±  0.28 ±  0.18 ±  0.42 ±  0.25 ±  0.17 ±  0.42

A verage P q, m m  Hg

A 51.4 51.0 50.08 51.7 52.9 52. 0
±  1.49 ±  1.21 ±  0.89 ±  1.99 ±  2.46 ±  2.22

В 49.1 48.5 47.2 51.2 50.2 48.9
±  1.25 ±  0.30 ±  1.57 ±  0.93 ±  2.01 ±  1.61

C 50.1 64.2 62.1 60.9 61.4 68.1
±  4.4 ± 1 0 .9 ± 1 2 .7 ±  8.2 ±  4.6 ±  8.4

0 2 d e livery  m l/m in

A 1274.3 1215.5 1156.7 1113.2 1092.4 1070.8
±  77.9 ±  76.6 ±  75.4 ±  73.8 ±  73.0 ±  71.4

В 1179.2 1284.7 1390.6 1521.7 1587.3 1652.9
± 1 4 4 .7 ± 1 8 6 .1 ± 2 3 3 .7 ± 2 3 1 .6 ± 2 2 7 .6 ± 2 2 9 .6

C 1236.1 1334.8 1436.1 1220.9 1171.8 1167.0
± 1 6 6 .2 ± 1 7 7 .5 ± 1 9 3 .8 ± 1 4 8 .3 ± 2 0 2 .9 ± 2 0 6 .0
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Stages of shock

0 1 2 3 4 5

О , consum ption  m l/m in

A 346.1 327.1 274.3 261.4 251.6 244.6
±  27.9 ±  26.7 ±  22.9 ±  23.1 ±  17.9 ±  22.2

В 369.3 362.9 362.6 357.2 354.5 351.9
±  81.4 ±  79.6 ± 1 1 3 .3 ±  75.4 ±  64.3 ±  53.4

C 391.5 431.6 468.9 329.4 228.7 228.6
±  33.4 ±  48.8 ±  80.3 ±  50.6 ±  46.7 ±  44.4

Abbreviations: P q, =  p a r tia l  p ressu re  o f oxygen in  b lood ; S a 0 2 =  a rte ria l oxygen sa tu ra tio n ; 
CaO, =  a rte ria l oxygen c o n te n t;  C v 0 2 =  venous oxygen  co n te n t; P 50 =  th e  P q, a t  w hich  blood 
is 50%  sa tu ra te d  w ith  oxygen.

calves o f th e  p re se n t s tu d y , an  inverse  re la tio n sh ip  w as observed. D ecreased  
0 2 co n su m p tio n , as w ill be  discussed below , an d  le ft sh if t in  oxyhaem oglob in  
d issociation  cu rve  shou ld  be th e  tw o  possib le  reasons fo r such an  ab n o rm a l 
re la tio n sh ip  b e tw een  A v . P o 2 and  C a 0 2- C v 0 2. F u r th e r , th is  also suggests a 
ty p ic a l bov ine  species v a r ia tio n  in  a sep tic  episode.

T he fa ll in  0 2 co n su m p tio n  w ith  low -flow  s ta te  w as g rea te r (9 .8%  an d  
23.9%  a t  e a rly  an d  la te  shock stages, re spec tive ly ) w hen  com pared  to  0 2 
delivery . In  h igh-flow  shock , desp ite  an  increase  in  th e  0 2 delivery  a t  ea rly  
(17.9% ) an d  la te  s tag es  (40.2% ), 0 2 c o n su m p tio n  fell b y  1 .8%  an d  4 .7 % , 
respective ly . T hough  th is  decrease in  0 2 u tiliz a tio n  is m arg inal, i t  c e rta in ly  
ind ica tes t h a t  d u rin g  sep tic  shock th e  cells do n o t u tilize  0 2 even if  th e  la t te r  
is t ra n sp o r te d  in  g re a te r  q u a n tity . In  sep tic  shock  th e re  is a d irec t co m p etitio n  
for О 2 be tw een  b a c te r ia l cy tochrom e an d  th e  m uscle m itoch o n d ria  (S tevens, 
1979) as a  re su lt o f w h ich  th e re  is a fa ll in  0 2 consu m p tio n , w hich d is tu rb s  
cellu lar fu n c tio n . Irre v e rs ib le  shock s tag e  follows w hen  appreciab le  n u m b ers  
of m ito ch o n d ria  becom e n o n fu n c tio n a l (S tevens, 1979). T herefore, i t  is a p p a re n t 
th a t  a v a ila b ility  an d  t r a n s p o r t  o f 0 2 a ffec t 0 2 u tiliz a tio n  in  a v e ry  lim ited  
form  in  th e  sep tic  shock  in  th e  bovine. H ow ever, no ex p lic it e x p lan a tio n  can  be 
p rov ided  fo r increased  0 2 u tiliza tio n  in  ea rly  stages w ith  h y p erk in e tic  phase  
of com bined  shock in  th is  s tu d y .

A re la tio n sh ip  h as  b een  observed  be tw een  flow  s ta te  an d  su rv iva l tim e  in  
m an , w here a h y p e rk in e tic  c ircu la tion  assoc ia ted  w ith  sep tic  shock w as found  
to  be m ore d e tr im e n ta l (C ohn e t al., 1968). C o n tra rily , in  th e  p resen t s tu d y  h ig h 
er su rv iv a l tim e  has b een  recorded  w ith  h y p e rk in e tic  shock (27 h) an d  th e  
com bined  shock  w here h y p e rk in e tic  p h ase  d o m in a ted  (29 h), as com pared  to  
h y p o k in e tic  shock , w here  th e  su rv iv a l tim e  w as th e  sh o rtes t (22 h). T his 
am ply  in d ica tes  th a t  in  sep tic  shock in  th e  bov ine  a low -flow  s ta te  is co m p ara 
tiv e ly  m ore d e tr im e n ta l.

A close re la tio n sh ip  h as  also been observed  betw een  0 2 consum ption  an d  
su rv ival tim e  in  an im als  follow ing shock (Crowell an d  G uy ton , 1961). In  th e
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p re se n t s tu d y , th o u g h  0 2 co n su m p tio n  d id  n o t  increase in  e ith e r  h igh-flow  
o r low -flow  shock , a m arg in a l decline o n ly  in  h igh-flow  shock re su lted  in  a h ig h 
er su rv iv a l tim e  th a n  in  low -flow  shock  w here th e  decrease in  0 2 co n su m p tio n  
w as m u ch  g rea te r  a n d  su rv iva l t im e  lesser. H ow ever, a s im ilar co rre la tio n  w as 
n o t  observed  in  th e  com bined  shock , w here  th e  h ighest su rv iv a l tim e  w as 
o b se rv ed , y e t, 0 2 co n sum ption  declined  s ig n ifican tly  (P  <C 0.05) a t  la te  shock  
s ta g e . H ow ever, th e re  h a d  been a m arg in a l increase  in  0 2 con su m p tio n  a t  e a rly  
sh o ck  stages o n ly  in  th e se  an im als. I t  is possib le th a t  beneficial effects ren d e red  
b y  increased  0 2 co n su m p tio n , seen o n ly  a t  e a rly  stages of com bined  h igh- an d  
low -flow  shock, m ig h t be responsib le  fo r su s ta in in g  life for a longer period  o f 
t im e  desp ite  a g re a te r  fa ll in  0 2 c o n su m p tio n  a t  la te  shock stages.
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EFFECT OF PERIPARTURIENT LIPID MORILIZATION 
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P . O. B ox 2, H u n g a ry

(R eceived  M ay 3, 1984)

C aro tene an d  v ita m in  A  levels o f th e  b lood p lasm a  w ere  in v es tig a ted  in  B lack -an d - 
W h ite  H o lste in -F riesian  cows (n  =  33), in  re la tio n  to  th e  deg ree  of d isorders in  p e r ip a r tu r ie n t  
lip id  m etabo lism . In v e s tig a tio n s  w ere s ta r te d  2 weeks b e fo re , a n d  con tin u ed  u p  to  5 w eeks 
a f te r , p a r tu r it io n . M ilk p ro d u c tio n  of th e  cows in  th e  p rev io u s la c ta tio n  period  w as 5700 1 on  
th e  average. T o ta l ca ro ten e , v ita m in  A, a sp a rta te  a m in o tran sfe ra se  (AST), a lb u m in , to ta l  cho le
stero l, n o n -esterified  f a t ty  acid  (N E F A ) an d  trig ly cerid e  v a lu es o f  th e  blood p lasm a  w ere 
d e te rm in ed . B ased u p o n  th e  N E F A  con cen tra tio n s o f th e  p la sm a , th e  cows w ere assigned  to  
th re e  g roups: G roup I co n ta in ed  cows in  th e  blood p lasm a  o f w h ich  increasing  N E F A  levels 
w ere m easu red  a lread y  in  th e  p re p a r tu r ie n t period ; G roup I I  com prised  cows in  w hich  in c re as
ing N E F A  levels w ere o bserved  only in  th e  p o s tp a r tu r ie n t p e rio d ; in  th e  blood p lasm a of cows 
o f G roup I I I  th e  N E F A  leve l d id  n o t exceed th e  physio log ical v a lue .

I n  th e  p a r tu r ie n t  p e rio d  th e  physiological decrease o f th e  p lasm a  caro tene  an d  v ita m in  
A  w as enhanced  in  cows w ith  h igher p lasm a N E F A  co n ce n tra tio n s . In  these  cows, in v o lu tio n  
d iso rders an d  d y sfu n c tio n s o f o v arian  orig in  w ere ra th e r  f re q u e n t. P re su m ab ly , in th e  p e r ip a r 
tu r ie n t  period  th e  p a th o lo g ica l lip id  m etabo lism  (m o b iliza tio n ) d is tu rb s  th e  tra n s p o r t  o f c a ro 
ten e  a n d  v ita m in  A, re su ltin g  in  th e ir  g rea ter-th an -p h y s io lo g ica l decrease an d  pro longed  low  
level in  th e  p o s tp a r tu r ie n t  period . T his m ay  p lay  a role in  th e  d e lay  of th e  o nse t o f n o rm al 
cycling  in  cows a ffec ted  w ith  d isorders o f th e  lip id  m etab o lism  (p a tho log ica l lip id  m obiliza tion ).

K eyw ords. L ip id  m o b iliza tio n  d isorder, f a t ty  liv e r d isease , “ f a t  cow”  syndrom e, d a iry  
cow, to ta l  caro ten e , v ita m in  A.

T he tra n s itio n  from  p reg n an cy  to  la c ta tio n  rep resen ts  an  increased  
m etab o lic  load  fo r th e  d a iry  cow; th e  degree of th e  lo ad  increases p ara lle l w ith  
age an d  th e  m ag n itu d e  o f la c ta tio n  m ilk  p ro d u c tio n .

T he co n seq u en t m etabo lic  change m ay  u p se t th e  energy  balance  o f th e  
cow. T he m ob iliza tion  of lip ids from  fa t d epo ts m a y  increase to  a p a th o lo g ica l 
e x te n t, re su ltin g  in  an  e leva tion  o f th e  n o n -es te rified  f a t ty  acid (N E F A ) leve l 
in  th e  b lood p lasm a (R eid  e t al., 1979). S im u ltan eo u sly  w ith  th is , a so-called  
“ f a t ty  liv e r”  m ay  develop  because of h e p a to ce llu la r  accum ula tion  o f tr ig ly 
cerides (K ap p  e t a l., 1979; Collins an d  R eid , 1980; R e id  e t ah , 1979).

In  cows th a t  developed  clinically  a p p a re n t f a t ty  liv e r  disease or a subclin - 
ica l disease w ith  la b o ra to ry  find ings in d ica tin g  increased  lip id  m ob iliza tion  
p o st p a r tu m , we m easu red  sign ifican tly  h igher N E F A  and  s ign ifican tly  low er 
tr ig ly ce rid e  p lasm a levels a lread y  20-30 days befo re  calv ing  th a n  in cows th a t  
rem ain ed  h e a lth y  a f te r  p a r tu r it io n  (H arasz ti e t a l., 1982). Since th e  liv e r h as  
an  im p o r ta n t role in  th e  m etabo lic  processes o f c a tt le , its  dam age has adverse
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consequences as reg a rd s  th e  rep ro d u c tiv e  processes, re su ltin g  in  a  d e lay ed  reac 
t iv a t io n  o f th e  o v ary  a n d  in  a long serv ice  perio d  (H ara sz ti e t a l., 1984).

I t  seems to  be ju s tif ie d  to  assum e t h a t  th e  p e r ip a r tu r ie n t d iso rders o f 
lip id  m etabo lism  m ay  in fluence  th e  m e tab o lism  of th e  lip id -so lub le  v itam in s , 
am o n g  th em  ca ro ten e  a n d  v itam in  A. I n  th e  p resen t w ork  d a ta  co llected  on 
th is  to p ic  are rep o rted .

M aterials an d  m ethods

T h irty -th ree  c lin ica lly  h e a lth y  B lack -an d -W h ite  H o ls te in -F ries ian  cows, 
p re v io u s ly  calved th re e  o r m ore tim es a n d  being  3 -4  weeks b efo re  te rm , were 
u sed . T he average p ro d u c tio n  of th e ir  p rev io u s 300-day la c ta tio n  w as 5700 1. 
B lo o d  sam ples w ere ta k e n  from  th e  a n im a ls : tw o  before calv ing  a n d  tw o  w ith in  
15 d a y s  a fte r calv ing , one betw een  p o s tp a r tu m  days 16-29 an d  one 30-45  days 
p o s t p a r tu m . To follow  th e  occu rring  m etab o lic  changes, th e  b lood  p lasm a 
p a ra m e te rs  described in  a n  earlie r p a p e r  (H a ra sz ti e t al., 1982), v iz . a sp a r ta te  
am in o tran sfe rase  (A ST), a lb u m in , to ta l  cho lestero l, glucose, n o n -e s te rified  fa t ty  
ac id s  (N E F A ), tr ig ly ce rid e , ke to n e , N E F A : trig ly cerid e  ra tio , a lb u m in : to ta l  
p ro te in  ra tio , were d e te rm in ed . T he se ru m  v ita m in  A level w as d e te rm in ed  by  
th e  flu o ro m etric  m e th o d  o f H ansen  an d  W arw ick  (1978) as m od ified  b y  B lasko- 
v i ts  e t  al. (1980). T o ta l ca ro ten e  c o n c e n tra tio n  was m easured  acco rd in g  to  
B ru b a c h e r  and Y u illeum ier (1974) a f te r  e x tra c tio n  w ith  p e tro le u m  ether. 
T h e  cows were assigned to  th re e  g roups b ased  up o n  th e  N E F A  v a lu es  m easu red  
fro m  d a y  15 before p a r tu r it io n  to  p o s tp a r tu m  d ay  10, in  ag reem en t w ith  our 
p re v io u s  experiences. T h e  cows e x h ib itin g  increased  lip id  m o b iliza tio n  a lread y  
b e fo re  p a r tu r itio n  c o n s titu te d  G roup I ,  th o se  show ing an  increased  rise o f th e  
N E F A  level only a f te r  ca lv ing  were assigned  to  G roup I I  (increased  p o s tp a r tu m  
lip id  m obilization), th e  cows th a t  e x h ib ite d  on ly  a m odera te  rise  o f  th e  N E F A  
lev e l even  a fte r calv ing  c o n s titu te d  G roup  I I I  (Table I). To rev ea l th e  co rre la 
tio n s , b iom etrical ca lcu la tio n s w ere m ad e  (m ean , s ta n d a rd  d e v ia tio n , t te s t, 
l in e a r  regression). B y  clin ical ex am in a tio n s  th e  rep ro d u c tio n  p a ra m e te rs  were 
fo llow ed in  each group .

T able  I

C hanges in  non-esterified f a t ty  acid  (N E FA ) co n cen tra tio n s , serving as a basis fo r g rouping  of th e
an im als

D a y s  b e fo re  p a r tu r it io n D a y s  a f te r  p a r tu r it io n

1 5 -6  5 -1 0 -5  6 -1 0

N E F A  concentra tion , mrnol/1

I  L ip id  m obilization before  p a r tu r itio n >  0.30 >  0.50 >  0.60

I I  L ip id  m obilization a fte r  p a r tu r itio n <  0.30 <  0.50 >  0.60

I I I  N orm al <  0.30 < 0 .5 0 <  0.60
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R esults

L a b o ra to ry  find ings in d ic a te d  increased  lip id  m ob iliza tion  a lread y  before 
calv ing  in  13 cows (G roup I) , an d  on ly  a fte r  p a r tu r i t io n  in  10 cows (G roup  II) . 
T he rise o f th e  N E  FA  c o n c e n tra tio n  d id  n o t exceed th e  physio logical level in  
10 cows (G roup I I I ) .  T he m ean  age fo r th e  th ree  g roups w as as follow s: G roup  I :  
6 .1 ^ 1 .0  y ea rs ; G roup I I :  6 .7 ^ 0 .8  y ea rs ; G roup I I I :  4 .0 ^ 0 .9  years.

C hanges observed  in  th e  to ta l  caro tene  an d  v ita m in  A co n cen tra tio n s  
o f th e  serum  are  show n in  Figs 1 an d  2. T he ra tio s  o f  th e  serum  to ta l  ca ro ten e  
an d  v ita m in  A  c o n cen tra tio n  to  A ST a c tiv ity , to  th e  a lbum in : to ta l  p ro te in

ff-in
' imii

K K H

«K

Increased lipid mobilization: I Both before and after c a lv in g —о----  » p < 0 0 5
II Only a fte r calving — —• -----**p<0.01

III Not observab le   ■-..... ***p<Q001

Fig. 1. Serum  to ta l  ca ro ten e  levels in  th e  d ifferen t groups in  th e  p e r ip a r tu r ie n t period

ra tio , to  cho lestero l, to  N E F A , a n d  to  trig ly cerid e  co n cen tra tio n  a re  also 
show n in  T ab les I I —V I. O nly  values exceeding r  >  0.350 are given. C orrela
tio n s  reach in g  a t  leas t th e  sign ificance  level o f P  <  0.05 are  in d ica ted  sep a
ra te ly . No or h a rd ly  an y  co rre la tio n  w as found  b e tw een  th e  blood glucose an d  
k e to n e  level an d  th e  v ita m in  co m p o n en ts ; th ere fo re , no de ta iled  d a ta  a re  given 
on th is  su b jec t.

In v o lu tio n  d isorders w ere o f h ig h est incidence in  cows in  w hich increased  
lip id  m ob iliza tion  was observed  a lre a d y  before p a r tu r i t io n ;  rep roduc tion -b io - 
logical p a ra m e te rs  were also th e  le a s t fav o u rab le  in  t h a t  g roup  (Tables V I I  and  
V II I ) .  T he incidence  of re te n tio n  o f p la c e n ta  w as 3 8 .5 ,1 0 .0  an d  10.0%  in  G roups
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Table I I

C orrelations of th e  se ru m  to ta l  caro tene and  v ita m in  A  levels w ith  A ST ac tiv ity

B e fo re  p a r tu r it io n A fte r  p a r tu r i t io n

d a y s

1 5 -6 5 -1  0 -5  6 -1 0 1 1 -3 0 31-45

A S T  (GOT}-total carotene

I
I I

- 0 .5 6 8  - 0 .9 6 6 *  

- 0 .3 7 7

—0.310

- 0 .4 1 9

I I I

I - I I - I I I

A S T  (G O T)-vitam in  A

I

I I

I I I  —0.458 

I - I I - I I I

R e m a rk s : only r  >  0.350 v a lu e s  are  given, com puted  by  lin ea r regression; * P  <  0.05

- 0 .5 1 2

- 0 .4 6 8

-0 .4 0 0 *

I ,  I I  a n d  I I I ,  re sp ec tiv e ly . T he p ro p o rtio n  o f cows conceived b efo re  th e  150th  
d a y  w as  0 (n =  0), 30 (n  =  3) an d  50%  (n =  5) in  G roups I ,  I I  and  I I I ,  
re sp ec tiv e ly .

Table II I

C o rre la tions of the serum  to ta l  c aro ten e  and v itam in  A levels w ith  th e  a lbum in : to ta l  p ro te in  ra tio

B efore  p a r tu r i t io n  A f te r  p a r tu r it io n

days

15-6  5 -1  0 -5  6 -1 0  11 -3 0 31-45

A lb u m in :  total protein 
ratio—total carotene

I

I I 0.491

h i

i - i i - i i i 0.446* 0.466*

A lb u m in :  total protein 
ratio—vitam in  A

I

I I

I I I

I - I I - I I I 0.465* 0.379*

R e m a rk s : see Table I I
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xtSD VITAMIN A

p »  **  *
I-II

Increased lipid mobilization: I Both before and after calv ing— o —  * p < 0 .0 5
II Only after calving — — ***p<0. 01

III Not observable ------■.....* « к р  <0.001

Fig. 2. S e ru m  v ita m in  A c o n ce n tra tio n s  in  th e  d iffe ren t groups in  th e  p e r ip a r tu r ie n t  p e rio d

Table IV

C orrela tions o f th e  serum  to ta l  caro tene  and  v itam in  A levels w ith  to ta l  cholesterol

B efo re  p a r tu r it io n A fte r  p a r tu r it io n

d ay s

15-6  5 -1  0-5 6 -1 0  1 1 -3 0  31-45

Cholesterol—total carotene

I 0.363 0.877* 0.563* 0.731* 0.546* 0.486*

i l 0.698* 0.481 0.789* 0.432 0.361

i n 0.378 0.421 0.388 0.371 0.377
i - i i - i i i 0.412* 0.346* 0.691* 0.492

C holesterol-vitamin A

I 0.379*

I I 0.389 0.355

I I I 0.321 0.993* 0.420 0.361

I - I I - I I I 0.401* 0.442* 0.370* 0.391* 0.361*

R em arks: see T able  I I
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Table V

C orrelations of th e  se ru m  to ta l  caro tene an d  v ita m in  A levels w ith  N E F A  concentra tion

B efore  p a r tu r it io n A fte r  p a r tu r it io n

d a y s

1 5 -6  5 -1 0 -5 6 -1 0 11-30 31-45

N E F A - to ta l  carotene

I — 0.401 - 0 .3 7 1 - 0 .4 4 7 - 0 .4 1 6 —0.588* -0 .4 8 9 *

I I -0 .9 3 6 * —0.402 - 0 .3 6 2 - 0 .3 7 7 - 0 .3 5 7

I I I - 0 .3 5 7

I - I I - I I I -0 .4 5 9 * —0.388* —0.503*

N E F A -v i ta m in  A

I - 0 .3 8 1 - 0 .9 4 1 —0.421 —0.381 - 0 .4 3 3

I I —0.492 - 0 .5 0 1 - 0 .3 5 8 - 0 .3 8 4

I I I

I - I I - I I I -0 .4 3 0 * -0 .3 6 0 * - 0 .3 6 1 -0 .4 1 5 *

R em ark s: see Table I I

Table VI

C orre la tions o f the  serum  to ta l  caro tene an d  v ita m in  A  levels w ith  trig lyceride  concentra tion

B efore  p a r tu r it io n A fte r  p a rtu r it io n

d a y s

15-6  5 -1  0 -5  6 -1 0 11-30  31-45

Triglyceride-total carotene

I 0.367 0.858* 0.459 0.633* 0.356

I I 0.361 0.718* 0.401 0.433

I I I 0.436 0.378 0.381

I - I I - I I I 0.498* 0.447* 0.455*

Triglyceride-vitam in A

I 0.432* 0.458*

11 0.359

I I I 0.532*

I - I I - I I I 0.388* 0.368* 0.357 0.386* 0.387*

R em ark s: see Table I I
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Table VII

Incidence of invo lu tion  com plications and o v arian  d isorders b y  groups

G ro u p  I G ro u p  I I G roup  I I I
n =  13 =  100% n  =  10 =  100% n =  10 =  100%

n 0/ 11 /О n о / n  /0 n  %

Invo lu tion

R ete n tio n  of p lacen ta 5 38.5 1 10.0 1 10.0
E a rly  invo lu tion  disorders 7 53.8 5 50.0 3 30.0

L ate  invo lu tion  d isorders1 6 46.1 4 40.0 1 10.0

Ovarian fu n c tio n 1
A n o v u la to ry  cysts 1 7.7 2 20.0 1 10.0
Loss o f fu n c tio n  or hypofunction 4 30.8 2 20.0 1 10.0

R em ark : 'B e tw een  days 30 and 45 p o st p a r tu m , as d e term ined  b y  rec ta l p a lp a tio n

Table V III

R eproduction-bio logical indices, b y  groups

G ro u p  I G ro u p  I I G roup  I I I
n  =  13 =  100% n  =  10 =  100% n  =  10 =  100%

n  % n  % n о/ n  /0

Culled (in fertility , m astitis) 4 30.8 1 10.0 1 10.0
Insem in a ted  w ith in  150 days 7 53.8 8 80.0 9 90.0
Conceived w ith in  150 days — — 3 30.0 5 50.0
O f th is , conceived a fte r one

insem ination — — 2 20.0 4 40.0

x-j- SD

D ay  of f irs t  insem inations1 72.9 ± 36.3 58.1 ± 17.0 54.8 ± 19.8
D ay  of conception2 — 47.5 ± 10.5 45.2 7.8
N u m b er of insem inations per-

form ed per one cow1 2.0 ± 0.76 2.2 ± 1.17 1-7 ± 0.97

R em ark : 1 T he m ean of cows insem inated  w ith in  150 days 
2 T he m ean  of cows conceived w ith in  150 days

D iscussion

B e ta -ca ro ten e  an d  v ita m in  A h av e  an  o u ts ta n d in g  in fluence  on th e  sexual 
fu n c tio n s of c a ttle . I t  has been  re p o rte d  th a t  in  th e  bov ine  corpus lu teu m  (CL) 
o n ly  neglig ib le, if  an y , v ita m in  A w as p resen t, as opposed  to  th e  h igh ca ro ten e  
co n c e n tra tio n  in  th e  CL (S chu ltz  e t ah , 1973; A lilsw ede an d  L o tth a m m e r, 1978). 
T he absence o f v itam in  A from  th e  bov ine  CL suggests th a t  th e  effect of v ita m in
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A  on  th e  ovarian  fu n c tio n s is n o t d ire c t; v ita m in  A ra th e r  ex erts  a fav o u rab le  
e ffec t on th e  ep ith e lia l cells o f th e  e n d o m e triu m  (B rü g g em an n  an d  N iesar, 
1957; Schultz e t a l., 1973; A n w an d te r , 1974; Saelzer e t a l., 1983). L o tth a m m e r 
e t  al. (1976) ex p e rim en ta lly  p ro v ed  an  ad v an tag eo u s  in fluence  o f ca ro ten e  on 
th e  overtness of o estrous signs an d  on th e  d u ra tio n  o f o estru s. C aro tene  defi
c ien cy  has an  especially  adverse in flu en ce  on o v arian  fu n c tio n , m an ifestin g  itse lf 
in  a de layed  onse t o f o v u la tio n  an d  a de lay ed  d ev e lo p m en t an d  h y p o fu n c tio n  
o f  th e  CL. O f course, th e  an a to m ica lly  sm alle r CL produces less p rogeste rone , 
re su ltin g  in  concep tion  an d  n id a tio n  d is tu rb an ces  in  th e  f irs t  p lace (M eyer e t ah, 
1975; Scham s e t ah , 1977; L o tth a m m e r e t ah , 1976). In  th e  bov ine  CL, th e  
a c t iv i ty  of th e  enzym e co n v ertin g  /5-carotene in to  re tin o l is doub le  o f th a t  
fo u n d  in  th e  in te s tin a l m ucosa; i t  dep en d s on th e  bio logical s ta tu s  o f th e  CL, 
a n d , co rrespond ing ly , i t  decreases d u rin g  th e  regression  ph ase  o f th e  CL 
(G aw ienow ski e t a l., 1974; S k lan , 1983). T he serum  /5-carotene level o f cows 
h a v in g  ovarian  cy sts  is s ig n ifican tly  low er th a n  th a t  o f cows free from  ovarian  
d iso rd e rs  (S eitarid is, 1963). On th e  o th e r  h a n d , as opposed to  th e  cited  au th o rs , 
F o lm a n  e t al. (1979) failed  to  d e te c t an y  difference b e tw een  cows fed  a d iet 
p o o r  in  /5-carotene an d  con tro l an im als in  th e  d u ra tio n  an d  in te n s ity  o f oestrus. 
V ita m in  A influences th e  syn th esis  o f stero id  horm ones in  th e  ad ren a l co rtex  
a n d  th e  th y ro x in e  p ro d u c tio n  o f  th e  th y ro id  (S cheunert an d  T ra u tm a n n , 1976). 
T h is  observ a tio n  seem s to  be su p p o rte d  b y  endocrino logical, m etabo lic  (cortisol, 
th y ro x in e , glucose, AST) and  h isto log ical d a ta , w hich confirm  th a t  in  bu lls th e  
a c t iv i ty  of th e  th y ro id  an d  ad ren a l co rtex  decreases as a consequence o f caro
te n e  deficiency (L ange, 1977; K ru d o p p , 1979).

A ccording to  S cham s e t al. (1977), caro tene  in fluences th e  fu n c tion ing  
o f  th e  ov ary  an d  p rogeste rone  p ro d u c tio n  th ro u g h  its  effect on th e  ad rena l 
c o r te x  and  th e  h y p o p h y sis . C aro tene defic iency  p resu m ab ly  resu lts  in an  in h i
b it io n  of th e  p ro d u c tio n  of ce rta in  p ro te o ly tic  enzym es im p o r ta n t in  th e  onset 
o f  o v u la tio n ; i t  has a m a jo r role in  th e  re te n tio n  o f p lacen ta , dev e lo p m en t of 
p u e rp e ra l d isorders, and  p ro lo n g a tio n  o f in v o lu tio n  (L o tth a m m e r e t a l., 1976).

In  p reg n an t cows, a change o f ca ro ten e  level in  th e  im m ed ia te  p e rip a rtu -  
r ie n t  period  is c h a rac te ris tic . Serum  ca ro ten e  level, being  th e  h ig h est in  th e  
7 th —8 th  m o n th  o f p reg n an cy , show s a g rad u a l decrease 2 -4  weeks before  p a r tu 
r it io n . This is follow ed b y  its  a b ru p t  decrease im m ed ia te ly  before p a r tu r it io n , 
reach in g  th e  low est level in  th e  f irs t day s follow ing calv ing  (L o tth a m m e r, 1978; 
W älch li-S u te r, 1978). T he degree o f decrease m ay  reach  2 0 -3 0 % . F ro m  p o s t
p a r tu m  days 5—7 ca ro ten e  level rises again . S im ilar o b se rv a tio n s w ere m ade on 
th e  v ita m in  A an d  E  levels o f th e  serum  (Schm id, 1975; W älch li-S u te r, 1978; 
D v o rá k  e t al., 1977; H id iroglou  an d  H a r tin , 1982). T ak in g  in to  acco u n t th a t  
th e  co lostrum  is severa l tim es rich e r in ca ro ten e  and  v ita m in s  A and  E  th a n  th e  
n o rm a l cow m ilk  is, th e  decrease o f th ese  substances can be a t t r ib u te d  to  th e  
co lo stra l period.
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Studies on ca ro ten e  deficiency p rov ide  m ore a n d  m ore convincing e v i
dence th a t  /З-ca ro ten e  p lay s a un ique , e ssen tia l role, n o t  rep laceable  w ith  v i ta 
m in  A, in  th e  re p ro d u c tiv e  processes o f c a ttle , an d  t h a t  i t  has an in fluence on  
ce rta in  endocrine an d  m etab o lic  processes ( th y ro x in e , A ST, to ta l cho lestero l 
level; L o tth am m er, 1978).

F o r th e  sake  o f com pleteness i t  should  be m en tio n ed  th a t ,  on the  av erag e , 
82 %  of th e  to ta l  c a ro ten e  co n te n t o f th e  serum  is /З-ca ro ten e  (Som orjai an d  
Petlies, 1984).

In  th e  p re se n t ex p erim en ts , decrease o f to ta l  ca ro ten e  and v ita m in  A 
co n cen tra tio n  w as o bserved  in  all th e  th re e  e x p e rim en ta l groups; the  decrease 
s ta r te d  5-10 d a y s  befo re  p a r tu r it io n  an d  th e  low est leve l w as reached on p o s t
p a r tu m  days 3 -5  (v ita m in  A) and  5 -8  (caro tene). T his w as followed by  a g ra d 
u a l increase. In  G roup  I I I ,  w here only  m o d era te  lip id  m obilization  o ccu rred  
a f te r  p a r tu r itio n , th e  degree o f th e  decrease of ca ro ten e  level hard ly  exceeded 
20% , and b y  p o s tp a r tu m  d ay s  30-45 caro ten e  c o n c e n tra tio n  p rac tica lly  reach ed  
th e  in itia l level again . In  cows show ing lip id  m o b iliza tion  a lread y  before (G roup  
I) or only a f te r  ca lv in g  (G roup I I ) ,  a m ark ed  e lev a tio n  of th e  N E F A  level 
an d  a decrease o f th e  trig ly ce rid e  and to ta l  cholesterol leve l were found, in d ic a 
tiv e  of lipid m ob iliza tio n . T he s im u ltaneous decrease o f  th e  carotene level e x 
ceeded 50% . In  th e se  cows caro ten e  level w as 25 to  3 0%  low er th a n  th e  in it ia l  
va lu e  even b e tw een  p o s tp a r tu m  days 30 an d  45. As co m p ared  to  values fo u n d  
fo r th e  h e a lth y  cows o f G roup I I I ,  th e  d ifference w as v e ry  h ighly  sign ifican t 
(Г  <C 0.001) in  th is  re sp ec t. In  G roup I  th e  v ita m in  A  leve l was sig n ifican tly  
low er a lready  before  ca lv ing , and  rem ained  low  th ro u g h o u t, as com pared  to  
th a t  found  fo r G roup  I I I .  T he difference found  u p  to  p o s tp a r tu m  day  45 in  th e  
v ita m in  A level in  cows o f G roup I I  was also sign ifican t (P  <  0.01), as com pared  
to  th e  contro l va lues.

The v ita m in  A v a lu e  found  in cows of G roup I I I ,  w h ich  can he considered  
physiological, reach ed  its  low est level on p o s tp a r tu m  d a y s  3 -5 ; th is is in  acco r
dance  w ith  d a ta  re p o rte d  in  th e  lite ra tu re  (K u h lm an  a n d  G allup, 1944; H id i- 
roglou and  H a r t in , 1982). T he degree o f decrease w as app ro x im ate ly  3 3 % , 
w hile betw een  d ay s 33 an d  45 th e  serum  v ita m in  A co n cen tra tio n  was sign if
ic a n tly  (P  <C 0.01) h ig h er th a n  in  G roups I  an d  I I .

In  th e  b lood , ca ro ten e  is tra n sp o rte d  b y  lip o p ro te in s . In  ca ttle  fed  d ie ts  
o f v a ry in g  fa t  c o n te n t i t  w as show n th a t  o f th e  th re e  lipop ro te in  frac tio n s  
th e  h ig h -density  lip o p ro te in  (I1D L) is th e  sto re  and  th e  m ost im p o rtan t t r a n s 
p o rte r  of /З-ca ro ten e ; a b o u t 90%  of th e  /З-caro tene  is b o u n d  to  th is f ra c tio n  
(P a tto n  and K elly , 1980; A shes e t ah, 1982; K u rz  e t ah , 1984; Ashes et ah, 1984).

V itam in  A is s to red  in  th e  liver an d  tra n sp o r te d  to  th e  recip ient o rg an s 
as bound  to  a specific  tra n sp o r ta tio n  p ro te in  (re tin o l-b in d in g  p ro tein , R B P ).

L ite ra ry  d a ta , to g e th e r  w ith  our ow n in v es tig a tio n s , allow us to  assum e 
th a t  in  th e  p e r ip a r tu r ie n t period  th e  increased  lip id  m ob iliza tion  d is tu rb s  th e

7* Acta Veterinaria Hungarica 32,1984



2 0 2 HARASZTI et al.

t r a n s p o r ta t io n  of ca ro ten e  an d  v ita m in  A, resu lting  in  th e ir  g re a te r- th an - 
p h ysio log ica l decrease an d  p ro longed  low  leve l in  th e  p o s tp a r tu r ie n t period . This 
m a y  p la y  a role in  th e  d elay  o f th e  o n se t o f norm al cycling  in  cows affected  
w ith  d iso rders of th e  lip id  m etabo lism .
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EFFECT OF FEEDING RAW SOYBEAN FLOUR ON THE 
DIGESTION OF THE ADULT SHEEP

K . B a I N T N E R  a n d  S. P O N G O R
R esearch  In s t i tu te  for A nim al N u tr itio n  of th e  R esearch  C enter fo r A n im al B reed ing  an d  
N u tr itio n , H-2053 H erceghalom ; and  I n s t i tu te  o f E nzym ology  of th e  H u n g a ria n  A cad em y  of 

Sciences, H-1117 B u d a p es t, K a ro lin a  ú t  29, H u n g a ry

(R eceived  M ay 7, 1984)

T he a u th o rs  fed  raw  or h e a ted  soy b ean  f lo u r  to  a d u lt M erino sheep  an d  to o k  sam ples 
th ro u g h  ru m in a l an d  in te s tin a l f is tu la  fo r d e te rm in a tio n  of in h ib ito rs  a n d  enzym e ac tiv itie s .

R u m in a l p ro teo ly tic  a c tiv ity  is n o t  su p p re ssed  b y  soybean in h ib ito r  (B a in tn e r, 1981); 
m oreo v er, th is  in h ib ito r  is g rad u ally  d eg rad ed  b y  ru m en  m icroorgan ism s in  v itro . B o w m an — 
B irk  in h ib ito r  is o f re la tiv e ly  h igh  re sis tan ce , w hile  K u n itz  in h ib ito r  is ra p id ly  in a c tiv a te d .

I t  seems th a t  th e  fo restom achs o f ru m in a n ts  deg rade  th e  so y b ean  in h ib ito r  on  th e  one 
h a n d , a n d  delay  its  passage to  th e  in te stin es on  th e  o th e r. T his exp lains w h y  we failed  to  n o tic e 
a b ly  suppress in te s tin a l p ro teo lysis b y  feed ing  200 g raw  soybean  f lo u r  in  a single feed . 
F u rth e rm o re , th e  u n im p a ired  in te s tin a l p ro teo ly sis  m ay  rap id ly  in a c tiv a te  th e  f ra c tio n  of 
so y b ean  lec tin  and  u rease  th a t  escaped ru m in a l d igestion . These f in d in g s  ex p la in  th e  la c k  of 
s ig n ifican t a n tin u tr it iv e  effect o f raw  soy b ean  in  a d u lt  ru m in an ts.

B y  feeding ex trem e ly  h igh  am o u n ts  o f ra w  soybean  flour (500 g fo r a  single feed), 
tra n s it io n a l suppression  of in te s tin a l t ry p s in  a c t iv ity  w as achieved a n d  free  try p s in  in h ib ito r  
ap p ea red  in  th e  je ju n u m . M easurem ent o f am y lase  a c tiv ity  served as a  co n tro l o f p a n c re a tic  
secretion .

In  an  ad d itio n a l ex p erim en t, no b in d in g  o f fluorescein-labelled  so y b e a n  lec tin  to  ru m en  
m icroorgan ism s could be d em o n s tra ted .

Keywords. Soybean  flou r, in te s tin a l p ro teo ly s is , rum en, p ro te a se  in h ib ito r , sheep ,
lec tin .

In  b irds an d  in  m onogastric  m am m als  pro tease  in h ib ito rs  o f so y b ean  
in h ib it  th e  a c tiv ity  o f try p s in  an d  a -ch y m o try p sin  an d  depress in te s tin a l 
p ro teo ly sis  for severa l hours a fte r  a single feed of raw  so y b ean  (L y m an  an d  
L ep k o v sk y , 1957; A lum ot an d  N itsan , 1961; L epkovsky  e t  a l., 1971; N itsa n  
a n d  A lu m o t, 1963). B esides p ro tease  in h ib ito rs , o th e r a n t in u tr i t iv e  fac to rs  
occu r in  th e  soybean  (review ed b y  L iener, 1981). The inclusion  o f  large am o u n ts  
o f ra w  soybean  f lo u r in to  th e  ra tio n  o f m onogastric  an im als  or b ird s  re ta rd s  
g ro w th  an d  induces ad a p tiv e  responses in  th e  function  o f  exocrine  pan creas  
(M a’a y an i and K u lk a , 1968; G ertler an d  N itsa n , 1970; N itsan  a n d  L iener, 1976; 
M elm ed e t ah , 1976; Crass an d  M organ, 1982).

W hen  a d u lt rum inants, m o stly  d a iry  cow s, were fed on fu ll-fa t or e x t r a c t 
ed ra w  soybean  m eal, little  or no a n tin u tr i t iv e  effect was o b se rv ed  (Loosli e t a l., 
1961; P e rry  an d  M acLeod, 1968; L arso n  a n d  Schultz, 1970; D aniels e t  a l., 
1973). In  th e  p re sen t w ork  th e  causes o f th e se  in ter-species d ifferences w ere 
s tu d ie d  w ith  in  v itro  and  in  v ivo tech n iq u es.
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M aterials and  m ethods

A n im a ls

In te s tin a l a n d  ru m e n  flu id  sam ples w ere ta k e n  ev e ry  ho u r from  tw o  
f is tu la te d  M erino sh eep . T he f irs t one w as a 2-year-o ld  w e th e r  w ith  a f is tu la  in  
th e  m iddle o f th e  sm a ll in te s tin e , w hile th e  o th e r w as a ew e whose f is tu la  w as 
lo c a te d  in  th e  p ro x im a l je ju n u m . B o th  o f th e m  h ad  ru m e n  f is tu la , too.

Feeding

The sheep w ere  fed  grass h ay  tw ice  daily , su p p lem en ted  w ith  400 g 
c o n cen tra te  in  th e  m o rn in g . C ontrol (a) an d  e x p e rim e n ta l (b) periods a lte rn a te d  
in  th e  sam e an im als.

a) F u ll-fa t so y b e a n  flo u r was steam-heated  a t  108 °C (1100 m bar) fo r h a lf  
an  h o u r and  dried  in  a ir . T his tre a tm e n t decreased  th e  try p s in  in h ib ito r c o n te n t 
o f  th e  flour from  30 to  0.5 m g/g (d ry  m a tte r ) .  This f lo u r  m ixed  w ith  an  eq u a l 
a m o u n t of corn f lo u r  w as fed as con tro l feed .

b) F u ll-fa t raw  so y b ean  was g round  to  flo u r w ith  an  equal a m o u n t of 
co rn  to  fac ilita te  g rin d in g . F o u r h u n d red  g ram  of th e  m ix ed  flou r was fed  to 
g e th e r w ith  h a y  a t  th e  s ta r t  o f th e  e x p e rim en t and  h a y  alone in  th e  evening. 
T h e  sm all p artic le  size o f th e  flou r p ro v id ed  large su rface  fo r th e  e x trac tio n  o f 
in h ib ito r  b y  b io logical flu ids.

In  one of th e  ex p e rim en ts  we tr ie d  to  feed to  a sheep  as m uch raw  soy 
b e a n  flou r as possib le . In  th e  p receding  even ing  th e  sheep  h ad  been s ta rv e d  
a n d  in  th e  n e x t m o rn in g  fu ll-fa t, raw' so y b ean  flo u r v7as g iven . As soon as th e  
sheep  stopped  e a tin g , h an d fu ls  of grass wrere re p e a te d ly  m ixed to  th e  soya. 
T h e reb y  th e  44-kg an im a l to o k  up 500 g soya  w ith in  3.5 h.

I n  vitro decomposition o f  soybean inhibitor

R um en c o n te n t w as ta k e n  from  f is tu la te d  sheep a n d  pressed th ro u g h  a 
la y e r  of co tto n  to  o b ta in  ru m en  liquor. A com m ercial t ry p s in  in h ib ito r p re p a ra 
tio n  (R eanal, B u d a p e s t)  con ta in ing  b o th  K u n itz  and  B o w m an -B irk  in h ib ito rs  
w as added  to  m ak e  a nom inal co n cen tra tio n  of 1 m g /m l. The ac tu a l in itia l 
co n cen tra tio n  w as a p p ro x im a te ly  th e  h a lf  o f th is  (see F ig . 5). The rum en  liq u o r 
w as p ip e tted  in to  te s t  tu b e s , p a ra ffin  oil w as lay ered  on th e  to p  of the  aqueous 
p h ase  to  secure an aero b io sis  and  i t  w'as in c u b a te d  in  a 40 °C w a te r b a th . A series 
o f  tu b es  w as su p p le m e n te d  w ith  glucose in  1 m g/m l c o n cen tra tio n , w hile th e  
re s t  of th e  tu b es  la ck ed  exogenous energy  source. P e rio d ica lly  sam ples w ere 
ta k e n , p rec ip ita ted  w ith  an  equal vo lum e o f 1%  trich lo ro ace tic  acid, c e n tr i
fuged , and  th e  in h ib ito rs  wrere d e te rm in ed  in  th e  su p e rn a te .
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Lectin  experim ents

S oybean  le c tin  w as iso lated  fro m  a n  aqueous so y b ean  flo u r e x tra c t  b y  
a ff in ity  c h ro m a to g ra p h y  on aS ep h aro se -b o u n d N -ace ty l-g a lac to sam in e  co lu m n . 
A dsorbed  lec tin  w as e lu ted  w ith  a 0.05 M N -ace ty l-g alac to sam in e  so lu tion  a n d  
th e  su g ar w as rem o v ed  b y  gel c h ro m a to g ra p h y  on a S ep h ad ex  G-25 c o lu m n . 
P u rified  lec tin  w as labelled  w ith  fluorescein  iso th io cy an a te .

R u m en  liq u o r w as cen trifuged  a t  15,000 g  fo r 20 m in  an d  th e  su p e rn a te  
was d iscarded . T h e  sed im ent, co n ta in in g  m o stly  ru m en  b a c te ria  w ith  a few  
p ro to zo a  an d  som e food partic les, w as su sp en d ed  in  saline an d  cen trifuged  a g a in  
to  rem ove  d isso lved  ca rb o h y d ra tes . T he resu sp en d ed  sed im en t was in c u b a te d  
w ith  fluo resce in -labe lled  lec tin  a t  room  te m p e ra tu re  fo r 15 m in , th e n  th e  u n 
b o u n d  lec tin  w as rem oved  b y  rep e a te d  c en tr ifu g a tio n  o f th e  m icroorgan ism s 
in  saline. W ash ed  ru m en  m icroorganism s w ere exam ined  u n d e r fluorescence  
m icroscope.

Chemical determ inations

Sam ples w ere k e p t frozen u n til  use. A fte r  th aw in g , enzym es and  in h ib i
to rs  w ere assayed  in  10,000 g  su p ern a te .

T ryp sin  w as de te rm ined  w ith  b enzoy l-a rg in ine  e th y l ester (B A E E ) as 
su b s tra te  (S chw ert an d  T akenaka , 1955). C hym otrypsin  w as m easured  b y  th e  
sam e p rincip le , w ith  benzoy l-ty rosine  e th y l e s te r  (B T E E ) as su b stra te . T races  
of a c tiv ity  th a t  sp lit try p s in  su b s tra te  (B A E E ) an d  w ere re s is ta n t to  so y b ean  
try p s in  in h ib ito r , occurred  b o th  in  ru m en  an d  in te s tin a l flu id s , b u t d id  n o t  
in te rfe re  w ith  th e  d e te rm in a tio n s s ig n ifican tly .

T ryp sin  inh ib itor  and  chym otrypsin  inhibitor  w ere de te rm in ed  in  ru m e n  
and  in te s tin a l f lu id s  b y  m easuring  th e  decrease o f a c tiv ity  o f a know n a m o u n t 
of added  try p s in  an d  ch y m o try p sin , re sp ec tiv e ly , an d  expressed  as (ch y m o )try p - 
sin gg  in h ib ite d .

T he m e th o d  o f Som ogyi (1938) w as u sed  fo r th e  d e te rm in a tio n  of in te s t i 
na l amylase.

R esults

S ix ex p e rim en ts  w ith  200 g raw  so y b ean  (F ig . 1), one exp erim en t w ith  
500 g raw  so y b ean  (F ig . 2), tw o co n tro l ex p erim en ts  w ith  200 g h e a t- tre a te d  
soybean  (F ig . 3) a n d  fou r con tro l ex p e rim en ts  w ith o u t soybean  feeding w ere  
perfo rm ed . T ry p s in  w as de term ined  in  a ll in te s tin a l sam ples, am ylase, c h y m o 
try p s in  an d  try p s in  in h ib ito r in  selected  periods only.

T ry p sin  ac tiv itie s  highly  v a ried  from  h o u r  to  h o u r in  th e  je ju n u m , so m e
tim es reach in g  differences of several o rd e r o f m ag n itu d e . C hym otrypsin  a n d
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F ig . 1. A c tiv ity  o f d ig es tiv e  enzym es in  ovine p ro x im a l je ju n u m  a f te r  a  single feed  o f 200 g raw  
so y b e a n  flou r. No so y b ean  w as fed  in  th e  a fte rn o o n . T h e  s ta r t  o f feed ing  is in d ica ted  b y  arrow s. 
F re e  t ry p s in  in h ib ito r  cou ld  n o t  b e  de tected . N o te  th e  large ly  p a ra lle l a lte ra tio n s  o f ac tiv itie s . 

T he values a re  re su lts  o f single d e te rm in a tio n s , as in  th e  follow ing figu res

am y la se  ac tiv ities v a rie d  largely  para lle l w ith  those of try p s in  (F ig. 1), ex cep t 
w h en  500 g raw  so y b ean  w as fed (Fig. 2). V a ria tio n  of ac tiv itie s  w as m u ch  less 
in  th e  m iddle of th e  sm all in te s tin e  (F ig . 3) th a n  in th e  p ro x im al je ju n u m .

F ree  try p s in  in h ib ito r  could be d e te c te d  in  th e  ru m en  liq u o r a f te r  th e  
feed in g  o f  raw  so y b ean  (F ig . 4); in  th e  in te s t in e  only a fte r  feed ing  th e  h ig h est 
ra w  soybean  q u a n ti ty  (F ig . 2).

In  th e  in  v itro  ex p erim en ts  try p s in  in h ib ito r  u n d e rw en t an  in itia l ra p id  
in a c tiv a tio n  in  th e  ru m e n  liquor, w hile th e  re s t  of th e  in h ib ito r  re s is ted  p ro 
longed  in cu b a tio n  (F ig . 5). The c o n cen tra tio n  o f ch y m o try p sin  in h ib ito r  show ed
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F ig. 2. S im ilar experim en t as in  F ig . 1, b u t  w ith  500 g ra w  soy b ean  flo u r. F re e  try p s in  in h ib ito r  
w as d e tec ted  in  tw o sam ples. N o te  th e  absence o f p a ralle lism  of ac tiv itie s , e. g., a ro u n d  th e

10 o’clock sam ple

F ig . 3. T ry p sin  activ ities  in  th e  m idd le  o f th e  sm all in te s tin e  a fte r  a  single feed  of 200 g h e a ted  
soybean  flo u r (co n tro l). V aria tio n s a re  m u ch  less th a n  in  th e  je ju n u m
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F ig . 4. T ry p sin  in h ib ito r  c o n ce n tra tio n s  o f ov ine ru m e n  liq u o r a f te r  a  single feed o f 200 g raw  
so y b ean  flou r. No so y b ean  w as fed  in  th e  a fte rn o o n . T h e  s ta r t  o f feed ing  is in d ica ted  b y  a rro w s
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F ig . 5. I n  v itro  d ecom position  of purified  so y b ean  try p s in  in h ib ito r  in cu b a ted  a t  40 °C in  ov ine
ru m en  liquor in  an ae ro b ic  conditions
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l i t t le  decrease d u rin g  in cu b a tio n . A d d itio n  o f exogenous energy  source (glucose) 
d id  n o t a ffec t th e  r a te  o f in ac tiv a tio n  o f  th e  inh ib ito rs .

R u m en  p ro to zo a  exh ib ited  a fa in t  au to fluorescence, b u t  fluo resce in -la 
belled  soybean  lec tin  w as no t b ound  to  a n y  o f th e  rum en  m icroorganism s.

D iscussion

W hen  200 g raw  soybean  flo u r w as fed , one ho u r a fte r  th e  s ta r t  o f feed ing , 
t ry p s in  a c tiv ity  som etim es fell d ra m a tic a lly  to  v e ry  low  va lues, b u t  sev era l 
in d e p e n d e n t o b serv a tio n s in d ica ted  t h a t  th is  decline was n o t due to  in g ested  
try p s in  in h ib ito r: 1) T ry p sin  a c tiv ity  a n d  flow  ra te  o f in te s tin a l flu id  w as h ig h ly  
v a ria b le  th ro u g h o u t. 2) Increased  flow  ra te  o f in te s tin a l d ig esta  w as u su a lly  
observed  a fte r  th e  s ta r t  of m orn ing  feed ing , w hich m ig h t h av e  d ilu ted  th e  
p a n c re a tic  secretions. H ow ever, e x a c t m easu rem en ts  o f in te s tin a l flow  ra te  
w ere n o t a tte m p te d . 3) T he ab o v e-m en tio n ed  decline in  try p s in  a c tiv ity  d id  n o t 
occur co n sis ten tly  a f te r  feeding raw  so y b ean  an d  i t  also occurred  in  som e o f th e  
co n tro l tr ia ls . 4) A m ylase and  c h y m o try p s in  ac tiv ities  v a ried  la rge ly  p a ra lle l 
w ith  th o se  o f try p s in , a lth o u g h  am ylase  is n o t  in h ib ited  b y  soybean  in h ib ito rs  
an d  c h y m o try p s in  is less sensitive to  th e  in h ib itio n  th a n  try p s in .

So w ith  m o d era te  am ounts of ra w  so y b ean  flo u r we could  n o t d e m o n s tra te  
an  in  v ivo  effect o f  th e  inh ib ito rs  on th e  p ro teases  o f th e  a d u lt  sheep, a lth o u g h  
in  v itro  ov ine try p s in  an d  a lp h a -ch y m o try p sin  are read ily  in h ib ited  b y  aqueous 
soybean  e x tra c ts . H ow ever, th e  ex trem e  la rg e  (500 g) a m o u n t of raw  so y b ean  
tra n s itio n a lly  depressed  th e  in te s tin a l p ro teo ly sis , as i t  does in  m ono g astric  
an im als. In  th is  period  am ylase and  free  try p s in  in h ib ito r, b u t  no try p s in  could  
be d e m o n s tra te d  in  th e  in testin e  (F ig . 2). T races of B A E E -sp littin g  a c tiv i ty  
re s is ta n t to  soybean  in h ib ito r  gave th e  im pression  of a residua l try p s in  a c tiv ity  
in  th is  perio d  (F ig . 2).

T he p re se n t in  v ivo  find ings ex p la in  th e  lack  of a n tin u tr i t iv e  effect o f raw  
soybean  in  ru m in a n ts . I t  seems th a t  p r im a rily  th e  presence or absence o f fo re 
sto m ach s is responsib le  for th e  d iffe ren tia l effect o f raw  so y b ean  on ru m in a n ts  
versus m ono g astric  an im als. R u m in a l p ro te o ly tic  a c tiv ity  is n o t suppressed  b y  
so y b ean  in h ib ito r  (B a in tn e r, 1981). R u m e n  co n ten ts  d ilu te  th e  in h ib ito r  an d  
de lay  its  passage  to w ard s  th e  in te s tin e s ; m eanw hile  i t  is p a r tia lly  deg rad ed  b y  
ru m en  m icroorgan ism s. T he rap id  d isap p ea ran ce  of th e  in h ib ito r  from  th e  ru m e n  
(F ig. 4) in d ica tes  t h a t  i t  is rap id ly  d eg rad ed  in  v ivo. So th e  in h ib ito r  fra c tio n  
th a t  escaped  d eg rad a tio n  in  the  ru m en , cou ld  n o t n o ticeab ly  in fluence  in te s tin a l 
p ro teo lysis  ex cep t w ith  ex trem ely  h ig h  am o u n ts  of raw  soybean . Y o u n g  
ru m in a n ts  w ith  n o t fu lly  developed ru m e n  fu n c tio n , e. g. th e  grow ing lam b s in  
th e  ex p erim en ts  o f D ysli e t al. (1967), m a y  be m ore sensitive to w a rd  raw  soy 
bean .
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W e m ay  sp e c u la te  w hether th e  u n im p a ire d  in te s tin a l p ro teo lysis m a y  
ra p id ly  in a c tiv a te  th e  frac tio n  of so y b ean  le c tin  an d  u rease  th a t  escaped ru m i
n a l d igestion . W e su p p o se  th a t  th e  a n t in u tr i t iv e  p ro te in s  of soybean  in te ra c t:  
th e  suppression  o f  p ro teo ly sis  is needed  fo r lec tin  to  reach  th e  in te s tin a l m ucosa , 
a n d  th e  m ucosal d a m a g e  m ade b y  le c tin  is req u ired  fo r u rease  to  co n ta c t u rea - 
r ic h  p lasm a, ly m p h  o r in te rs titia l f lu id  a n d  to  lib e ra te  to x ic  am m onia. I f  p ro 
teo lysis  can n o t be  su ppressed , th e  w hole c h a in  o f ev en ts  w ill be b locked.

T he in  v itro  ex p e rim en ts  show  t h a t  K u n itz  in h ib ito r  is rap id ly  d eg rad ed  
b y  ru m en  liq u o r, w hile  th e  in v itro  re la tiv e ly  stab le  frac tio n  w ith  b o th  try p s in -  
a n d  c h y m o try p s in -in h ib ito r  ac tiv ity  m a y  be  id en tica l w ith  th e  B o w m a n -B irk  
in h ib ito r .

In  a n o th e r s tu d y  we failed to  d e m o n s tra te  th e  b in d in g  of labelled  so y b ean  
le c tin  to  an y  m icro o rg an ism  living in  th e  ovine rum en .
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STUDY OF THE MUTAGENIC EFFECT OF REDENTIN  
ON VARIOUS SPECIES OF ANIMALS

A . S e l y p e s 1, A . K é k e s -S za b ó2 and M. N e h é z 1
d e p a r t m e n t  o f H y g ien e  and  E pidem io logy , U n iv e rs ity  M edical School, H -6720 Szeged, 
D óm  té r  10; 2P u b lic  H e a lth  In s t i tu te  o f T o ln a  c o u n ty , H -7101 Szekszárd , H u n g a ry

(R eceived J a n u a ry  10, 1984)

T he m u tag en ic  effect of R ed en tin  w as s tu d ied  o n  ( i )  ch icken em bryo  cells o f P ly m o u th  
hens (o b ta in ed  fro m  eggs la id  e ith e r b y  R e d e n tin - tre a te d  hens m a te d  w ith  u n tre a te d  cocks o r 
u n tre a te d  hens m a te d  w ith  tre a te d  cocks); ( i i )  b o n e -m arro w  cells o f t r e a te d  P ek ing  d u ck s; a n d  
( i i i )  b one-m arrow  cells a n d  sp erm ato cy tes o f t r e a te d  ra b b its . T he e x p erim en ta l dose o f R e d e n 
t in  induced  no ch rom osom e ab erra tio n s in  a n y  o f th e  ex am in ed  cells.

K eyw ords. R o d en tic id e , ch lorophacinone, m u ta g e n ic ity , h en , P ek ing  duck , r a b b it .

R ed en tin  is a cum aro id  d e riv a tiv e  t h a t  has a selective to x ic  effect on 
ro d en ts  (B en tley , 1972; K ékes-Szabó an d  V örösházi, 1978). A ccording to  o u r 
prev ious in v e s tig a tio n s , th e  ex p erim en ta l dose o f 20 m g/kg h ad  no m u tag en ic  
effect on th e  b o n e-m arro w  cells (Selypes e t a l., 1981) an d  on th e  sp e rm a to cy te s  
(N ehéz e t a l., 1984) o f th e  m ouse. Since th is  chem ical is used  in  in d u stria liz ed  
large-scale a g ric u ltu re  (B erencsi e t al., 1978), w ild  an im als liv ing  in  fie lds a n d  
m eadow s, an d  even  dom estic an im als o ccasionally  s ta y in g  th e re , are exposed  
to  co n tam in a tio n . F o r  th is  reason , i t  w as considered  ex p ed ien t from  th e  p o in t 
o f v iew  o f e n v iro n m en ta l hygiene to  s tu d y  th e  possible m u tag en ic  effect o f  
R ed en tin  on fu r th e r  species o f an im als.

Materials and m ethods

The follow ing anim als w ere used:
D om estic fow l: hens and  cocks of th e  P ly m o u th  s tra in , an d  P ek ing  d u cks.
W ild m am m al: ra b b it  ( Oryctolagus cu n icu lu s).
(I) P lym outh  hen. F irs t a group o f te n  h ens was tre a te d  th ro u g h  a g a s tr ic  

can n u la  p er os w ith  100 m g/kg R ed en tin  a n d  m a ted  w ith  u n tre a te d  cocks; 
th e n  tw o  cocks w ere  tre a te d  per os w ith  100 m g/kg  R ed en tin  an d  m a te d  w ith  
u n tre a te d  hens. T h is dose is a q u a rte r  o f th e  a c u te  p. o. L D 50 (B erencsi e t a l.,
1978). F o r co n tro l th e  eggs of 10 u n tre a te d  hen s w ere used, la id  a fte r th e  hen s 
h ad  been m a ted  w ith  u n tre a te d  cocks.

The eggs la id  on days 3 to  8 a fte r  t r e a tm e n t  w ere in c u b a te d  a t  38 °C 
an d  60%  re la tiv e  h u m id ity . On th e  7 th  d a y  o f  in cu b a tio n  th e  em bryos w ere 
rem oved  an d  hom ogenized  in  a g rind ing  m o r ta r  co n ta in in g  P a rk e r so lu tio n
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(D ifco TC 199). T h en  c u ltu re  w as m ade a t  37 °C for 30 m in  w hile th e  m itosis 
w as h in d ered  w ith  a single dose (3 /xg/10 m l m edium ) o f Y inb lastin . H y p o to n - 
iz a tio n  w as carried  o u t w ith  a 0.075 M KC1 so lu tion  for 20 m in. F ix a tio n  w as 
m ad e  w ith  a m ix tu re  o f m e th a n o l-a c e tic  ac id  a t  th e  ra te  o f 3:1. T he p re p a ra tio n s  
w ere  s ta in ed  w ith  G iem sa so lu tion . T he chrom osom e analysis w as m ad e  a fte r  
S to ck  and  B unch  (1982).

(II)  Peking duck. F o r th e  chrom osom e ex am in a tio n  o f th e  b o n e-m arro w , 
fo u r  ducks, w ith  an  av erag e  w eigh t o f 2700 g, w ere given, w ith  a g astric  c an n u la , 
a  single dose of 50 m g /kg  o f R ed en tin , w h ich  corresponds to  a q u a r te r  o f  th e  
a c u te  p . o. L D S0 fo r d ucks (B erencsi e t  a l., 1978). Follow ing th e  t r e a tm e n t  
(24 a n d  48 h), b o n e-m arro w  o b ta in ed  from  th e  t ib ia  w as hom ogenized  in  P a rk e r  
so lu tio n , th e n  c u ltu re d  a t  37 °C fo r an  h o u r. T he p re p a ra tio n  w as ca rr ied  o u t 
as described  above. F ro m  th e  bo n e-m arro w  cells o f each  o f th e  tw o tr e a te d  an d  
tw o  u n tre a te d  b ird s  50 sam ples of m ito sis  w ere e v a lu a ted  accord ing  to  th e  
m e th o d  of S tock  an d  B u n ch  (1982).

( I I I )  Rabbit. F iv e  m ale an im als w ith  an  average w eigh t of 2400 g w ere 
t r e a te d  p e r os th ro u g h  a gastric  can n u la  w ith  20 m g/kg R ed en tin , a q u a r te r  o f 
th e  acu te  p . o. L D S0 fo r ra b b its  (K ékes-S zabó  an d  B erencsi, 1980), th e n  48 h  
a f te r  giving th is  single dose, th e  p re p a ra tio n  o f th e  bone-m arrow  and  th e  e x a m 
in a tio n  o f th e  sp e rm a to c y te s  w ere p e rfo rm ed  as s ta te d  above. T he ch ro m o 
so m e analysis w as m ad e  a fte r  s ta n d a rd  k a ry o ty p e  of th e  la b o ra to ry  r a b b i t  (1981).

T he sam ples o f m itosis w ere e v a lu a te d  u n d e r m icroscope, m agn ified  b y  
1600 in  each case. S ta tis tic a l s ign ificance w as com p u ted  b y  th e  F ish e r te s t  
(D elauno is, 1973).

Results and discussion

T he d a ta  o b ta in e d  fo r eggs and  ch icken  em bryos are  show n in  T ab le  I .

Table I

E xam ined  eggs a n d  em bryos

G ro u p
T re a tm e n t

p .o .
N u m b e r  o f

eggs
ex am in ed

N u m b er o f 
in fe rtile  

eggs

N u m b e r  o f  
d ead  

em bryos

N u m b e r  o f  
ey e

a b e rra tio n s

I H en: R ed en tin  
100 m g/kg

Cock: 0

16 3 2 —

i l Cock: R ed en tin  
100 m g/kg

H en: 0

30 7 2 l

C ontro l 0 16 3 1 l

0 :  no trea tm e n t
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T hree  o f th e  16 eggs o b ta in ed  fro m  th e  con tro l g ro u p  w ere n o t fe rtiliz ed  
an d  1 o f th e  em bryos w as dead  w hile 1 em bryo  h ad  th re e  eyes. In  th e  g ro u p  o f 
th e  tre a te d  hens, 3 of th e  exam ined  16 eggs w ere n o t fe rtilized  an d  2 o f th e  
em bryos w ere dead . I n  th e  g roup  o f  th e  tre a te d  cocks t h a t  m ated  w ith  th e  
u n tre a te d  hens, 7 o f th e  30 eggs w ere n o t fertilized , 1 em b ry o  was d ead  a n d  1 
h a d  on ly  one eye.

T he d a ta  o b ta in ed  from  th e  chrom osom e ex a m in a tio n s  of th e  ch icken  
em bryos are  show n in  T ab le  I I .

Table II

R esults o f chrom osom e exam inations o f ch icken  em bryos

G roup
T re a tm e n t

p .o .
N u m b er

o f
em bryos

N u m b e r  
o f  cells 
e x a m 

in ed

Cells
w ith
a b e r

ra tio n s

nu
m

er
ic

al
«to is

og
ap

 
^

 
n 3 №

ch
ro

m
os

om
e 

g"
 

ex
ch

an
ge

 
*

de
le

ti
on

pu
lv

er
iz

a
ti

o
n

I H en: R ed en tin
100 m g/kg 6 120 18 6 7 3 — 2 —

Cock: 0

i l Cock: R ed en tin
100 m g/kg 8 160 16 7 7 — l 2 l

H en: 0

Control 0 8 160 12 3 9 — - — —

0 :  no tre a tm e n t

A b erra tio n s w ere seen in  18 o f th e  120 m ito tic  cells exam ined  in  th e  f irs t  
g roup , an d  in  16 o f th e  160 sam ples ex am in ed  in  th e  second  group . T hese w ere 
m o stly  n u m erica l an d  gap changes a n d , com pared  w ith  th e  contro l d a ta ,  n o t 
s ign ifican t.

T he effect o f R ed en tin  on th e  bone-m arrow  cells o f  th e  ducks are p re s e n t
ed  in  T ab les I I I  a n d  IV .

Table III

E x am in atio n  of th e  m u tagen ic  effect o f R e d en tin  in  th e  chrom osom es o f th e  bone-m arrow  of
ducks 24 ho u rs  a fte r tre a tm e n t

M ateria l N o. o f  cells 
exam ined

N o. o f  cells w ith  • 
a b e rra tio n

N o . o f  cells w ith  ab e rra tio n s

num erical
a b e rra tio n g a P b reak d e le tio n

R ed en tin  
1 x 5 0  m g/kg 50 8 l l 3 3

Control 50 10 7 l - 2
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Table IV

E x a m in a tio n  of th e  m u ta g e n ic  effect o f R ed en tin  in  th e  chrom osom es o f th e  hone-m arrow  of
ducks 48 hours a f te r  t re a tm e n t

M ateria l N o . o f  cells 
ex a m in e d

N o. o f  cells w i th  - 
a b e rra tio n

N o. o f  cells w ith  ab e rra tio n s

n u m erica l
a b e rra tio n gaP b rea k d e le tio n

R e d en tin  
1 X  50 m g/kg 50 13 3 5 l 4

C ontro l 50 13 4 3 l 5

As th e  T ab les sh o w , from  th e  50 sam ples of m itosis 8 ab e rra tio n s  w ere 
o b serv ed  24 h a f te r  th e  t r e a tm e n t  an d  13 ab e rra tio n s  48 h  a f te r  th e  tre a tm e n t 
in  th is  group. N e ith e r  o f  th e se  changes w as s ign ifican t as co m p ared  w ith  th e  
co n tro l.

T he resu lts  o b ta in e d  b y  th e  ex am in a tio n  o f chrom osom es from  th e  tre a te d  
r a b b i ts ’ bone-m arrow  cells are  p resen ted  in  T ab le  У.

Table V

R e su lts  of chrom osom e ex am in atio n s o f bone-m arrow  cells ob tained  48 h o u rs  a fte r trea tin g  
ra b b its  w ith  1 x 2 0  m g/kg of R eden tin

G roup N u m b e r  o f  
e x a m in e d  cells

N u m b e r  of 
cells w ith  
ab e rra tio n s

N o. o f  cells w ith  a b e rra tio n s

n u m erica l
a b e rra tio n gap b re a k

acen tric
fra g m e n t de le tio n

T rea te d 250 38 8 l i l 3 17

C ontro l 250 40 17 6 3 6 11

O f th e  250 sam p les  o f  m itosis  exam ined  in  each of th e  tr e a te d  and con tro l 
g ro u p s , n early  th e  sa m e  n u m b e r (38 an d  40, respective ly ) show ed  ab erra tio n s. 
I n  th e  tre a te d  g ro u p  d e le tio n s (17) and  gaps (11), w hile in  th e  contro l g roup  
n u m erica l changes (17) a n d  deletions (11) o ccu rred  m ost fre q u e n tly . The d iffer
ences, being n o n s ig n if ic a n t, can n o t be a t t r ib u te d  to  th e  tre a tm e n t .

In  th e  course o f  th e  sp e rm a to cy te  ex am in a tio n s, o n ly  a  few  u n iv a le n t 
chrom osom es w ere o b se rv ed . The freq u en cy  o f changes in  th e  sp erm ato cy tes  
w as 3.2% . This is w ith in  th e  s ta n d a rd  d ev ia tio n  of sp o n tan eo u s  ab e rra tio n s.

In  conclusion, R ed en tin ®  a t th e  ap p lied  dosage h a d  n o  m u tagen ic  effect 
on  th e  various an im als  u sed  in  th e  given ex p erim en ta l c ircu m stan ces .
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BOOK REVIEW

Handbook o f  Cryobiology. A u th o r: T sv e ta u  T sv e tk o v , H ead  of th e  C en tra l R esearch  L a b o ra to ry  
of C ryobiology a n d  L yo p h ilisa tio n , Sofia, B u lg aria . E d . b y  Z A M IZD A T, Sofia, B u lg aria .

316 pages, 144 figures, 121 tab le s , 354 references.

T he p re sen t h a n d b o o k  is d ed icated  to  a  new  fie ld  o f science — cryobiology — a fie ld  o f 
enorm ous em o tio n al ch arg e  an d  p rac tica l im p o rtan ce . I n  th e  la s t  decades cryobiology m ad e  
fa s t  p rogress due to  re c e n t  resu lts  o f c ryophysics a n d  cryogenics. T h e  H an d b o o k  considers th e  
th e rm o d y n am ica l fo u n d a tio n s  o f cryogenics, p ro p e rtie s  o f w ork ing  su b stan ces an d  th e  b asic  
cryogenic m achines, ap p lie d  in  cryobiology p ra c tic e . F u n d a m e n ta l physico-chem ical id eas o f 
w a te r  s tru c tu re  a n d  i ts  p ro p erties  in  va rio u s so lu tio n s , b iosystem s an d  food p ro d u c ts  a re  
p resen ted . L o w -tem p era tu re  c ry sta lliza tio n  o f w a te r  in  b io m a teria ls  is discussed to g e th e r  w ith  
th e  fu n d a m e n ta l ty p e s  o f c ry o p ro tec to rs  used  fo r c ry o p re se rv a tio n . B asic  c ry o in s tru m en ts  a n d  
a p p ara tu ses  app lied  in  m edicine , in  p a r ticu la r  in  su rg ery , are  also acco u n ted  for. T he p ro b lem  of 
freeze-dry ing  o f b io m a te ria ls  an d  th e  m achines fo r i ts  re a liza tio n  — v acu u m  freeze-driers — 
is fu lly  en ligh tened . T h e  fu n d am en ta l concep ts a n d  te rm in o lo g y  in  C ryobiology are  lis ted . 
T he H an d b o o k  w ill be  o f to ta l  use for th e  b ro a d es t circle o f spec ia lis ts , w ork ing  in  th e  fie ld  o f 
lo w -tem p era tu re  p re se rv a tio n  of b iom ateria ls.

R . L á s z tity
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Forthcom ing conferences

20th In terna tional Sym posion  on the H istory o f  Veterinary M edicine  

M ay 08 to  12, 1985, in  H a n n o v e r, F ed e ra l R ep u b lic  o f G erm an y

T h e  W orld  A ssocia tion  fo r th e  H is to ry  o f V e te rin a ry  M edicine a n d  th e  Section  H is to ry  of 
V e te rin a ry  M edicine of th e  G erm an V e te rin a ry  A ssocia tion  a rran g e  th e ir  20 th  In te rn a tio n a l 
S ym posion  on  th e  H is to ry  of V e te rin a ry  M edicine from  M ay 08 to  12, 1985, in  H an n o v er 
(F ed e ra l R epub lic  o f G erm any).

A ll in te res ted  people — also n o n -v e te rin a rian s  — are co rd ia lly  in v ite d  to  ta k e  p a r t.  
T hose who have  n o t y e t jo in ed  these  m eetings will p lease co n tac t th e  se c re ta ry ’s office o f th e  
W orld  A ssocia tion  fo r th e  H isto ry  of V e te rin a ry  M edicine: T ie rärz tlich e  H ochschule  H an n o v er, 
B ischofsholer D am m  15, D-3000 H an n o v er 1 (F ed e ra l R epub lic  o f G erm any), Tel. (0511) 
856 503, T elex  9 22034 tih o  d. T he sym posion m a te ria l w ill be sen t o u t  w ell-tim ed . I f  desired  an  
ap p lica tio n  form  fo r m em bersh ip  in  th e  W orld  A ssocia tion  will be sen t.

H ith e r to  u n p u b lish ed  lec tu res  fo r th e  to p ics  “ T he Dog in  V e te r in a ry  M edicine u n til th e  
1 9 th  C en tu ry ”  an d  “ T he A ffairs o f V e te rin a ry  M useum s”  as well as fo r free  h is to rica l th em es, 
w hich  will n o t  be  e s tim a ted  d iffe ren t fo r th e  pu rp o ses o f th e  sym posion , can  be anno u n ced  
com pulso rily  to  se c re ta ry ’s office n o t la te r  th a n  D ecem ber 31, 1984, b y  g iving th e  t it le  in  th e  
language  of th e  lec tu re , an d  in  E nglish . B e tw een  10 an d  30 m in u te s  w ill be availab le  to  each 
lec tu re r . A nnouncing  th e  lec tu res  th e ir  d u ra tio n  shou ld  be m en tio n ed . O fficial languages a re  
E n g lish , F ren ch , G erm an  an d  Spanish .

5th In ternational Congress on A n im a l H ygiene

D ate: from  T u esd ay , 10. 9. 1985 to  F r id a y , 13. 9. 1985
Place: T ie rärz tlich e  H ochschule  H an n o v er, F e d e ra l R epublic  of G erm any .
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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  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  h av e  n o t  been  p u b lish ed , su b m itted  or a ccep ted  fo r 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 r ia 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 rial revision .

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

M anuscrip ts m u s t  be  in  English o r H u n g a rian  a n d  c learly  and  concisely w ritten . T h ey  
shou ld  he ty p ed  d o u b le  spaced w ith w ide m arg ins. T w o copies o f the  m an u sc rip t should  be 
su b m itte d .

F O 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  tit le  of n o t m ore  th a n  40 le t te r s  should  also be su p p lied . T h is  is 
follow ed by  th e  a u th o rs ’ in itia ls  (full f i r s t  n am e  of w o m en ) an d  surnam e, an d  th e  nam e o f th e  
in s titu tio n  w here th e  w o rk  was done. T he m ailing  ad d ress  o f  th e  au th o rs  m u s t also be in d ica ted  
here.

A bstract. T h is sh o u ld  n o t exceed 200 w ords an d  sh o u ld  o u tline  briefly  th e  p u rpose  o f th e  
s tu d y  an d  deta il im p o r ta n t  findings an d  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 , 
gen era lly  know n in fo rm a tio n  and rep e titio n  should  be  av o id ed .

Introduction. T h is  p a r t  should s ta te  b rie fly  th e  n a tu r e  and  purpose o f 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 ate ria ls , m e th o d s , a p p a ra tu s , e x p erim en ta l p ro ce
dure  a n d  s ta tis tic a l m e th o d s  in  suffic ient d e ta il to  allow  o th e r  au th o rs  to  rep ro d u ce  th e  resu lts . 
T h is p a r t  m ay h a v e  su b head ings.

R esu lts. 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  and  concisely . A void re 
p e a tin g  in fo rm atio 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 tal f in d in g s . Do n o t 
re p e a t  lite ra ry  d a ta  p re se n te d  in the In tro d u c tio n  or in fo rm a tio n  given in  R esu lts . R eferences 
shou ld  b e  c ited  as fo llow 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 found  (S ta r r  e t  a l., 1978; M anson a n d  S ta rr , 1979).

Acknowledgem ent o f g ran ts an d  tech n ica l help .

References. C ite  on ly  essential references. T h ey  sh o u ld  be arranged  in  a lp h ab e tica l o rd e r 
o f th e  a u th o rs’ su rn a m es , w ithou t serial nu m b ers . T he re fe ren ce  lis t a t  th e  end  of th e  p a p e r  
should  contain

— fo r jo u rn a ls : n a m e s  an d  in itia ls  o f a ll au th o rs , y e a r  o f  pu b lica tio n  (in p a ren th eses), co lon , 
E ng lish  t it le  o f th e  p ap er (if the  o rig ina l t it le  is n o t English , in d ica te  in  p a ren th eses , 
e.g. [in F re n c h ]) , jo u rn a l title  a b b re v ia te d  acco rd in g  to  th e  style used  in  In d e x  V eteri- 
n a riu s , vo lum e n u m b er, issue n u m b e r in  p a ren th eses , f i r s t  and la s t pages; 
fo r books: n a m e s a n d  in itials o f au th o rs /e d ito rs , y e a r  (in  paren theses), t it le , p u b lish er, 
p lace of 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  have  a concise h ead in g  each. 
T ab les  a re  to  be n u m b e re d  sequentially  b y  R o m an  n u m b ers .

Figures. G o o d -q u a lity  glossy p r in ts  o f ha lf-tone  illu s tra tio n s  and  c lear line  d raw ings in  
In d ia n  in k  are acc ep te d . T he num ber o f th e  figu re , th e  a u th o r ’s nam e and th e  to p  of th e  fig u re  
shou ld  be in d ica ted  l ig h t ly  in  soft pencil o n  th e  b ack . T h e  figu res are to  be n u m b ered  seq u en 
tia lly  b y  A rabic n u m b ers . Captions shou ld  be  p ro v id ed  on  a sep ara te  sheet. A ll figu res shou ld  
be re fe rred  to  in  th e  t e x t  an d  their a p p ro x im a te  p lace in d ic a te d  on th e  m argin .

Abbreviations and symbols. Q u an tities  should  be ex p ressed  in SI un its . All ab b rev ia tio n s  
shou ld  be spelled o u t  w h en  f irs t  used in  th e  te x t .  P lease id e n tify  u n usual sym bols in  th e  m arg in .

Proofs and reprints. Two sets o f p roofs will be p ro v id ed , w hich are  req u este d  to  be  
re tu rn e d  w ith in  48 h o u rs  o f receip t to th e  E d ito r. A lte ra tio n s  in  th e  te x t  a n d  especially  in  th e  
illu s tra tio n s  are ex p en s iv e  and  should be av o ided . One h u n d re d  rep rin ts  of each  p a p e r a re  sup* 
p lied free of charge. A d d itio n a l rep rin ts  can  be o rd ered  a t  co st price a t th e  tim e  th e  page p roof 
is returned.
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