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THE SUPPOSED INVOLVEMENT OF DOGS 
CARRYING BRUCELLA SUIS IN THE SPREAD 

OF SWINE BRUCELLOSIS

B . KÖRMEND Y and G y. N a GY

Central Veterinary Institute, 1149 Budapest, Tábornok u. 2, Hungary 
(Received January 20, 1982)

Reappearance of brucellosis in a pig production unit re-stocked with brucellosis-free 
sows and boars after liquidation of the original infected stock is reported. Epizootiological 
investigation and laboratory tests revealed that a watchdog, which had been kept in the u n it  
for several years and had had contact with the liquidated herd, was Brucella carrier and acted  
as source of the infection. The dog was serologically positive, and a Brucella suis type-2 strain, 
identical with that isolated from a pig fetus aborted during the outbreak of brucellosis in th e  
sow herd, was isolated from its organ homogenate in guinea pigs.

Brucella canis in fec tion , responsib le  fo r ab o rtio n  in  b itches, w as o r ig in 
a lly  described  b y  C arm ichael an d  B ru n e r  in  1968. In  th e  m ean tim e m u c h  
in fo rm a tio n  has been  accum ulated  on  th e  epizootio logical and  im m u n o lo g ica l 
a sp ec ts  of th e  d isease.

T he ep izoo tio logy  of o th e r can ine  Brucella  in fections has been  l i t t le  
s tu d ie d . P r io r  (1976) p resen ted  b ac te rio lo g ica l evidence th a t  sy m p to m less  
dogs c a rry in g  B . abortus served as re se rv o irs  o f th e  agen t. B icknell a n d  B ell 
(1979) iso la ted  B . abortus from  th e  u rin e  o f  a house-dog, w hich h ad  a c q u ire d  
th e  in fec tio n  p ro b a b ly  from  a n e a rb y  c a ttle  herd  affected  b y  b ru ce llo s is . 
H a rr in g to n  an d  B row n  (1976) re p o r te d  B . suis type-1  in fec tion  in  a dog 
w ith o u t p u rsu in g  th e  case h is to ry .

W e, to o , o bserved  B . suis in fe c tio n  in  a h ea lth y -ap p earin g  m ale  dog , 
and  describe  our p e r t in e n t  in v e s tig a tio n s , w hich  suggest a m ed ia to r  role o f  th e  
dog in  sw ine b ruce llo sis , in  th is  p a p e r.
Case history

A  large  p ig  u n i t  w as re -stocked  w ith  a new  b reed in g  herd  a fte r  l iq u id a 
tio n  o f  th e  o rig inal in fec ted  p o p u la tio n . F o r  re-stock ing , 200 g ilts w ere p ro c u re d  
from  a b rucello sis-free  herd , an d  6 b reed in g  boars from  an o th e r “ c le a n ”  
u n it .

B efore in tro d u c tio n  in to  th e  u n it ,  th e  g ilts  had been  q u a ra n tin e d  in  
d is ta n t  p rem ises fo r 35 days an d  in se m in a te d  and  exam ined  se ro log ica lly  
d u rin g  th a t  period . T he resu lts  o f  sero log ica l screen ing  were n eg a tiv e , a n d  
th e  g ilts  w ere e s tab lish ed  in  th e  u n i t  w h ich  h a d  been  ev acu a ted  fo r 3 m o n th s , 
anti th o ro u g h ly  c leaned  and d isin fec ted .
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4 KÖRMENDY and NAGY

No signs in d ic a tiv e  o f  brucellosis w ere o b serv ed  du ring  th e  f irs t  p reg n an cy  
o f  th e  g ilts . S ero log ical screening, p e rfo rm ed  a f te r  th e  f irs t farrow ing , show ed 
th e m  to  be free f ro m  b rucellosis , lep to sp iro s is , an d  A u jeszky’s disease.

T he 6 b reed in g  b o a rs  w ere sold a f te r  th e  f i r s t  m a tin g  cycle to  a brucellosis- 
-free  p ig  farm . A ll w ere  c lin ically  h e a lth y , a n d  serologically  neg a tiv e  fo r b r u 
cellosis a t  sale a n d  fo r  one subsequen t y e a r .

F o r th e  second  m a tin g  cycle, 7 b o a rs  w ere p rocu red  from  th e  h e rd  o f  
o rig in  of the  sow s; t h a t  h e rd  h ad  been  free  f ro m  brucellosis fo r several p reced 
in g  y ears . The n ew ly -p ro cu red  boars w ere  u se d  fo r n a tu ra l b reed ing . D u rin g  
th e  second b reed in g  cy c le , 3 sows a b o rte d  th e i r  fe tuses b e tw een  days 103 an d  
106 o f  g esta tio n . T w o o f th em  h ad  80 IU /m l an ti-b ru ce lla  ag g lu tin in  in  th e  
se ru m , and  all 3 h a d  com p lem en t-fix in g  (C F) an tibod ies. E leven  days a f te r  
th e  ab o rtio n s, we d e m o n s tra te d  268 IU /m l an ti-b ru ce lla  agg lu tin in  and  specific  
C F  an tib o d ies  in  th e  serum  of one o f th e  7 b o ars , w hich, how ever, d id  n o t  
sho w  an y  clin ica l in d ic a tio n  of b rucello sis . O f 15 exam ined  sows, 12 h a d  CF 
an tib o d ie s  to  b ru c e lla  a n d  3 had  ag g lu tin in s . F if ty -th re e  days a fte r  th e  f i r s t  
a b o rtio n s , som e sow s a b o rte d  again , a n d  Brucella suis type-2  an tib o d ies  w ere 
d e m o n s tra te d  in  th e  m isca rried  fe tuses.

E p izoo tio log ica l investig a tio n s o n  th e  source o f in fec tion  covered  4 
d ra u g h t horses u se d  e a r lie r  in  th e  u n it  fo r  fo d d e r tra n s p o r t ,  a 6 -year-old  m ale 
w a tc h d o g  k e p t in  th e  u n i t  for several y e a rs , th e  village b o a r sire, and  all pigs 
p r iv a te ly  ow ned b y  th e  farm  a tte n d a n ts  fo r  b a ck y a rd  rearin g  (fu rth e r  on 
re fe rre d  to  as b a c k y a rd  pigs).

The horses a n d  th e  v illage boar sire gave  n eg a tiv e  resu lts  in  b o th  th e  tu b e  
a g g lu tin a tio n  a n d  C F  te s t .  P ro v o ca tio n  o f  th e  b ack y a rd  pigs w ith  b rucergene 
a lso  failed , b u t  th e  dog  show ed positive C F  re a c tio n , up  to  1:80 serum  d ilu tio n .

Materials and m ethods

Two u rin e  sa m p le s  w ere ta k e n  fro m  th e  w a tchdog , a clin ically  h e a lth y  
m a le  m ongrel, a t  a n  in te rv a l o f 2 w eek s. T h e  sam ples w ere cen trifu g ed  a t  
3000 r .p .m . fo r 20 m in , sam ples from  th e  sed im en t w ere tra n sfe rre d  to  5%  
b o v in e  blood a g a r a n d  Difco try p to se  a g a r , an d  were in c u b a te d  a t 37 °C in  
a n  a tm osphere  c o n ta in in g  10%  C 0 2. T h e  re m a in in g  u rin e  sed im ent w as su s
p e n d e d  in  saline, a n d  2 guinea pigs, w e ig h in g  300 g, w ere in o cu la ted  su b 
cu ta n e o u s ly  w ith  1 m l o f th e  suspension  (A lto n  an d  Jo n es , 1967).

The dog w as k ille d , and  a fte r e x a m in a tio n  for gross lesions, 1 g specim ens 
ta k e n  from  th e  sp le e n , liv er, tes tic les , ep id id y m id es and  pelvic ly m p h  nodes 
w ere  suspended  b y  g rin d in g  in  10 m l sa line  so lu tio n . The pooled o rgan  su sp e n 
s io n  w as cen tr ifu g ed , a n d  th e  sed im en t w as u sed  for cu ltu rin g  an d  in o cu la tio n  
o f  guinea pigs as ab o v e .

A da Veterinaria Academiae Scientiarum Hungaricae 30, 1982



ROLE OF DOGS IN THE SPREAD OF SWINE BRUCELLOSIS 5

One o f th e  tw o  guinea  pigs in o cu la ted  w ith  u rine  and one of th o se  in o c u 
la te d  w ith  th e  o rg an  suspension  w as k ille d  a t  8 w eeks, th e  o th e r a t  87 d a y s , 
a f te r  in o cu la tio n . T he carcases w ere ex am in ed  for gross lesions, an d  sp leen  
suspensions o f  each  w ere used  fo r b ru ce lla  iso la tio n  as above.

To d e te rm in e  th e  genus of th e  iso la tes  we perfo rm ed  th e  fo llow ing te s ts :  
indo le , u re a , c a ta la se , oxidase p ro d u c tio n , c i tr a te  u tiliz a tio n , m e th y l re d  an d  
Voges—P ro sk a u e r  te s ts , n i tra te  red u c tio n , g lucose o x id a tio n  an d  fe rm e n ta tio n , 
an d  te s t  fo r m o til i ty , all as described  in  th e  m a n u a l o f Cowan an d  S tee l (1975).

T he colonies o f th e  iso lates w ere te s te d  fo r S and  R  phase , C 0 2 re q u ire 
m e n t, H 2S fo rm a tio n , g row th  in  th e  p resence  o f basic fu chsin  (1 :50 ,000 ; 
1:100,000) an d  th io n in e  (1:25,000; 1 :50,000; 1:100,000), a g g lu tin a tio n  w ith  
m onospecific  b ru ce lla  A  and  M sera  as d esc rib ed  b y  M organ an d  G ow er (1966), 
and  fo r a g g lu tin a tio n  w ith  R  serum  acco rd in g  to  S k inner an d  L ovelock (1979).

Results

N o gross lesions w ere found  a t  p o s t-m o rte m  ex am in a tio n  o f th e  dog .
Brucella  grew  o u t n e ith e r  on s tre a k  p la te s  in o cu la ted  w ith  th e  u r in e  

sed im en t, n o r on  th o se  in o cu la ted  w ith  th e  m ix ed  organ  suspension .
T he 2 gu in ea  p igs in o cu la ted  w ith  u r in e  sed im en t show ed no gross 

in d ica tio n s o f b rucellosis a t  p o st-m o rtem  ex am in a tio n , an d  a tte m p ts  to  iso la te  
Brucella  from  th e ir  sp leens also failed .

H ow ever, th e  gu inea  pigs in o cu la ted  w ith  th e  dog’s o rgan  suspen sio n s 
show ed a t  a u to p sy  sw elling of th e  sp leen  a n d  g ran u la tio n  o f its  su rface ; th e  
g ranu les w ere coarse , g rey ish -w hite , an d  d id  n o t  rise above th e  su rface . T h e  
liv e r, to o , w as s lig h tly  sw ollen owing to  serous oedem a, an d  th e re  w ere a few 
yellow ish , n o n -p ro m in en t p in -p rick  foci on  i ts  surface.

O n th e  s tre a k  p la te s  in o cu la ted  w ith  sp leen  suspensions on b lood  a g a r  
an d  try p to s e  ag a r, G ram -nega tive, K ö s te r-p o s itiv e  coccoid b a c te ria , fo rm in g  
g rey ish , t r a n s p a re n t ,  honey -d rop -like , p ro m in e n t “ S”  colonies th e  size o f  
a p in h ead , grew  o u t a fte r  in cu b a tio n  for 5 d ay s  in  aerobic cond itions.

T he iso la te  show ed oxidase, ca ta la se  a n d  urease a c tiv ity , b u t  d id  n o t  
p roduce  H 2S. I t  n e ith e r  decom posed n o r o x id ized  glucose, d id  n o t p ro d u ce  
indole from  try p to p h a n  an d  reac ted  n e g a tiv e ly  in  th e  m e th y l red  an d  Y o g es- 
P ro sk a u e r  te s ts . I t  reduced  n itra te , b u t  d id  n o t u tilize  c itra te , an d  show ed  
no m o til i ty . I t  d id  n o t fo rm  colonies on  m ed ia  con ta in in g  basic  fu ch sin  o r 
1:25,000 th io n in e , b u t  grew w ell in  th e  p resence  o f  h ig h er d ilu tio n s  (1 :50 ,000; 
1:100,000) o f th io n in e . I t  w as n o t a g g lu tin a te d  b y  th e  Brucella  M m onospecific  
ty p e  serum . O n th e  basis  o f these  c rite ria , th e  iso la te  w as id en tified  as a Brucella  
suis ty p e -2  s tra in .

Acta Veterinaria Academiae Scienliarum Hungaricae 30, 1982



6 KÖRMENDY aad NAGY

T he В. suis ty p e -2  s tra in s  iso la ted  from  th e  a b o rted  pig fetuses ag reed  
in  ev e ry  respect w ith  th o se  iso la ted  from  th e  dog th ro u g h  a passage in  gu inea 

Pig-

D iscussion

In  a sow h e rd  o r ig in a tin g  from  a brucellosis-free  stock , we o bserved  
a b o rtio n s  due to  Brucella suis type-2  d u rin g  th e  second b reed ing  cycle .Sero logi
ca l screen ing  show ed  th a t  th e  sows w h ich  h a d  a b o rted , and  one o f  th e  7 
b o a rs  used  for b reed in g , w ere in fec ted  b y  Brucella.

Since th e  f i r s t  p reg n an cy  and  th e  f i r s t  farrow ing  o f th e  sows h a d  been  
u n co m p lica ted , an d  p o st-fa rro w in g  sero lo g ica l screen ing  for Brucella h a d  h ad  
n e g a tiv e  re su lts , we p o s tu la te d  th a t  th e  in fec tio n  h ad  ta k e n  place d u rin g  th e  
seco n d  p regnancy . C a rrie rsh ip  could be ru le d  o u t w ith  c e r ta in ty ,fo r  th e  boars 
u sed  fo r th e  f ir s t  se rv ice , and  those  u sed  fo r n a tu ra l b reed ing  in  th e  second 
cycle  also had  o rig in a te d  from  a b rucello sis-free  h erd . W e there fo re  looked  fo r 
th e  source of in fec tio n  in  th e  u n it itse lf.

T he d ra u g h t h o rses  used  in  th e  u n i t  fo r fodder tra n sp o r t , th e  v illage 
b o a r  sire , and th e  p r iv a te ly  ow ned b a c k y a rd  pigs o f th e  farm  a tte n d a n ts  a ll 
p ro v e d  to  be se ro lo g ica lly  negative  fo r b ruce llo sis . H ow ever, th e  w a tch d o g  
o f  th e  u n it, a 6 -y ea r-o ld  m ale m ongrel, w as sero logically  positive , a n d  th e  
s t r a in s  iso la ted  fro m  its  organs b y  e x p e rim e n ta l in fec tion  o f gu in ea  pigs 
re p re se n te d  th e  sam e B . suis  b io type  as th e  iso la tes o b ta in ed  from  th e  a b o rte d  
p ig  fe tuses.

W e th u s  co n c lu d ed  th a t  th e  source o f  Brucella  in fec tio n  in  th e  o rig in a lly  
b rucellosis-free  h e rd  w as in  all p ro b a b ili ty  th e  w a tchdog , w hich h ad  p re su m 
a b ly  acqu ired  th e  in fe c tio n  from  th e  p rev io u s  sow h erd , liq u id a ted  on acco u n t 
o f  b rucellosis.

L ike o th e r in v e s tig a to rs , we fo u n d  th a t  th e  B. suis in fec tion  caused 
n e ith e r  sy m p to m s, n o r  gross lesions in  th e  dog. U nlike o thers, we fa iled  to  
iso la te  Brucella fro m  th e  u rin e  o f th e  dog , b u t  th is  does n o t, o f course, exclude  
sh e d d in g  o f th e  p a th o g e n  w ith  dog u r in e  in  ce rta in  periods.

The fac t th a t  iso la tio n  of Brucella f ro m  th e  pooled organ  suspen sio n  o f 
th e  dog was successfu l on ly  a fte r  a passag e  in  ex p erim en ta l an im al, in d ic a te s  
t h a t  on ly  few v iab le  cells of B. suis m a y  h av e  been p re se n t in the  o rg an s o f 
th e  carrier.

T his accords w ell w ith  our a s su m p tio n  th a t  th e  dog had acq u ired  th e  
in fec tio n  from  th e  p ig  h e rd  liq u id a ted  2 y e a rs  earlier.
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The volatile fatty acid- (VFA-) associated antibacterial activity of the large-intestinal 
contents of healthy rabbits and swine was studied in vitro. Strains of bacteria (Salmonella, 
Shigella, E. coli, Proteus) belonging to Enterobacteriaceae were used. VFA concentrations 
(70-120 mmol/kg) of intestinal contents inhibited bacterial multiplication within the pH 
range of 6.0-6.5, but this inhibitor activity disappeared above pH 6.8. The 55 species of bacte
ria studied in vitro showed identical sensitivity to the antibacterial activity of VFA.

In large-intestinal contents of rabbits and swine the intensity of antibacterial activity 
was similar at identical pH values. According to results obtained by studies on faecal samples 
of humans, an antibacterial action of VFA in the large intestine of humans can also be postu
lated. The role of VFA-associated antibacterial activity of intestinal contents in the patho- 
mechanism of enteric infections is discussed.

D u rin g  earlie r in v es tig a tio n s  w e have o bserved  th a t  V F A  in  th e  caecal 
c o n te n ts  o f h e a lth y  ra b b its  exert a n  in h ib ito r  a c t iv i ty  on  th e  m u ltip lica tio n  of 
E. coli. Caecal c o n te n ts  o f d ia rrh o ea l ra b b its  e x h ib it decreased  or no a n t i 
b a c te r ia l  a c tiv ity . T h is leads to  a n  excessive m u ltip lic a tio n  o f E . coli b a c te ria  
re su ltin g  in  th e  d e a th  o f ra b b its  (P ro h ászk a , 1980; P ro h á sz k a  an d  B aron , 
1981). T h is o b se rv a tio n  raises th e  q u es tio n  w h e th e r  th e  a n tib a c te r ia l effect 
o f  V F A  also p lays a ro le in  th e  p a th o m ech an ism s o f diseases caused  b y  o th e r 
b a c te r ia , and  w h e th e r in te s tin a l c o n te n ts  o f o th e r  species o f  an im als also show  
th e  above phenom enon . T he p re sen t in v es tig a tio n s  w ere aim ed a t  e lu c id a tin g  
th e se  questio n s.

Materials and methods

Species o f b a c te r ia  be longing  to  th e  E n te ro b a c te r ia c e a e  fam ily  w ere 
s tu d ie d . T he s tra in s  u sed  and  th e ir  n u m b ers  are  show n in  T ab le  I .  Som e of 
th e  s tra in s  w ere m a in ta in e d  in  th e  la b o ra to ry . A m ong  th e  E . coli s tra in s  th e re  
w ere ones belonging  to  h u m an  en te ro p a th o g e n ic  serogroups (026: K 60/B /; 
055: K 5 9 /B /; 0125: К 7 0 /В / and  th o se  of serogroups p a th o g en ic  to  swine 
(06: K 5 3 /L /; 0138: K 81 ; 0139: K 82; 0141: K 88; 0149: K 88, 91). O th e r s tra in s  
w ere iso la ted  from  h u m a n  faeces 2 -4  weeks befo re  th e  ex p erim en ts  (fresh 
iso la tes). These p a r t ly  derived  fro m  p a tie n ts  e x h ib itin g  clin ical sym ptom s
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(d ia rrh o e a ), p a r tly  from  sy m p to m less  in d iv id u a ls . W e do n o t con sid er necessary  
to  in d ic a te  th e  origin a n d  to  give d e ta iled  c h a ra c te riz a tio n  o f  th e  s tra in s  since 
th e y  b eh av ed  u n ifo rm ly  d u rin g  th e  ex p erim en ts , an d  no d is tin c tio n  could 
be  d ra w n  betw een th e m .

In te s t in a l  c o n te n ts  d e riv ed  from  2 species ( ra b b its  an d  sw ine) were 
s tu d ie d . The sam ples w ere  o b ta in e d  from  h e a lth y  in d iv id u a ls  show ing no 
sy m p to m s  o f en teric  d isease .

Table I
Strains of bacteria used in the experiments

n

Salmonella typhimurium 4
Salmonella enteritidis 2
Salmonella Oranienburg 1
Salmonella derby 1
Salmonella bareilly 1
Shigella sonnei 6
Shigella flexneri 6
Klebsiella pneumoniae 2
Klebsiella aerogenes 2
Enterobacter cloacae 2
Escherichia coli 22
Proteus vulgaris 2
Proteus mirabilis 2
Proteus morganii 1
Proteus rettgeri 1

55

T he rab b its  (N ew  Z ea lan d  ra b b its  o f 3 -4  m o n th s  o f  age) received  a 
co n v e n tio n a l d iet (18%  c ru d e  p ro te in , 10%  crude  fib re ), th e y  w ere b led  and  
caeca l co n ten ts  w ere rem o v ed . T he sw ine (m ea t-ty p e  h y b rid s) o f 4 -5  m on ths 
o f  age received a c o n v e n tio n a l sw ine d ie t (17%  crude p ro te in  a n d  3%  crude 
f ib re ) . F ro m  e x san g u in a ted  sw ine th e  la rg e -in te s tin a l c o n ten ts  w ere rem oved . 
T h e  sam ples derived  fro m  th e  tw o  species w ere processed  fu r th e r  in  an  id en tica l 
w a y . T he in te s tin a l c o n te n ts  w ere au to c lav ed  fo r 30 m in  a t  120 °C to  d estro y  
th e  o rig in a l in te s tin a l flo ra . T w e n ty  g q u a n titie s  o f th e  a u to c lav ed  in te s tin a l 
c o n te n ts  were p laced  in  s te rile  glass fla sk s , an d  th e  p H  o f sam ples w as a d ju s ted  
to  th e  values show n in  F ig . 1 b y  th e  a d d itio n  o f 1 N  N aO H  o r 1 N  HC1. To 
th e s e  sam ples b a c te r ia l su spen sio n s w ere ad d ed  so as to  a d ju s t  th e  p re in cu b a 
t io n  b a c te ria l coun ts to  105/g . T he cu ltu re  flasks w ere sealed  w ith  para film
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Fig. 1. Antibacterial effect of volatile fatty acids in large-intestinal contents of rabbits and 
swine on Enterobacteriaceae at different pH values. White columns, bacterial counts before 

incubation; striated columns, bacterial counts after incubation

(parafilm -M , A m erican  Can C om pany) an d  in c u b a te d  fo r 20 h a t  37 °C. T h e n , 
th e  b a c te r ia l co u n t w as determ ined  fo r  each  c u ltu re . T he w a te r  co n ten t o f  th e  
sam ples was a d ju s te d  to  a value s im ila r  to  t h a t  o f  th e  orig inal in te s tin a l 
c o n ten ts  (70 -72% ).

F ro m  h u m an s, faeca l sam ples w ere co llec ted  a n d  exam ined  as described  
above.

Bacteriological studies

B ac te ria l su sp en sio n s were p re p a re d  from  24 h  cu ltu re s  w ith  0 .9%  N aC l 
so lu tio n . F o r d e te rm in in g  bac te ria l c o u n ts , se ria l d ilu tio n s  w ere p rep ared  in  
P B S . M edia c o n ta in in g  ag ar w ith  5 %  sheep  e ry th ro c y te s  an d  lactose w ere  
used  fo r b ac te rio lo g ica l stud ies.

T he p H  o f sam p les  w as d e te rm in ed  in  an  e lec tric  p H  m e te r  (R ad io m ete r 
C openhagen 28), a n d  Y F A  co n cen tra tio n s  w ith  a H e w le tt-P a c k a rd  5720 A 
Gas C h ro m ato g rap h .

F o r gas c h ro m a to g ra p h ic  analysis , sam ples w ere d ilu ted  1:10 in  d istilled  
w a te r , and  th e  p H  v a lu e s  were a d ju s te d  to  2 b y  a d d itio n  o f 50%  H 2S 0 4. 
The suspension  w as th e n  shaken  for 30 m in  an d  cen trifu g ed . To 0.5 m l o f  th e  
s u p e rn a ta n t 0.5 m l 3 0 %  form ic acid w as ad d ed , a n d  2 [Л o f  th e  m ix tu re  w as 
used  fo r gas c h ro m a to g ra p h ic  analysis, u n d e r  th e  fo llow ing cond itions: c a rr ie r  
gas N 2 40 m l/m in ; h y d ro g e n  40 m l/m in ; a ir  250 m l/m in . C olum n p ack in g : 
C hrom osorb-101, m esh  100-120 (C a rlo -E rb a ). C olum n te m p e ra tu re : 160 °C. 
In je c to r  te m p e ra tu re : 250 °C. D e tec to r  te m p e ra tu re : 250 °C.

T he to ta l  d e te c ta b le  q u a n tity  o f  v o la tile  f a t ty  acids (VFA) rep resen ts  
th e  su m  o f 3 V F A  co m p o n en ts  (acetic  ac id , C2; p ro p io n ic  ac id , C3; b u ty r ic  
ac id , C 4), and  i t  w as exp ressed  in  te rm s  o f m m ol/kg  o f w et w eight.
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R esu lts

R esu lts  are show n  in  T able I I .  F ro m  ra b b its , caecal c o n te n ts  w ere 
e x a m in e d  since these  re p re se n t th e  m a jo r  p a r t  of th e  to ta l  in te s tin a l vo lum e. 
F ro m  sw ine, colon c o n te n ts  w ere e x a m in e d  since caecal c o n te n ts  o f  sw ine 
are  neglig ib le.

F aeca l sam ples w ere  exam ined  in  o rd e r  to  e luc ida te  th e  changes occu r
r in g  d u rin g  rec ta l p assag e , an d  to  show  how  to  e stim a te  d a ta  fo r th e  caecal 
c o n te n ts  on th e  basis o f  faeca l analysis . D a ta  on s tom ach  an d  sm a ll- in te s tin a l 
c o n te n ts  are n o t show n in  T ab le  I I ,  since  th e se  h ad  so low  V F A  c o n c e n tra tio n s  
(6 -1 4  m m ol/kg) th a t  a n tib a c te r ia l  e ffec t o f  V F A  can n o t be  reck o n ed  w ith  in  
th e se  p o rtio n s o f th e  d ig estiv e  t r a c t .

T h e  la rg e -in te s tin a l co n ten ts  o f sw ine h a d  by  50%  h ig h e r V F A  c o n c e n tra 
tio n  th a n  those  o f r a b b its ,  an d  a s im ila r d ifference w as d e m o n s tra te d  b e tw een  
th e  V F A  co n cen tra tio n s  o f  th e  faeces. T h ere  was a d ifference also in  th e  
c o m p o n en t d is tr ib u tio n  o f  V FA  b e tw een  ra b b its  an d  sw ine. In  ra b b its  on ly  
tra c e s  o f  propionic ac id  w ere  de tec tab le , w h ile  in  swine th is  f a t ty  acid  rep re sen ted  
20—30%  o f th e  to ta l  V F A .

L a rg e -in te s tin a l c o n te n ts  o f ra b b i ts  show ed low er p H s th a n  th o se  o f 
sw ine. T he acid c h a ra c te r  o f la rg e -in te s tin a l co n ten ts g rad u a lly  ceased  d u rin g  
e x c re tio n , th e  p H  u su a lly  becam e m ild ly  basic . This change can  be observed  
in  b o th  species s tu d ie d .

Table II

E. coli counts, pH values and volatile fatty acid (VFA) concentration in intestinal contents of
rabbits, swine and humans

E . coli count
pH

VFA c, c, C.
'ogio/g mmol/kg о//о о//о %

-  SD n A. SD n A SD n X x~ X

Rabbit caecum 3.5 1.5 10 5.9 0.15 10 76 12 10 80 8 12

faeces 3.8 0.7 10 7.2 0.22 10 45 20 10 86 2 12

Swine colon 7.2 1.2 10 6.5 0.30 10 112 19 10 60 32 8

faeces 7.8 0.7 10 7.1 0.15 10 78 16 10 67 20 13

Human faeces 7.0 1.2 10 7.0 0.32 10 84 12 10 59 30 11

In  T able I I ,  o n ly  E . coli co u n ts  a re  show n since th e  n u m b e r o f  E . coli 
b a c te r ia  is th e  m o st re liab le  in d ic a to r  o f  th e  in te n s ity  o f  th e  a n tib a c te r ia l  
e ffec t ex e rted  b y  V F A  in  th e  large in te s tin e . Coli coun ts in  la rg e - in te s tin a l 
c o n te n ts  and  faeces o f  h e a lth y  ra b b its  w ere a p p ro x im a te ly  b y  3 log10 low er 
th a n  th o se  for sw ine, a fac t in d ic a tin g  m ore  in ten siv e  a n tib a c te r ia l  a c tiv ity  
in  th e  large in te s tin e  o f  rab b its .

D a ta  o b ta in ed  w ith  hum an  faeces show  th a t  V FA  c o n te n t an d  com posi
t io n , p H  and  coli n u m b e rs  in  th e  la rg e  in te s tin e  o f h u m an s are s im ila r to  th o se
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fo r sw ine. O n th e  b as is  o f th ese  resu lts  an  a n tib a c te r ia l  a c tiv ity  sim ilar to  t h a t  
found  in  swine m u s t be ex p ec ted  in  h u m an s.

F igu re  1 i l lu s tra te s  a n tib a c te r ia l a c tiv ity  o f  V F A  in  la rg e -in te s tin a l co n 
te n ts  o f  ra b b its  a n d  sw ine. W h en  se lecting  sam ples o f la rg e -in te s tin a l c o n te n ts , 
we chose sam ples w ith  V F A  co n te n t c h a ra c te ris tic  o f  th e  species, b o th  q u a n t i 
ta tiv e ly  and  q u a lita tiv e ly . T h u s, V FA  c o n ten ts  o f  sam ples derived  from  ra b b its  
an d  sw ine w ere 70—80 m m ol/kg  an d  100—120 m m ol/kg , respective ly .

D urin g  ea rlie r in v es tig a tio n s  (P ro h ászk a , 1980), we fo u n d  th a t  th e  p H  
o f sam ples in flu en ced  th e  a n tib a c te r ia l a c tiv ity  o f V F A . T herefore, sam ples 
d eriv ed  from  th e  tw o  species w ere alw ays co m p ared  a t  id en tica l p H  v a lu es  
a d ju s te d  b y  us. In  p rev io u s ex p erim en ts  we fo u n d  th a t  in  h e a lth y  and  d ia rrh o e ic  
in d iv id u a ls  o f th e  tw o  species p H  values o f  la rg e -in te s tin a l co n ten ts ran g ed  
m o stly  betw een  5.7 a n d  7.4. T herefo re , we chose p H  va lu es  w ith in  th is  ran g e  
(d a ta  show n in  T a b le  I I ) .

T he a n tib a c te r ia l  a c tiv ity  o f caecal c o n te n ts  o f ra b b its  and  swine w as 
te s te d  w ith  55 s tra in s  o f  b a c te ria . R esu lts  o f  th ese  ex p erim en ts  can be d raw n  
to g e th e r  in  one f ig u re  since all s tra in s  b eh av ed  in  a p ra c tic a lly  iden tica l w ay , 
an d  sam ples derived  from  th e  tw o  species also ex h ib ited  a s im ila r an tib a c te ria l 
a c tiv ity  a t  id en tica l p H  va lues.

A t p H  6.0 th e  n u m b ers  o f all b a c te r ia  rem ain ed  c o n s ta n t or decreased . 
A t p H  6.5 th e  m u ltip lic a tio n  o f b a c te ria  w as in s ig n ifican t, w hile a t  p H  6.8 i t  
reach ed  th e  degree show n a t  m ore basic  (p H  7.2) v a lues. T he n u m b er of b a c te r ia  
developed  d u ring  th e  20 h  in cu b a tio n  perio d  w as g en era lly  co nsisten t w ith  E . 
coli co u n ts  observed  in  an im als n a tu ra lly  a ffec ted  b y  E. coli d iarrhoea.

T he a n tib a c te r ia l  a c tiv ity  o f la rg e -in te s tin a l c o n te n ts  was of s im ila r 
in te n s ity  to  a ll s tra in s  o f  b a c te r ia  s tu d ie d . E . coli, S . typhim urium  and  Proteus 
vulgaris s tra in s  c u ltu re d  in  sam ples c o n ta in in g  V F A  th ro u g h  10 passages 
failed  to  develop re s is tan ce .

D iscussion

E ffects  o f V F A  on th e  in te s tin a l flo ra  w ere f ir s t  s tu d ie d  in  experim en ts 
co n d u c ted  w ith  g n o to b io tic  m ice an d  ra ts  (B erg  an d  O w ens, 1979; B yrne an d  
D a n k e rt, 1979; Lee a n d  G em m el, 1972; L eegw ater e t a l., 1974; Lewison, 1973; 
an d  M eynell, 1963). T here  are  in su ffic ien t d a ta  on th e  ro le o f th e  an tib a c te ria l 
a c tiv ity  o f  V FA  in  en te ric  d iseases o f dom estic  an im als an d  m an . P ro h ászk a  
a n d  B aro n  (1981) p o in te d  o u t th a t  in  th e  p a th o g en esis  o f d ia rrh o ea  show ing 
m ass incidence am ong  w eaned  ra b b its  an d  considered  to  be associated  w ith  
E. coli in fec tion  th e  p r im a ry  aetio log ical fa c to r  is an  im p a ired  tra n sp o r t  o f  
ions due to  in a p p ro p ria te  feed ing . T his d iso rd er leads to  a decrease in  th e  
a n tib a c te r ia l a c tiv ity  o f  V F A  in  th e  large in te s tin e , allow ing excessive second
a ry  m u ltip lica tio n  o f  E . coli b a c te ria  in  th e  in te s tin a l t r a c t .  T h is observ a tio n
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su g g ests  th a t  th e  above m ech an ism  m a y  p la y  a role also in  en te ric  d iseases of 
o th e r  species. T he p o ss ib ility  o f  th is  p a th o m ech an ism  w as s tu d ie d  in  tw o 
species (ra b b its  and  sw ine) in  w hich  th e  occurrence o f  en te ric  d iseases is 
f re q u e n t.

In  th e  large in te s tin e  o f b o th  species Y F A  occur in  such  q u a n titie s  and  
q u a li ty  t h a t  th e ir  a n tib a c te r ia l a c t iv i ty  m u s t be reckoned  w ith  in  h e a lth y  
in d iv id u a ls . In  prev ious ex p erim en ts  (P ro h ászk a , 1980) we fo u n d  th a t  a t  p H  
v a lu e s  occu rring  in  th e  large  in te s tin e  a t  le a s t 50 m m ol/kg  o r m ore V F A  are  
n eed ed  fo r th e  in h ib itio n  o f  E . coli m u ltip lic a tio n . O ur re su lts  o b ta in ed  so fa r 
in d ic a te d  th a t  th e  la rg e -in te s tin a l c o n te n ts  of ra b b its  an d  sw ine alw ays 
c o n ta in e d  th e  am o u n t o f Y FA  re q u ire d  fo r  a n tib a c te ria l a c tiv ity .

T he p re sen t re su lts  in d ic a te  th a t  th e  V F A  in th e  large  in te s tin e  have  an  
in h ib ito r  a c tiv ity  to  n o t on ly  E . coli b u t  also  o th e r m em bers o f  E n te ro b a c te ria -  
ceae (Salmonella, Shigella, Proteus, Klebsiella). F rom  th e  e x p e rim e n ta l resu lts  
i t  ap p e a rs  th a t  th e  in te n s ity  o f  th e  in  v itro  an tib a c te ria l a c tiv ity  is s im ilar 
in  th e  sam ples derived  from  ra b b its  an d  sw ine, and  all m em bers o f th e  E n te ro - 
b a c te ria ce a e  fam ily  are  p ra c tic a lly  e q u a lly  sensitive to  th is  a c tiv ity .

F ro m  stud ies on h u m a n  faeces we can  come to  th e  conclusion th a t  th e  
Y F A  co n cen tra tio n  p re se n t in  th e  large  in te s tin e  of h u m an s is s im ilar to  th a t  
fo u n d  in  th e  large in te s tin e  o f  sw ine. P re su m ab ly , th e  a n tib a c te r ia l  effect 
o f  th e  h u m a n  Y FA  is also s im ila r  to  t h a t  o f th e  V FA  o f sw ine. E . coli coun ts 
fo u n d  in  th e  faeces o f h e a lth y  h u m a n s  an d  h ea lth y  sw ine (10e-1 0 8/g in  b o th  
species) also in d ica te  s im ila r in te n s itie s  o f  a c tiv ity . O n th e  o th e r  h a n d , sign ifi
c a n t ly  low er E. coli co u n ts  can  be fo u n d  in  the  large in te s tin e  o f ra b b its , 
in d ic a tin g  th a t  here  th e  a n tib a c te r ia l  a c tiv ity  of Y FA  co n sid e rab ly  exceeds 
t h a t  observed  in  th e  o th e r tw o species. T h e  biochem ical e x p lan a tio n  o f th is  
p h en o m en o n  can  he found  b y  c o m p arin g  th e  p H  values o f  la rg e -in te s tin a l 
c o n te n ts . The la rg e -in te s tin a l c o n te n ts  o f  rab b its  h ad  genera lly  b y  0 .4-0 .5  
degrees low er p H  va lu es  th a n  th o se  o f  sw ine. A t low er p H  va lu es  th e  p ro p o r
t io n  o f  n o n -d issoc ia ted  Y F A  m olecules w h ich  account fo r a g re a te r  b ac te rio c id a l 
a c tio n , increases.

P a ra lle l w ith  th e  rise  o f la rg e - in te s tin a l p H , th e  p ro p o rtio n  o f  non- 
d isso c ia ted  V FA  m olecules g ra d u a lly  decreases. A t p H  6.8 th ese  m olecules are 
p re se n t in  so sm all q u a n titie s  th a t  no  a n tib a c te r ia l a c tiv ity  can  he d e tec ted . 
T h is  se n s itiv ity  to  p H  calls o u r a t te n t io n  to  th e  fac t th a t  in  sp o n tan eo u sly  
o ccu rrin g  cases n o t th e  decrease in  th e  q u a n tity  of Y F A , b u t  th e  increased  
ra t io  o f d issocia ted  to  no n -d isso c ia ted  m olecules due to  th e  rise  of p H , accoun ts 
fo r th e  reduced  a n tib a c te r ia l a c tiv ity . T h e  pH  of th e  large  in te s tin e  depends 
on  n u m ero u s m echan ism s re g u la tin g  th e  tra n sp o r t  o f ions (F ield  e t ah , 1980). 
D iso rd e rs  o f these  m echan ism s m ay  easily  lead to  increased  p H  values.

F ro m  lite ra ry  d a ta , an  en te ric  sy n d ro m e  is know n w hich  is accom pan ied  
b y  a decrease of Y F A  co n c e n tra tio n s  in s te a d  of th e  rise  o f  p H . T h is en te ric
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syndrom e has been  observed  as a n  u n d esirab le  side e ffec t (d iarrhoea) d u rin g  
tre a tm e n ts  w ith  c e r ta in  a n tib io tic s , u su a lly  a fte r  t r e a tm e n t  w ith  am pic illin , 
lincom ycin  and  c lindam ycin . T h ese  observations p rim a rily  app ly  to  h u m an s 
(B en n er and T o llm an , 1970; F esce  e t a l., 1978; Sw eeney and  Sheehan , 1979; 
a n d  T o tten  e t ah , 1978), a lth o u g h  am picillin -induced  d ia rrh o ea  has a lread y  
b een  observed also in  ra b b its  (M orisse e t ah , 1979).

A ccording to  th e  resu lts  o f  F esce e t al. (1978), Im á i an d  M orish ita  (1978) 
a n d  ou r own o b se rv a tio n s, th e  p a th o m e c h r uism  o f d ia rrh o e a  associa ted  w ith  
a n tib io tic  th e ra p y  is p o s tu la ted  to  be  th e  follow ing: d u rin g  an tib io tic  th e ra p y  
Y FA -producing  anaerob ic  b a c te r ia  (m ain ly  Bacteroides) decrease in  n u m b er, 
co n seq u en tly , th e  above a n tib a c te r ia l  a c tiv ity  d isap p ea rs , and  path o g en ic  
b a c te r ia  re s is tan t to  an tib io tics  m u ltip ly  excessively. T he excessive m u ltip lica 
t io n  o f b ac te ria  leads to  c lin ica lly  a p p a re n t en te ritis . T h is  v e ry  o b se rv a tio n  
em phasizes th e  sign ificance of th e  a n tib a c te r ia l a c tiv ity  o f  Y F A , since i t  seem s 
th a t  resistance to  V F A  fails to  dev e lo p , V FA  being  se lf-lim itin g  su b stan ces of 
excessive m u ltip lica tio n  of b a c te r ia  (L andw all and  F lolm e, 1977).

The in te n s ity  o f  a n tib a c te r ia l a c tiv ity  in th e  large  in te s tin e  is de te rm in ed  
b y  tw o fac to rs: th e  q u a n tity  o f V F A  produced  b y  an ae ro b ic  b a c te ria  (B ac
teroides, Fusobacterium), and  th e  p H  o f th e  in te s tin a l c o n te n ts , reg u la ted  b y  
th e  en te ric  ion t r a n s p o r t  o f th e  o rg an ism . A h a rm o n io u s in te ra c tio n  o f  th e  
m acro - and  m icroorgan ism s is n ecessa ry  fo r th e  o p tim u m  fu n c tio n in g  o f th is  
genu ine  a n tib a c te ria l defence m echan ism .
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Aquatic birds diseased with acute duck plague (viral enteritis) usually also develop 
an acute liver distrophy. The direct responsibility of the herpesvirus agent of duck plague for 
the liver involvement has been substantiated by morphological evidence. Replicating forms 
of virus have been demonstrated mainly in the hepatocytes showing degeneration and intra
nuclear inclusion formation. Since the greater part of the birds with acute duck plague also 
develops liver dystrophy, complementary diagnostic evidence by electron microscopic detec
tion of the virus in, and isolation of it from, the liver is of immediate interest.

While the acute form of duck plague is developed mainly by day-old and growing 
aquatic birds, it may take a prolonged (chronic) course in older (growing or adult) birds. The 
naturally and experimentally infected birds examined in a more advanced stage of the disease 
showed a subacute or chronic interstitial hepatitis, which may account for sporadic mortality 
in field conditions.

The diagnostic identification of the chronic forms of duck plague is important from 
the epizootiological point of view, since the birds surviving the chronic course may become 
symptomless excretors of the virus and shed it in long term in the flock.

A u th o rs  genera lly  agree th a t  duck  p lague (v iral e n te r itis ) , a com m on 
v ira l disease o f a q u a tic  b ird s  (ducks, geese an d  sw ans) ta k e s  an  acu te  or h y p e r
a c u te  course, d u rin g  w hich  th e  cau sa l a g en t appears in  th e  b lood  an d  o rgans 
(Ja n se n , 1968; L e ib o v itz , 1971; P ro c to r , 1975, 1976; B erg m an n  e t a l., 1979). 
As to  th e  liv e r lesions asso c ia ted  w ith  th e  cond ition , a u th o rs  h av e  described  
focal h ep a to ce llu la r necroses, h aem o rrh ag es , and  ty p e-A  in tra n u c le a r  in c lu 
sions o f  C ow dry (G ailiunas an d  D a rd ir i, 1970), b u t no o th e r  change.

In  p e r tin e n t s tu d ies  (V etési e t a l., 1982) we observed th a t ,  a g a in s t th e  p re 
v a ilin g  concep ts, o u tb reak s  o f  d uck  p lague m ay  occasionally  ta k e  a p ro longed  
course, an d  a p a r t  from  th e  above liv e r  lesions, ce rta in  im p o r ta n t  m orpho log i
ca l changes, n o t y e t  described  b y  o th e rs , ap p ea r in  b o th  acu te  an d  chronic  
cases o f th e  d isease. T he la t te r  changes are  as a ru le o f  d iag n o stic  v a lue .

T h is p ro m p te d  u s  to  in v e s tig a te  th e  acu te  an d  ch ro n ic  liv e r  lesions 
assoc ia ted  w ith  duck  p lague in  g re a t d e ta il.

Materials and methods

E m b ry o n a te d  d u ck  an d  goose eggs, p re -in cu b a ted  fo r 12—14 d ay s , w ere 
in fec ted  w ith  duck -p lague v iru s  iso la ted  from  a m allard  d u ck . F if teen  severa l 
d ay s  old m a lla rd s , 15 severa l d ay s  o ld  d om estic  duck lings, 10 d ay -o ld  goslings,
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on  a to ta l  25 grow ing  (4—6 weeks old) m a lla rd s  an d  d om estic  ducks, an d  10 
a d u lt  geese were in fe c te d  b y  th e  o ral, su b cu tan eo u s  or in tra p e rito n e a l ro u te , 
w ith  duck-plague v iru s , p a r t ly  w ith  1:100 d ilu tio n  o f  th e  a llan to ic  flu id  o b 
ta in e d  from  th e  second  egg passage , p a r t ly  w ith  1:10 d ilu tio n  o f a liver hom oge
n a te  ob ta ined  from  ca rcases  of duck lings in fec ted  su b cu tan eo u sly  w hen one 
d a y  old.

All day-old  m a lla rd s , ducklings an d  goslings, ex cep t a few killed on th e  
2 n d  day  after in fe c tio n  fo r lig h t and  e lec tro n  m icroscopic ex am in a tio n , died 
w ith in  3-6  days. A m o n g  th e  grow ing m a lla rd s , grow ing  ducks and  a d u lt geese 
a few  b irds d ied  d u r in g  th e  f ir s t  w eek, a n o th e r  few in  th e  2nd to  4 th  w eek 
a f te r  ex p erim en ta l in fe c tio n , b u t  th e  m a jo r ity  e ith e r  d ied  only  a fte r  4 -6  
w eeks in a s lig h tly  e m a c ia ted  s ta te , o r su rv iv ed  u n ti l  k illed  in  th e  8 th  w eek.

The lig h t an d  e le c tro n  m icroscopic ex am in a tio n s  covered , in ad d itio n  
to  th e  ex p erim en ta lly  in fec ted  b ird s , o rgan  (above a ll liver) specim ens collected  
fro m  20 aq u a tic  b ird s  (m alla rd s  and  dom estic  ducks) in v o lv ed  in  n a tu ra l o u t
b reak s  of acu te  o r  c h ro n ic  duck  p lague.

F o r lig h t m icroscop ic  h isto log ical an d  h is to ch em ica l s tu d y , specim ens 
co llected  from  th e  l iv e r , an d  occasionally  from  o th e r  o rg an s, were fix ed  in  
8 %  n e u tra l fo rm a lin , SU SA  so lu tion  or ab so lu te  e th an o l. T he sections p rep ared  
fro m  p a ra ffin -em b ed d ed  o r frozen  b locks w ere genera lly  s ta in ed  w ith  h aem a- 
to x y lin  and  eosin . N e u tr a l  lip ids w ere d e te c te d  w ith  S u d an  b lack , a rg en to p h il 
a n d  collagen f ib re s  w ith  G öm öri’s an d  V an  G ieson’s te c h n iq u e s ; b iliru b in  w as 
d e tec ted  w ith  th e  G m elin  an d  S te in  re a c tio n , g lycogen  w ith  th e  PAS reac tio n .

F o r e lec tro n  m icroscop ic  s tu d y  sm all liv e r  specim ens w ere fixed  in  5%  
g lu ta ra ld eh y d e  th e n  in  1%  osm ium  te tro x id e , o r in  2%  osm ium  te tro x id e  
bu ffered  accord ing  to  P a lla d e , w ere d e h y d ra te d  in  s tep -g rad ed  e th an o l so lu 
tio n s  and  were e m b e d d e d  in  sy n th e tic  re s in . S em i-th in  sec tions were cu t and  
s ta in ed  w ith  to lu id in e  b lue.

Results

Gross lesions

These w ere e s se n tia lly  sim ilar in  th e  ex p e rim e n ta lly  in fec ted  and  n a tu ra lly  
d iseased b ird s o f  a l l  species covered in  th e  s tu d y .

The b ird s  w h ic h  d ied  in  th e  acu te  s tag e , or w ere k illed  in  th e  p re m o rta l 
s tag e  of th e  d isease  (day -o ld  m alla rd s , du ck lin g s, goslings and  some grow ing 
b ird s) showed a serous-je llinaceous in f il tra tio n  o f  th e  su b cu tan eo u s connective  
tissu e  in th e  th o ra c ic  an d  abdom inal reg ions. In tra -a b d o m in a l accum ula tion  
o f  a serous e x u d a tio n  w as freq u en tly  fo u n d , an d  sw elling  o f  th e  spleen occurred  
in  p a r t  o f th e  cases.

The liv e r w as as a ru le  s ligh tly  en la rged , an d  its  e x te rn a l and  cu t surfaces 
w ere of v a r ie g a te d  ap p ea ran ce , ow ing to  a m osaic-like a r ra y  o f g rey ish-w hite
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an d  g rey ish -red  spots. In  m ost cases p e tech ia l haem o rrh ag es w ere p re se n t 
in  su b c a p su la r  lo caliza tion . T he b ird s  w h ich  died in th e  acu te  stage  also  h a d  
lesions in  th e  d igestive t r a c t ;  c ro u p o u s in flam m atio n  o f th e  sm all in te s tin e , 
d ip h th e ro id  in fla m m a to ry  in v o lv em en t o f  lym ph-node g roups, and  p resen ce  
o f sm all superfic ia l necroses or of la rg e r, c ircum scribed  p seu d o m em b ran aceo u s 
sloughs in  th e  cloacal m ucosa, w ere fre q u e n tly  found .

T he grow ing or a d u lt b ird s  w h ich  d ied  spo n tan eo u sly  o r w ere k illed  in  
a m ore ad v an ced  stage  o f  duck  p lague g en era lly  also h a d  liv e rs  o f v a r ie g a te d  
ap p ea ran ce , ow ing to  th e  presence o f  a few to m an y  g rey ish -w h ite  sp o ts . 
T he co n sis ten cy  of th e  liv e r p a re n c h y m a  w as to u g h  in  p laces. In  som e cases, 
th e  liv e r  w as sm all, f lacc id  to  th e  to u c h , a n d  greenish-yellow ; in  th e  sam e cases, 
th e  g a llb lad d e r was u su a lly  d ila ted  a n d  co n ta in ed  a th ic k , g reen ish -Ы аск bile . 
N ecro tic  lesions an d  p seu d o m em b ran aceo u s sloughs w ere o ften  found  in  th e  
oesophageal m ucosa o f those  b ird s  w h ich  d ied  in  la te r  s tage  o f d u ck  p lag u e . 
M ost o f  th e  m ale b ird s  ex h ib ited  sw elling  and  pro lapse o f  th e  pen is, an d  h a d  
su p erfic ia l necroses or p seu d o m em b ran aceo u s sloughs on th e  m ucous m em b ran e  
o f th e  m ale  organ.

Light microscopic and ultrastructural changes

In  liv e r  sections o b ta in ed  fro m  b ird s  died 3 -4  d ays a f te r  in fe c tio n  
s ta in in g  w ith  haem ato x y lin -eo sin  o r to lu id in e  b lue revea led  h ep a to ce llu la r 
necroses invo lv in g  one to  a few cells in  various h ep a to lo b u la r  reg ions. T h e  
d am aged  cells genera lly  h ad  a v acu o lized  cy top lasm , w ith  lip id  d ro p le ts  
enclosed in  p a r t  of th e  vacuoles. M inor to  m a jo r haem o rrh ag es w ere seen  in  
som e h e p a to lo b u la r  reg ions. P a r t  o f  th e  dam aged  cells an d  in  p laces som e 
s in u so ida l en d o th e lia l an d  K u p ffe r’s cells enclosed type-A  in tra n u c le a r  in c lu 
sions o f  C ow dry. T he h ep a to ce llu la r necroses were con fluen t over la rg e r h e p a to 
lo b u la r  a reas  o r severa l lobules in  th e  l iv e r  o f those b ird s  w h ich  d ied  5 -6  d ay s  
a fte r  in fec tio n . In  some cases, th e  n e c ro tic  areas were su rro u n d ed  b y  in f i l t r a t 
ing  h e te ro p h il g ranu locy tes. H e p a to c e llu la r  type-A  in tra n u c le a r  inc lusions 
o f  C ow dry an d  in tra lo b u la r  h aem o rrh ag es  w ere ra re ly  also  p re se n t in  th e se  
cases. T he h e p a to lo b u la r  sinusoids w ere genera lly  d ila ted , an d  co n g ested  w ith  
red  b lood  cells and  serum . F re q u e n tly , th e  spaces o f D isse w ere also d ila te d , 
and  p e riv a sc u la r  in filtra tio n s  o f serum  a n d  heteroph il g ran u lo cy tes  ap p ea red  
in  th e  p e r ip o r ta l  space.

U ltra s tru c tu ra lly , th e  acu te  cases w ere charac terized  m a in ly  b y  v a rio u s  
h e p a to c e llu la r  changes. C oagu la tion  n ecro ses , involv ing  one to  a few  h é p a to 
cy tes , w ere o ften  found .

In  th e  ea rly  stage  o f  co ag u la tio n  necrosis, single h e p a to c y te s  assu m ed  
a s ta r le t  sh ap e , becam e sm aller an d  e x h ib ite d  an  e lectron  d e n s ity  m ore p ro 
nounced  th a n  usual. The nucleus an d  th e  cy top lasm ic  organelles w ere s till w ell-
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d e fin ed ; th e  m ito c h o n d ria  were sw ollen and  d is tin c tly  e lectron-dense, th e  
sm oo th -su rfaced  en d o p la sm ic  re ticu lu m  w as d ila te d  in  p laces, and  some c y to 
p la sm ic  vacuoles m a d e  ap p earan ce . In  a m ore  ad v an ced  s tag e  o f th e  co ag u la 
t io n  necrosis, h e p a to c y te s  s till localized in  th e  row s n e a r  to  in ta c t  en d o th e lia l 
ce lls , b u t  th ey  h a d  b eco m e v e ry  sm all an d  h ig h ly  e lec tron -dense; th e ir  c y to 
p la sm s con tained  v acu o le s  and  n ecro tic  cell organelles an d  th e  con tours o f  
th e  nucleus ap p eared  in d is tin c t (Fig. 1). F u r th e r  to  these  h ep a to ce llu la r changes, 
so -ca lled  ac idophil b o d ies , form ed b y  n ec ro tic , d e tach ed  h ep a to cy tes  w ere 
f re q u e n tly  also p re s e n t. V irus-like p a rtic le s  could  be d e tec ted  b u t ra re ly , an d  
in  sm all num bers, in s id e  th e  h ighly  e lec tron -dense  h ep a to cy te s  (acidoph il 
bod ies) rep resen tin g  d iffe ren t stages o f co ag u la tio n  necrosis.

H ep a to ce llu la r d eg en era tio n  w ith  ap p ea ran ce  o f  in tra n u c le a r  inclusions 
w as observed as e a r ly  as on th e  2nd or 3 rd  d ay  a f te r  in fec tion . In itia lly  few , 
la te r  m ore num erous h e p a to cy te s  show ed a s lig h t en la rg em en t, w ith  consider
ab le  swelling and  low  e lec tro n  d en sity  o f  th e  nucleus, an d  loss of d e fin ition  o f 
th e  n uc lear m e m b ra n e  s tru c tu re  here  a n d  th e re . T he nucleolus assum ed  
a hom ogeneous a p p e a ra n c e , and  th e  n u c le a r  ch ro m a tin  becam e condensed  
a lo n g  th e  n uclear m e m b ra n e . As a ru le  sev e ra l v iru s  p a rtic le s  m ade ap p earan ce  
in  th e  nucleus, am o n g  a delica te ly  g ra n u la r  an d  filam en to u s  ch rom atin  residue  
(F ig . 2). The v iru s  p a r tic le s  were ab o u t 90 n m  in  d iam e te r, and  p a r t o f th e m  
enclosed  a d is tin c tly  e lec tron-dense  core (F ig . 3). T he period  of v irus syn thesis  
w as ch arac terized  b y  low  electron  d e n s ity  o f th e  cy top lasm ic  m atrix , p a u c ity

Fig. 1. Hepatocellular coagulation necrosis, X9000
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Fig. 2. Virus synthesis in the nucleus of a degenerating hépatocyte, X 10,000

Fig. 3. Intranuclear virus particles w ith and without a distinct electron-dense core,
X  37,000
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o f  in tra c e llu la r  g lycogen , an d  fre q u e n t ap p earan ce  of m in o r to  m a jo r lip id  
d ro p le ts  betw een  the  cell o rgane lles. M ost o f th e  m ito ch o n d ria  becam e swollen 
a n d  ro u n d ed , w ith  e lec tro n -d en se  g ran u les  in  th em . T he tu b u le s  o f th e  endo
p la sm ic  re ticu lum  show ed  a vesicle-like d ila ta tio n  in  p laces; th e  ribosom es 
b e c a m e  detached  an d  la y  free ly  in  th e  cy to p lasm , fo rm ing  occasionally  sm all 
g ro u p s . T he d ila ted  tu b u le s  an d  vesicles o f th e  Golgi com plex  enclosed an  
e lec tro n -d en se  su b stan ce . H ep a to c y te s  invo lved  in  ad v an ced  v iru s  syn thesis  
f re q u e n tly  showed d u p lic a tio n  o f  th e  cy to p lasm ic  an d  n u c lea r  m em branes 
(F ig . 4), and in tra n u c le a r  b rid g e  fo rm a tio n  b y  in v a g in a tio n  o f  th e  n uclear 
m e m b ra n e . The v iru s  p a r tic le s  o ccu rrin g  in  in tra -c y to p la sm ic  localiza tion  
la y  e ith e r  inside th e  d ila te d  endop lasm ic  re ticu lu m , or free ly  in  th e  m a trix , 
a n d  w ere enclosed b y  a th ic k  cap su le . T he h e rp esv iru s  p a rtic le s  endow ed 
w ith  a b ilam ellar cap su le  w ere 160-200 nm  in d iam ete r.

H ep a to cy tes  o f low  e lec tro n  d e n s ity  also ap p eared  in  acu te  cases of 
d u c k  p lague. These cells w ere en la rg ed , an d  show ed th e  follow ing changes: 
T h e  h y a lop lasm  was re p re se n te d  b y  a d e lica te  h e lte r-sk e lte r  n e tw o rk  o f low 
e le c tro n  density . T here  w as p a u c ity  an d  irre g u la r  a r ra y  o f  endop lasm ic  re tic u 
lu m , th e  m ito ch o n d ria  w ere sw ollen  an d  th e ir  c ris tae  w ere in d is tin c t, th e  
n u c le u s  was large, m a rk e d ly  g ra n u la r , an d  occasionally  a few  v iru s  partic les 
w ere  p re sen t in  it  n e a r  th e  n u c lea r m em b ran e . In  som e h e p a to c e llu la r  residues 
o f  low  e lectron  d e n s ity  o n ly  rem ain s o f  th e  nuclear m em b ran e  an d  c h ro m a tin ,

Fig. 4. Reduplication of the cytoplasmic membrane. Virus particles with a bilamellar capsule,
X 29,500
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an d  here  and  th e re  in d is tin c t con tours o f cy to p la sm ic  organelles could be 
recognized. In  p laces som e sinuso idal en d o th e lia l o r  K u p ffe r’s cells co n ta in ed  
v iru s  pa rtic le s  in  d iffe ren t stages o f d ev e lo p m en t, in  in tra n u c le a r  localiza tions, 
w ith  n uc lear c h ro m a tin  condensed  along th e  n u c le a r  m em brane. T he c y to 
plasm ic changes of th e  en d o th e lia l cells show ing  v iru s  fo rm atio n  were sim ilar 
to  tho se  seen in  p a re n c h y m a l h o s t cells.

In  acu te  cases, l ig h t m icroscopic e x a m in a tio n  o f  th e  d ila ted  sinusoids 
revealed  presence o f ac id o p h il body-like co n fig u ra tio n s  and  o th e r cell debris 
inside th e  s in u so ida l lu m en .

G row ing an d  a d u lt  b ird s  w hich d ied  sp o n ta n e o u s ly  or were k illed  in  
a m ore ad v an ced  stag e  o f  su b acu te  duck  p lague show ed  ligh t-m icroscop ica lly  
d is tin c t in f la m m a to ry  cell (above all h is tio -ly m p h o cy tic ) in filtra tio n s  a ro u n d  
in te rlo b u la r  b lood  a n d  b ilia ry  vessels, w ith  occasio n a l ex tensions in to  th e  
p a ren ch y m a (F ig . 5); in d ica tio n s  o f f ib ro b la s t sy n th e s is  could often  be seen 
am ong th e  in f la m m a to ry  cells (F ig. 6). H e p a to c e llu la r  residues could be 
recognized here  an d  th e re  in  th e  in tra lo b u la r  a rea s  invo lved  b y  th e  ce llu la r 
reac tio n . In  th e  n o n -in f il tra te d  h ep a to lo b u la r areas th e  liv er cellsw ere p reserved  
and  m an y  o f th em  enclosed  lip id  d rop le ts . T h e  R H S  cells o f th e  sinuso idal 
w alls were sw ollen an d  show ed signs o f a c tiv a tio n . A  few  m inor hep a to ce llu la r 
necroses, invo lv ing  single to  a few cells, w ere also p re se n t w ith in  th e  lobules.

E lec tro n  m icroscopic  ex am in a tio n  show ed d ila ta tio n  and  irregu la r shape 
o f bile canalicu li in  p laces , w ith  severe oedem a a n d  sw elling of th e  m icrovilli 
(Fig. 7); p a r t  o f  th e  in v o lv ed  m icrovilli w ere d eg en e ra ted . P ro life ra tion  and  
irreg u la r a rra y  o f th e  m icro v illi could also be seen  in  som e bile canalicu li. 
T he d ila ted  lu m en  enclosed  in  places a s lig h tly  e lec tron -dense, d e lica te ly

Fig. 5. Interlobular histio-lymphocytic infiltration, X 300; H. and E.
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Fig. 6. Fibroblast synthesis and proliferation amongst inter- and intralobular infiltrations of 
inflammatory cells, X 800; toluidine blue stain

Fig. 7. Oedematous change of the microvilli along the luminal border of the hepatocytes,
X 19,000
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g ra n u la r  su b stan ce ; in  o th e r  p laces, ag g reg a tio n s  o f phago lysosom es an d  p ig 
m en t g ranu les w ere seen n e a r b ilia ry  vessels (F ig . 8). Som e h e p a to c y te s  so 
in v o lved  show ed a vesicle-like d ila ta tio n  o f  th e  endop lasm ic  re ticu lu m , an d  
a s lig h t to  serious sw elling  o f  th e  m ito ch o n d ria , w ith  fra g m e n ta tio n  o f  th e  
m ito ch o n d ria l c ris tae . Som e sinuso ids an d /o r K u p ffe r’s cells enclosed h y a lin e  
bodies arisen  from  necro tic  h ep a to cy te s .

In  chronic  cases, fo rm a tio n  of a th ic k  v ascu la r co a t, r ich  in  f ib ro b la s ts  
an d  co llagen  fib res , w as seen in  th e  lig h t m icroscope a ro u n d  in te r lo b u la r  b lood 
an d  b ilia ry  vessels (F ig . 9); in  th e  e x p e rim e n ta lly  in fec ted  cases, sh a rp  d e lin ea
tio n  o f  th e  h ep a to lo b u la r  s tru c tu re  w as a d d itio n a lly  fo und . T he new ly  fo rm ed  
in te r lo b u la r  sep ta  w ere in  severa l p laces in f il tra te d  b y  h is tio -ly m p h o cy te s ; 
m a n y  in f iltra tin g  ly m p h o cy te s  enclosed elec tron -dense  p ig m en t g ranu les. 
T he cy to p lasm  o f th e  b ilia ry  d u c t ep ith e lia  co n ta in ed  c lum ps o f  bile  p ig m en t 
an d  h ig h ly  elec tron-dense  g ranu les, an d  th e  endop lasm ic re tic u lu m  show ed 
a vesicle-like d ila ta tio n  in  p laces. H ep a to ce llu la r residues w ere seen here  an d  
th e re  n e a r  th e  th ick en ed  in te r lo b u la r  sep ta .

E lec tro n  m icroscopic ex am in a tio n  failed  to  d e te c t v iru s  p a rtic le s  in  
p re p a ra tio n s  o rig in a tin g  from  2 or 3 d iffe ren t h ep a tic  regions. L ig h t m icroscopy , 
how ever, revealed  ty p e-A  in tra n u c le a r  inclusions of C ow dry, w hich  are  in d i
ca tiv e  o f th e  presence o f th e  v iru s , in h ep a to cy te s  ad jo in ing  in te r lo b u la r  vessels, 
an d , occasionally , also in  p ro life ra tin g  R H S  cells (F ig. 10). Specific v iru s 
n e u tra liz in g  an tib o d ies  w ere d e tec ted  in  all chronic cases exam ined .

Fig. 8. Bile pigment granules at the luminal side of hepatocytes, X9000
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Fig. 9. Chronic duck plague. Formation of vascular coat, rich in collagen fibres, around 
interlobular blood and biliary vessels, X 300; H. and E.

Fig. 10. Chronic duck plague. Type-А intranuclear inclusions of Cowdry in hepatocytes and
RHS cells, X 800; H. and E.

Discussion

A quatic  b ird s  (m a lla rd s , dom estic ducks an d  geese) sp o n tan eo u sly  died 
o r k illed  in  d iffe ren t s tag es  o f n a tu ra l  or e x p e rim e n ta l duck  p lague o ften  
show ed, in  ad d itio n  to  en te ric  changes, g rossly  v isib le  liv e r lesions in d ica tiv e  
o f  d y s tro p h y  d u rin g  th e  acu te  stage. U ltr a s tru c tu ra l  s tu d ies  revealed  p red o m i
n an ce  of v ira l h ep a to c e llu la r  dam ages in  acu te  cases o f th e  disease. T he h e p a to 
ce llu la r changes a p p e a re d  in itia lly  sp o rad ica lly  in  d iffe ren t in tra lo b u la r  reg ions,
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la te r  involved  m in o r groups o f  cells o r m ajo r areas o f th e  lobu le . T he m ain  
h ep a to ce llu la r change was th e  so-called  coagu la tion  necrosis (d ev e lo p m en t of 
d a rk , h igh ly  elec tron -dense  h e p a to c y te s  — acidoph il necrosis); th is  change 
wras n o t u su a lly  associa ted  w ith  th e  ap p earan ce  o f in tra n u c le a r  inc lusions, b u t 
a t  a la te r  stage  a few h erp esv iru s  p a rtic le s  w ere as a ru le  seen in side  th e  h ig h ly  
e lec tron-dense, dam aged  an d  m o stly  sh ru n k en  nucleus. Since th e  h ep a to cy te s  
show ing  th e  u ltra s tru c tu ra l  fe a tu re s  o f  coagu la tion  necrosis occasionally  
enclosed  th e  cau sa tiv e  a g en t o f  d u ck  p lague, th e  conclusion  lies close a t  h an d  
th a t  th e y  rep resen ted  d irec t ta rg e t  cells o f th e  duck-p lague v iru s . P re su m ab ly , 
how ever, th e  cells d irec tly  a ffec ted  b y  th e  v iru s die in  th e  e a rly  stage  o f p e n e tra 
tio n , an d  can , th e re fo re , on ly  ex cep tio n a lly  fu rn ish  th e  co n d itions req u ired  
fo r v iru s  sy n th esis .

T he b ird s  acu te ly  d iseased  in  d u ck  plague d id , how ever, f re q u e n tly  show 
an  ex tensive  h ep a to ce llu la r d eg en e ra tio n  involv ing  ap p ea ran ce  o f in tra n u c le a r  
inc lusions. T he en la rged  nuclei o f  th e se  cells show ed a c h a ra c te ris tic  re a rra n g e 
m e n t o f th e  c h ro m a tin  su b stan ce  an d  enclosed as a ru le  m a n y  v iru s  p artic les . 
D u rin g  in tra n u c le a r  v iru s sy n th e s is , rem ark ab le  p a u c ity  o f  in trace llu la r  
g lycogen and vesicle-like d ila ta tio n  o f th e  endoplasm ic re ticu lu m  w as no ted . 
H y p e r tro p h y  o f th e  la t te r ,  an d  m yeline  d eg enera tion  o f  th e  cy top lasm ic  
m em b ran e  w ere n o t observed  in  h o s t cells invaded  b y  th e  duck -p lague v irus. 
P resen ce  o f th e  v iru s  w ith in  th e  in tra n u c le a r  inclusions p re sen ted  unequ ivoca l 
ev idence  of th e  d ire c t re sp o n sib ility  o f  th e  v irus for th e  observed  ty p e  o f h e p a to 
c e llu la r  changes.

F u r th e r  to  th e  above h ep a to c e llu la r  lesions, h e p a to c y te s  o f low elec tron  
d e n s ity , consisting  fre q u e n tly  o n ly  o f  nu c lea r and  cy to p lasm ic  residues, were 
also  found  in  in tra lo b u la r  s ite s . T h e  u ltra s tru c tu ra l  ap p ea ran ce  o f th ese  cells 
in d ic a te d  d is in te g ra tio n  a f te r  th e  com ple tion  of v iru s sy n th es is  or, p ro b ab ly , 
d e a th  b y  cy to ly sis  devoid  o f v iru s  sy n th es is . The fre q u e n t p resence o f consider
ab le  am o u n ts  o f  cell debris in sid e  h ep a to lo b u la r  sinuso ids an d  lu m in a  o f blood 
vesse ls w as co n seq u en t upon  h e p a to c e llu la r  v ira l dam age. In d ic a tio n s  o f v iru s 
sy n th e s is , an d  v ira l m u ra l d am age w ere in fre q u e n tly  observed  also in  sinuso idal 
e n d o th e lia . T hese changes, and  th e  v ascu la r  trou b les  asso c ia ted  w ith  v iraem ia , 
m a y  have  been responsib le  fo r th e  nec ro tic  or h aem o rrh ag ic  in v o lv em en t of 
m a jo r  in tra lo b u la r  reg ions, o r sev era l lobules. V ascu la r w all dam age, and  
co n seq u en t h aem o rrh ag es m ay  h av e  been  p rom oted , a t le a s t p a r t ly , b y  th e  
co n siderab le  degree o f h e p a to ce llu la r  degenera tion .

A ccord ing  to  our ow n ex p erien ce , th e  p ro longed  fo rm  o f duck  plague 
o b se rv ed  b y  us is developed  above  a ll b y  grow ing an d  a d u lt  a q u a tic  b ird s , 
in  th e  form  of a su b acu te  or ch ro n ic  in te rs ti t ia l  h e p a titis . D u rin g  th e  chronic 
course , m esenchym al dam ages becom e p red o m in an t over h ep a to ce llu la r 
n ecrosis , w hich ap p ears  on ly  sp o rad ica lly  in  th e  ch ron ic  s tag e . P a r t  o f th e  
h e p a to c y te s , how ever, show u l t r a s t ru c tu ra l  organelle changes (of m ito ch o n d ria
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a n d  endoplasm ic re tic u lu m ) an d  a lte ra tio n s  o f th e  m em b ran e  s tru c tu re  along 
th e  lu m in a l sides, w h ich  a c c o u n t for h ep a to ce llu la r fu n c tio n a l insu ffic iency  in  
re sp e c t o f th e  p rocessing  a n d  secretion  o f b iliru b in . A sequel to  th a t  change 
is th e  ic teric  cond ition  f re q u e n tly  observed in  a q u a tic  b ird s  in fec ted  b y  th e  
h e rp e sv iru s  of duck  p la g u e .

T he electron m ic ro sco p ic  de tec tion  o f v iru s  p a rtic le s  in side  th e  h é p a to 
c y te s  o f b irds suffering  f ro m  th e  ch ron icfo rm  o f duck  p lag u e  is ra re ly  successful. 
H o w ev er, ligh t m icroscop ic  ex am in a tio n  o f m a jo r h e p a to lo b u la r  areas shows 
th e  presence of in tr a n u c le a r  inclusions, w hich  are o f  d iag n o stic  value, in  
h e p a to c y te s  ad jo in ing  in te r lo b u la r  sep ta , an d , less o ften , in  p ro life ra tin g  R H S 
cells .

T he m orphological s tu d y  of th e  organs o f  a q u a tic  b ird s  d iseased in  duck  
p lag u e  has shown th a t ,  a g a in s t th e  p reva iling  co n cep ts , th e  acu te  form  of the  
d isease  is associated  n o t  o n ly  w ith  c ircum scribed  focal an d  haem orrhag ic  
l iv e r  changes, b u t also  w ith  th e  developm ent o f an  acu te  liv er d y s tro p h y  
d ire c tly  elicited b y  th e  h e rp e sv iru s  responsib le  fo r duck  p lague . The v ira l liver 
d y s tro p h y  is as a ru le  se rio u s  enough to  rep re sen t th e  p r im a ry  cause of dea th . 
S in ce , according to  o u r ex p erien ce , liver in v o lv em en t is f re q u e n tly  associated  
w ith  duck  plague, we re c o m m en d  th a t ,  fu r th e r  to  th e  clin ica l d iagnosis, e lec tron  
m icroscopic  de tec tion  o f  th e  v irus in  and its  iso la tio n  from  th e  liver should  
be  a tte m p te d  in  each ca se . Iso la tio n  from  th e  d igestive  t r a c t  is g rea tly  h a m 
p e re d  b y  secondary  b a c te r ia l  infections w hich are u su a lly  p resen t.

C onsideration  sh o u ld  also he given to  th e  fa c t t h a t  th e  liv er changes 
dev e lo p ed  by aq u a tic  b ird s  suffering  from  acu te  duck  p lag u e  m ay  occasionally  
beco m e com plicated  b y  in f la m m a to ry  in v o lv em en t an d  p rogress th e re b y  to  
a ch ro n ic  h ep a titis . T h e  d iag n o stic  id en tif ic a tio n  o f th e  chronic  form s of duck  
p la g u e  is of g rea t im p o r ta n c e , on th e  one h a n d  because  ch ron ic  in te rs ti t ia l  
h e p a t i t is ,  developed as a  sequel to  duck p lague m ay  occasionally  be fa ta l in  
o u tc o m e , on the  o th e r  h a n d ,  because p a r t  o f th e  b ird s  su rv iv in g  chronic duck  
p la g u e  m ay becom e sy m p to m le ss  excre to rs shedd ing  th e  v iru s  in  th e  flock . 
T ra n s it io n  from  acu te  to  ch ro n ic  course p re su m ab ly  sign ifies a g rea te r specific 
a n d  non-specific, re s is ta n c e  o f  th e  hosts.

I t  follows from  th e  foregoing considera tions th a t  su b acu te  or chronic 
h e p a ti t is ,  developed b y  a q u a tic  b irds as a sequel to  d uck  p lague , has, like th e  
h e p a to s is  developed in  a c u te  cases, a decisive in fluence  on th e  ou tcom e of th e  
p r im a ry  disease.
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THE SUSCEPTIBILITY OF DOMESTIC WATERFOWLS 
TO NEWCASTLE DISEASE VIRUS (NDV) AND 
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(Received September 23, 1981)

Day-old, growing and adult domestic ducks and geese were examined for susceptibility 
to, and excretion of, Newcastle disease virus (NDV) by intranasal and conjunctival infection 
with 106 and 102 ID50/mI doses of the lentogenic (La Sota) and mesogenic (Hertfordshire) 
strains of NDV used for vaccination in Hungary, and with a velogenic NDV strain isolated 
from natural infection.

Examinations by virus diagnostic methods have shown that both domestic waterfowl 
species are susceptible to all examined strains at all ages, but to a moderate degree. Geese 
were more susceptible than ducks, and susceptibility tended to decrease with progressing 
age, whereas serological immune response, studied by the haemagglutination inhibition test, 
tended to increase in titre level and protective value.

The lentogenic and mesogenic vaccine strains replicated only in the pharynx, i.e. at 
the site of infection and in its surroundings, and were excreted exclusively in the pharyngeal 
discharge, for a short transitory period, at a low  infective titre.

The velogenic strains gave rise to viraemia in both waterfowl species, and were excreted 
in all body discharges for about 8 days, but the frequency and degree of excretion decreased 
with progressing age. The higher dose elicited clinical disease in all day-old goslings, and 
killed the greater part of them after a latency of 3-8 days and a subsequent 1-5-day course 
of disease. In day-old ducklings and growing and adult ducks and geese, the infection remained 
clinically inapparent and was demonstrable only by virus-diagnostic methods.

Since only high doses of NDV were able to infect the aquatic birds, natural infection 
of the latter presumably requires intimate contact with massively infected gallinaceous birds. 
Only the velogenic NDV strains, responsible for viraemia, were excreted by diseased or massive
ly  infected aquatic birds for a longer time and in an appreciable amount in all body discharges; 
exactly these strains constitute a hazard to susceptible gallinaceous birds.

Long-term carriership of NDV seems to be unlikely in waterfowls.
Mediation of ND by  waterfowls threatens only in small flocks or in nature, and can 

be minimized by separation of the feeding and rest place of the birds, and isolation of the 
flock during epidemic period.

N ew castle  disease (N D ) has b een  th e  econom ically  m ost im p o r ta n t 
disease o f  dom estic p o u ltry  fo r h a lf  a c e n tu ry .

N D  has been  re c u r re n t on few to  m an y  occasions w herever p o u ltry  
has b een  b red  (L an cas te r, 1963, 1977; H a n so n , 1978), a n d  i ts  co n tro l has been  
a m a tte r  o f g rea t concern  in  p ra c tic a lly  all co u n trie s . In v e s tig a tio n s  in to  
new er aspects  of ND  are  s t i l l  being p u b lish e d  in  th e  l i te ra tu re  (A lexander e t a l., 
1979; A llan  c t a l., 1978; B alia  and V égh , 1976; L om niczi an d  D erzsy , 1964; 
M ann inger and  M észáros, 1975; M észáros, 1976; e tc .).

D esp ite  th e  v a s t a m o u n t of in fo rm a tio n  a c c u m u la ted  on N D , and  th e  
w ell-estab lished  system s fo r  its  reg u la r co n tro l, th e  econom ic im p o rtan ce  o f 
N D  still ten d s  to  in crease , fo r v a rio u s reasons, such  as b ro a d  h ost ran g e ,
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m u ltip le  m odes o f  sp re a d , an d  in a d e q u a te  know ledge o f som e ep izootio logical 
a sp ec ts .

N D  h ad  o rig in a lly  b een  o bserved  in  S o u th  A sia a n d  in  E n g la n d  in  1926; 
b y  th e  ‘th ir t ie s , i t  becam e kn o w n  in  sev era l co n tin en ts  (K ra n e v a ld , 1926; 
P ic a rd , 1928; D oyle , 1948). I t s  occasional occurrence in  w ate rfo w ls  has b een  
k n o w n  since th e  ‘fo rtie s  (A splin , 1947; B la x la n d , 1951; E le k  a n d  P ro k o p o v itsch , 
1948; R en d , 1947; W ilso n , 1950).

In v o lv em en t o f  w aterfow ls b y  N D  is , how ever, s t i l l  a r a r i ty  w h ich  
deserves rep o rtin g . D u rin g  re c e n t y e a rs , m a in ly  N o rth -A m erican  in v es tig a to rs  
h a v e  s tu d ied  w aterfow ls fo r su sc e p tib ility  to ,  and ca rrie rsh ip  of, N D  (A lex an 
d e r , 1980; B rad sh aw  a n d  T ra in e r, 1966; K in g s to n  an d  D h a rsa n a , 1979; P ag e , 
1958; P a lm er an d  T ra in e r , 1970; R o sen b e rg e r e t a l., 1975; S p a la tin  an d  H a n 
so n , 1975; W eb ste r e t  a l., 1976).

To th ro w  m ore  lig h t on c e r ta in  obscure ep izoo tio log ical aspects , we 
ex am in ed  dom estic  w aterfow ls fo r su sc e p tib ility  to , a n d  sh ed d in g  of, N D , 
fo r  th e  m ost p a r t  in  m odel ex p e rim en ts .

M aterials and methods

O ur s tud ies w ere b ased  on m odel ex p erim en ts  an d  iso la tio n  ex p erim en ts  
fro m  d iagnostic  m a te r ia l. In  th e  m odel ex p erim en ts  we u sed  th e  len to g en ic  
(L a  Sota) and  th e  m esogenic (H e rtfo rd sh ire )  s tra in  u sed  as vaccine s tra in s  
in  H u n g a ry , an d  velogenic  s tra in s  iso la te d  from  n a tu ra l  cases (T an y i an d  S ári,
1970). The velogenic iso la tes  w ere p u rif ie d , id en tified , t i t r a t e d ,  an d  s to red  fo r 
th e  period  o f  s tu d y  as recom m ended  in  th e  l i te ra tu re  (M ayr e t a l., 1977; 
A n o n ., 1971; R ö h re r , 1968; W H O  E x p e r t  C om m ittee , 1971).

E ach  N D  v iru s  (NDV) s tr a in  w as u sed  fo r e x p e r im e n ta l in fec tio n  in  
2 d ilu tio n s , 106 ID 50 fo r  a h ig h  dose (g roup  T) an d  102 I D S0 fo r  a low er dose 
(g ro u p  H ). The in fec tio u s m a te r ia l w as app lied  in tra n a s a lly  an d  on th e  co n 
ju n c tiv a .

The schem e o f th e  m odel e x p e rim e n ts  is show n in  T ab le  I .  T hree  age 
g ro u p s (day-o ld , 2 to  4 w eeks o ld , o v e r 6 m o n th s  old) o f  d u ck s  an d  geese w ere 
in fe c te d  a t th e  above dose levels o f  each  v iru s  s tra in , a n d  in -c o n ta c t co n tro ls  
w ere set up  w ith  each  lo t. T h u s  th e  m odel ex p erim en ts  n u m b e re d  9, an d  each  
covered  4 e x p e rim e n ta l g roups.

A ll b ird  g roups w ere observed  fo r  6 w eeks, b y  m o n ito rin g  clin ical s ta te ,  
g ross lesions, p h a ry n g e a l an d  cloacal sw abs, and  se ru m  sam ples.

Sw abs w ere ta k e n  on 5 co n secu tiv e  days fo llow ing e x p e rim e n ta l in fec 
tio n , tw ice d u rin g  th e  second w eek, a n d  th e n  a t  w eekly  in te rv a ls . B lood sam ples 
w ere w ith d raw n  b efo re  e x p e rim e n ta l in fec tio n , an d  th e n  a t  w eekly  in te rv a ls  
(T able  I I ) .
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Table I
Scheme of the experiments

Day-old Growing Adult

Virus strains
Dose

IDM/ml duck-
ling»

gos
lings

duck-
lings

gos
lings

duck- gos
lings lings

Experiment 1 Experiment 2 Experiment 3
Lento genic 102 (group H) 5 +  2 5 + 2 5 +  2 5 +  2 5 + 2  5 + 2

10e (group T) 5 +  2 5 +  2 5 +  2 5 + 2 5 + 2  5 + 2
Experiment 4 Experiment 5 Experiment 6

Mesogenie 10* (group H) 5 +  2 5 + 2 5 + 2 5 +  2 5 + 2  5 + 2
106 (group T) 5 +  2 5 +  2 5 +  2 5 +  2 5 + 2  5 + 2

Experiment 7 Experiment 8 Experiment 9
Yelogenic 102 (group H) 5 +  2 5 +  2 5 +  2 5 +  2 5 + 2  5 +  2

106 (group T) 5 +  2 5 + 2 5 +  2 5 +  2 5 + 2  5 + 2

Table П
Scheme o f sampling

Days after inoculation

0 1 2 3 4 5 8 11 15 22 29 36

Blood + + + + +  +  +

Swabs (pharyngeal,
cloaeal) + +  + +  + + + + +  +  +

Organs airways
brain
liver-spleen 
intestinal tract

V irus iso la tion  w as a tte m p te d  f ro m  sw abs a n d  o rg an s  b y  in o cu la tio n  
in to  th e  a llan to ic  c a v ity  o f  e m b ry o n a te d  h e n ’s eggs. I so la tio n  ex p erim en ts  
from  4 organs follow ed u p o n  sp o n tan eo u s d ea th  or k illin g  a t  th e  conclusion 
(a t  36 days) of th e  ex p e rim e n t. E m b ry o s  d ied  in  th e  egg, or recovered  from  
eggs opened  96 h a f te r  in fec tio n , w ere exam ined  fo r g ross lesions, an d  th e  
ch o rioa llan to ic  flu id s  w ere  te s te d  for h a e m a g g lu tin a tio n .

T he serum  sam ples w ere ex am in ed  m ain ly  b y  h a e m a g g lu tin a tio n  in 
h ib itio n  (H I) te s t.

I n  th e  case o f  d ay -o ld  goslings, fu r th e r  ex am in a tio n s  w ere req u ired  to  
o b ta in  precise in fo rm a tio n  on su sc e p tib ility  to  NDV. F o r  th is  pu rpose , a d d i
tio n a l ex p erim en ta l g ro u p s w ere set u p  fo r  tre a tm e n t w ith  seria l d ilu tio n s o f

3 Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



34 AL IMADI and TANY1

th e  velogenic s tra in  u sed  in  th e  m a in  ex p e rim en t, an d  o f 10 o th e r velogenic 
s tra in s .

S tud ies of n a tu ra l  cases covered  o rgan  an d  blood  sam p les  o f ducks an d  
geese, su b m itted  to  th is  I n s t i tu te  fo r d iagnostic  e x am in a tio n  b e tw een  J a n u a ry  
1979 an d  30 M ay 1981. I n  th e se  cases we u sed  th e  sam e v iru s  iso la tion  an d  
sero log ica l techn iques as in  th e  m odel exp erim en ts .

Results

Clinical symptoms and gross lesions

T he lentogenic a n d  m esogenic s tra in s  d id  n o t give rise  to  clinical illness 
in  a n y  age group o f d u ck s  a n d  geese a t  e ith e r  dose level.

A ll day-old goslings in fec ted  w ith  th e  h igher dose (106 ID 50/m l) of th e  
velogen ic  s tra in  an d  one in -c o n ta c t b ird  (group T) deve loped  clin ical N D , 
a n d  5 o f th em  died  a f te r  a 1 to  3 -day  course o f illness b e tw e e n  days 4 and  7 
a f te r  infection . D ay -o ld  d u ck lings in fec ted  w ith  th e  sam e dose rem ained  
h e a lth y , and n e ith e r  d u ck lin g s  n o r goslings show ed c lin ica l response to  th e  
lo w er dose (group H ). P a r t  o f  th e  grow ing geese tre a te d  w ith  th e  h igher dose 
o f  th e  velogenic s t r a in  developed  tra n s ito ry  listlessness an d  in ap p e ten ce , 
b u t  a ll  recovered. A ll o th e r  grow ing  and  a d u lt b ird s  w ere h e a lth y  th ro u g h o u t 
th e  p e rio d  o f s tu d y .

T he day-old goslings w hich  developed  clin ical d isease in  response to  
in fe c tio n  w ith  the  v e logen ic  s tra in  show ed, a p a r t  from  serious general sy m p 
to m s , dyspnoea, d ia rrh o e a , w eakness to  th e  degree o f im m o b ility , and  ascen d 
in g  paresis . A t p o s t-m o rte m  e x a m in a tio n  e m p ty  d igestive  t r a c t ,  m ild  to  severe 
g a s tro e n te r itis , n a sa l c a ta r rh ,  p u lm o n a ry  oedem a an d  h y p e raem ia , and , in  
a few  cases here an d  th e re  ca rd iac  haem o rrh ag es w ere fo u n d .

Virus isolation

In  th e  groups t r e a te d  w ith  th e  h ig h er dose of th e  len to g en ic  or m esogenic 
s tra in s  (groupsT ), th e  v iru s  w as iso la ted  exclusively  from  th e  p h ary n g ea l sw ab 
o f  1—3 ducks or geese o f  th e  d iffe ren t g roups on 1 -3  occasions, be tw een  24 a n d  
72 h  a fte r  in fection . Iso la tio n  failed  th ro u g h o u t in  b ird s  in o cu la ted  w ith  th e  
lo w er dose (groups H ) o f  len to g en ic  an d  m esogenic N D Y  an d  th e ir  co n ta c ts , 
in  a ll age groups.

The virus w as re -iso la te d  from  b o th  p h a ry n g ea l a n d  cloacal sw abs o f  
a ll day-o ld  goslings t r e a te d  w ith  th e  h ig h er dose o f ve logen ic  v iru s  and  th e ir  
c o n ta c ts  (g roupsT ), w ith  th e  ex cep tio n  o f a single b ird . In  th e  duckling  g roup  
so tre a te d , the  v iru s  co u ld  be re -iso la ted  on ly  from  2 b ird s , 3 and  4 d a y s
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T ab le  Ш

Designation of birds

Virus isolation from pharyngeal and cloacal swabs of day-old ducklings and goslings infected 
with 106 ID50/ml of the velogenic strain

Days after infection

8 11 15 22 29

Ph C Ph C

3 4 5 8

Ph C Ph C Ph C Ph C Ph C Ph C Ph C Ph C A B L

Tdu 1
Tdu 2 

Tdu 3 
Tdu 4 
Tdu 5

1 
+

 
+

 
1 

! 
1 

I
I +

—

Tdu 6
Tdu 7

Tgo 1 -- -- — +  — + + — + + + —
Tgo 2 + +
Tgo 3 +  — + —  — + + + + + + +
Tgo 4 — — + — + + + + + + + + + +
Tgo 5 +  — — — + + + + + + + +
Tgo 6 — — — —  — + + + + + + + + +
Tgo 7 — —

Ph =  Pharyngeal swabs; C — cloacal swabs; A =  airways; В =  brain, L =  liver +  spleen; I =  intestinal tract
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a f te r  in fec tio n , re sp ec tiv e ly . T he b ird s  w h ich  succum bed  to  th e  in fec tio n  h a d  
e x c re te d  th e  v iru s  fo r a t  le a s t 2 day s (T able  I I I ) .  The v iru s  w as also  re -iso la ted  
fro m  a ll o rgan  sam p les , w ith  th e  e x c e p tio n  o f th e  in te s tin e s  o f  one b ird . T h e  
re su lts  o f  re -iso la tio n  in  ch icken  em b ry o s a re  show n in  T ab le  IV .

In  th e  d ay -o ld  g roups tr e a te d  w ith  th e  low er dose o f  th e  velogenic  
v iru s  (groups H ) iso la tio n  w as successfu l o n ly  from  a single gosling , b e tw een  
3 a n d  5 days a f te r  in fec tio n .

Table IV

Isolation of NDV in embryonated hen’s eggs from the organs of day-old goslings died in infection
with 106 ID60/ml velogenic NDV

Organa

Airways Brain

—L + + + + + + + -f- FID

Tgo 1 40 40 40 40 40 48 48 72 72

+ + + + + + + FID FID FID
Tgo 3 40 40 40 40 40 52 52

+ + + + + + + + — —
Tgo 4 48 48 48 48 48 48 48 48

+ + + + + + + — — —
Tgo 5 40 40 40 40 40 72 72

+ + -{- + + + + + + +
Tgo 6 48 48 48 72 72 48 48 48 72 72

FID =  fatal intercurrent disease of the embryo, preventing evaluation

Liver—spleen Intestinal tract

+ + FID FID FID FID — --  --  --
Tgo I 48 48

+ + + + + + FID —  — —
Tgo 3 40 40 48 48 48 72

+ + + + FID + 4*
Tgo 4 48 48 72 72 24 48 48

+ + + + + + FID — — —
Tgo 5 48 48 48 48 72 48

+ — — — — J_ FID --  --  --
Tgo 6 72 72
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Isolation of NDY from pharyngeal and cloacal swabs of growing ducks and geese infected with
106 ID50/ml of velogenic virus

T ab le  V

Days after infection
Designa

tion 
of birds

29

Ph Ph C Ph Ph C Ph C Ph

»
a

a
FID =  fatal in te rcu rre n t disease
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T he iso la tion  w as p ositive  b e tw een  d ay s  1 and 5 a f te r  in fec tio n  from  
sw ab s  o f  all 5 grow ing geese in o cu la ted  w ith  th e  h igher dose. T h e  second re- 
-iso la tio n fo llo w ed  24 h  a f te r  th e  f ir s t  one in  one case, b u t u su a lly  a f te r  a 2 -day  
n e g a tiv e  in te rv a l u p o n  iso la tio n s b e tw een  48 an d  96 h  p o st- in o cu la tio n .

T he v iru s w as a l te rn a te ly  p re se n t in  th e  p h ary n g ea l an d  cloacal sw abs, 
b u t  th e  p ercen tage  o f  po sitiv e  sam ples w as ap p ro x im ate ly  id e n tic a l in  th e  
tw o  sam ple  categories. No v iru s  could  he iso la ted  from  th e  2 in -c o n ta c t b ird s  
a llo c a te d  to  th a t  g ro u p  o f  grow ing geese.

In  g roup  T  o f g row ing  ducks re -iso la tio n  was successfu l from  3 b ird s  
d u r in g  th e  f irs t  5 d ay s; in  2 cases o n ly  fro m  th e  p h a ry n g ea l sw abs, an d  in  1 
case o n ly  from  th e  c loacal sw ab (T able  Y ).

Iso la tio n  failed  from  all grow ing d u ck s and  geese o f  g roups H  ex cep t 
f ro m  a single goose, w h ich  y ie lded  p o s itiv e  cloacal sw abs on  d ay s 4 and  5 
a f te r  ino cu la tio n .

I n  th e  a d u lt age g roup , one e x p e rim e n ta l and one in -c o n ta c t goose o f  
g ro u p  T  y ielded  a p o sitiv e  p h a ry n g ea l sw ab 48 and  96 h  a fte r  in o cu la tio n . T he 
iso la tio n  ex p erim en ts  h a d  neg a tiv e  re su lts  in  all o th e r in s tan ces .

Table VI

H I antibody titres in the sera of day-old ducklings and goslings infected with 106 ID50/ml
velogenic virus

Designation 
of birds

Days of sampling p.i.

0 8 11 15 22 29 36

Tdu 1 0 0 0 0 0 0 0
Tdu 2 0 0 0 0 0 0 0
Tdu 3 0 0 0 0 0 0 0
Tdu 4 0 4 2 2 0 0 0
Tdu 5 0 2 0 0 0 0 0
Tdu 6 0 0 0 0 0 0 0
Tdu 7 0 0 0 0 0 0 0

Tgo 1 0
Tgo 2 0 32 16 16 8 8 —
Tgo 3 0
Tgo 4 0
Tgo 5 0
Tgo 6 0 0
Tgo 7 0 128 64 64 32 32 16

Remark: The tests were carried out with 4 HA units of the La Sota and the homologous strain. 
The titres are expressed as reciprocals of the highest positive serum dilution
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Serological tests

T he H I  t i t r e s  o f th e  geese in c reased  o v er tho se  o f th e  ducks in  th e  g ro u p s 
t re a te d  w ith  10e ID 50/m l v irus (groups T ). T he ti tre s  o f th e  su rv ivors w ere 
re la tiv e ly  low  in  th e  day-o ld  gosling g roup , h ig h e r in  th e  grow ing goose g ro u p , 
an d  o ccasio n a lly  v e ry  h igh  in  th e  a d u lt geese. T he a n tib o d y  ti tre s  te n d e d  to  
increase  w ith  p rog ressing  age in  b o th  geese a n d  ducks, b u t  th e  species-specific  
d ifference p e rs is ted  th ro u g h o u t. T ran sm iss io n  o f th e  in fec tion  b y  c o n ta c t 
o ccu rred  fre q u e n tly  am ong geese, b u t  fa iled  to  occur am ong ducks. T h e  H I  
t i t r e s  reach ed  a p eak  soon, be tw een  8 an d  11 d ay s, th e n  d ropped  a b ru p t ly  
(Tables V I -Y I I I ) .

Table VII
HI antibody titres in the sera of growing ducks and geese infected with 

106 ID50/m l velogenic NDY

Designation 
of birds

Daysi of sampling p.i.

0 8 11 15 22 29 36

Tdu 1 0 8 16 4 8 4 2
Tdu 2 0 2 8 16 16 4 2
Tdu 3 0 2 0 8 8 4 2
Tdu 4 0 0 0 0 0 0 2
Tdu 5 0 16 16 8 4 0 4
Tdu 6 0 0 0 0 0 0 0
Tdu 7 0 0 0 0 0 0 0

Tgo 1 0 256 32 32
Tgo 2 0 64 32 16 8 8 4
Tgo 3 0 32 32 16 8 8 4
Tgo 4 0 64

Tgo 5 0 32 128 32 16 8 4
Tgo 6 0 32 128
Tgo 7 0 0 64 8 16 4 4

See Remark to Table VI

O nly  a few  b ird s  show ed H I  t i t r e s  o f a re la tiv e ly  low  level in  th e  g ro u p s 
tre a te d  w ith  th e  low er dose (groups H ).

Infection experiments with velogenic strains 
Infection experiments in day-old goslings with serial dilutions o f the velogenic 
strain used in  the main experiments

M o rta lity  te n d e d  to  increase , an d  th e  la te n c y  and  course o f th e  d isease  
te n d e d  to  decrease as th e  v iru s  dose w as r ise n  (T able IX ).



40 AL IMADI and TANYI

Table V U !

HI antibody titres in the sera of adult ducks and geese infected with 
10e ID50/ml velogenic NDY

Designation 
of birds

Days of sampling p.i.

0 8 11 15 22 29 36

Tdu 1 0 64 128 64 16 8 4

Tdu 2 0 32 128 64 16 8 4

Tdu 3 0 128 512 256 32 16 4
Tdu 4 4 16 16 16 8 8 8
Tdu 5 0 32 32 16 8 4 4
Tdu 6 0 0 0 0 0 0 0
Tdu 7 0 0 0 0 0 0 0

Tgo 1 0 128 256 128 128 64 32
Tgo 2 0 128 256 64 128 32 32

Tgo 3 0 1024 1024 512 512 128 32
Tgo 4 0 1024 1024 128 256 128 16
Tgo 5 0 64 128 128 32 32 8
Tgo 6 0 256 256 256 128 64 32

Tgo 7 0 128 128 512 512 32 32

See Remark to Table VI

Table IX

Results of experimental infection of day-old goslings with serial dilutions of velogenic NDV

Dose
ID 60/ml

Died/infected
birds

Diseased /healthy 
birds

Mean latency 
time in h/n

10’ 8/10 8+ 1 /1 84/8
106 8/10 8 + 1 /1 96/8
10s 5/10 5 + 3 /2 128/5
104 4/10 4 + 2 /4 163/4

103 2/10 2 +  1/7 —
102 0/10 1/9 —

T he la te n c y  p e rio d  la s ted  3 -8  d a y s , a n d  m ost d e a th s  occurred  b e tw een  
24 an d  48 h  a f te r  th e  f ir s t  ap p earan ce  o f  sy m p to m s. Som e b ird s  o f  th o se  
w h ich  h ad  been  ill fo r  3 days recovered .

The sy m p to m s a n d  gross lemons w ere  essen tia lly  th e  sam e as in  th e  m a in  
ex p erim en ts .
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Infection experiments w ith different velogenic strains

G roups o f 10 goslings, serologically  n eg a tiv e  in  th e  H I  te s t , were in fec ted  
w ith  th e  velogenic  s tra in s  I - X .  The g re a te r  p a r t  o f th e  b ird s  (7 to  10 in  10) 
d ied  3 -8  d ays a f te r  in o cu la tio n . In  8 g roups, 1 to  3 b ird s  show ed signs o f 
reco v ery  o r w ere free fro m  sym p to m s th ro u g h o u t.

The s tra in  u sed  fo r  ex p erim en ta l in fec tio n  could  be re-iso la ted  from  all 
carcases.

Diagnostic studies in natural cases o f  N D

T he o rgan  a n d  b lo o d  sam ples o f n e a rly  all n a tu ra lly  d iseased ducks an d  
geese su b m itte d  to  th e  D e p a rtm e n t o f V irus D iag n o stics , V e te rin a ry  In s t i tu te  
o f  D ebrecen , b e tw een  J a n u a ry  1979 a n d  30 M ay 1981, w ere ex am in ed  fo r 
N D V . These s tu d ies  co v ered  organ  sam ples o f  a to ta l  o f  3779 ducks an d  geese 
o rig in a tin g  from  250 la rg e  or sm all f locks, an d  blood sam ples o f a to ta l  o f  657 
ducks an d  geese from  69 large or sm all flocks. The flocks w ere located  fo r th e  
m o st p a r t  in  co u n tie s  S zabo lcs-S za tm ár, H a jd ú -B ih a r  a n d  Szolnok; a m in o r 
p a r t  o f th e  sam ples o r ig in a te d  from  o th e r  regions o f  H u n g a ry . The flocks o f 
o rig in  belonged  to  d iffe re n t age groups. A ll o rgan  sam ples w ere derived  from  
b ird s  died  o f  d iseases o th e r  th a n  N D . T he b lood  sam ples w ere collected  from  
h e a lth y  b ird s .

No N D V  could  h e  iso la ted  from  a n y  o rg an  or b lo o d  sam ple.

Discussion

A ll th ree  age g ro u p s  o f  ducks an d  geese p ro v ed  to  be suscep tib le  to  
in fec tio n  b y  N D V . H o w ev er, large doses o f v iru s  w ere req u ired  to  p ro d u ce  
an  in fec tion . S u sc e p tib ility  also v a ried  b e tw een  s tra in s , h o s t species, an d  age 
g roups.

O ur e x p e rim e n ta l o b serv a tio n s in d ica te  th a t  th e  vaccine  s tra in s  re p li
c a te d  p ro b ab ly  o n ly  a t  th e  sites o f in fec tio n , and  w ere ex c re ted  in  th e  n a sa l 
an d  p h a ry n g ea l d isch arg es fo r a sh o rt tr a n s i to ry  p e rio d , fo r 72 h a t  m o st, a t  
a low  in fec tiv e  t i t r e ,  a n d  w ere fu r th e r  on no  longer d em o n strab le  in  th e  o rg an 
ism . T h e ir a n tig e n ic ity  seem ed to  be low  w hen  checked  in  n a tu ra l  in fec tions. 
E n zo o tic  occurrence o f  len togen ic  an d  m esogenic s tra in s  seem s u n like ly  also 
w ith in  a g iven w a te rfo w l p o p u la tio n .

A gain st th is , th e  velogenic s tra in  gave rise in  d ay -o ld  b ird s  to  v iraem ia , 
w h ich  elic ited  c lin ica l d isease a fte r  3—8 day s o f la ten cy , d epend ing  on th e  v iru s  
t i t r e ,  an d  th e  d iseased  b ird s  shed th e  v iru s  a t  re la tiv e ly  h igh  infective t i t re s , 
in  a ll bo d y  d ischarges. T h e  grow ing b ird s  developed  a t r a n s i to ry  illness, w hereas 
th e  a d u lt b ird s  on ly  a n  in a p p a re n t in fec tio n , in  re sponse  to  th e  velogenic 
s tra in . T h u s, su sc e p tib ility  te n d e d  to  decrease w hile th e  im m une response 
te n d e d  to  increase , w ith  progressing  age.
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Geese p roved  to  b e  m ore su scep tib le  to  NDY th a n  th e  ducks, since in  
th e  day -o ld  age th e y  h a d  been  re n d e red  ill w ith  g rea t c e r ta in ty  by  th e  h ig h e r 
dose used , to  w hich  th e  d ay -o ld  ducks d id  n o t respond  b y  clin ica l sy m p to m s. 
D u r in g  th e  grow ing ag e , d issim ilar su scep tib ility  w as in d ic a te d  by  th e  g re a te r  
n u m b e r  o f v irus iso la tio n s  an d  h ig h e r se ru m  an tib o d y  t i t r e s  am ong th e  geese.

T he su scep tib ility  o f w aterfow ls to  velogenic N D V  s tra in s  has been s tu d 
ied  b y  o th e r in v e s tig a to rs  in  b o th  n a tu ra l  an d  ex p e rim en ta l in fec tions (F rien d  
a n d  T ra in e r, 1972; R aszev szk a , 1966; W eidenm iille r, 1972; an d  o th e rs). 
C ircu la tio n  of len to g en ic  s tra in s , possessing  a th e rm o sta b le  h a em ag g lu tin in , 
am o n g  wild geese in d ig en o u s a t  th e  A tla n tic  Coast h as  b een  re p o rte d  b y  
R o sen b erg e r e t al. (1975), an d  S p a la tin  an d  H anson  (1975). O u r ow n in v e s tig a 
tio n s  h av e  s u b s ta n tia te d  th e se  f in d in g s , an d  also disclosed som e new  in fo rm a
t io n  on  the  b eh av io u r o f  m esogenic s tra in s  and  len togen ic  s tra in s  possessing 
th e rm o la b ile  h a e m a g g lu tin in .

Since dom estic d u ck s an d  geese p ro v ed  to  be su scep tib le  to  N D V  s tra in s , 
in d e p e n d e n t of v iru len ce  o f  th e se , a t  a ll ages, and  evidence h as  been  p re sen ted  
o f  sh edd ing  of th e se  s tra in s  b y  th e m , th e y  m ay  w ell serve as reservo irs  and  
tra n s m it te r s  of N D Y  in fec tio n  in  p o u ltry  flocks.

H ow ever, th e  ep izoo tio lo g ica l im p o rtan ce  of w ate rfow ls in  th e  sp read  
o f  N D  varies w ith  th e  species an d  age o f  th e  h o st, a n d  w ith  th e  degree o f 
v iru le n c e  of the  N D V  s tra in  in v o lv ed  as w ell.

W e agree w ith  o th e r  au th o rs  (F r ie n d  an d  T ra in e r, 1972; L an cas te r , 1963, 
1977) th a t  large doses o f  N D V  are req u ired  to  p roduce an  in fec tio n  in  a q u a tic  
b ird s , an d  such a m assiv e  in fec tio n  cou ld  occur in  n a tu ra l  co n d itions o n ly  b y  
in t im a te  con tac t w ith  la te n t ly  in fec ted  or c lin ically  d iseased  hosts .

T he degree o f  v iru s  ex c re tio n  w as closely  re la ted  to  th e  species-specific 
su sc e p tib ility  (goose) a n d  age (d ay -o ld , grow ing) o f th e  w a te rfow l h o s t, an d  
also  depended  on th e  degree o f  v iru len ce  o f  th e  NDV s tra in  used.

A  long-term  N D V  ca rrie rsh ip  o f d om estic  ducks an d  geese seem s u n lik e ly  
i f  th e  low su sc e p tib ility  o f th e se  species on th e  one h a n d , an d  th e  sp eed y  
d ev e lo p m en t of h ig h  a n tib o d y  t i t r e s  on  th e  o th e r are ta k e n  in to  co n sid e ra 
tio n .

The ep izootio log ical, clin ical, an d  p a th o lo g ic a l-a n a to m ic a l fea tu re s  o f 
N D  seem ed to  be n o n -c h a ra c te r is tic  in  ducks and  geese, th u s  v iru s iso la tio n  
rem a in s  th e  only re liab le  d iagnostic  ap p ro ach .

D iagnostic  ev id en ce  o f th e  re sp o n s ib ility  o f NDV fo r o u tb re a k s  in  sm all 
p o u l t ry  flocks and  am o n g  w ild  b ird s  req u ires  v iru s iso la tio n  fro m , and  sero log
ica l screening of, d u ck s an d  geese, an d  occasionally , th e  use o f  day-o ld  goslings 
as t e s t  b irds for c o n ta c t  in fec tion .

D uring  seasonal o u tb re a k s , se p a ra tio n  o f th e  feed ing  a n d  restin g  p laces 
o f  sm a ll flocks an d  te m p o ra ry  iso la tio n  o f th e  flock m ay  p re v e n t th e  tra n s fe r  
o f  N D V  infection  b y  d o m estic  w aterfow l.
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Studies on parainfluenza-3 (PI-3) virus strains isolated from 6-8  weeks old and 5— 
12 months old calves affected by different respiratory diseases revealed that isolates of 
identical infective titres markedly differed in their haemagglutinating (HA) activity, and that 
virus strains maintained this property through several passages.

PI-3 virus strains of high HA activity were exposed to physical or chemical treatm ents. 
Heat treatment at 50 °C for 120 min or treatment with 0.5% trypsin for 30 min destroyed  
both the infectivity and the HA activity of the virus. Other treatments, among others, heat 
treatment at 50 °C for 80 min or treatment w ith 0.25% trypsin for 30 min, destroyed the 
HA activity of the virus but did not affect its infectivity. Formaldehyde as well as beta- 
propiolactone treatment destroyed the infectivity of the virus and damaged its haemaggluti- 
nins to different extents. Ethylenimine (E l) was found to inactivate the infectivity of PI-3 
virus but failed to affect its HA activity.

The immunogenicity of virus strains of originally high and originally low HA activity  
and damaged in different ways showed a positive correlation with the HA activity of the 
strains.

Rabbits inoculated twice with an El-inactivated PI-3 virus developed haemagglutination- 
inhibiting (HI) antibodies already after the first vaccination. However, marked elevation  
of virus-neutralizing (YN) antibody titres needed a second vaccination.

D u rin g  in v e s tig a tio n s  on acu te  re sp ira to ry  diseases o f  contag ious n a tu re  
in  calves, p a ra in flu en za -3  (P I-3) v iru s  s tra in s  w ere iso la ted  from  d iffe re n t 
disease en titie s . S ev era l biological ch a ra c te ris tic s  o f  th e  v iru s  s tra in s  w ere  
c o m p a ra tiv e ly  s tu d ie d .

Materials and methods

V irus strains. P I-3  v iru s s tra in s  w ere iso la ted  from  severa l w eeks o ld  
calves w ith  re s p ira to ry  disease (K öves e t  a l., in  p ress), an d  from  a d u lt b u lls  
a ffec ted  b y  a c u te  re sp ira to ry  disease (ep izootic  coughing) (B a rth a  and  K ö v es , 
1975). Som e d a ta  fo r th e  P I-3  v iru s  iso la te s  are g iven  in  T ab le  I . The iso la ted  
s tra in s  w ere p u r if ie d  b y  th e  e n d p o in t-d ilu tio n  m eth o d  perfo rm ed  th ree  t im e s . 
In fec tiv e  t i t r e s  w ere de te rm in ed  in  seco n d a ry  ca lf  k id n e y  cell cu ltu res.

Haemagglutinating ( H A )  activity. V irus-co n ta in in g  m ain ten an ce  m ed iu m  
(E a rle ’s so lu tio n , free o f serum , D ifco) o f cell cu ltu res  w as cen trifu g ed  a t  
4000 rp m  fo r 30 m in  (J a n e tz k i K23 cen trifu g e). The H A  t i t r e  o f iso late sam ples 
p rep a red  in  th is  w ay  w as exam ined  b o th  in  tub es and  in  m ic ro titra to r  (T a-
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k á tsy )  tra y s  a t  4, 22 a n d  37 °C. In  th e  m a in  ex p erim en ts , tu b e  ag g lu tin a tio n  
■was used ; th e  in c u b a tio n  period w as 60 m in  a t  37 °C an d  240 m in a t  22 °C. 
In  th e  te s ts  0 ,5%  suspen sio n s o f w ash ed  c a ttle  and  gu inea  p ig  e ry th ro c y te s  
w ere used.

Physicochemical treatments. C ell-free su p e rn a ta n ts  o f v iru s  s tra in s  
p ro p a g a te d  in  cell c u ltu re s  were exposed  to  UV irra d ia tio n  fo r 10 and  20 m in  
(B L F -32  b a c te r ic id a l lam p , L A B O R  M IM  B u d ap est) . E x p o su re  to  freon  gas 
w as p erfo rm ed  in  L A B O R  MIM G ST-21 gas sterilizers. V irus s tra in s  w ere 
t r e a te d  w ith  0 .2%  so d iu m  dodecyl s u lp h a te  (SDS) fo r 60 an d  120 m in , w ith  
1 M M gC l2 fo r 10 a n d  20 m in  a t  50 °C, w ith  0.25%  try p s in  so lu tion  (D ifco) 
fo r 30 an d  60 m in , a n d  w ith  0.5%  t ry p s in  so lu tion  fo r 60 m in . Sam ples w ere 
h e a t- tre a te d  a t  50 °C fo r  80, 100 an d  120 m in . F o rm a ld eh y d e , be ta -p ro p io lac- 
to n e  an d  e th y len im in e  (E l)  t re a tm e n ts  w ere perfo rm ed  a t  37 °C, w ith  co n 
c e n tra tio n s  o f 400 (Ug/ml, 1000 /tg/m l a n d  400 fig/m l, re sp ec tiv e ly . F o r th e  im 
m u n iz a tio n  e x p e rim e n ts , each v irus su sp en sio n  was m ixed  w ith  an  equal vo lum e 
o f th e  incom plete  oil a d ju v a n t (H U M A N  I n s t i tu te  for S erobacterio log ica l P ro 
d u c tio n  and  R esea rch , B u d ap est) . F ive  ra b b i ts ,  each w eighing  2 .5 -3 .0  kg , w ere 
g iv en  tw o  1 m l doses o f  one of th e  p re p a ra tio n s  in tra m u sc u la rly , a t  an  in te rv a l o f 
tw o  w eeks. Serum  a n tib o d y  titre s  o f ra b b i ts  w ere d e te rm in ed  by  v irus n e u tra l
iz a tio n  (VN) and  h a e m a g g lu tin a tio n -in h ib itio n  (H I) te s ts .

Table I

Haemagglutinating (HA) activity of PI-3 virus strains

Calf Haemagglutination*

Strain
Age Disease entity

Infective titre 
10x/0.1 ml cattle guinea pig 

erythrocytes

4/5 12 months E.C. 6.5 1:32 1:256
9/4 5-7 99 a.E.C. 6.5 32 256
2/4 2-3 99 a.E.C. 6.0 16 128
1/4 2-3 99 a.E.C. 6.5 2 4

12/4 5-7 99 a.E.C. 6.5 32 128
ME 2/4 2-4 9 9 G.R.D. 6.0 4 8
ME 6/5 2-4 9 9 G.R.D. 6.5 32 128
ME 9/6 2-4 ,, G.R.D. 6.5 16 64
ME 9/7 2-4 9 9 G.R.D. 6.5 32 256
ME 6/6 2-4 99 G.R.D. 6.0 32 128

* tube agglutination. The incubation period was 60 min at 37 °C, and 240 min at 22 °C 
a.E.C. =  status after epizootic coughing 

E.C. =  epizootic coughing 
G.R.D. =  general respiratory disease
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Results

T he in fec tiv e  and  H A  ti tre s  o f  th e  PI-3 virus iso la tes  w ere s tu d ie d  d u rin g  
s ix  passages in  cell cu ltu re . I t  w as found  th a t  th ro u g h o u t th e  passages th e  
H A  t i t r e  o f  s tra in s  hav in g  an  id e n tic a l in fective t i t r e  d id  n o t show a lte ra tio n s , 
as com pared  to  each  o th e r. T he in fec tiv e  and  th e  H A  t i t r e s  of v iru s  s tra in s  
in  th e  fo u r th  passag e  are show n in  T ab le  I.

T he tw o s tra in s  of h igh H A  a c tiv ity  were exposed  to  d iffe ren t p h y sica l 
a n d  chem ical ag en ts . S tra in s  4/5 an d  M E 9/7 b e h av ed  u n ifo rm ly  in  th ese  
e x p e rim en ts ; re su lts  are su m m arized  in  T able I I .  Im m u n e  responses induced

Table II

Infective titre and haemagglutinating activity of strain 4/5 after physical 
and chemical treatments

Treatment
Infective titre 

10x/0.1 ml

Haemagglutination 

cattle guinea pig 

erythrocytes

Untreated 4/5 strain 7.0 1:64 1:512
UV 10 min — 64 64
UV 20 min — 8 16
Freon gas 60 min — 64 128
Sodium dodecyl sulphate, 0.2%, 

60 min 3.0 32 64
Sodium dodecyl sulphate, 0.2% , 

120 min 3.0 16 64
1 M MgCl2 50 °C, 10 min 2.0 64 256
1 M MgCl2 50 °C, 20 min — 32 64
Trypsin 0.25% , 30 min 2.0 — —
Trypsin 0.25% , 60 min 1.0 — —
Trypsin 0.5% , 30 min — — —
50 °C, 80 min 3.5 — —
50 °C, 100 min 2.0 — —
50 °C, 120 min — — —
HCHO 400 jMg/ml 20 h — 32 128
BPL 1000 jUg/ml 20 h — 32 128
E l 400 Цg/ml 20 h — 64 512

in  ra b b its  b y  s tra in s  o f orig inally  h ig h , o rig inally  low (u n tre a te d )  an d  v a rio u s ly  
im p a ire d  ( tre a te d )  H A  a c tiv ity  w ere s tu d ie d . The im m u n o g en ic ity  o f u n tre a te d  
liv e  v iru s  suspen sio n s and  of v iru s  suspensions su b je c te d to  d iffe ren t t r e a tm e n ts
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Table Ш

Antigenicity studies in rabbits. I

Inoculum

Antibody titre

Day 0 Day 14 Day 28

VN VN VN HI

1/4 live — — 18.6 8
4/5 live — — 122.3 256

4/5 E l — — 128 248.3
4/5 freon — — 28 56.8
4/5 UV 10 min — — 64 64
4/5 50 °C 120 min — — — —
4/5 0.5% trypsin — — — —
4/5 HCHO — — 22.6 21.3
4/5 BPL — — 32 21.3

w as exam ined b y  Y N  te s t s  perform ed on d a y s  0, 14 and  28, an d  by  a H I te s t 
p erfo rm ed  on d ay  28 (T ab le  I I I ) .

T he im m unogen ic  p o te n tia l  o f th e  liv e  v iru s  s tra in  4/5 an d  th a t  o f th e  
v iru s  tre a te d  w ith  th e  co n v en tio n a l in a c tiv a tin g  agen ts o r w ith  E l  (w hich 
is th e  least active in  d a m a g in g  th e  H A  a n tig e n )  w as co m p ared  a fte r  rep ea ted  
in o cu la tio n  ex p e rim en ts  in  ra b b its . Serum  V N  ti tre s  o f ra b b its  were d e te r
m in ed  on days 0, 14 a n d  42, and  H I t i t r e s  on  d a y  42 (T able  IV ).

Table IV

Antigenicity studies in rabbits. II

Inoculum

Antibody titre

Day 0 
VN

Day 14 
VN VN

Day 42

HI

4/5 live — — 85.3 277.3
4/5 E l — — 74.6 206.6
4/5 BPL — — 13.3 37.3
4/5 HCHO — — 10.6 21.3

T he d ev e lo p m en t o f  im m une response  in d u ced  b y  th e  E l- in a c tiv a te d  
s t r a in  w as s tu d ied  a f te r  im m uniz ing  e x p e rim e n ta l ra b b its  tw ice , a t  an  in te rv a l 
o f  14 days. The co u rses  o f  th e  YN and  H I  a n tib o d y  resp o n ses  are show n in  
F ig . 1.
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log*

Fig. 1. VN and HI titres of rabbits vaccinated twice at an interval of 14 days. Solid line,
HI titre, broken line, VN titre

D iscussion

T he P I-3  v iru s  iso la tes  o f id e n tic a l cell c u ltu rë  passage  n u m b er an d  
id en tica l in fec tive  t i t r e  con sid erab ly  d iffered  from  one a n o th e r  in  H A  a c tiv ity . 
T he d ifferences w ere m ore p ro n o u n ced  i f  gu inea-p ig  e ry th ro c y te s  th a n  i f  
c a ttle  e ry th ro c y te s  w ere u sed  in  th e  H A  te s t .  T he H A  t i t r e  o f  th e  v iru s  s tra in s  
rem ained  c o n s ta n t a n d  c h a ra c te ris tic  o f  th e  s tra in s  d u rin g  fu r th e r  passages. 
No re la tio n sh ip s  w ere fo u n d  be tw een  th is  p ro p e rty  o f  th e  v iru ses an d  th e  
d iffe ren t epizootio log ical s itu a tio n s  o f  w hich  th e  iso la tes  h a d  been  o b ta in ed .

Scheid  e t al. (1972) an d  S cheid  an d  C hoppin  (1973) e s tab lish ed  th a t  
a single g ly copro te in  (“ H N ” ) w as responsib le  fo r th e  n eu ram in id ase  (NA) 
an d  H A  ac tiv itie s  o f p a ram y x o v iru se s . L a te r  on, i t  w as rev ea led  th a t  peplo- 
m ers w ith  a H N  a c tiv i ty  p r im a rily  h a d  a ro le in  a d so rp tio n  o f P I  v iruses to  
cells, w hile a n o th e r g ly co p ro te in , p ro te in  F , w as resp o n sib le  fo r th e ir  p e n e tra 
tio n  (Merz e t a l., 1980; S cheid  e t  a l., 1978). In  ou r ex p e rim e n ts , we dam aged  to  
d iffe ren t degrees th e  H A  a n tig e n  o f P I-3  v iru s s tra in s  o f  h ig h  H A  a c tiv ity . 
Some d ra s tic  tre a tm e n ts  d e s tro y ed  b o th  th e  in fe c tiv ity  a n d  th e  H A  a c tiv ity . 
O th er tre a tm e n ts  d im in ish ed  th e  H A  a c tiv ity  o f v iru se s  sooner th a n  th e ir  
in fec tiv ity . I n  th ese  cases, v iru ses  co m p le te ly  lo st th e ir  d e te c ta b le  H A  a c tiv 
i ty , b u t  p a r tly  re ta in e d  th e ir  in fe c tiv ity  (a lth o u g h  th e  la t te r  also decreased) 
(T able I I ) .  D esp ite  m a rk e d  or a p p a re n tly  com plete in a c tiv a tio n  o f H A  a c tiv 
i ty  of th e  H N  g ly co p ro te in , som e v irio n s  m ay  be p re su m a b ly  ab le to  p e n e tra te  
th e  cells an d  rep lica te  th e re . F o rm ald eh y d e  and  b e ta -p ro p io lac to n e  tr e a tm e n t, 
on th e  o th e r h a n d , d e s tro y e d  v iru s  in fe c tiv ity  an d  d am ag ed  H N  an tigens to  
d ifferen t degrees. T h is fin d in g  is p a r t ly  con sis ten t w ith  th e  observa tions o f 
M orein an d  B erg m an n  (1977), w ho fo u n d  an  increase in  N A  a c tiv ity  to g e th e r 
w ith  a decrease in  H A  a c tiv ity  a f te r  fo rm aldehyde  t r e a tm e n t .  H ow ever, in
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th e ir  experim en ts b e ta -p ro p io la c to n e  fa iled  to  in fluence  th e  H A  a c tiv ity  of 
th e  v iru s . I t  is re m a rk a b le  th a t  in  o u r ex p erim en ts  E l  d e s tro y e d  v iru s  in fectiv - 
i ty  b u t  failed to  a ffe c t H A  a c tiv ity .

M orein et al. (1973) s tu d ied  th e  im m u n o g en ic ity  o f  v iru s  s tra in s  of h igh  
a n d  low NA a c tiv ity , an d  found  th a t  th e  a n tib o d y  response  d e tec tab le  in  
th e  serum  and  th e  n a sa l secre tion  w as in d e p e n d e n t o f th e  NA a c tiv i ty  o f  s tra in s . 
T h e y  observed th a t ,  to g e th e r  w ith  th e  increase of H I  t i t r e s ,  an ti-N A  ti tre s  
a lso  increased , ir re sp e c tiv e  o f th e  degree o f th e  NA a c tiv i ty  o f  th e  s tra in s . 
I n  o u r stud ies, th e  im m u n o g en ic ity  o f  P I-3  v iru s s tra in s  o f  o rig in a lly  h igh  and  
o rig in a lly  low H A  a c t iv i ty  show ed a p o sitiv e  co rre la tio n  w ith  th e  H A  a c tiv ity  
o f  th e  s tra in s . T hus, s t r a in  4/5 of h igh  H A  a c tiv ity  induced  a fa r  m ore expressed  
im m u n e  response th a n  s tra in  1/4, w h ich  h ad  a low H A  a c tiv ity . Im m u n o 
g e n ic ity  of the  t r e a te d  v iru s  p re p a ra tio n s  also show ed a p o sitiv e  co rre la tion  
w ith  th e  degree to  w h ich  th e ir  H A  a c tiv i ty  w as dam aged  (T ab les I I I  and  IV ).

B y im m uniz ing  ra b b its  tw ice w ith  th e  E l- in a c tiv a te d  s tra in  of h igh 
H A  a c tiv ity  (E l b e in g  th e  ag en t w hich  affects th e  surface a n tig en s  to  th e  least 
e x te n t) ,  an expressed  im m u n e  response  w as induced .

In  th e  H I te s t ,  m a rk e d  a n tib o d y  responses w ere o bserved  a lready  a fte r  
th e  f i r s t  v acc in a tio n  a n d  th e  t i tre s  in c reased  fu r th e r  a f te r  th e  second  v acc in a 
tio n . In  th e  VN te s t  n o , o r v e ry  s lig h t, a n tib o d y  responses w ere d em o n stra ted  
a f te r  th e  f irs t v a c c in a tio n . H ow ever, th e  second v acc in a tio n  w as follow ed by  
a s tr ik in g  increase in  th e  YN a n tib o d y  ti tre s  (Fig. 1).
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Characteristics of the immune response induced by an ethylenimine-inactivated PI-3 virus 
strain of high HA activity were studied. The strains had been isolated from calves showing 
symptoms of respiratory disease. Calves were vaccinated twice at an interval of 7, 10, 14 or 
21 days. The curves representing the HI (haemagglutination-inhibiting) and VN (virus-neutral
izing) antibody responses did not run parallel. The HI antibody titres increased significantly 
in all programmes, whereas VN antibodies appeared only after the second vaccination and 
their titre reached the highest level in the programme in which the interval between the two 
injections was 14 days. On the 14th and 28th days after re-vaccination it was found that re
vaccination performed after an interval of 14 days was significantly more effective than that 
carried out after an interval of 7, 10 or 21 days, as regards VN antibodies. The HI antibody 
response showed no marked differences between the programmes.

Antibody responses following immunization of lambs with PI-3 virus were also studied. 
When antibody titres started to decrease, the lambs were challenged with PI-3 virus. U n
vaccinated animals became affected by the challenge dose, were shedding the virus and showed 
histopathological changes. The immunized animals, though showing minor histopathological 
changes, did not exhibit clinical symptoms and did not shed the virus. Marked proliferation 
of cells responsible for cell-mediated im munity was observed in the lymphoid organs.

The results indicate that vaccination with the ethylenimine-inactivated PI-3 virus of 
high HA activity can provide protection against PI-3 virus infection.

In  th e  p reced ing  p ap e r (p . 45 in  th is  vo lum e), s tr ik in g  d ifferences 
found  in  th e  h a e m a g g lu tin a tin g  (H A ) a c tiv ity  o f bov ine  p a ra in flu en za-3  
(P I-3 ) v iru s  iso la tes h av e  been  re p o r te d . A co rre la tio n  w as found  be tw een  th e  
H A  a c tiv i ty  and  th e  im m u n o g e n ic ity  o f  th e  s tra in s .

C h arac te ris tics  o f  th e  im m u n e  response  in d u ced  b y  an  e th y len im in e- 
in a c tiv a te d  p re p a ra tio n  o f a v iru s  s tra in  o f h igh  H A  a c tiv ity  are  re p o rte d  
in  th e  p re se n t p ap er.

Materials and methods

Vaccine. The P I-3  v iru s  s tr a in  4/5 o f h igh  H A  a c tiv ity  w as iso la ted  from  
calves a ffec ted  b y  acu te  re sp ira to ry  disease and  i t  w as p ro p a g a te d  in  c a lf  
k id n ey  (CK) cell cu ltu re s . T he v iru s  w as in a c tiv a te d  w ith  e th y len im in e  an d  
o il-a d ju v a te d  (see p . 45 in  th is  vo lum e).

Im m unization o f calves. F o u r  g roups o f 6 to  8 w eeks old H o ls te in -  
F rie s ia n  b u ll calves o f  id en tica l o rig in  were used  in  th e  ex p erim en ts . E a c h  
g roup  consisted  o f 5 calves. E ach  c a lf  w as g iven  tw o  5 m l doses o f th e  in a c t i 
v a te d  vaccine  in tra m u sc u la rly . T he tim e  in te rv a l b e tw een  th e  tw o in jec tio n s
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w as 7, 10, 14 an d  21 d a y s , re sp ec tiv e ly , in  th e  fou r g roups. T he im m une 
resp o n se  was assessed b y  h aem a g g lu tin a tio n -in h ib itio n  (H I) an d  v iru s -n e u tra l
iz a tio n  (VN) te s ts .

T he sign ificance o f  a n tib o d y  level d ifferences be tw een  th e  g roups w as 
d e te rm in e d  b y  S tu d e n t’s t te s t .

Im m unization and challenge infection o f  lambs. E igh t-w eek-o ld  M erino 
la m b s  w ere im m u n ized  tw ice  w ith  2 m l o f  th e  v accine , a t  an  in te rv a l o f  10 
d a y s . O n day  105 a f te r  th e  f irs t  v a c c in a tio n , 3 im m unized  an d  3 u n tre a te d  
la m b s  w ere ch allenged  in tra n a s a lly  an d  in tra tra c h e a lly , each  w ith  tw ice 2 m l 
(2 X 108 TCIDjo) o f  th e  v iru s  s tra in  4 /5. T h e  challenge in fec tio n  w as rep ea ted  
24 h  la te r . T hree la m b s  w ere  used as u n in fe c te d  con tro ls .

R e-iso la tion  o f v iru s  w as a tte m p te d  from  n a sa l sw abs ta k e n  daily , an d  
fro m  sam ples ta k e n  f ro m  th e  m ucous m em b ran e  o f n a sa l conchae, from  
th e  tra c h e a , from  th e  lu n g s  an d  from  p e c to ra l lym p h -n o d es o f  lam bs b led  
o n  d ay s 7 and 8 p o s tin fe c tio n , in  seco n d ary  ca lf  k id n ey  cell cu ltu res.

Histopathological examinations. F iv e -^ m -th ic k  sections w ere p rep ared  
fro m  th e  organs f ix e d  in  10%  fo rm ald eh y d e  an d  em bedded  in  p a ra ff in . The 
sec tio n s  were s ta in e d  w ith  h aem a to x y lin  an d  eosin.

R esults

In  th e  5 th  p assag e , before  in a c tiv a tio n , th e  P I-3  v iru s  s tra in  4/5 h ad  an  
in fe c tiv e  t i t re  o f 107 T C ID 5o/0.2 m l an d  a g g lu tin a te d  gu inea-p ig  e ry th ro cy te s  
u p  to  th e  d ilu tio n  1 :1024. In a c tiv a tio n  fa iled  to  a lte r  th e  H A  a c tiv ity  o f th e  
v iru s .

Fig. 1. Haemagglutination inhibition in calves immunized at intervals of 7, 10, 14 or 21 days
(И : time of second vaccination)
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VN titre (logj)

Fig. 2. Virus neutralization in calves immunized at intervals of 7, 10, 14 or 21 days (II: tim e
of second vaccination)

HI titre [log' )

I II
Fig. 3. Haemagglutination inhibition in immunized lambs (I: first vaccination, II: second 

vaccination, arrow: challenge infection)

H I  a n tib o d y  t i t r e s  found  in  sera o f calves g iven  tw o  in jec tions o f in a c 
t iv a te d  v iru s  a t  d iffe re n t in te rv a ls  are show n in  F ig . 1 an d  V N  an tib o d y  t i t r e s  
m easu red  a t  th e  sam e tim e  in  F ig . 2. In  ev a lu a tin g  th e  p o stv acc in a tio n  h u m o ra l 
im m une resp o n ses  (H I and  VN an tib o d ies), th e  a n tib o d y  t i t r e s  appearing  a f te r  
in jec tio n s re p e a te d  a t  d iffe ren t tim es w ere d e te rm in ed .

A n tib o d y  t i t r e s  w ere d e te rm in ed  a t  th e  tim e  o f th e  second v a c c in a tio n , 
and su b se q u e n tly  on  every  14th  d ay , and  w ere exp ressed  as m ean p o w er 
indices o f logo. T h e  significance o f a n tib o d y  t i t r e  e lev a tio n  is su m m arized  
in T ab le  I .  T he co m p ara tiv e  significance o f th e  d iffe ren t p rogram m es, as r e la te d  
to  one a n o th e r , w as ev a lu a ted  sep a ra te ly  for H I  and  V N  an tibod ies (T able I I ) .
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H I  an tib o d y  t i t r e s  o f  th e  3 im m u n ized  lam b s used in  th e  challenge ex p eri
m e n ts  are in d ica ted  in  F ig . 3. The u n v a c c in a te d  lam bs show ed a febrile  response 
(40.1—40.7 °C) on d ay s  3 an d  4 p o s tin fec tio n . One lam b show ed clin ica l sy m p 
to m s  inc lud ing  a serous n asa l d ischarge , sneezing  and  du lln ess  from  th e  5 th  
d a y  p o stin fec tio n . T h e  co n d itio n  fu r th e r  a g g ra v a te d  by  th e  6 th  d ay  w hen  th e  
la m b  ex h ib ited  severe cough ing  and d y sp n o e a . The o th e r tw o  lam bs also show ed 
d u lln e ss , nasa l d ischarge , sneezing and co u g h in g . On day  7, th e  severe ly  affected  
la m b  w as b led . T he co n d itio n  of th e  o th e r  tw o  lam bs did n o t a g g ra v a te  fu r th e r ; 
th e se  an im als w ere b le d  on day  8.

Table I

Humoral immune response following vaccination. I 
(Efficacy of programmes as compared with base values)

Haemagglutination inhibition (HI) Virus neutralization (VN)
Days after

1st
vaccination

Average of 
log2 titres

Standard
deviation

Significance of differences 
vs. base values

Average of 
log 2 titres

Standard
deviation

Significance of differences 
vs. base values

0 3.0 1 .0 2.8 2.17

7* 4.0 1.41 N.S. 2.6 1.82 N.S.
21 5.8 1.1 P <  0.01 4.8 0.84 N.S.
35 5.8 0.45 P <  0.001 2.4 0.55 N.S.
49 5.0 0.20 P <  0.05 1.75 0.90 N.S.

0 3.0 1.58 2.75 1.50 N.S.
10* 3.6 1.34 N.S. 2.67 0.58 N.S.
24 6.6 2.07 P <  0.005 3.6 1.82 N.S.
38 6.2 1.64 P <  0.02 4.0 1.22 N.S.
52 4.4 0.89 N.S. 2.5 1.00 N.S.

0 2.0 0.70 1.8 0.84

14* 4.0 0.71 P <  0.01 1.75 0.96 N.S.
28 8.0 2.00 P <  0.001 9.0 2.12 P <  0.001
42 8.0 2.00 P <  0.001 6.8 2.05 P <  0.001
56 5.8 1.10 P <  0.001 5.0 1 .0 P <  0.001

0 4.0 1 .0 3.0 1.22
21* 3.8 0.84 N.S. 3.0 1.58 N.S.
35 7.2 2.77 P <  0.05 6.2 3.03 P <  0.05
49 6.8 2.28 P <  0.05 5.2 2.39 N.S.

* The day of second vaccination 
l =  2.262 P <  0.05 
N.S. =  not significant
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Table II

Humoral immune response following vaccination. II 
The significance of differences between mean antibody titres found after the second vaccination

performed after different intervals

a On day 14 after second vaccination

Programme 7 10 14 21 Programme

7 N.S. N.S. N.S. 7
10 N.S. N.S. N.S. 10

VN 14 s s N.S. 14 HI
P <  0.001 P <  0.001

21 N.S. N.S. N.S. 21

n =  5 df =  8 
S =  significant

t =  2.262 — P =  0.05 
N.S. =  not significant

b On day 28 after second vaccination

Programme 7 10 14 21 Programme

7 N.S. s N.S. 7
P <  0.05

10 N.S. N.S. N.S. 10

VN 14 S S N.S. 14 HI
P <  0.0001 P <  0.001

21 s N.S. N.S. 21
P <  0.05

n =  5 df =  8 
S =  significant

t =  2.262 —  P =  0.05 
N.S. =  not significant

T he v acc in a ted  an im als  an d  th e  u n in fec ted  con tro ls  show ed no clin ical 
sy m p to m s.

N ecropsy  f in d in g s  o f u n v a c c in a te d  anim als in c lu d ed  red d en in g  an d  
s treak in ess  (d ila tio n  o f  cap illaries) o f  th e  m ucous m em branes o f th e  nasa l 
conchae  and  th e  tra c h e a . In  th e  lu n g s  o f  th e  lam b b led  on d ay  7 th e  ap ical 
a n d  ca rd iac  lobes h a d  sm all, d a rk  re d , com pact (conso lida ted) areas. In  
v a c c in a ted  an im als, no clin ical sy m p to m s were observed  an d , ex cep t th e  
m ed u lla ry  sw elling o f ly m p h  n o des, no m acroscopic p a th o lo g ica l changes 
w ere seen.

H isto p a th o lo g ica l s tu d ies  rev ea led  ex tensive in tra lo b u la r  in te rs ti t ia l  
p n eu m o n ia  and  m ild  p e rib ro n ch ia l ly m p h o id  cell h y p erp las ia  in  th e  a n te rio r
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p a r t  o f  ap ical an d  d ia p h ra g m a tic  lobes o f  th e  lu n g s o f  u n v a c c in a ted  an im als. 
I n  th e  m ore severe ly  affec ted  lam b , d e sq u a m a tiv e  necrosis  o f th e  b ro n ch ia l 
ep ith e liu m  and  c e llu la r  in f il tra tio n  o f  a lveo li w ere also  observed  in  ad d itio n  
to  th e  a fo rem en tio n ed  changes. T he m e d ia s tin a l ly m p h  nodes o f u n v acc i
n a te d  an im als show ed h y p e rp la s ia  o f follicles an d  p ro life ra tio n  o f ly m p h o b las ts . 
I n  tw о o f th e  v a c c in a te d  an im als, th e  d ia p h ra g m a tic  lobes o f  th e  lungs show ed 
in tra lo b u la r  in te r s t i t ia l  pneum onia  re s tr ic te d  to  sm all a reas . L ung lesions 
w ere ab se n t in  one a n im a l. A ll th ree  lam b s w ere c h a ra c te riz e d  b y  p ronounced  
p e rib ro n ch ia l ly m p h o id  hyperp lasia . T h e  p a ra c o rtic a l p a r t  o f  m ed iastin a l 
ly m p h  nodes show ed a p ronounced  ly m p h o id  h y p e rp la s ia  w hile in  th e  co rtex  
on ly  a m ild  h y p e rp la s ia  o f  follicles developed .

T h e  resu lts  o f  re -iso la tio n  a t te m p ts  from  n asa l sw abs an d  from  organs 
o f ex san g u in a ted  a n im a ls  are sum m arized  in  T ab le  I I I .

Table Ш

Re-isolation of PI-3 virus from lambs

U j Virus isolation

Animals
titre
at

chai-
lenge

From
Days

nasal
after

secretion
challenge Nasal

cavity

From organs

1 2 3 4 5 6 7 8 Trachea Lungs
Lymph
nodes

Vaccinated
1 1:128 + +
2 32 + + — — — — — — — — —

3 64 +
Unvaccinated

4 — < 2 + + + + + + + + + + — —
5 — < 2 + + + + + + — + + + — +
6 — < 2 + + + + 4- + 0 0 + + + +

Control
7 — < 2
8 —< 2
9 — < 2

+  =  successful re-isolation 
— =  unsuccessful re-isolation attempt

D iscussion

In  a previous w o rk , we b ro u g h t ev idence th a t  o u r P I-3  v iru s  s tra in s  o f 
h ig h  H A  a c tiv ity  w ere o f  considerab ly  b e t te r  im m unogen ic  p o te n tia l  th a n  th o se  
o f  low  H A  a c tiv ity . D u r in g  in a c tiv a tio n , th e  a b ility  o f  s tra in s  to  induce a h u 
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m oral im m u n e  response  (as ind ica ted  b y  b o th  H I  and  Y N  te s ts )  u n d e rw e n t 
an  ap p rec iab le  re d u c tio n , para lle l w ith  th e  decrease o f H A  a c tiv ity . S ince 
e th y le n im in e -in a c tiv a tio n , based  on nucleic  acid  a lk y la tio n  (P rim rase  a n d  
D im m ock , 1980), d id  n o t  destro y  th e  g ly co p ro te in  envelope an tigens, th e re  
w ere no changes d e m o n s tra b le  in  im m u n o g en ic ity  (see p . 45 in  th is  vo lum e).

Serological s tu d ie s  on calves v a c c in a ted  tw ice a t  d iffe ren t in te rv a ls  
p ro v ed  th a t  th e  cu rves rep resen tin g  th e  H I  a n d  V N  an tib o d ies  d id  n o t ru n  
p ara lle l. A s im ila r p h en o m en o n  had  been  o b serv ed  in  ra b b its  (see p . 45 in  
th is  vo lum e). W hile  H I  a n tib o d y  ti tre s  s ig n if ic a n tly  increased  a fte r  th e  second  
v acc in a tio n  in  a ll cases, th e  e levation  o f  Y N  a n tib o d y  t i t r e s  w as found  to  be 
s ig n ifican t o n ly  in  th e  g ro u p  re -v accin a ted  14 d ay s a fte r  th e  f ir s t  v acc in a tio n . 
T h is is exp ressed  b y  th e  significance o f H I  an d  V N  values fo u n d  a t  d iffe ren t 
tim es, as co m p ared  to  th e  p rev acc in a tio n  v a lu es . W h en  com paring  th e  re su lts  
o f v ac c in a tio n  p ro g ram m es on days 14 an d  28 a f te r  th e  second v ac c in a tio n , 
th e  H I  te s t  fa iled  to  re v e a l s ign ifican t d iffe rences. As reg a rd s th e  Y N  a n t i 
bodies, th e  re -v a c c in a tio n  g iven a fte r an  in te rv a l o f  14 days p ro v ed  to  be s ig n ifi
c a n tly  m ore effective th a n  th a t  perform ed a f te r  7, 10 or 21 days (Table I I ) .

P o ln a  an d  A leksandrow icz (1975) d e m o n s tra te d  H I  an tibod ies o f IgM  
n a tu re  in  th e  ea rly  s tag e  of im m u n ity  in  ra b b its  in o cu la ted  w ith  m easles 
v iru s . H ow ever, in  la te r  stages and  in  co n v a lescen t sera o f hu m an s on ly  H I  
a n tib o d ie s  an d  n e u tra liz in g  an tibodies o f th e  Ig G  class w ere found . P re su m 
ab ly , th e  d ifference in  th e  appearance  o f  H I  an d  YN an tib o d ies  in  calves 
an d  ra b b its  a f te r  v a c c in a tio n  (see p. 45 in  th is  vo lum e) can be ex p la in ed  
in  th e  sam e w ay . F u r th e r  stud ies are needed  fo r sa tis fa c to ry  c la rifica tio n  o f 
th is  p o in t.

T he lesions deve loped  in  th e  u n v a c c in a ted  lam bs in  our challenge e x p e ri
m en ts  w ere c o n s is te n t w ith  those described  b y  Н оге and  S tevenson  (1967).

S evera l a u th o rs  h a v e  stu d ied  th e  e ffic iency  o f live an d  in a c tiv a te d  P I-3  
v accines, in  re la tio n  to  th e  m ode of ap p lica tio n . I n  calves, th e  a tte n u a te d  live 
v iru s  p ro v id ed  b e t te r  p ro te c tio n  a fte r in tra n a s a l  th a n  a fte r  in tra m u sc u la r  
ap p lica tio n  (G ates e t a l., 1970; G u te k u n s t e t  a l., 1969; S m ith , 1975; T o d d , 
1973). A ccord ing  to  F ra n k  and  M arshall (1971), th e  degree of p ro te c tio n  
p rim a rily  depends on th e  a n tib o d y  c o n c e n tra tio n  o f  th e  n asa l secre tion , w hile 
th e  sev e rity  an d  course o f  th e  disease on th e  a n tib o d y  levels o f th e  serum . I t  
has also been  p ro v ed  t h a t  in  case o f h igh  Y N  a n tib o d y  t i t r e s  in  th e  se ru m , 
an tib o d ies  m ig h t be e x u d a te d  in to  th e  n a sa l secre tio n  (M arshall and  F ra n k ,
1971). O th ers  h av e  re p o r te d  a defin ite  p ro te c tiv e  e ffec t o f in a c tiv a te d  vaccines 
in  calves (P ro b e rt e t a l., 1978) and  lam bs (W ells e t ah , 1978) w ith  h igh serum  
a n tib o d y  ti t re s  e lic ited  b y  th e  vaccines.

In  o u r s tu d ie s , th e  v acc in a ted  and  challen g ed  an im als fa iled  to  develop  
clin ica l sy m p to m s, a lth o u g h  th e  lungs o f tw o  an im als show ed m ild  h is to - 
p a th o lo g ica l changes. W h ile  u n v acc in a ted  an im als  w ere shedd ing  th e  v iru s
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co n tin u o u sly  an d  v iru s  w as also iso la te d  from  th e ir  re sp ira to ry  o rg an s, i t  was 
n o t possib le to  recover th e  v iru s  from  th e  v acc in a ted  an im als. T he p e rib ro n ch ia l 
ly m p h o id  h y p e rp la s ia  found  in  th e  lu n g s  an d  th e  p ronounced  h y p e rp la s ia  of 
ly m p h o id  cells fo u n d  in  th e  p a ra c o r tic a l p a r t  o f m ed ias tin a l ly m p h  nodes 
o f  v a c c in a ted  an im als a f te r  challenge in d ic a te d  a ra p id  an d  p ro n o u n ced  re a c 
tio n  o f th e  ce llu lar im m u n e  sy stem . T hese  w ere n o t observed in  no n im m u n ized  
a n im a ls . T he fo llicu la r h y p erp las ia  d ev e lo p ed  in  th e  cortices o f ly m p h  nodes 
in d ic a te d  th e  a c tiv ity  o f cells in v o lv ed  in  h u m o ra l im m u n ity .

A cknow ledgem ents

The authors are indebted to Dr. T. Perényi, Department Head (Phylaxia Veterinary 
Biologicals and Feedstuffs Company) for his contribution in virus inactivation, and to Dr. P. 
Rafai, Assistant Professor (Department of Animal Hygiene, University of Veterinary Science, 
Budapest) for his help in significance calculations.

R eferences

Frank, G. H. and Marshall, R. G. (1971): Relationship of serum and nasal secretion-neutraliz
ing antibodies in protection of calves against parainfluenza-3 virus. Am. J. Vet. Res. 
32, 1707-1713.

Gates, G. A., Cesario, T. C., Ebert, S. W., Kriel, R. L., Wulf, H. T., Poland, S. D., Gutekunst, 
D. E. and Chin, T. D. Y. (1970): Neutralizing antibody in experimentally induced 
respiratory infection in calves. Am. J. Vet. Res. 31, 217-224.

Gutekunst, D. E., Paton, I. M. and Volenec, F. J. (1969): Parainfluenza-3 vaccine in cattle: 
comparative efficacy of intranasal and intramuscular routes. J. Am. Vet. Med. Assoc., 
155, 1879-1885.

Höre, D. E. and Stevenson, R. G. (1967): Experimental virus pneumonia in lambs. Vet. Rec. 
80, 26-27.

Marshall, R. G. and Frank, G. H. (1971): Neutralizing antibody in serum and nasal secretions 
of calves exposed to parainfluenza-3 virus. Am. J. Vet. Res. 32, 1699-1706.

Polna, I. and Aleksandrowicz, S. (1975): Effect of adsorbents on IgM and IgG measles anti
bodies. Acta Virol. 19, 449-456.

Primrase, S. B. and Dimmock, N. I. (1980): Introduction to Modern Virology. Blackwell 
Scientific Publications, Oxford, p. 186.

Probert, M., Stott, E. J., Thomas, L. H., Collins, A. P. and Jebbett, S. (1978): An inactivated 
parainfluenza virus type 3 vaccine: the influence of vaccination regime on the response 
of calves and their subsequent resistance to challenge. Res. Vet. Sei. 24, 222-227.

Smith, V. D. (1975): The nasal secretion and serum antibody response of lambs following 
vaccination and aerosol challenge with parainfluenza-3 virus. Res. Vet. Sei. 19, 56-62.

Todd, S. D. (1973): Immune response to parenteral and intranasal vaccinations. J. Am. Vet. 
Med. Assoc. 163, 807-809.

Wells, P. W., Sharp, J. M., Rushton, B., Gilmour, N. J. L. and Thompson, D. A. (1978): 
The effect of vaccination with a parainfluenza type 3 virus on pneumonia resulting 
from infection with parainfluenza type 3 virus and Pasteurella haemolytica. J. Comp. 
Path. 88, 253-259.

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



A cta  Veterinaria A ca d em ia e  Sc ien tiarum  H ungaricae, V olum e 30 ( l  — 3 ) ,p p .  5 9 —64 (1 9 8 2 )

SEROLOGICAL SURVEY ON ROTAVIRAL ANTIBODY 
IN THE HUNGARIAN SWINE POPULATION BY 

OPTIMIZED COUNTER-CURRENT IMMUNO
ELECTROPHORESIS (CCIEP)

E . Mo c sá r i , I ré n  H orváth  and E . K u d r o n *

Central Veterinary Institute, 1149 Budapest, Tábornok u. 2; *Veterinary Institute, 
9701 Szombathely, P.O. Box 47, Hungary 

(Received February 8, 1982)

552 blood samples collected from 44 large-scale swine breeding farms in 13 Hungarian 
counties were examined for the presence of rotavirus-specific antibodies by optimized counter- 
current immuno-electrophoresis (CCIEP). Among the technical conditions influencing the 
quality and the specificity of the test, the quality of antigen and the type of agarose proved 
to be decisive.

The antigen was prepared from the faeces of an artificially infected calf by centrifuga
tion, filtration and ultracentrifugation. Its titre ranged from 1:16 to 1:128. The CCIEP was 
done on microscope slides covered with 4.5 ml of 1% Agarose A (PHARMACIA) gel in barbital 
buffer of pH 8.6. Electrophoresis was carried out at 7 V/cm for 90 min.

Of the farms examined, 41 (93.2%) proved to be infected by rotavirus. Rotavirus- 
specific antibodies were demonstrated in 167 blood samples (31.2%). The percentage of sero
positive pigs ranged from 6.7 to 100% in the farms surveyed. The prevalence of antibodies 
in pigs of different ages was 26% in 4 months old pigs, 50.6% in 6 months old pigs, 33.3% 
in 8 months old and 25.2% in 1 year old or older pigs. The results showed that most of the pigs 
became infected by rotavirus after the weaning age.

R o tav iru se s  are p re se n tly  th o u g h t to  be one o f th e  m a jo r causes o f 
n eo n a ta l g a s tro e n te ritis  th ro u g h o u t th e  w orld . Soon a f te r  M ebus e t al. (1969) 
re p o rte d  th e  presence o f ro ta v iru s  in  th e  faeces o f  n ew b o rn  calves w ith  acu te  
n o n -b a c te ria l g a s tro e n te r itis , ro tav iru se s  have been  show n to  be associa ted  
w ith  n e o n a ta l d ia rrh o ea  in  o th e r  m am m als in c lu d in g  p ig le ts  (M cN ulty  e t a l., 
1976; R odger and  C raven , 1975; W oode e t al., 1976a), foals (F lew ett e t a l., 
1975), lam b s (Snodgrass e t  a l., 1976), ra b b its  (B ry d en  e t  a l., 1976; P e tr ie  e t 
a l., 1978), in fa n t m ice (M uch an d  Z ajac, 1972) an d  y o u n g  c h ild ren  (B ishop 
e t  a l., 1973; K ap ik ian  e t a l., 1974). S ubsequen t s tu d ies  rev ea led  m orphological 
a n d  an tig en ic  re la tio n sh ip s  am ong  ro tav iru ses  iso la ted  from  d iffe ren t an im al 
species. A ll th e  know n ro ta v iru se s  share  a com m on an tig e n  dem o n strab le  
b y  im m unofluorescence, com p lem en t f ix a tio n  te s t ,  gel d iffusion  te s t  and  im 
m une e lec tron  m icroscopy. B esides, ro tav iru ses  from  one species can in fec t 
o th e r  species (W oode e t a l., 1976; Thouless et a l., 1977).

T he d e tec tio n  o f ro ta v iru s  is s till tim e-consum ing  an d  needs special 
e q u ip m en t. T heir iso la tio n  an d  p ro p ag a tio n  in  cell cu ltu re s  is also d ifficu lt 
an d  — ex cep t fo r th e  bov ine  iso la tes — th e y  do n o t p roduce  a de fin ite  cy to - 
pa thogen ic  effect. In  H u n g a ry , K öves (1979) iso la ted  a cy to p a th o g en ic  ro ta v iru s  
from  a case of n eo n a ta l c a lf  d ia rrh o ea . O thers d e m o n s tra te d  ro tav iru ses  b y
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im m unofluo rescence  o r b y  e lec tro n  m icroscopy  in  n ew b o rn  calves (K öves e t 
a l., 1977; N agy , 1979) an d  in  p ig le ts  (B enyeda  and  T u b o ly , 1978; N agy  and  
R á tz , 1979).

P ro b ab ly  due to  th e  te ch n ica l d ifficu lties , on ly  few  d a ta  have  been 
p u b lish ed  on th e  p rev a len ce  o f  ro ta v ira l  an tib o d ies  in  p o p u la tio n s  o f  d ifferen t 
an im a l species in c lu d in g  c a ttle  (A cres an d  B ab iu k , 1978; S a to  e t a l., 1981; 
S ch lä fe r and S c o tt, 1979; T ak a h a sh i e t a l., 1979; Z ygra ich  e t a l., 1975), horse 
(D agenais e t al., 1980; Im ag aw a  e t a l., 1979; S ato  e t a l., 1981; T a k a h a sh i e t 
a l., 1979), sheep (S a to  e t  a l., 1981; S nodgrass e t a l., 1977; T a k a h a sh i e t a l., 
1979), swine (S ato  e t  a l., 1981; T ak a h a sh i e t a l., 1979), dog and  c a t (D agenais 
e t  a l., 1980; M cN ulty  e t  a l., 1978), ra b b it  (Sato  e t a l., 1981) an d , before th e  
p re se n t stu d ies , no  d a ta  w ere av a ilab le  from  H u n g a ry . T h is s tu d y  w as designed 
to  op tim ize th e  c o u n te r -c u rre n t im m uno-e lec trophoresis  te c h n iq u e  to  in v es
t ig a te  th e  p reva lence  o f  ro ta v ira l  an tib o d ies  in  sw ine sera .

Materials and methods

B lood sam ples w ere  co llected  in  44 large-scale sw ine fa rm s loca ted  in  
13 coun ties o f H u n g a ry . G enera lly , 10 to  15 an im als o f  d iffe ren t age groups 
w ere  sam pled on each  fa rm . O f th e  v a rio u s  te ch n iq u es  to  d e te c t ro ta v ira l 
a n tib o d ie s , c o u n te r-c u rre n t im m uno-e lec trophoresis  w as se lected . T he a d v a n 
ta g e  o f th is  te s t  is th e  r a p id ity  an d  accu racy  to  su rv ey  b lood  sam ples in  large 
n u m b er.

Preparation o f  antigen. F o u r  d iffe ren t an tigen  p re p a ra tio n s  w ere te s ted . 
A ll o f th em  w ere m ad e  fro m  d ia rrh o e ic  faeces o f ro ta v iru s -in fe c ted  calves and  
w ere  p rep ared  as d esc rib ed  b y  M oham m ed e t al. (1978). C rude faecal an tig en  
co n sis ted  o f faeces d ilu te d  to  1:5 a f te r  tw o  cycles o f c e n tr ifu g a tio n  a t  3000 X g 
fo r 30 m in to  rem ove th e  m a jo r ity  o f o rgan ic  m a te r ia l (C an tig en ). T he crude 
faeca l an tigen  w as fu r th e r  c la rified  b y  f i l t ra t io n  th ro u g h  a 450 nm  M illipore 
f i l te r  (F  an tigen ). T h e  f ilte re d  an tig en  w as th e n  cen trifu g ed  a t  100,000 Xg  
fo r  180 m in  a t  -f-4 °C in  an  M SE SS 50 u ltra c e n tr ifu g e . T he p e lle ted  v iru s  was 
resu sp en d ed  in  p h o sp h a te -b u ffe red  saline (PB S), p H  7.2 , in  1/20 o f  th e  o rig
in a l vo lum e (filte red  an d  c o n c e n tra ted , FC an tigen ). T he soluble an tigen , 
p re se n t in  th e  s u p e rn a ta n t  a f te r  u ltra c e n tr ifu g a tio n , w as u sed  w ith o u t fu r th e r  
c o n cen tra tio n  (S a n tig e n ) . T he an tig en s w ere t i t r a te d  a g a in s t th e  c o n s tan t 
d ilu tio n  (C C IE P t i t r e  1:16) o f a ca lf  a n ti- ro ta v iru s  serum .

Counter-current immuno-electrophoresis (C C IE P ). T he  te s t  w as done on 
m icroscope slides covered  w ith  4.5 m l o f  1%  gels o f  v a rio u s  ty p e s  of agarose 
p ro d u c ts  (L IT E X  H S A , Mr =  - 0 .1 3 ;  PH A R M A C IA  A garose A an d  B, 
Mr — —0.13 an d  —0.25 , re sp ec tiv e ly ; SE R V A , H ig h  E E O , research  g rade, 
M r =  —0.25) in  0.025 mol/1 v e ro n a l b u ffe r, p H  8.6, w ith  o r w ith o u t th e  addi-
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t io n o f  0.1 m g p ro ta m in e  su lp h a te  to  one m l o f th e  gel. T h e  wells were p u n ch ed  
in  th re e  p ara lle l ro w -p a irs . The d ia m e te r  o f th e  wells w as 3 m m  and  th e y  w ere 
filled  w ith  10 jul each . T h e  d istances b e tw een  wells w ere 2.5 m m . A ntigens w ere 
p laced  in  th e  w ells fac ing  th e  ca th o d e  an d  th e  h e a t- in a c tiv a te d  sera in  th e  
w ells facing  th e  an o d e . T he t i t r e  o f  a n tig e n  was alw ays a d ju s te d  before use to  
fo u r tim es c o n c e n tra tio n  o f th e  h ig h e s t d ilu tio n  g iv ing d e fin ite  positive re a c 
tio n  w ith  th e  s ta n d a rd  d ilu tio n  o f  th e  p ositive  co n tro l se ru m . K now n p o sitive  
an d  neg a tiv e  c o n tro l sera  w ere in c lu d ed  in  each ru n .

T he e lec tro p h o res is  w as c a rr ie d  o u t in  th e  L A B O R  MIM im m uno- 
elec trophoresis ch a m b e r 59951 (L A B O R  M IM , B u d a p e s t, H u n g ary ) a t  room  
te m p e ra tu re  using  v e ro n a l b u ffe r a t  7 У/cm . T he ion ic  s tre n g th  o f b u ffe r 
v a ried  betw een  0.025 a n d  0.075 mol/1, th e  p H  b e tw een  8.2 an d  8.8, an d  th e  
tim e  o f e lec trophoresis  be tw een  45 an d  120 m in . T he slides w ere exam ined  
fo r th e  presence o f  p re c ip ita tio n  lines im m ed ia te ly  a f te r  th e  electrophoresis 
an d  24 h  la te r . I n  th e  m ean tim e , th e  slides w ere k e p t in  a m o ist ch am b er a t  
ro o m  te m p e ra tu re .

R esu lts

Technical arrangements. F ro m  th e  agarose p re p a ra tio n s  te s ted , P H A R 
M ACIA A garose A  w ith  a n  endosm otic  v a lue  (Mr) o f  —0.13 w as found  to  be 
th e  m o st a p p ro p ria te . T he o th e r gels show ing s im ila r (L IT E X  H SA , Mr =  
=  —0.13) or h ig h e r e lec tro en d o sm o tic  va lues (P H A R M A C IA  A garose В 
an d  SER Y A  H ig h  E E O , Mr =  —0.25) gave som e reac tio n s  o r none (T able I). 
A t 7 V /cm , p re c ip ita tio n  reac tions w ere com plete  a fte r  90 m in  run n in g  tim e . 
T he q u a lity  o f th e  re su lt  decreased  w ith  len g th en in g  th e  t im e  o f ru n , in c rea s
ing  or sh o rten in g  th e  d is tan ce  b e tw een  th e  wells o r u s in g  a verona l b u ffe r 
w ith  low er or h ig h e r ion ic  s tre n g th s  an d  p H  values th a n  0.05 mol/1 an d  p H

Table I

Comparison of the results of CCIEP performed in 1% gel of different types of agarose products
in 0.05 mol/1 veronal buffer, pH 8.6

Titre of

Agarose
Electro-

endosmotic (Mr) 
value FC antigen* Standard positive 

serum **

LITEX HSA — 0.13 1:4 1:2
PHARMACIA A — 0.13 1:64 1:32
PHARMACIA В — 0.25 0 0
SERYA, high EEO — 0.25 1:4 1:16

"“Titrated against the constant 1:4 dilution of a calf anti-rotavirus serum 
** Determined with the FC antigen
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8 .6 , respective ly . T he p ro ta m in e  su lp h a te  c o n te n t o f th e  gel h ad  no v isib le  
e ffec t on the  re su lt o f  p re c ip ita tio n  reac tio n s .

F o r  th e  su b se q u e n t te s tin g  p ro ced u re s , C C IE P w as p erfo rm ed  in  1%  
gel o f  PH A R M A C IA  A garose A u sin g  0.05 mol/1 v e ro n a l buffer, pH  8.6, 
u n d e r  p o ten tia l d ifference  o f 7 Y /cm . T he tim e  o f e lec tro p h o re tic  ru n  w as 
90 m in .

Comparison o f various rotavirus antigens. D ifferen t d ilu tio n s  of each  o f 
fo u r  an tig en s were c o m p ared  fo r se n s it iv ity  to  d e tec t ro ta v ira l  an tib o d ies  using  
th e  c o n s ta n t 1:4 d ilu tio n  o f  a ca lf  a n ti- ro ta v iru s  serum  (C C IE P  t i t r e  1:64). 
T a b le  I I  shows th a t  th e  f ilte re d  an d  co n c e n tra ted  FC a n tig e n  p roved  to  be 
su p e rio r  to  an tigens C a n d  F . No re a c tio n  occurred  w ith  th e  u n c o n c e n tra ted  
S an tig e n . I t  was co n c lu d ed  th a t  th e  FC an tig e n  w ould be th e  an tig en  o f choice 
fo r  ro u tin e  screening fo r ro ta v ira l  an tib o d ie s .

Detection o f rotavirus-specific antibodies in swine sera. O u t of 44 a p p a r
e n tly  h ea lth y  swine s to ck s , 41 (93 .2% ) p ro v ed  to  be in fec ted  b y  ro tav iru s . O f

Table II

Comparison of various rotavirus antigens for detection of rotaviral antibodies

Test antigen CCIEP titre*

C antigen 1: 4 to 1: 8
F antigen 1: 4 to 1: 8

FC antigen 1:16 to 1:128
S antigen 0

* Positive end-point dilution of different antigen lots against the constant 1:4 dilution 
of a calf anti-rotavirus serum

age groups

Fig. 1. Distribution of rotaviral antibodies in pigs of different ages
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th e  552 sw ine sera , 167 (31 .2% ) con ta ined  ro tav iru s-sp ec ific  an tib o d ies . T he 
p e rcen tag e  o f  seropositive  p igs ran g ed  from  6.7 to  100%  in  th e  farm s su rv ey ed . 
T he d is tr ib u tio n  o f ro tav iru s-sp ec ific  an tibod ies in  d iffe ren t age groups is 
show n in  F ig . 1.

Discussion

A v a r ie ty  o f tech n ica l cond itions has been  s ta n d a rd iz e d  to  op tim ize 
C C IE P  for ro u tin e  screening  o f  swine sera fo r ro tav iru s-sp ec ific  an tibod ies. 
F ro m  th e  s tu d y  perfo rm ed , i t  ap p ea rs  th a t  th e  q u a lity  o f  an tig en  and  th e  ty p e  
o f  agarose are  decisive am ong th e  tech n ica l cond itions in flu en c in g  th e  q u a lity  
an d  sp ec ific ity  o f  th e  te s t .  F ro m  th e  agarose p re p a ra tio n s  exam ined , P H A R 
M ACIA A garose A w ith  a m o d e ra te  e lec troendosm otic  v a lu e  (Mr =  —0.13) 
w as found  su p e rio r  to  agarose p ro d u c ts  w ith  h ig h er e lec tro en d o sm o tic  va lues 
(Mr =  —0.25), w hich  are g en era lly  m ore su itab le  fo r C C IE P .

A m ong th e  an tig en  p re p a ra tio n s  te s te d , FC a n tig e n  w as s ig n ifican tly  
m ore sensitive  th a n  e ith e r  th e  c rude  or th e  filte red  faeca l an tig en s. F u r th e r 
m ore, th e  la t te r  tw o  an tig en s gave  m u ltip le  lin es  in  th e  C C IE P , w hich could 
b e  e lim in a ted  b y  p u rify in g  o f  th e  faecal m a te ria l b y  u ltra c e n tr ifu g a tio n . 
W hen  d iffe ren t lo ts  o f FC a n tig e n  w ere reac ted  w ith  th e  p o sitiv e  co n tro l and  
te s t  sera, in  ev e ry  case a sing le  p re c ip ita tio n  line w as o bserved  th a t  needed 
ab so rp tio n  o f se ra  w ith  faeca l o r tissue  cu ltu re  ro ta v iru s  an tig en  to  be re 
m oved .

R esu lts  o f  th is  sero logical su rv ey  have  show n th a t  ro ta v iru s  in fec tion  
is w idesp read  in  H u n g a rian  sw ine stocks. T he p ro p o rtio n  o f th e  reac to rs  
v a r ie d  in  each  fa rm  and  also in  accordance w ith  th e  age g roups. T h e  ra te  o f 
seroconversed  an im als in creased  u n ti l  six m on ths o f age, th e re a f te r  i t  ten d ed  
to  decrease. T h is  in d ica tes  t h a t  m o st o f th e  pigs becam e in fec ted  b y  ro ta v iru s  
a f te r  th e  w ean ing  age.

F o r th e  co rre la tio n  e x is tin g  betw een  age an d  p resence  o f an tib o d y , 
s im ila r re su lts  w ere rep o rted  b y  Im ag aw a  e t al. (1979), w ho su rv ey ed  Ja p a n e se  
l ig h t horses fo r ro ta v iru s  a n tib o d ie s  w ith  th e  com plem en t f ix a tio n  te s t . Com 
p lem en t fix in g  an tibod ies a g a in s t ro ta v iru s  were fo u n d  in  15.1%  o f horses 
y o u n g er th a n  one y e a r of age, 5 6 .3 %  o f tw o years  old an d  4 3 .3%  o f fo u r years  
o ld  o r o lder horses.
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A m ethod was developed for simultaneous determ ination  of five Fusarium  m ycotoxins: 
deoxynivalenol, diacetoxyscirpenol, HT-2 toxin, T-2 toxin  and zearalenone.

The cereal sample was extracted  w ith ethyl ace ta te , then  w ith a 6:4 m ixture of m ethanol 
and water. The ex trac t was purified by Kieselgel 60 colum n chrom atography. The purified 
sample was reacted w ith BSTFA (N ,0-bis/trim ethylsilyl/-trifluoracetam ide). The silylether 
derivatives of the samples were analysed on an SE 52 wall-coated open tubular column. Pure 
toxins were m ixed to  the cereal, and recovery and standard  deviation tests were perform ed. 
Seventy to 80% of the toxin  was recovered and the relative standard  deviation ranged betw een 
10% and 18%. The m ethod developed was applied to  concrete samples.

F eed  m ay  o ften  be c o n ta m in a te d  b y  sev era l fungus species, and  even  
th e  sam e fu n g u s species m ay  produce  sev era l m y co to x in s . T herefo re, i t  is an  
old en d eav o u r to  develop an  a n a ly tic a l m e th o d , su itab le  for s im u ltan eo u s 
de tec tio n  o f  m ore th a n  one to x in  in  a sing le  analysis . S to lo ff e t al. (1971) 
described  a m e th o d  fo r s im u ltaneous d e te rm in a tio n  o f  a fla to x in , o ch ra to x in , 
zearalenone, s te rig m a to c y s tin  an d  p a tu lin . T he m eth o d  was m odified  b y  
S co tt e t  a l. (1972). R o b e rts  an d  P a tte rs o n  (1975) re p o rte d  on s im u ltan eo u s 
in v es tig a tio n  o f  14 to x in s . Josefsson  and  M öller (1977) an d  P liszczynszka an d  
Juszk iew icz (1977) w ere also engaged  in  th e  d ev e lo p m en t o f so-called m u lti-  
m y co to x in  d e tec tio n  m eth o d s. T he m eth o d  o f G im eno (1979) is su itab le  fo r 
d e tec tio n  o f  10, t h a t  o f  T ak ed a  e t al. (1979) fo r d e tec tio n  o f 14, m y co to x in s . 
In  ad d itio n  to  th e  au th o rs  m en tio n ed , sev era l researchers a tte m p te d  to  solve 
th is  p rob lem , how ever, th e  m eth o d s d id  n o t f in d  w ide p rac tica l ap p lica tio n  
because th e y  req u ire  a c ircu ito u s p u rif ic a tio n  p rocedure , and  m oreover, th e ir  
se n s itiv ity  is p o o r w ith  re sp ec t to  som e o f th e  to x in s . T h u s , th e y  do n o t sa tis fy  
th e  p ra c tic a l d em an d s.

In  a d d itio n  to  th e  th in - la y e r  ch ro m a to g rap h ic  m eth o d s m en tio n ed  above , 
E n g strö m  e t  al. (1977) developed  a h ig h -p ressu re  liq u id  ch ro m ato g rap h ic  
m eth o d  fo r m u ltim y c o to x in  d e te rm in a tio n .

In  E u ro p e a n  co u n trie s  o f c o n tin e n ta l c lim a te , th u s  also in  H u n g a ry , 
Fusarium  fu n g i p lay  an  im p o r ta n t ro le in  th e  fu n g a l d e te rio ra tio n  o f  feed 
q u a lity  an d  in  an im a l d iseases caused  b y  m y co to x in s . T hus, a to x in  d e tec tio n
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m eth o d  was needed  w h ich  is su itab le  for p a ra lle l d e tec tio n  o f sev era l Fusarium  
to x in s  (4-6) in  a v e ry  low co n cen tra tio n  range.

In  our w ork , c ap illa ry  gas ch ro m a to g rap h y  w as used  fo r  de tec tio n  of 
th e  to x ic  secondary  m e tab o lite s  m ost o ften  p ro d u ced  b y  Fusarium  fungi.

Materials and methods

a) V acuum  ro ta d e e t a p p a ra tu s  (MTA K u ta tá s i  E szközöket K iv ite lező  
V á lla la t, H u n g ary ),

b ) B lock T h e rm o s ta t  (MTA K u ta tá s i  E szk ö zö k e t K iv ite lező  V álla la t, 
H u n g a ry ),

c) P ack a rd  M odel 427 gas ch ro m ato g rap h , eq u ip p ed  w ith  F ID  d e tec to r  
an d  H P  3390 A in te g ra to r ,

d) Screw -cap v ia ls  (P ierce , R ockford , 111. U SA ),
e) C olum n g lass cap illa ry , d raw n on  a H u p e  B ush  cap illa ry  d raw er 

m an u fac tu red  b y  H e w le tt P a c k a rd , and  w e tte d  acco rd ing  to  th e  m eth o d  of 
G rob e t  al. (1977, 1978).

f) A ll th e  so lv en ts  used  w ere com m ercial p re p a ra tio n s  (R ean a l, H u n g ary ), 
tw ice d istilled  befo re  use.

g) M ycotoxin  s ta n d a rd s : 1 mg/cm* zeara lenone  (Supelco 4 -6318);
0.5 m g /cm 3 T-2 to x in  (Supelco 4 -6322); 0.5 m g/cm 3 d iace to x y sc irp en o l (Supelco 
4 -6 3 1 5 ); 0.7 m g/cm 3 deoxyn iv a len o l; 0.5 m g/cm 3 H T -2 to x in  (C. J .  M irocha, 
S t. P a u l, M inneso ta , USA ).

h) B ST FA  (P ie rce , R ockfo rd , 111. USA ).
i) K ieselgel 60 (M erck).
T en  g o f w h e a t w as g ro u n d  to  g rits  fineness. T he g ro u n d  w heat was 

e x tra c te d  a t  room  te m p e ra tu re  fo r 2 h  w ith  200 cm 3 e th y l a c e ta te , th e  m ix tu re  
was re p ea ted ly  sh a k e n  d u rin g  e x tra c tio n . A fte r  e x tra c tio n , th e  organic so lu 
tio n  w as filte red  o ff an d  p u t aside . The residue  w as e x tra c te d  again  a t  room  
te m p e ra tu re  fo r tw o  h o u rs  w ith  200 cm 3 m e th an o l — w a te r  m ix tu re  ( 6 + 4  v /v ). 
T he so lu tio n  w as f ilte re d  o ff an d  th e  tw o f il tra te s  w ere com bined . The w a te r  
c o n te n t of th e  so lu tio n  was rem oved  b y  10 g o f a n h y d ro u s  N a 2S 0 4, an d  th e  
so lu tio n  was e v a p o ra te d  on a v acu u m  ro ta d e s t a p p a ra tu s . E v a p o ra tio n  y ielded  
an oily  liqu id  re sidue . T h is residue  w as d issolved in  2 cm 3 o f benzene — acetone 
(1 +  1 v /v ) m ix tu re  a n d  poured  on a 10 X 1 cm  colum n p ack ed  w ith  K ieselgel 60. 
T he lip id  co n ten t o f  th e  e x tra c t  w as e lu ted  w ith  20 cm 3 benzene from  th e  
co lum n. The m y co to x in s  te s te d  w ere e lu ted  w ith  20 cm 3 benzene — acetone 
(1 +  1 v /v) m ix tu re . T h e  e lu a te  co n ta in in g  th e  to x in s  w as ev ap o ra ted  on th e  
v acu u m  ro ta d e s t.

T he su b stan ce  e v a p o ra te d  to  d ryness w as d isso lved  in  2 cm 3 of acetone. 
Two h u n d red  m m 3 o f th e  acetone  so lu tion  w as tra n s fe rre d  in to  a screw -cap
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v*al and  e v a p o ra te d  in  N 2 a tm o sp h ere . Tw o h u n d red  m m 3 o f B ST FA  re a g e n t 
w as in tro d u c e d  in to  th e  v ia l, w hich  w as th e n  t ig h tly  closed, an d  h e a te d  for 
15 m in  a t  60 °C in  th e  b lock th e rm o s ta t . T he reac tio n  m ix tu re  w as allow ed 
to  cool a f te r  th e  proceed ing  o f th e  reac tio n , an d  1 m m 3 o f th e  reac tio n  m ix tu re  
w as in jec ted  in to  th e  gas ch ro m ato g rap h .

Determination by gas chromatography

T he co lum n  used  in  th e  a p p a ra tu s  w as d raw n  from  P y re x  glass o f  8 m m  
O .D . and  3 m m  I.D . on a H u p e  B ush  H e w le tt P a c k a rd  d raw ing  a p p a ra tu s . 
T h e  d e a c tiv a tio n  o f  th e  glass surface w as ca rried  o u t accord ing  to  G rob (1977, 
1978), w hile  th e  p ack in g  w ith  a s ta tic a l m e th o d . T he phase ra tio , ß =  gas 
v o lu m e /w e ttin g  vo lum e, w as 250.

C olum n: 14 m , 0.25 m m  I.D . w all-co a ted  open  tu b u la r  co lum n w e tte d  w ith  
SE 52

T e m p e ra tu re  o f th e rm o s ta t:  180-260 °C, 3 °C /m in.
T e m p e ra tu re  o f in jec to r: 260 °C 

.  T e m p e ra tu re  of d e tec to r: 260 °C
C arrier gas: H 2, en tran ce  p ressure  40 k P a .

Recovery and standard deviation o f the method

R eco v ery  an d  s ta n d a rd  d ev ia tio n  v a lu es  ca lcu la ted  from  11 p a ra lle l 
ru n s  o f th e  5 su b stan ces  in v es tig a ted  are show n in  T ab le  I  fo r a co n cen tra tio n  
lev e l o f 100 jug/kg.

R esults and  discussion

F igu re  1 show s th e  ch ro m ato g ram s o f s ta n d a rd  m y co to x in s . N in e teen  
feed sam ples w ere in v e s tig a te d  w ith  th e  m e th o d  described .

Fig. 1. The chrom atogram  of standard  m ycotoxins (1 — deoxynivalenol; 2 — diace toxyscir 
penol; 3 —  HT-2 toxin; 4 — T-2 tox in ; 5 —  zearalenone)
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Table I

Recovery and standard  deviation values of the five Fusarium  toxins investigated

N am e of toxin
Recovery, 
per cent

Relative standard  
deviation, 
pe r cent

Zearalenone 78 12
T-2 toxin 67 17
HT-2 toxin 75 13
Diacetoxyscirpenol 83 11
Deoxynivalenol 64 19

T h e sam ples selec ted  w ere p resum ed  to  be p ositive  fo r Fusarium  to x in  
on th e  basis o f p re lim in a ry  v e te r in a ry  in d ica tio n . T h e  7 sam ples in w hich no 
m y co to x in  could be d e tec ted  w ere n o t inc luded  in  th e  p resen tin g  o f resu lts . 
R esu lts  are  show n in  T ab le  I I .  A ll th e  su b stan ces in v es tig a ted  could  be d e tec ted  
in  th e  sam ples. In  th e  m a jo r p a r t  o f  th e  sam ples, m ore th a n  one m yco tox ins 
w ere fo und . This ex p e rim en ta l fin d in g  su p p o rts  th e  h y p o th esis  th a t  in  Fusa
rium  in fec tion  sev era l m yco to x in s  are form ed s im u ltan eo u sly , an d  syndrom es 
a ris in g  in  th e  an im als  are  re su lta n ts  o f th e  to x ic  effect o f severa l substances. 
I t  h ap p en ed  in  c e r ta in  cases th a t  th e  effect o f a single to x in  p red o m in a ted , 
an d  in  th is  case o n ly  one p re d o m in a n t to x in  could  be d e tec ted  in  th e  te s t , 
th e  q u a n ti ty  of th e  o th e rs  w as below  th e  lim it o f d e tec tio n .

Table П

Test results

N am e of sample
Zearalenone,

mg/kg
T-2 toxin, 

mg/kg
HT-2 toxin, 

mg/kg
D iacetoxy

scirpenol,
mg/kg

Deoxynivalenol,
mg/kg

Feldebrő I  maize 5.7 0.3 0 0.8 0
Feldebrő II  maize 3.2 1.4 0 0.5 0
Adony I wheat 0.2 1.9 0.2 0 0
Adony I I  wheat 0 0.2 0 0 0.5
Adony I I I  maize 0 0.4 0 0 1.3
Im ported I maize 7.5 0 0 2.1 0
Im ported I I  maize 3.7 0 0 1.5 0
Im ported  I I I  maize 4.8 0 0 2.0 0
Pápa I swine food 0 4.1 0 0 0
Pápa I I  swine food 0 5.8 0 0 0
B aja I  maize 1.3 4.4 0.7 0 0
B aja I I  maize 0.7 3.8 0.5 0 0.2
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INFLUENCE OF INDUCED MATERNAL ACIDOSIS 
ON THE ACID-BASE BALANCE OF THE 

NEWBORN CALF

O. Sz e n c i, F . K u ta s* and J .  H araszti
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The influence of m aternal acidosis on foetal and neonatal acid-base status and viability 
was studied. Lactic acidosis was produced in seven bovine females (five heifers and two cows) 
by oral adm inistration ofa  high dose of sucrose in the term inal p repartal period. Two pregnant 
heifers were used as control.

Follow-up of the m ain acid-base param eters in blood and urine indicated th a t  short
term  (one-day) acute acidosis of the dam  did no t affect adversely the acid-base sta tue  of the 
calf either in utero or post partum , b u t subacute acidosis, progressing to  a severe condition 
during 4-7 days of trea tm en t, also involved the offspring; th e  calves of such dams were either 
born in acidotic condition, or developed acidosis w ithin a few hours after b irth . Two acidotic 
calves died soon after b irth .

T he in flu en ce  o f  m a te rn a l ac id -base  d is tu rb an ces  on th e  foetus h as  been 
li ttle  s tu d ie d . O b serva tions in  h u m an s h av e  suggested  th a t  a lte ra tio n s  in  th e  
m o th e r’s a c id -b a se  an d  e lec tro ly te  m e tab o lism  also affect th e  m etabo lic  
s ta tu s  o f  th e  develop ing  h u m a n  fo e tu s  (T halm e, 1967). P re g n a n t gu in ea  pigs 
re sp o n d ed  to  a r tif ic ia lly  induced  h y p e rv e n tila tio n  b y  h y p o cap n ia , th e ir  
foetuses b y  m etab o lic  acidosis (M orishim a e t  a l., 1964). P re g n a n t ra ts  exposed  
to  h y p o x ic  co n d itio n s developed  a m etab o lic  acidosis, th e ir  foetuses a com 
b in ed  (resp ira to ry -m etab o lic ) acidosis (T halm e, 1967).

In te r re la tio n sh ip s  b e tw een  th e  m a te rn a l a n d  fo e ta l a c id -b ase  s ta tu s  
h av e  b een  p o o rly  s tu d ie d  in  th e  b o v in e , a lth o u g h  th e  prob lem  is o f  g rea t 
p ra c tic a l im p o rta n c e , since th e ir  special d igestive  system  pred isposes ru m i
n a n ts  to  a lim e n ta ry  acidosis.

In  th e  p re se n t ex p e rim en ts , we s tu d ie d  th e  in fluence  o f m a te rn a l acidosis 
in d u ced  in  th e  te rm in a l s tage  o f  p reg n an cy  on  th e  a c id -b ase  s ta tu s , an d  th e re b y  
on th e  v ia b ility  o f  th e  new born  calf.

Materials and methods

Seven  p rim ip a ro u s  heifers an d  tw o  m u ltip a ro u s  cows w ere used  in  th e  
ex p e rim e n t. T he heifers w eighed 375-410  kg , th e  cows 700 an d  768 kg . Six 
heifers a n d  one cow w ere H u n g a ria n  F leck v ieh  X R ed  P ied  L ow land  crosses, 
one heifer w as a H u n g a ria n  F leckv ieh  X H o ls te in -F rie s ia n  cross, an d  one cow 
w as a p u re b re d  H u n g a ria n  F leckv ieh .
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A ll an im als  w ere fed  2—4 kg  dairy-cow  feed da ily , an d  alfalfa  h a y  ad  lib .; 
th e  cows o f G roups I I  an d  I I I  w ere ad d itio n a lly  g iven  sucrose to  induce ac ido 
sis. T he d iffe ren t g roups can  be ch a rac te rized  as follow s:

Group I  (co n tro l, heifers nos 1 an d  2). T he foe tus w as rem oved by  C aesar
ean  section  on d a y  270 o f g e s ta tio n .

Group I I  (heifers nos 3, 4 an d  5). A single 12 g /kg  b w t dose o f  sucrose 
w as a d m in is te red  o ra lly  in  aqueous so lu tio n  (a b o u t 0.7 kg/1) on d ay  269 o f  
p reg n an cy , an d  24 h  la te r  th e  ca lf w as de livered  b y  C aesarean  section .

Group I I I  (heifers nos 6 and  7; cows nos 8 an d  9). Sucrose w as a d m in is 
te re d  a t  7 g /kg b w t/d a y  dose level, o ra lly  in  aqueous so lu tio n  as above, from  
th e  265 th  d ay  o f  p reg n an cy  on. T he tw o  heifers w ere su b jec ted  to  C aesarean  
sec tio n  a fte r  4 an d  7 d ay s, re sp ec tiv e ly , o f acidogenic  d ie t. Cow no . 8 calved  
sp o n tan eo u sly  a f te r  4 d ay s , th e  o th e r  cow (no. 9) d ied  a b ru p tly  on th e  3rd 
d ay  o f tre a tm e n t.

Maternal blood (jugular vein)  and urine samples w ere ta k e n  in  G roup  I 
(con tro l) before th e  C aesarean  sec tion , in  G roup I I  24 h  a f te r  sucrose ad m in is
tra t io n , and  in  G roup  I I I  on each d ay  o f acidogenic d ie t.

Foetal blood samples w ere w ith d raw n  from  th e  um bilica l a r te ry  an d  vein  
o f  each  C aesarean -derived  ca lf  before lif tin g  from  th e  u te ru s ; p o st-d e liv e ry  
sam ples w ere ta k e n  from  th e  ju g u la r  ve in  a t  0, 10 an d  60 m in  (occasionally  
a t  8, 12 an d  360 m in) a fte r  b ir th .

T he b lood  sam ples w ere w ith d ra w n  in to  h ep arin ized  tu b e s , in  anaerob ic  
co n d itio n s, a n d  w ere exam ined  fo r p H  an d  p C 0 2 b y  a bio logical m ic ro an a ly se r 
(O P  210/2, R ad e lk is , B u d a p e s t) , an d  fo r haem og lob in  co n te n t b y  a b lood 
a n a ly se r  (A m es). T h e  v alues o f  th e  o th e r  ac id—base  p a ra m e te rs , base  excess 
(B E ); a c tu a l b ic a rb o n a te  (ac t. H C 0 3~) w ere ca lcu la ted  as p roposed  b y  Szenei 
an d  N y író  (1981). U rine sam ples co llected  b y  c a th e te r iza tio n  w ere exam ined  
fo r p H  b y  th e  b io logical m ic ro an a ly se r, an d  fo r  n e t  a c id -b a se  ex c re tio n  b y  
th e  m e th o d  p rop o sed  b y  K u ta s  (1965).

Results

T he a c id -b a se  p a ra m e te rs  o f  th e  co n tro l heifers (G roup  I) w ere w ith in  
th e  physio log ica l range  (E ic h le r-S te in h au ff , 1977; W ilson e t  al., 1977) d u rin g  
th e  p e r ip a r ta l  p erio d . T he va lu es  d e te rm in ed  in  th e  u m b ilica l a r te r ia l b lood  
o f  th e  foetuses w ere as follow : p H  7 .29 -7 .34 ; p C 0 2 6 .7 -7 .0  k P a ;  ac t. H C 0 3-  
23 .3 -28 .3  mmol/1; B E  —2.3—|-3.2 mmol/1. T he acid—base p a ra m e te rs  o f th e  
n ew b o rn  calves in d ic a te d  a sh if t to w ard s  th e  s ta te  o f  re sp ira to ry  acidosis 
d u rin g  th e  in it ia l  p o s tn a ta l  ho u rs . A m m an n  e t al. (1974) a rriv ed  a t  s im ilar 
conclusions on e x am in a tio n  o f  th e  acid—base  s ta tu s  o f new born  calves delivered  
b y  C aesarean  sec tio n  on acco u n t o f  d y s to c ia .
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T he an im als in  G roup I I  developed  an  acu te  m etabo lic  acidosis d u ring  
th e  la s t  h o u rs  p reced ing  th e  C aesarean  sec tion  (p H  7 .23-7 .30 ; p C 0 2 5 .2 -5 .5
k P a ; a c t. H C O ^ — 15.9-18 .9  mmol/1; B E  —5.9---- 9.6 mmol/1). D ro p  o f th e
u rine  p H  from  7 .8 -8 .4  to  5 .3 -5 .9 , an d  o f  th e  ac id -b a se  ex cre tio n  from  -(-101— 
+ 1 2 2  to  — 1 2 2 -—218 mmol/1 in d ic a te d  a ra p id  dev e lo p m en t o f ac id u ria . T he 
acid—base  p a ra m e te rs  d e te rm in ed  in  th e  u m bilica l a r te r ia l b lood  o f th e  foetuses 
w ere p ra c tic a lly  th e  sam e as in  th e  co n tro l g roup  (pH  7 .30 -7 .35 ; p C 0 2 7 .0 - 
7.5 k P a ;  ac t. HCOj" 24 .8 -28 .0  mmol/1; B E  —0.7— \-2.1 mmol/1), a n d  foeta l 
re sp ira to ry  acidosis w as also o f  s im ila r degree. T he p o s tn a ta l  d ev e lo p m en t of 
th e  v iab le  foetuses w as p e rfec tly  n o rm a l.

In  G roup I I I  a su b acu te  acidosis w as p roduced  by  re p e a te d  in ta k e  o f 
sm alle r doses o f sucrose. T he effect o f m a te rn a l acidosis on th e  fo e ta l and  
n e o n a ta l a c id -b a se  s ta tu s  is described  below  in  g rea te r  d e ta il (T ables I —II I ) .

H eifer no. 6 show ed a considerab le  d ro p  o f  u rine  p H  an d  a d is tin c t 
ac id u ria  a lread y  on th e  f irs t  d ay  o f  sucrose feeding. A m a jo r d rop  o f  b lood  p H  
w as observed  from  d ay  6 on, and  severe m etab o lic  acidosis caused a com atose 
cond itio n  on d ay  7. A nalysis o f um bilica l a r te r ia l an d  venous b lood revealed  
a s im ila r degree o f  acidosis also in  th e  foetus delivered  b y  C aesarean  section  
on d a y  7 o f  acidogenic  d ie t. E x h a u s tio n  o f  th e  fo e ta l co m pensa tion  m echa
n ism s led  to  progression  o f  th e  ac ido tic  s ta te  d u rin g  th e  f irs t p o s tn a ta l  m in u tes

Table I

Param eters of acid-base status 
Heifer no. 6

Blood U rine

Animal Time
pH

pCO,
kP a

A ctual
bicarbonate,

mmol/1

BE,
mmol/1 pH

N et
ad d -b a se
excretion,

mmol/1

day 0* 7.43 5.9 28.4 4.5 6.9 +  21
day 1 7.39 6.2 27.1 2.7 5.6 — 165
day 2 7.35 5.8 23.1 — 1.4 5.6 — 160

Mother day 3 7.35 5.5 22.2 — 2.1 5.8 — 163
day 4 7.36 5.7 22.9 — 1.5 5.9 — 165
day 5 7.35 5.2 20.8 —  3.4 6.0 — 137
day 6 7.31 4.9 17.9 —  6.5 6.4 —  29
day 7 7.05 4.6 9.3 — 18.5 4.7 —

foetal umbilical artery 7.12 7.0 16.5 — 10.9 — —
umbilical vein 7.14 6.6 16.1 — 11.1 — —

Calf 1 min after b irth 7.08 7.2 15.3 — 12.5 — —
8 min after b irth 6.75 13.8 13.7 — 19.1 — —

* after the first application of sucrose
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Table П

Param eters of acid-base status 
Heifer no. 7

Animal Time

Blood Urine

pH
pCOf
kP a

Actual
bicarbonate«

mmol/1

BE«
mmol/1 pH

Net
acid—base 
excretion, 

mmol/1

day 0* 7.39 7.0 30.2 5.3 8 .0 +  108
day 1 7.38 6.7 28.8 4.0 6.0 — 55

Mother day 2 7.35 6.2 24.7 —  0.2 5.3 — 136
day 3 7.23 5.7 17.2 -  8.5 5.3 — 169
day 4 7.16 7.1 18.4 —  8.7 5.0 — 129

foetal umbilical artery 7.37 8.5 35.2 9.4 — —
umbilical vein 7.38 8.1 34.3 9.1 — —

1 min after b irth 7.34 8.4 32.0 6.6 — —
Calf 10 m in after b irth 7.27 9.2 30.6 3.6 — —

1 h  after b irth 7.17 11.0 28.7 0.3 — —

2 h after b irth 7.03 12.0 22.7 —  7.6 — —

6 h after b irth 6.81 19.3 22.3 — 12.4 — —

* after the first application of sucrose

Table HI

Param eters of acid-base status 
Cow no. 8

Animal Time

Blood Urine

pH pCO,
kP a

A ctual
bicarbonate,

mmol/1

B E,
mmol/1 pH

Net
acid-base 
excretion, 

mmol/1

day 0* 7.40 6.0 26.8 2.7 8.4 +139
day 1 7.31 5.6 20.4 —  4.4 5.6 — 138

Mother day 2 7.25 5.8 18.5 —  7.1 5.7 — 77
day 3 7.19 5.4 14.9 — 11.1 4.9 — 80
day 4 7.18 5.5 15.0 — 11.2 5.6 — 60

1 m in after b irth 7.07 7.5 15.7 — 12.9 — —

Calf 10 m in after b irth 7.08 8.5 18.2 — 10.8 — —
1 h after b irth 7.16 9.5 24.5 — 3.7 — —

* after tbe firs t application of sucrose
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an d  to  d e a th  o f  th e  ca lf  8 m in a f te r  lif tin g  from  th e  u te ru s . T he d am  was 
em ergency -s laugh te red  on th e  sam e day .

Heifer no. 7 also developed  ac id u ria  on th e  f irs t d ay  o f sucrose tre a tm e n t, 
as in d ic a te d  b y  th e  values o f  u rin e  p H  an d  u r in a ry  ac id -b ase  ex cre tion . The 
co n d itio n  p rogressed  to  a severe m etab o lic  acidosis b y  d ay  4, w hen  C aesarean 
sec tion  w as perfo rm ed . U n like  fo e tu s  no. 6, foe tus no. 7 show ed a com pensated  
a lkalosis ra th e r  th a n  acidosis, as ju d g e d  from  th e  p a ram e te rs  d e te rm in ed  in 
um bilica l b lood  sam ples. H ow ever, alkalosis ceased soon a f te r  b ir th , and  a 
re sp ira to ry  acidosis developed , w hich  led to  fa ta l ou tcom e d u rin g  th e  s ix th  
p o s tn a ta l  h o u r. T he dam  w as k illed  on th e  d a y  o f  th e  C aesarean  sec tion  on 
acco u n t o f ac ido tic  com a.

L ike heifers nos 6 an d  7, cow no. 8 o f  th e  sam e g roup  show ed increased  
acid ex cre tio n  from  th e  f i r s t  d ay  o f  t re a tm e n t on. T he b lood  p a ram e te rs  
in d ica ted  deve lopm en t o f  a n o n -co m p en sa ted  m etabo lic  acidosis on th e  th ird  
day . Sucrose in ta k e  w as th e n  s to p p ed , b u t  th e  ac ido tic  co n d itio n  ten d ed  
to  p rogress. N ex t m orn ing  (a t  9.00 a .m ., on th e  fo u rth  day) calv ing  com m enced 
sp o n tan eo u sly ; th e  am nion  forced its e lf  th ro u g h  th e  cerv ix , b u t  failed  to  b u rs t 
and  th e  an im al show ed no in d ica tio n  of lab o u r. A rtific ia l b u rs tin g  o f th e  
am nion  a t  6 p .m . m ade th e  de liv ery  possible b y  exercising  th e  u su a l am o u n t 
o f  tra c t io n . T he b lood  p a ra m e te rs  o f  th e  new born  ca lf  in d ica ted  a d is tin c t 
m etab o lic  acidosis im m ed ia te ly  a f te r  b ir th , an d  a considerab le  com pensation  
th e re o f  one h o u r la te r ;  th e  ca lf  c o n tin u ed  to  develop n o rm ally  fu r th e r  on , b u t 
th e  d am  died  on th e  d ay  a f te r  ca lv ing .

Cow no. 9 d ied  sp o n tan eo u sly  o n  th e  th ird  d ay  o f  sucrose d ie t. T he b lood 
p a ra m e te rs  in d ic a te d  a severe, n o n -co m p en sa ted  m etab o lic  acidosis (p H  7.17; 
p C 0 2 6.0 k P a ; a c t. H C 0 3-  15.8 m m ol/1; B E  — 11.0 mmol/1). E x a m in a tio n  o f 
th e  ca lf  w as th u s  n o t possib le.

Discussion

T he fo e ta l a c id -b a se  ba lance  is reg u la ted  in d irec tly , th ro u g h  th e  p lacen ta , 
b y  th e  m a te rn a l re sp ira to ry  an d  re n a l fu n c tio n s . T he H + ions an d  C 0 2 released  
in  excess in  th e  course o f fo e ta l m etab o lism  are  passed  fo r e lim in a tio n  to  th e  
m a te rn a l c ircu la tio n , v ia  th e  u m bilica l b lood . T he ovine ep ith e lio ch o ria l p la 
cen ta  is im perm eab le  to  th e  b ic a rb o n a te  p ro d u ced  b y  th e  foetus (C ure t, 1970; 
B a illie e t a l., 1971), b u t  enables a ra p id  d iffusion  o f ca rb o n  dioxide (W ilson 
e t a l., 1977; K e rp e l-F ro n iu s  e t a l., 1978).

T h e  acidosis developed  in  th e  m a te rn a l o rgan ism  m ay  a ffec t th e  foetus 
in  tw o  w ays. F irs tly , u n d e r  such  c ircu m stan ces h y d ro g en  ions m ig h t be 
tra n s fe rre d  in  excess from  th e  m a te rn a l b lood  to  th e  fo e tu s . D ue to  th e  acido tic  
load , an  increased  e lim in a tio n  o f  h y d ro g en  ions is necessary  b y  th e  fo e ta l 
co m p en sa to ry  processes. T h is s itu a tio n  is fu r th e r  ag g rav a ted  b y  p a r tu r it io n ,
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•which involves accu m u la tio n  o f ca rb o n  dioxide and  lac tic  acid in  th e  fo e ta l 
o rgan ism , causing  th e re b y  a sh ift o f th e  ac id -b ase  s ta tu s  to w ard s th e  acid ic 
ran g e  also in  n o rm al co n d itions. Secondly , m a te rn a l acidosis m ay  adverse ly  
a ffec t th e  oxygen  and  carb o n  dioxide tra n s fe r  across th e  p lacen ta . R ed u c tio n  
o f  th e  oxygen  su p p ly  c rea tes  a sp h y x ia i cond itions in  th e  foetus w hich can  
o b ta in  energy  m ain ly  b y  anaerob ic  g lycolysis, a t  th e  expense o f  converting  
c a rb o h y d ra te  in to  lac tic  acid . T he accu m u la tio n  o f  lac tic  acid  re su lts  in  
m etab o lic  acidosis in  fo e ta l b lood. A ccord ing  to  th e  p re sen t know ledge, m a 
te rn a l  a c id -b ase  d is tu rb an ce  affects th e  foetus to  a lesser degree th a n  do 
d iso rders in  th e  fo e to -m ate rn a l gas exchange. F o e ta l acid—base ab n o rm alities  
u su a lly  arise from  gas exchange p rob lem s, e.g . defic iency  o f oxygen  supp ly  
(G yódi, 1973).

In  th e  p re se n t ex p erim en ts , tw o d iffe ren t ty p es o f  acidosis w ere induced  
in  dam s d u rin g  th e  te rm in a l s tage  o f  p reg n an cy . A cu te  acidosis, developed  in 
response  to  o ra l a d m in is tra tio n  of a single large dose o f  sucrose, w as m o d er
a te ly  severe, a n d  la s ted  on ly  a d ay . T he ac id -b ase  s ta tu s  of th e  C aesarean- 
deriv ed  calves o f  such dam s did  n o t n o ta b ly  differ from  th e  co n tro l; th is  has 
in d ic a te d  fo e ta l ab ility  for in  u te ro  co m pensa tion  o f th e  in fluence  o f sh o r t
te rm  m a te rn a l acidosis. T he selective fu n c tio n  o f th e  p lacen ta  seem s to  be 
a m a jo r  co m pensa tion  fa c to r , fo r i t  can  a v e r t th e  path o lo g ica l e ffect o f s h o r t
te rm  m a te rn a l ac id -b ase  d is tu rb an ces  (K erp e l-F ro n iu s  e t a l., 1978).

F o e ta l response w as, how ever, d iffe ren t to  a m ore d u rab le  and  severe 
ac id o tic  co n d itio n  o f th e  dam  induced  b y  rep e a te d  (4 to  7 day) a d m in is tra tio n  
o f  sucrose d u rin g  th e  la s t p re p a r ta l  d ay s. In  th e  g roup  so tre a te d , tw o calves 
w ere b o rn  w ith  m etabo lic  acidosis, an d  a th ird  ca lf developed  i t  w ith in  a few 
h ours a f te r  b ir th .  N eo n a ta l acidosis soon led  to  a fa ta l  ou tcom e in  tw o o f th e  
th re e  cases, ow ing to  in  u te ro  ex h au stio n  o f th e  b u ffe r sy stem s, w hich  th u s  
fa iled  to  com pensa te  th e  ac ido tic  load  o f re sp ira to ry  an d  m etabo lic  orig in  
a f te r  b ir th .

A lth o u g h  th e  low n u m b e r o f  an im als  used  in  th e  ex p erim en t does n o t 
p e rm it g enera l conclusions, th e  fa c t rem ain s th a t  m u ltip a ro u s  cows are o b 
v io u sly  less to le ra n t to  a lim e n ta ry  acidosis th a n  p rim ip aro u s an im als.
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CORRELATIONS BETWEEN MUSCLE TONE AND 
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A simple b u t conclusive new score system, based on a sim ilar scheme used in hum an 
obstetrics, is proposed for neonatal s ta tu s  diagnosis in calves. W ith th is new score system , 
neonatal status is judged by muscle tone, and the cardiac sta tus is also considered in problem  
cases. The use of muscle tone as sole physical param eter has been justified  by close correlations 
dem onstrated between it and neonatal acid-base param eters. This makes possible an im m ediate 
precise judgem ent of neonatal s ta te  w ithout laboratory  tests, and  thereby the im m ediate 
application  of chem otherapeutic measures whenever required.

H u m an  o b s te tr ic ia n s  have  long  recognized th a t  p rev en tio n  o f  p e rin a ta l 
in fa n t m o r ta li ty  req u ires  precise  know ledge o f  th e  n ew b o rn ’s a c tu a l s ta tu s  
th ro u g h o u t th e  c ritica l p erio d . N eo n a ta l s ta tu s  d iagnosis shou ld  th u s  he b ased  
on a system  o f re liab le  c r ite r ia , w hich  also disclose p ro g n o stic  in fo rm a tio n  
for ea rly  p o s tn a ta l  life.

In it ia lly , on ly  th e  b o d y  d im ensions, b o d y  w eigh t, an d  c e r ta in  changes 
o f th e  ce n tra l nervous sy s tem  h ad  been  considered  as c rite r ia  o f  th e  n eo n a ta l 
s ta tu s ;  th e  now  obsolete  te rm s  “ a sp h y x ia  p a llid a ”  an d  “ asp h y x ia  liv id a ”  
d a te  b ack  to  th a t  e a rly  p e rio d  (L am pé, 1973).

D urin g  th e  la s t 30 -40  y ea rs , in te re s t has been in c reas in g ly  focussed on 
im prov ing  n e o n a ta l s ta tu s  d iagnosis  b y  in te g ra tio n  o f  new  c rite r ia  based  on 
c e r ta in  c h a rac te ris tic  p h y sica l p a ra m e te rs . T he f irs t  score sy stem  o f th a t  k ind  
h ad  been  p ioneered  by  L u n d  (1941), h u t  o n ly  th e  n e x t sy s tem , p roposed  12 
years  la te r  b y  A pgar (1953), has becom e p o p u la r  a ll over th e  w orld . T he so- 
called  A pgar sy s tem , n am ed  a f te r  i ts  o rig in a to r , is based  on th e  d e te rm in a tio n  
o f 5 p a ra m e te rs  (h ea rt ra te , re sp ira tio n  ra te , m uscle to n e , re flex  a c tiv ity , sk in  
colour) one m in u te  a f te r  b ir th .

H ow ever, p re se n t-d a y  req u irem en ts  fo r n e o n a ta l s ta tu s  d iagnosis are 
n o t fu lly  m et b y  th e  A p g ar sy stem  e ith e r , fo r i t  involves a g rea t dea l o f su b jec 
tiv e  ju d g e m e n t, w hich m ay  becom e a souice o f  e rro rs (L am pé, 1973).

In  th e  ea rly  ‘s ix ties , a m ore ob jec tive  d iagnostic  ap p ro ach  w as proposed 
b y  Saling  (1961), w ho e lab o ra ted  reliab le m eth o d s fo r th e  assessm ent o f 
p a ra m e te rs  con tro lling  n eo n a ta l ac id -b ase  balance .
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I n  co m b in a tio n  w ith  th e  tr a d itio n a l score sy stem , follow -up o f th e  acid- 
base  p a ra m e te rs  d u rin g  and  a f te r  p a r tu s  enab led  an  im m ed ia te  precise ju d g e 
m en t o f  th e  ac tu a l s ta tu s , and  th e re b y  an  im m ed ia te  th e ra p e u tic  in te rv e n tio n  
w h en ev er necessary . B erg  (1968) observed  on com parison  o f  c e r ta in  life p h e 
n o m en a  w ith  th e  ac id—base s ta tu s  in te rre la tio n sh ip s  o f  th e  la t te r  above all 
w ith  m uscle  to n e , n e x t to  i t  w ith  m o v em en t, and  to  a m ino r degree also w ith  
sk in  co lo u r; th e  low  co rre la tio n  fo u n d  w ith  th e  la t te r  m ay  h av e  b een  due to  
d ifficu ltie s  in  ju d g in g  th e  shade p recisely . B ased on B erg’s f in d in g s , M ihály 
(1973) evolved  a sim ple four-score sy s tem , in  w hich solely m uscle to n e , as th e  
p h y sica l p a ra m e te r  show ing closest co rre la tio n  w ith  th e  ac id—base  s ta tu s , is 
consid ered  as s ta tu s  c rite rio n , a n d  card iac  a c tiv ity  is also ju d g e d  in  prob lem  
cases.

M ihály  (1973) has used  th e  scores 0 to  3 in  th e  follow ing schem e:
0 — toneless, no h e a r t ac tio n
1 — tone less, h e a r t ac tio n  p re se n t
2 — low to n ic ity
3 — n o rm al to n ic ity
T h e  above score system  is a sim ple , b u t  e ffic ien t, aid  fo r th e  o b ste tric ian  

c o n te m p la tin g  resu sc ita tio n . A  sim ple , p rac ticab le  score sy s tem , enab ling  
n e o n a ta l s ta tu s  d iagnosis in  ca lves, is g re a tly  needed  also in  v e te r in a ry  ob
s te tr ic s  to  reduce p e r in a ta l losses b y  im m ed ia te  ap p lica tio n  o f  an  ad eq u a te  
d ru g  tre a tm e n t .  T he m odified  A p g a r schem e (resp ira tio n  ra te , m uscle to n e , 
re flex  a c tiv ity , sk in  colour) or th e  b lood  te s t-b a sed  diagnosis o f  s lig h t o r severe 
a sp h y x ia  (A m m ann e t  a l., 1974; B od en b erg er, 1979; M aurer-S chw eizer and  
W alser, 1976; M ülling , 1977; S ch le rka  e t  a l., 1979), w hich  h av e  been  h ith e r to  
em ployed  fo r n e o n a ta l s ta tu s  d iagnosis  in  calves, p roved  to  be im p rac ticab le  
fo r f ie ld  use. To develop  a sim ple new  schem e, we ex am in ed  th e  four-score 
sy s tem  p roposed  b y  M ihály  (1973) fo r in te rre la tio n sh ip s  w ith  th e  ac id—base 
p a ra m e te rs  o f n eo n a ta l calves.

Materials and methods

A  to ta l  o f  147 calves w ere ex am in ed  im m ed ia te ly  p o st p a r tu m  fo r degree 
o f  v i ta l i ty  (У), w hich  w as ch a ra c te riz e d  as follow s:

V —O : tone less, head  d roo p in g , lim bs ex ten d ed , ca rd iac  a c tiv ity  ab sen t
Y —I :  ton e less , head  d roo p in g , lim bs ex ten d ed , ca rd iac  a c tiv ity  p resen t
V - I I  : low to n ic ity , ab d o m in a l recum bency  w ith  head  req u irin g  su p p o rt ;

reduced  n u m b er an d  in te n s i ty  o f re flec to ric  m o v em en ts  
Y —I I I :  n o rm al to n ic ity , h ead  e rec t, n o rm al reflec to ric  m ov em en ts . 
A fte r  assessm en t o f th e  V , b lood  sam ples w ere w ith d ra w n  from  th e  

ju g u la r  v e in  (in  V - 0  cases b y  ca rd iac  p u n c tu re  u n d e r anaerob ic  cond itions)
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Table I

Degree of vitality (V) scores versus mean (x ± S D ) acid-base parameters in neonatal calves

V
scores n pH

pC 02
kPa

p 0 2
kPa

Hb
mmol/1

BE
mmol/1

EBE
mmol/1

BB
mmol/1

act. HCO3 
mmol/1

SAT
%

Y - I I I 8 1 7 .2 3 2 8 .7 3 .8 7 .5 — i . i 0 .2 4 5 .7 2 6 .4 3 2 .3

0 .0 5 4 1 .1 0 .6 1.0 2 .4 2 .4 2 .6 2 .3 9 .2

V - I I 4 7 7 .0 6 7 1 0 .2 4 .1 7 .6 — 8 .6 — 6 .6 3 8 .1 2 1 .2 2 8 .8

0 .0 6 6 1 .4 1.0 1 .3 3 .2 3 .2 3 .4 2 .9 1 2 .0

V - I 1 4 6 .9 0 7 1 1 .2 4 .1 7 .2 — 1 5 .5 — 1 3 .1 3 1 .0 1 6 .2 2 4 .7

0 .1 2 2 1 .5 1 .5 1 .1 4 .5 4 .1 4 .2 2 .9 1 5 .1

V - 0 5 6 .4 0 6 2 9 .0 1 .9 4 .4 — 2 5 .0 — 2 2 .6 1 9 .6 1 2 .6 3 .1

0 .1 6 8 1 2 .3 0 .7 1 .7 4 .8 4 .4 4 .4 3 .6 2 .4

F = 2 7 9 .0 4 1 1 3 .8 7 1 1 .8 7 1 2 .4 2 1 9 6 .8 5 1 7 9 .9 6 2 0 3 .0 111.1 1 2 .9 9

P < 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Level of signif- 5 %  = 0 .0 3 7 1 .3 0 .5 0 .6 1 .6 1 .5 1 .6 1 .4 5 .6

icance 1 %  = 0 .0 4 9 1 .7 0 .6 0 .8 2 .1 2 .0 2 .1 1 .8 7 .4

o .i% = 0 .0 6 3 2 .1 0 .8 1.0 2 .7 2 .6 2 .8 2 .3 9 .5
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in to  heparin ized  sy rin g es w hich  were im m ed ia te ly  closed a ir t ig h t b y  ru b b e r 
cap s a n d  s to red  am ong  ice cubes u n ti l  te s tin g . The p H , p C 0 2 an d  p 0 2 w ere 
d e te rm in e d  im m ed ia te ly  o r w ith in  one h o u r  a fte r sam p lin g  a t  th e  la te s t , in  
A B L -1  a p p a ra tu s  (R a d io m e te r , C openhagen), and b io log ica l m icroanalyser 
(T y p e  O P  210/2, R a d e lk is , B u d ap est) , re sp ec tiv e ly . The haem o g lo b in  concen
t r a t io n  w as de te rm in ed  w ith  th e  cyano h aem o g lo b in  te s t ,  in  a Y ita tro n  haem o- 
g lo b in o m eter. W ith  th e  va lu es  of p H , p C 0 2, and  p 0 2 k n o w n , th e  o th e r a c id -  
b a se  p a ram e te rs  (base excess [B E ], e x tra c e llu la r  base excess [E B E ], b u ffe r 
b a se  [B B ], ac tu a l h y d ro g e n  carb o n a te  c o n te n t  [act. HCO^"]) w ere estab lished  
b y  ca lcu la tio n  as d esc rib ed  earlie r (Szenei and  N yíró , 1981). 0 2-sa tu ra tio n  
(SA T) w as d e te rm in ed  in  p e rcen tu a l te rm s  as p roposed  b y  M arsoner an d  
H a rn o n c o u r t (1976).

T he m ean va lu e  a n d  s ta n d a rd  d e v ia tio n  (x, SD) o f  each  p a ra m e te r  w as 
assessed  fo r each Y c a te g o ry , and w as c o m p ared  betw een  ca tego ries by  analysis 
o f  v a rian ce .

Results and discussion

T h e ac id -b ase  v a lu e s  assessed fo r th e  fo u r V categories an d  th e  sign ifi
can ce  o f  in te r-ca teg o ry  v a r ia tio n s  in  a c id -b a se  p a ram e te rs  are  show n in  th e  
a t ta c h e d  T able.

T he V - I I I  calves w ere bo rn  in  th e  s ta te  of a s lig h t, m ixed  re sp ira to ry - 
m e ta b o lic  acidosis, w h ich  can  be reg a rd ed  as physio logical. T h e  values o f a c id -  
b a se  p a ram e te rs  for th e  V - I I I  calves co rresp o n d ed  to  tho se  p u b lished  by  o th e r 
a u th o rs  (A m m ann e t  a l., 1974; B o d en b erg er, 1979; M ülling  e t a l., 1972; 
S ch le rk a  e t al., 1979; Szenei e t al., 1980; W alser and  M aurer-Schw eizer, 1978) 
as c h a ra c te r is tic  o f v ig o ro u s (A pgar 7—8) new born  calves.

T h e  re sp ira to ry  (p C 0 2) and m etab o lic  (pH , B E , E B E , B B , ac t. HCO^f) 
p a ra m e te rs  of V - I I  calves d iffered s ig n if ic a n tly  from  th o se  o f  V - I I I  ones, an d  
s ig n if ied  over th e  physio log ica l lim it in crease  o f re sp ira to ry -m etab o lic  acidosis. 
C onfo rm  to  the  o b se rv a tio n  of o th e r a u th o rs  (M aurer-Schw eizer and W alser, 
1976), th e  values o f p 0 2 an d  SAT did  n o t  differ s ig n if ican tly  betw een  V—I I  
a n d  V - I I I .

T he s ta te  ca teg o rized  as V - I I  co rresp o n d ed  to  th a t  g en era lly  te rm ed  as 
m ild  a sp h y x ia  (A pgar 4—6) (A m m ann  e t  a b , 1974; B o d en b erg er, 1979; M aurer- 
S chw eizer and  W alser, 1976; S chlerka e t  a b , 1979). I t  sh o u ld  be n o ted  th a t  
w h ile  c e r ta in  a u th o rs  (A m m ann  e t a b , 1974; Schlerka e t  a b , 1979) observed  
a s ig n if ic a n t difference betw een  th e  p C 0 2-values fo r v igo rous and  slig h tly  
a sp h y x ie  calves, o th e rs  (B odenberger, 1979; M aurer-Schw eizer and  W alser, 
1976) fa iled  to  d e m o n s tra te  sign ificance.

T he V—I  calves w ere b o rn  w ith  a severe re sp ira to ry -m e tab o lic  acidosis, 
w ith  a ll te s ted  p a ra m e te rs  excep t p C 0 2, p 0 2 and  H b , d iffering  sig n ifican tly
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(P  <  0.001) from  th o se  fo r V—I I .  T h is s ta te  co rresponded  to  th e  one genera lly  
te rm e d  as severe n e o n a ta l a sp h y x ia  (A m m ann  e t a l., 1974).

T he calves c lassified  in to  th e  V—O ca teg o ry  were a ll s tillb o rn ; in tra u te r in e  
d e a th  h ad  been due to  e x h au s tio n  o f  th e  co m pensa tion  m echan ism s. A ll a c id -  
base p a ra m e te rs  assessed in  h e a r t b lood  sam ples of Y—O calves h ad  sig n ifi
c a n tly  (P  <  0.001) red u ced  va lu es  also in  com parison  to  Y—I.

In  conclusion , th e  Y -score sy s tem  proposed  b y  us seem s to  be m ore 
p rac ticab le  in  fie ld  co n d itio n s th a n  e ith e r  th e  m odified  A p g a r schem e, o r th e  
a sp h y x ia  d iagnosis b a sed  on b lood  te s ts . T he g rea t a d v a n ta g e  o f th e  V sy s tem  
over th e  la t te r  schem es is th a t  i t  is sim ple enough to  be m a s te re d , y e t fu lly  
conclusive o f  th e  n e o n a ta l s ta te , fo r th e  p h ysica l c r ite r ia  u sed  fo r score ev a lu a 
tio n  p o r tra y  th e  a c tu a l ac id—base  s ta te  o f th e  new born  ca lf  w ith o u t req u irin g  
la b o ra to ry  evidence. T h is m akes possib le n o t on ly  im m ed ia te  th e ra p e u tic  
in te rv e n tio n  if  req u ired , b u t  also th e  d iffe ren tia tio n  o f in tra u te r in e  from  
e x tra u te r in e  s ti llb ir th s . A ccord ing  to  o u r ow n experience, p h y sica l s tim u la tio n  
(cold com press on th e  nape  o f th e  neck , ru b b in g  o f  th e  chest) an d  chem o
th e ra p e u tic  s tim u la tio n  o f th e  re sp ira to ry  cen tre  (w ith  D o p ram -V ® ) (Szenei 
e t a l., 1980) or R espiro t®  (K öch li, 1969) a fte r  clearing  th e  a irw ays are su ffi
c ien t fo r n o rm a liza tio n  o f  th e  n e o n a ta l s ta tu s  in  V - I I  cases. V - I  calves shou ld  
ad d itio n a lly  receive 5 -7  m l/kg  b u ffe r in fusion  (1 mol/1 N a H C 0 3 o r 70 g/1 
T ris-b u ffe r (TH A M ) an d  0 .28 -0 .56  mol/1 glucose, as w ell as S tro p h an th in  (M ul
ling  e t a l., 1972; W a lse r an d  M aurer-Schw eizer, 1978) fo r  ca rd io v ascu la r 
s tim u la tio n . E x h a u s tio n  o f  th e  co m p en sa tio n  m echan ism s in  V - I  and  to  a ce r
ta in  degree also in  V - I I  cases re su lts  in  la te  m ob iliza tion  an d  a de lay  in  colos
tru m  in ta k e , w hich  p red isposes th e  n e o n a ta l ca lf  fo r E . coli en te ro to x aem ia . 
W ith o u t im m ed ia te  d ru g  tre a tm e n t ,  on ly  a m inor p a r t  o f  such  calves can  be 
saved  b y  tim e- and  w ork -consum ing  in ten siv e  care (pail-feed ing  every  o th e r 
hour).
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Two-year stillbirth statistics of 163 large cow herds managed in the cattle production 
units of 59 state farms were evaluated by analysis of variance or the chi-square test for differ
ences between breeds (Tables I, II), months and years (Table III), primi- and pluriparous 
dams (Table IV), male and female calves (Table V), levels of milk production (Table VI), 
herd sizes (Table V II), levels of attendance at calving (Table VIII), levels of training of attend
ants in charge for night duty, and on Sundays and bank holidays (Table IX ), housing condi
tions for parturient cows, i.e. calving practice (Table X) and management practice during the 
dry period (Table XI).

Stillbirth incidence varied greatly with the breed, was greatest during the cold season, 
and lowest during early and late summer. It was generally significantly greater among the 
primiparous than the pluriparous dams. Male stillbirths occurred significantly more frequently 
than female stillbirths. Stillbirth incidence tended to increase with the level of milk production. 
No significant correlation was found between stillbirths and herd size, level of attendance 
to parturient cows, and housing conditions during calving. The management practice employed 
during the dry period had, however, a significant impact on subsequent stillbirth incidence.

T h e p ro f ita b ili ty  o f c a ttle  p ro d u c tio n  is decisively in flu en ced  b y  th e  
n u m b e r o f  calves b o rn  alive an d  rea red  to  ad u lth o o d . The inc idence  o f  p e r i
n a ta l  losses (in  u te ro  an d  d u rin g  th e  f i r s t  24 h of e x tra u te rin e  life) is s till  as 
h igh  as 4 -7 %  (A nderson  an d  B ellow s, 1967; B odai, 1978; G reene, 1979; 
G rom m ers e t  a l., 1965; H elm ig -S ch u m an , 1964; R odolph , 1970; Szenei e t a l., 
1981; Y o elk er, 1967), an d  covers a b o u t a h a lf  (50.8%  accord ing  to  K o g er e t  a l., 
1967, a n d  4 7%  accord ing  to  W alser, 1972) o f  a ll ca lf losses. C loser in v e s tig a 
tio n s  in to  th e  fac to rs  in flu en c in g  p e r in a ta l  c a lf  losses are th ere fo re  o f im m ed ia te  
in te re s t . A n  analysis o f s ti l lb ir th  incidence  in  a large g roup  o f in ten s iv e  c a tt le  
p ro d u c tio n  u n its  over a period  o f tw o y ea rs  is rep o rted  in  th is  p ap er.

Materials and methods

T h e p re se n t s tu d y  covered  163 c a ttle  p ro d u c tio n  u n its  o f 59 s ta te  fa rm s, 
in  y e a rs  1978 and  1979. T he to ta l  n u m b ers  o f calv ings b y  p rim ip a ro u s  an d  
p lu rip a ro u s  dam s o f d iffe ren t b reeds are  show n in T able  I. T he le t te r  sym bo ls 
used  in  T ab le  I for d esig n a tio n  o f  th e  b reed s  are also used  in  th e  te x t .

S til lb ir th  incidence w as an a ly sed  fo r d is tr ib u tio n  betw een  b reed s, y ea rs  
an d  m o n th s , heifers an d  cows, m ale an d  fem ale calves, m ilk  y ields p e r la c ta 
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t io n , herd  sizes, s ta f f  s ize , tra in in g  levels o f  a t te n d a n ts  in  charge during  n ig h t 
sh if ts , Sundays a n d  b a n k  ho lidays, ca lv ing  house  co n stru c tio n s, and  m an ag e 
m e n t prac tices ap p lied  d u rin g  th e  d ry  p erio d .

T he d a ta  w ere e v a lu a te d  b y  an a ly sis  o f v a rian ce  or ch i-square te s t .

Results

1. Stillbirths in different breeds

Heifers. S t i l lb ir th  incidence w as th e  h ig h es t (12 .3% ) in  th e  low land  
b reed s  (fg ), th e  lo w est (3 .7% ) in  th e  H u n g a ro -F r ie s ia n  h y b rid  b reed  (e), 
a n d  ranged  b e tw een  5 .9 -1 0 .4 %  in  th e  o th e r  b reed s.

Table I

Absolute number of calvings by primiparous and pluriparous dams within different breeds

Breed

a b C ac d e fg h i

Primiparous dams
1978 588 2426 4861 6571 1485 1930 526 1748 359 20,494

1979 1231 2127 5492 5502 2476 1660 752 938 694 20,872

Total 1819 4553 10,353 12,073 3961 3590 1278 2686 1053 41,366

Pluriparous dams
1978 2511 4003 10,460 12,360 3431 5385 2655 3061 2371 46,237

1979 2804 6361 12,056 14,447 5360 5316 2365 3160 1904 53,773

Total 5315 10,364 22,516 26,807 8791 10,701 5020 6221 4275 100,010

a Hungarian Red Pied (HRP), b Holstein-Friesian (HF), c H R P xH F , ac HRP, HRPX  
X H F , d HRP, HRPxHF, HRPxRDL (Red Pied Lowland), e Hungaro-Friesian hybrid, 

/B la c k  Pied Lowland (BPL), g BPLxHF, h HRPxRPL, i HRP, HRPXBPL, HRPxHF

Cows. M ax im um  (7 .0% ) and m in im u m  (3 .1% ) incidences were assoc ia ted  
w ith  th e  sam e b reed s  as above; in  th e  o th e r  b reed s , m ean  incidences o f  3.8— 
5 .7%  were found .

A nalysis o f v a r ia n c e  ind ica ted  a s ig n if ic a n t (P  <  0.001) in te r-g ro u p  
v a r ia tio n  in  b o th  th e  he ife r and  cow ca te g o ry  (T able I I ) .

O ther a u th o rs  (K o g er e t ah , 1976; L in d h é , 1967; E lleby  and  M yqind- 
R asm u ssen , 1971; L a s te r  and  G regory , 1973; L in d s trö m  and  Y ilva, 1977) 
also observed s ig n if ic a n t differences in  s t i l lb ir th  incidence betw een  b reed s, 
m a in ly  betw een h e ife rs  o f d ifferen t b reeds.
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Table П

Stillbirth (x ±  SD) in different breeds

Breed

a b C ac d e fg h i
Least

F significant 
difference

Stillbirths of
primiparous 
dams ( % )

6.6 8.6 7.5 6.4 6.2 3.3 12.8 6.2 10.1 5.47 5 % =  3.25 
P < 1  % =  4.32

1978 3.6 1.9 2.2 1.9 3.0 1.2 6.5 1.7 8.1 0.001 0.1% =  5.57
Stillbirths of

primiparous 
dams ( % )

5.8 7.6 7.6 6.2 5.7 4.2 11.9 6.9 10.7 6.42 5 % =  2.72 
P <  1 % =  3.61

1979 3.2 2.6 1.8 2.0 2.2 2.2 6.5 2.4 4.5 0.001 0.1% =  4.66

Total
6.2 8.1 7.5 6.3 5.9 3.7 12.3 6.5 10.4 12.23 5 % =  2.04 

P <  1 % =  2.69
3.3 2.2 1.9 1.9 2.5 1.7 6.3 2.0 6.4 0.001 0.1% =  3.45

Stillbirths of
pluriparous 
dams ( % )

4.7 5.5 3.9 5.1 5.3 2.7 7.3 3.1 5.6 17.34 5 % =  0.94 
P <  1 % =  1.25

1978 1.4 0.9 0.9 0.9 1.7 0.6 1.5 1.0 1.2 0.001 0.1% =  1.61
Stillbirths of

pluriparous 
dams (%)

5.4 5.4 3.7 4.7 4.5 3.5 6.8 5.3 5.8 6.64 5 % =  1.12 
P <  1 % =  1.49

1979 1.7 1.2 0.7 0.7 1.5 0.8 2.3 1.4 1.4 0.001 0.1% =  1.92

Total
5.0 5.4 3.8 4.9 4.9 3.1 7.0 4.2 5.7 18.21 5 % =  0.73 

P <  1 % =  0.97
1.5 1.0 0.7 0.8 1.6 0.8 1.9 1.6 1.2 0.001 0.1% =  1.24

2. M onthly and annual fluctuation  o f stillbirth incidence

Heifers. S ti llb ir th  incidence w as th e  g re a te s t d u rin g  th e  f ir s t  th ree  m o n th s  
o f th e  ca len d ar y e a r in  b o th  y ea rs , th e n  i t  te n d e d  to  decrease g rad u a lly  u n til  
i t  fell to  a m in im um  (4.7 +  3 .3%  in  1978, and  5.6 +  2 .1%  in  1979) in  S ep tem ber. 
A rise  follow ed d u rin g  th e  la s t  q u a r te r  of th e  y e a r, show ing  a p eak  in  S ep tem b er 
(9 .3% ) an d  a n o th e r in  D ecem ber (8 .7% ) in  1978, an d  a m ore even  rise  in  
1979.

Cous. T he m o n th ly  an d  a n n u a l d is tr ib u tio n  o f  s t i l lb ir th  incidence was 
a lm o st id en tica l in  th e  tw o  y ea rs  s tu d ied . A g ra d u a l decrease beg in n in g  in  
J a n u a ry  w as follow ed b y  an  increase  in  M ay an d  b y  a n o th e r  decrease to  a level 
a t w hich s ti l lb ir th  incidence p e rs is ted  for th e  re s t o f th e  year.

A nalysis o f v a rian ce  rev ea led  sign ifican t (P  <  0.01; F  =  2.66) in te r 
m o n th  v a ria tio n s  in  th e  heifer ca teg o ry , in  w hich  s ti l lb ir th  incidence w as 
s ig n ifican tly  low er from  A pril to  S ep tem ber th a n  in  F e b ru a ry  (P  <  0.01) 
and  M arch (P  <  0.05), an d  also s ig n ifican tly  (P  <  0.05) low er in  J a n u a ry , 
N ovem ber and  D ecem ber th a n  in  F e b ru a ry  (T able I I I ) .
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Table III

Monthly distribution of stillbirth incidence (x di SD) in primiparous and 
pluriparous dam groups

Months Jan. Feb. March April May June July August Sep. Oct. Nov. Dec.

Stillbirths of
primiparous 
dams (%) 9.3 8.1 8.8 7.7 7.5 7.4 4.7 5.9 9.3 5.4 7.2 8.7
1978

Stillbirths of
6.8 6.2 4.3 3.8 4.6 2.7 3.3 2.8 8.3 1.9 4.1 2.4

primiparous 
dams (%) 7.5 11.0 10.4 5.9 6.3 6.7 5.6 5.9 6.3 7.0 7.9 7.1
1979* 2.6 6.7 3.7 2.5 2.7 3.0 2.1 2.8 2.4 4.9 4.3 3.7

Total** 8.4 9.5 9.6 6.8 6.9 7.0 5.1 5.9 7.8 6.2 7.5 7.9
5.1 6.4 4.0 3.2 3.7 2.8 2.7 2.7 6.1 3.7 4.1 3.1

Stillbirths of
pluriparous 
dams (%) 5.4 5.2 5.4 4.6 5.7 4.3 4.4 4.1 4.5 4.8 4.6 4.6
1978

Stillbirths of
2.1 1.6 1.9 1.6 2.3 1.9 1.2 1.3 1.8 1.4 1.8 1.6

pluriparous 
dams (%) 5.4 5.5 5.0 4.6 5.5 4.7 5.0 5.3 5.2 5.3 4.0 5.2
1979 1.6 1.1 1.8 1.7 2.5 1.1 2.0 2.3 2.2 1.0 0.7 1.8

Total 5.4 5.3 5.2 4.6 5.6 4.5 4.7 4.7 4.8 5.0 4.3 4.9
1.8 1.3 1.8 1.6 2.3 1.5 1.6 1.9 1.9 1.2 1.3 1.6

*F =  2.66 (P <  0.01), least significant difference 0.05% =  2.97; 0.01% =  3.91; 
0.001% =  5.04

** F =  2.58 (P <  0.01), 0.05% =  2.35; 0.01% =  3.1; 0.001% =  3.97

L indhé (1967), A u rá n  (1972), as w ell as L in d s trö m  a n d  Y ilva (1977) 
re p o r te d  a s ig n ifican t increase  in  s ti l lb ir th  incidence in  b o th  p rim ip aro u s and  
p lu rip a ro u s  dam s d u r in g  th e  sum m er m o n th s , w hereas P h ilip sso n  (1976) 
fo u n d  no sig n ifican t seasonal d ifferences.

3. Stillbirths o f heifers and cows

The ch i-square t e s t  w as used  to  com pare  th e  n u m b ers  o f  liv e -b o rn  and  
s tillb o rn  calves b e tw een  p rim iparous an d  p lu rip a ro u s  dam s w ith in  b reed  c a t
egories. S tillb irth  f re q u e n c y  was s ig n ifican tly  g rea te r  am ong  heifers th a n  
am o n g  cows in  a ll b re e d s  excep t a. T he  s ign ificance  o f  d ifference w as a t  th e  
P  <  0.001 level fo r 6 o f  th e  9 b reeds (T able  IV).

S im ilar s ig n if ic a n t d ifferences w ere re p o rte d  in  h e ife r vs. cow re la tion  
b y  V an  D ieten  (1963), A nderson  an d  B ellow s (1967), K oger e t al. (1967), 
L in d h é  (1967), A u rá n  (1972), W alser (1971), L a s te r  an d  G regory  (1973) and  
B em m en  (1976).

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



PERINATAL CALF LOSSES IN LARGE CATTLE UNITS 89

Table IV

Absolute number of live-born and stillborn calves in primiparous and pluriparous dam groups

Breeds
Primiparous dams Pluriparous dams

P <
live-born stillborn live-born stillborn

a 1,706 113 5,038 277 n.s.
b 4,188 365 9,794 570 0.001
C 9,569 784 21,648 868 0.001
ac 11,302 771 25,470 1337 0.001
d 3,722 239 8,366 425 0.01
e 3,450 140 10,361 340 0.05

fg 1,125 153 4,661 359 0.001
h 2,509 177 5,960 261 0.001
i 944 109 4,026 249 0.001

Total 38,515 2851 95,324 4686 0.001

4. Sex distribution o f stillbirths

Female calves. C onsidering p rim ip a ro u s  and  p lu rip a ro u s dam s, s ti l lb ir th  
in c id en ce  w as th e  low est in  b reed s e (3 .2% ), and  c, e (2 .9 % ; 3 .1 % ), a n d  th e  
h ig h e s t in  breeds i (8% ) and  a, b an d  fg  (4 .6 -4 .8 % ), re spec tive ly . In  th e  re m a in 
in g  b reed s , s ti l lb ir th  incidences o f  4 .3 -6 .4 %  and  3 .4 -4 .3 %  w ere e s tab lish ed  
fo r th e  fem ale calves o f p rim ip aro u s an d  p lu rip aro u s dam s, resp ec tiv e ly .

M ale calves. T he  m in im a an d  m ax im a  o f m ale s ti l lb ir th s  w ere asso c ia ted  
w ith  th e  sam e b reed s in  b o th  th e  h e ife r an d  th e  cow ca teg o ry , th e  low est 
inc id en ces (4 .6 % ; 3 .3% ) hav in g  b een  found  in  b reed  e, th e  h ig h e s t ones in  
b reed s  fg  (17 .5% ; 9 .4 % ). In  th e  o th e r  b reeds, incidences o f  6 .3 -1 2 .7 %  an d  
4 .8—7.3%  w ere fo u n d  fo r th e  m ale  o ffsp rin g  o f prim i- an d  p lu rip a ro u s  d am s, 
re sp ec tiv e ly .

T h e  sex  ra tio  w as also e s ta b lish e d  for th e  offspring g roups o f he ifers  an d  
cow s; th e  percen tag e  o f m ale calves w as 50.4 and  50 .6% , resp ec tiv e ly . A  s im ila r 
sex  ra tio  w as found  b y  L in d strö m  a n d  V ilva (1977).

W e d e m o n s tra te d  b y  th e  ch i-sq u are  te s t  no s ig n ifican t d ifference in  
s ti l lb o rn  incidence betw een  m ale an d  fem ale offsprings o f d an d  h p r im ip a ro u s  
d am s, a n d  a an d  e p lu rip a ro u s  d am s. In  th e  o th e r b reeds, th e  d ifferences w ere 
a t  v a rio u s  levels o f  significance.

C o n sis ten t o b serv a tio n s w ere m ade earlie r b y  W oodw ard  a n d  C lark  
(1959), V an  D ie ten  (1963), A r th u r  (1966), A nderson  an d  B ellow s (1967), 
W alse r (1972) an d  L a s te r  and  G regory  (1973), w hereas L in d strö m  an d  V ilva  
(1977) fo u n d  a sig n ifican t difference exclusively  in  th e  heifer ca tego ry .
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Table V

Sex distribution of stillbirths

Primiparous
dams

Sex ratio
w

Pluriparous
dams

Sex ratio
? /o 'Breeds Male Female P < Male Female P <

stillbirth 
per cent

stillbirth 
per cent

a 4.3 8.1 51.2 0.01 4.8 5.6 51.2 n.s.

b 6.4 9.7 49.3 0 .0 0 1 4.6 6.5 49.5 0 .0 0 1

c 6.1 9.0 50.6 0 .0 0 1 2.9 4.8 50.6 0 .0 0 1

ac 4.7 8.0 50.4 0 .0 0 1 3.9 6.0 50.5 0 .0 0 1

d 5.7 6.3 49.9 n.s. 4.1 5.5 51.0 0.01
e 3.2 4.6 50.9 0.05 3.1 3.3 50.1 n.s.

fg 6.2 17.5 51.0 0 .0 0 1 4.7 9.4 51.6 0 .0 0 1

h 6.0 7.2 50.5 n.s. 3.4 5.0 50.8 0.01
i 8.0 12.7 50.1 0.05 4.3 7.3 51.2 0 .001

Total 5.4 8.4 50.4 0 .0 0 1 3.9 5.9 50.6 0 .001

5. Interrelationship between stillbirth incidence and m ilk production

S tillb irth  in c id en ce  w as p rac tica lly  id e n tic a l in  th e  cow herds producing  
3501-6000 kg m ilk  p e r  an n u m  (87%  o f th e  h e rd s  covered in  th e  study ).

The g re a te s t in c id en ce  (7.87% ) w as fo u n d  in  th e  h e rd s  w ith  an  an n u a l 
la c ta tio n  y ield  a b o v e  6000 kg, and  th e  low est incidence (3.14% ) in  th o se  
p ro duc ing  3000-3500 k g  m ilk.

Table VI

Interrelation between stillbirth rate and annual milk production

Production
groups

Milk production 
kg/year n*

Stillbirth 
per cent F

Least significant 
difference

1 3000-3500 22 3.14±1.83
2 3501-4000 65 5.4 ± 3 .13

3 4001-4500 110 4.94±2.93 4.37 lsd (0.05)== 1.06

4 4501-5000 67 4.89±2.14 (P <  0.001) lsd (0.01) =  1.40

5 5001-5500 42 4.86±2.64 lsd (0 .001 )=  1.79

6 5501-6000 11 5.28±1.44
7 > 6000 9 7.87±2.73

* number of herds
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A nalysis o f  varian ce  disclosed sig n ifican t (P  <  0 .001; F  =  4.37) d iffe r
ences b e tw een  th e  p ro d u c tio n  g roups (T able  V I). T he low est incidence (3 .14% ) 
d iffered  from  incidences in th e  o th e r  groups, ex cep t g ro u p s no. 3 an d  4 , a t  
th e  P  <  0.01 leve l o f  sign ificance, an d  th e  h ig h est incidence  (7.87% ) in c reased  
s ti l l  m ore s ig n if ican tly  (P  <  0.001) over th e  o th e r v a lues.

6. Relationship between stillbirth incidence and herd size

Table VII

R elationsh ip  betw een s ti llb ir th  ra te  and h e rd  size

Herd size n* Stillbirth 
per cent F

-»100 13 5.5±3.5
101-200 36 4 .5± 3 .3
201-300 67 5.3±2.8
301-400 74 4 .9± 2 .6
401-500 38 5.4±3.1 n.s.
501-600 35 5.5±2.5
601-700 30 5.5±2 .2
701-900 17 5.2±2 .2
901-» 16 4.9±1 .9

* n u m b er o f herds

T his s tu d y  covered  326 herds (T able V II). V ariance  analysis rev ea led  
no  s ig n ifican t d ifference in s tillb ir th  incidence b e tw een  h e rd s  of d iss im ila r 
sizes. T he lack  o f  sign ifican t d ifference agrees w ell w ith  th e  o b serv a tio n s 
o f  O xender e t a l. (1973) and H a r tm a n  e t al. (1974), w ho , how ever, found  th a t  
s t i l lb ir th  inc idence  te n d e d  to  increase w ith  th e  h e rd  size (10.5%  and  1 2 .1 % , 
resp ec tiv e ly , fo r sizes o f > 2 0 0  an d  200 — 300). A ccord ing  to  Speicher an d  
H ep p  (1973), th e re  is no re la tio n sh ip  betw een  h e rd  size ( < 2 5 - > 7 0 )  an d  
ca lf  m o rta lity  a t  b ir th .

7. Relationship o f  stillbirth incidence with staffing

One tra in e d  o b ste tric s  te ch n ic ian  w as in  charge o f  th e  calv ings in  m ore 
th a n  50%  o f th e  u n its  s tu d ied , no t r  ined  a t te n d a n t w as p e rm a n e n tly  em ployed  
in  u n its  w ith  sm all h e rd  sizes (2 .5%  o f th e  herd s), an d  u p  to  4 tra in e d  te c h n i
cians belonged  to  th  p e rm an en t s ta f f  o f u n its  w ith  la rg e  h e rd  sizes (2 .2%  
o f  th e  herds).
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C om parison b y  a n a ly s is  o f v a rian ce  revealed  no s ig n ifican t difference 
b e tw e e n  th e  d iffe ren tly  s ta ffed  u n it g ro u p s, n o r was th e re  a sign ifican t in te r 
re la tio n sh ip  betw een  s t i l lb ir th  incidence a n d  th e  n u m b er o f an im als in  charge 
o f  one person  (T able V I I I ) .

Table VIII

Relationship between stillbirth rate and level of attendance

No. of trained 
attendants

Stillbirth 
per cent

1 191 5.1 ±2 .6
2 76 5.1 ± 2 .5
3 44 5.3±2 .1
4 7 4 .5± 2 .5
0 8 2.1 ±1 .6

* number of herds

8. Relationship o f stillbirth incidence with the training level o f attendants in  
charge o f night du ty and attendance on bank holidays

D u ty  in  th e  ca lv in g  house a t n ig h ts  an d  on S un d ay s a n d  b a n k  ho lidays 
w as in  charge o f th e  n ig h t-m a n  (a), o b s te tr ic s  techn ic ian  (in  66%  o f th e  cases) 
(b ), o r th e  a t te n d a n t o n -d u ty  was in  ch arg e .

A nalysis o f v a r ia n c e  revealed  a s ig n if ic a n t difference in  s ti llb ir th  in c i
dence  on ly  betw een  g ro u p  4 , w hich  w as o f  sm all size, an d  th e  o th e r groups 
(T ab le  IX ).

Table IX

Relationship between stillbirth rate and level of training of the attendants

Groups

Attendants on 
duty a t night 

and on Sundays 
and bank 
holidays

n*
Stillbirth
incidence

(%)
F

Least significant 
difference

1 a 27 5.0±3 .1
2 b 216 5.3 H~ 2.4 4.0 lsd  (0.05) =  0.93
3 ab 68 4 .5± 2 .5 (P <0.01) lsd(O.Ol) = 1 .2 2
4 c, be, ac 15 3 .4± 2 .6 lsd  (0 .0 0 1 )=  1.57

* number of herds
a night watchman; b obstetrics technician; c attendant on duty for the day
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9. Relationship o f  stillbirth incidence with housing conditions o f parturient dams

In  m o st o f  th e  u n its  (86.5% ) th e  dam s w ere con d u c ted  over to  th e  c a lv 
ing s ta lls  a f te r  th e  onse t o f  lab o u r (51 .8% ), o r o b s te tr ic  assistance w as re n d e re d  
in  th e  s ta n d  o f  th e  calv ing  house (43 .7% ). O n ly  1 .2%  of th e  u n its  s tu d ie d  
lacked  specia l ca lv ing  prem ises. W e fo u n d  no s ig n ifican t differences b e tw een  
s ti l lb ir th  incidences in  th e  housing  co n d itio n s an a ly sed  (Table X ).

Table X

Stillbirth rate under different conditions of calving practices (housing)

Housing
conditions

during
parturition

XX* Stillbirth 
per cent F

a 23 5 .0± 2 .8
b 169 4 .8 ± 2 .4
c 116 5 .3± 2 .9 n.s.

Other 18 4 .4± 2 .5

a foal stand; b calving stalls; c stand in calving house; other: be, bd, stand in dairy cow 
house (d : yard)

* number of herds

10. Relationship o f stillbirth incidence with “dry” management practice

T he ty in g -d o w n  system  (a3 in  T ab le  X I )  w as em ployed du ring  th e  d ry  
period  in  35 .6%  o f th e  u n its  s tu d ied , an d  th e  system s designated  as a 2, d a n d  
db in T ab le  X I I  each w as em ployed  in  m ore th a n  10%  o f th e  cases.

Table XI

Stillbirths and management practices during the dry period

Management
system n*

Stillbirth 
per cent 

(%)
F Least significant 

difference

a 31 5.2 +  3.2

«1 29 5.4±2 .5

a 2 58 4.4±2 .1 lsd  (0.05) = 1 .1 2

«3 116 4.9±2 .8 2.77 lsd  (0.01) =  1.48
d 40 4 .8± 3 .0 (P <  0.05) lsd  (0 .0 0 1 )=  1.89
b 15 7.1±2 .0

db 37 5 .8± 2 .4

a tying-down system; alf a2, a3 tying-down system with exercise (yard, pasture) over 
2-3 seasons of the year; b tying-down system with daytime exercise in the yard; d loose housing 
system

* number of herds
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S tillb ir th  in c id en ce  w as th e  low est (4 .4 -4 .9 % ) a fte r m an ag em en t u n d e r  
th e  sy s tem s a 2, a 3 a n d  d  d u rin g  th e  d ry  p e r io d , an d  th e  h ighest (7 .1% ) a f te r  
m an a g e m e n t in  ty in g -d o w n  sta lls  w ith  d a y tim e  access to  th e  y a rd . A nalysis  
of v a ria n c e  show ed s ig n if ic a n t (P  <  0 .05 ; F  =  2.77) in te r-g ro u p  v a r ia tio n s . 
U n d e r th e  b sy stem , s t i l lb ir th  incidence in c rea sed  s ign ifican tly  over db (P  <  
<  0 .05), ax (P  <  0 .01) an d  a , a 2, a 3 and  d (P  <  0.001). A sig n ifican t (P  <  0.05) 
in crease  was also o b se rv ed  in  d and  b o v e r a.

O xender e t  a l. (1973) observed  a n  ap p rec iab le , b u t  s ta tis t ic a lly  n o t 
s ig n if ic a n t, increase in  s tillb ir th  incidence in  loose housing co n d itions (7% ) 
co m p ared  to  m a n a g e m e n t in  ty in g -d o w n  s ta lls  (5 .9% ).

D iscussion

T h e p ro f ita b ili ty  o f  in tensive  c a tt le  p ro d u c tio n  g rea tly  depends on th e  
re la tiv e  p ro p o rtio n  o f  live-born  calves.

In  th e  herds ex am in ed  in  th is  s tu d y , losses from  p e rin a ta l m o r ta lity  
a m o u n te d  to  m ore th a n  33,000,000 F o rin ts  (ap p ro x im a te ly  one m illion  dollars) 
( th e  average  price o f  a ca lf  was F t  4500). T h u s , reduction  o f  losses from  
s t i l lb ir th  c o n tr ib u te s  to  th e  in te rn a l re se rv es  o f  ca ttle  p ro d u c tio n .

T h e  bo n y  b ir th  c a n a l o f th e  bov ine  fem ale  offers less fav o u rab le  co n d i
tio n s  fo r  p a r tu r it io n  th a n  do th e  m a te rn a l passages in  o th e r species, y e t  th e  
w ell-m anaged  an d  w ell-fed  heifer or cow u su a lly  does no t requ ire  h u m a n  a s s is t
ance  a t  calv ing . L a c k  o f  exercise an d  overfeed in g  accoun t fo r in co m p le te  
d ila ta t io n  of th e  m a te rn a l  passages, an d  th e re b y  for an increase in  s ti l lb ir th  
in c id en ce , w hence h u m a n  assistance is in d isp en sab le  in  such  cases.

T h e  su rv ey  p re se n te d  in  th is  re p o r t  h a s  show n th a t  th e  freq u en cy  o f 
s t i l lb ir th s  is th e  g re a te s t  from  la te  a u tu m n  to  early  spring (T able I I I ) ,  w hen  
e x tre m e  clim atic  in flu en ces , food loss o r  spo ilage  b y  in ad eq u a te  s to rag e , an d  
low  roughage  ra tio n s  b ia s  th e  co n d itions o f  m an ag em en t an d  feed ing .

F u r th e r  to  th e se  fac to rs , rea rin g  te c h n iq u e s  and  b reed ing  con d itio n s 
(b o d y  w eigh t, age, a n d  m easu rem en ts o f  th e  pelv is) are also responsib le  fo r 
th e  s ig n if ican tly  g re a te r  s tillb ir th  in c id en ce  found  am ong heifers vs. cows 
(T ab le  IV ). The s ig n if ic a n tly  g rea te r p e rc e n ta g e  occurrence observed  am ong 
m ale  calves vs. fem ale  calves can be a sc rib ed  to  th e  g rea te r  freq u en cy  o f 
la rg e r  fe ta l w eigh t a n d  bo d y  d im ensions in  th e  m ale sex (T able V).

E xcessive fo d d e r ra tio n s  fed to  en h an ce  m ilk  p ro d u c tio n  acco u n t n o t 
o n ly  fo r econom ically  im p o r ta n t m e tab o lic  d iso rders of dam s, b u t  also fo r an  
in c rease  in  s ti l lb ir th  inc idence  (Table V I).

U nlike o th e r  in v e s tig a to rs  (O xender e t  a l., 1973; H a rtm a n  e t a l., 1974), 
S p e ich er an d  H e p p  (1973) an d  we fo u n d  no  appreciab le  increase in  s ti l lb ir th  
in c id en ce  e ith e r w ith in  or betw een  b reed s  w ith  th e  e leva tion  o f h e rd  size 
(T ab le  V II).
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In a d e q u a te  a tten d an ce  to  th e  p a r tu r ie n t  anim als (a t n ig h t, on S undays 
an d  b an k  ho lid ay s, o r in  loose ho u sin g  conditions) can , h o w ever, acco u n t fo r 
a sig n ifican t increase in  s ti l lb ir th  incidence (Tables IX  an d  X ).
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During calving, healthy dairy cows showed a significant decrease in plasma total lipid 
(TL) and total cholesterol (TCh) relative to the pre- and postparturient concentrations. The 
average decrease in plasma TL was assessed as 35%.

The free fatty  acid (FFA) level increased to about three times the initial value during 
calving, on the average to 4.5% against the pre- and post-parturient range of 1.1-1.8% .

The hepatic TL of the parturient cow increased over 1.5-fold of the preparturient level, 
and returned to approximately preparturient level by 2 months post partum.

An analysis of the fatty acid components of plasma and hepatic lipids showed the 
presence of the same 12 components in both; of these, 0 6 :0 , 0 6 :1 , 0 8 :0 , 0 8 :1 , 0 8 :2  and 
€20:4 showed significant fluctuations, whereas C12:0, C14:0, C17:0, C18:3, C20:0 and C22:0 
did not change significantly in the peripartal period.

C18:0, C18:l and C18:2 made up 85-90%  of the plasma lipids, and C16:0, C18:0 and 
C18:l 70-80%  of the hepatic lipids.

Despite diversities in the percentage participation of identical fatty acid components 
in plasma and hepatic lipids, the respective changes were similar. Simultaneous monitoring 
showed that the most characteristic changes in plasma fatty acids were soon followed by  
consistent alterations in the liver. The changes in the relative proportions of fatty acids were 
greater in  the liver, and the standard errors of the mean values were also greater. During 
calving, the plasma and hepatic lipids equally showed C16:0, C16:l and C18:l concentration 
increase, and C14:0, C18:0, C18:2 concentration decrease.

The fluctuations observed in the parameters of lipid metabolism in both plasma and 
liver indicate that during calving dramatic, yet physiological changes, comparable to those 
observed in fasting or ketotic condition, occur in the lipid metabolism of the healthy cow, 
and may give rise to diagnostic confusion, if misinterpreted.

T h e lip id  m etab o lism  o f ru m in a n ts  d iffers from  th a t  o f n o n -ru m in a n ts  
in  sev era l re sp e c ts . P a tho log ica l a lte ra tio n s  in  th e  ru m in a n t lip id  m e tab o lism  
are resp o n sib le  fo r  perfo rm ance-lim iting  co n d itio n s, above all for p e r ip a r ta l  
m etab o lic  d iso rd e rs , w hich give f re q u e n tly  rise  to  serious diseases such as th e  
f a t ty  liv e r  sy n d ro m e  and  ketosis.

F o llow -up  o f changes in  c e r ta in  p a ra m e te rs  o f  th e  lip id  m e tab o lism  
can  n o t o n ly  in fo rm  on th e  p a th o g en esis  o f th e  above diseases, h u t  can  also  
enab le  th e ir  e a r ly  diagnosis d u rin g  th e  su bclin ica l s tag e , an d  th e  a ssessm en t 
o f  d ie ta ry  en e rg y  levels.

F o r  th is  rea so n , th e  lip id  m e tab o lism  o f d a iry  cows has been ex ten s iv e ly  
s tu d ie d  in  b o th  n o rm al and  p a th o lo g ica l co n d itio n s. T he su rvey  o f l i te ra ry  
d a ta  below  w ill be  re s tr ic te d  to  o b se rv a tio n s  re la te d  to  o u r ow n in v e s tig a tio n s .

T he to ta l  lip id  (TL) c o n c e n tra tio n  o f th e  b lood  p lasm a of d a iry  cow s 
varies  b e tw een  2 an d  6 g/1, depend ing  on th e  b reed  an d  th e  stage  o f la c ta t io n
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(R in d sig  an d  S ch u ltz , 1974). W allen ius a n d  W h itch u rch  (1979) es tab lish ed  
m e a n  T L  values o f  4 .2 4 , 5.26 and  5.29 g/1 fo r  days 33, 89 a n d  139 o f la c ta tio n , 
re sp ec tiv e ly .

E ig h ty -fiv e  to  9 0 %  o f th e  T L  is  com posed o f a p p ro x im a te ly  eq u a l 
a m o u n ts  of p h o sp h o lip id s  (PL ) and  to ta l  cho leste ro l (TCh =  free p lus es te rified  
cho lestero l) (S to rry  a n d  R ook, 1964). S ev en ty -fiv e  to  90%  o f th e  TCh ap p ears  
in  th e  blood in  an  e s te rif ie d  form . I n  n o rm a l conditions trig ly ce rid es  (TG) 
co v e r less th a n  1 0 % , free  f a t ty  acids (F F A ) less th a n  5%  o f T L  (P eh rso n , 
1971). T he TG c o n c e n tra tio n  is m ore th a n  tw ice  g rea te r in  d ry  th a n  in  la c ta t-  
in g  cow s, w hereas th e  rev e rse  is tru e  fo r F F A  (H enricson  e t ah , 1977).

T he p lasm a T G  leve l o f th e  cow is low  im m ed ia te ly  p o st p a r tu m , 0 .1 7 -  
0 .18 mmol/1 accord ing  to  H a rtm a n n  an d  L ascelles (1965), an d  0 .09-0 .13  mmol/1 
acco rd in g  to  B ick ers ta ffe  e t al. (1974). I t  h a s  even been suggested  th a t  occa
s io n a lly  no d e tec tab le  a m o u n t of TG  w as p re se n t in  th e  p lasm a  o f la c ta t in g  
d a iry  cows (R ap h ae l e t  ah , 1973).

T he fac t th a t  m a rk e d  a lte ra tio n s  ta k e  place in  bovine lip id  m etab o lism  
d u rin g  th e  p e r ip a r ta l  p e rio d  had  o rig in a lly  been  recognized b y  M aynard  an d  
co lleagues as ea rly  as in  1931. The p la sm a  F F A  and  P L  rise  m ark ed ly  d u rin g  
th e  la s t p re p a rta l d a y s  an d  the  f irs t p o s tp a r ta l  w eek, th e n  th e y  te n d  d ow n
w a rd s  as la c ta tio n  p rog resses. The p la sm a  F F A  and  P L  levels o f  la c ta tin g  
cow s increase over th o se  o f  d ry  cows a n d  m ale bovines. A ccord ing  to  L ennon  
a n d  M ixner (1957), th e  TC h is s ig n ifican tly  low er a t calv ing th a n  e ith e r  before 
o r a f te r  i t;  R ind sig  a n d  Schultz (1974) be lieve  th a t  changes in  TCh do n o t 
in v o lv e  appreciab le  a lte ra tio n s  in  th e  re la tiv e  p roportions o f free an d  este rified  
ch o leste ro l (Ch).

T he p lasm a T L  lev e l o f th e  cow s, exam ined  b y  D u n can  an d  G arto n  
(1963) d ropped  to  a m in im u m  a t c a lv in g , an d  began to  rise  w ith  th e  onse t 
o f  la c ta tio n . The c o n c e n tra tio n  changes d id  n o t app rec iab ly  affect th e  re la tiv e  
p ro p o rtio n s  o f th e  m a in  lip id  com ponen ts. N o m ajo r f lu c tu a tio n s  occurred  in  
th e  f a t ty  acid co m p o sitio n  of p lasm a T G , P L  and  F F A  d u rin g  g es ta tio n , 
c a lv in g  and  la c ta tio n . T h e  linoleic acid  co m p o n en t of th e  C h-esters increased  
o v e r th e  linolenic ac id  com ponen t d u rin g  p reg n an cy , b u t  n o t d u rin g  calv ing  
a n d  la c ta tio n .

Y am d ag n i an d  S ch u ltz  (1970) o b se rv e d  d rop  o f T L  to  a b o u t tw o th ird s  
o f  th e  no rm al m ean  v a lu e  in  cows d iseased  in  ketosis. T h a t  change in v o lved  
a q u a n tita tiv e  decrease  in  all co m p o n en ts  o f  T L  excep t F F A , w hich  ten d ed  
to  increase . In  k e to s is , a ll p lasm a lip id  f ra c tio n s  excep t F F A  show ed a change 
in  f a t ty  acid com p o sitio n , in  th a t  th e  a m o u n t o f pa lm itic  an d  oleic acid in 
c reased , while th a t  o f  s te a r ic  acid decreased ; a redu c tio n  in  th e  linoleic acid  
c o m p o n en t occurred  m a in ly  in  P L  an d  C h-esters.

O pinions h av e  b e e n  d ivergen t on th e  ke tosis-assoc ia ted  increase in  F F A . 
A ccord ing  to  A d ler e t  al. (1963) p la sm a  k e to n e  and  F F A  levels change in-
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d e p e n d e n c y  o f one a n o th e r. K ro n fe ld  (1965) has suggested  th a t  in c rease  in 
th e  p la sm a  F F A  o f la c ta tin g  cows in d ic a te d  increased  lip id  m o b iliza tio n , and 
could  th u s  be u tiliz ed  as a c lin ica l d iag n o stic  p a ra m e te r , a lth o u g h  th e  concern 
t r a t io n  increase  o f F F A  w as low in  c e r ta in  cases o f  ketosis. A gainst th is , R ad lo ff 
an d  S ch u ltz  (1967) d e m o n s tra te d  a consid erab le  increase in  th e  p la sm a  F F A  
level a lre a d y  in  th e  early  s tages o f k e to sis .

F a s tin g  cows (s ta rv ed  fo r 6 d ay s) show ed an  ab o u t fivefo ld  increase  in 
p la sm a  F F A , decrease in  th e  T L , P L  a n d  T C h, as w ell as low  s tea ric  ac id , b u t  
h ig h  oleic ac id  c o n te n t of p lasm a F F A  a n d  TG  (B ru m b y  e t  al., 1975).

T h e  p e rc e n tu a l f a t ty  acid  co m p o sitio n  o f  p lasm a T L  w as e s ta b lish e d  in  
ca lf  b lo o d  as follow s: C16:0, 17.3; C 1 6 :l, 4 .8 ; 0 8 : 0 ,  15.6; 0 8 : 1 ,  25 .8 ; 0 8 : 2 ,  
32.0; 0 8 : 3 ,  2 .6; C20:3, 0.1; C20:4, 2.2 (N oble e t ah , 1975).

A  m in o r to  m a jo r degree o f lip id  accu m u la tio n  alw ays ta k e s  p lace  in  
th e  liv e r  o f d a iry  cows d u rin g  th e  f ir s t  p o s tp a r ta l  w eek (R eid  e t  a l., 1977). 
T he rea so n  is in  a ll p ro b a b ility  th e  endocrino log ica lly  con tro lled  increased  
m o b iliz a tio n  o f  lip ids from  th e  ad ipose tis su es , in  com pensation  o f th e  n eg a tiv e  
en erg y  b a lan ce  ch a rac te ris tic  o f e a rly  la c ta t io n  (R eid  e t a l., 1979).

T h e  lip id  co n te n t o f th e  liv e r can  be  in v es tig a ted  m orpho log ica lly , b y  
ste reo lo g ica l m e th o d s, w hen  th e  f ra c tio n a l vo lum e of th e  liv er cell occupied  
b y  f a t  d ro p le ts  is de te rm in ed . T he re su lts  a re  expressed  as ^ m 3 fa t/1 0 0  fim 3 
liv e r  cells. B y  b iochem ical ap p ro ach , a p p ro p ria te ly  e x tra c te d  lip id  c o n te n t is 
m easu red  in  te rm s  o f g/kg w et liv e r  m ass. B iochem ical d e te rm in a tio n  y ields 
low er v a lu es  th a n  stereo logical m easu rem en t.

T he stereo log ica lly  an d  b iochem ica lly  es tab lish ed  values show  a low 
c o rre la tio n  in  re sp ec t o f T L , a close co rre la tio n  in  resp ec t o f TG , an d  no sig n if
ic a n t co rre la tio n  in  resp ec t o f  th e  o th e r  h e p a tic  lip id  frac tio n s  (Collins an d  
R e id , 1980).

Collins an d  R eid  (1980) d e m o n s tra te d  b y  b iochem ical analysis an  a lm o st 
th re e fo ld  increase  in  h ep a tic  T L  d u rin g  th e  f ir s t  p o s tp a r ta l  w eek re la tiv e  to  
th e  v a lu e  fo u n d  8 w eeks before  ca lv ing . T h e  b u lk  o f th e  increase w as due  to  
a g re a te r  h e p a to ce llu la r  sy n th es is  o f  T G , w hich  increased  23 tim es o v e r th e  
s ta r t in g  v a lu e . A n appreciab le  increase  w as also found  in  th e  h e p a tic  levels 
o f  th e  “ so lv en t f ro n t”  (SF) an d  F F A , w hereas th e  re la tiv e  am o u n ts  o f  P L  
an d  T C h te n d e d  to  decrease. T he P L  w as s ti l l  fa irly  low  8 w eeks a fte r  ca lv ing , 
w hereas th e  o th e r  h ep a tic  lip id  frac tio n s  show ed p ra c tic a lly  th e  sam e re la tiv e  
p ro p o rtio n s  as before  calv ing .

In  fa s tin g  cows, B ru m b y  e t  al. (1975) observed  d u p lica tio n  o f  h e p a tic  
T L , w h ich  covered  a th reefo ld  increase  in  b o th  TG  an d  F F A , a n d  a 20%  
increase  in  TC h. T he d ep osition  o f TG  h as been  a t t r ib u te d  to  an  in creased  
h e p a to c e llu la r  F F A  u p ta k e , w hich  w as d isp ro p o rtio n a lly  g rea te r  th a n  th e  
h e p a tic  lip o p ro te in  sy n th esis . R eid  e t al. (1977) a t tr ib u te d  th e  accu m u la tio n  
o f TG  to  a decrease in  h ep a tic  T G -m o b iliza tio n .
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O ur own e x p e rim e n ts , d escrip tion  o f  w h ich  is fo rthcom ing , w ere perfo rm ed  
to  o b ta in  in fo rm a tio n  on  pre- an d  p o s tp a r tu r ie n t  changes in  th e  lip id  m e ta b o 
lism  o f h ea lth y  d a iry  cows, b y  s im u ltan eo u s m o n ito rin g  o f  th e  m ain  lip id  
f ra c tio n s  and  f a t ty  a c id  com ponen ts o fT L  in  p lasm a  sam ples an d  liv er b iopsies 
o v e r  th ree  m o n th s  b efo re  an d  tw o m o n th s  a f te r  calv ing .

Materials and m ethods

T en  c lin ically  h e a lth y  cows, all H o ls te in -F rie s ian  X H u n g a rian  F leck v ieh  
c ro sses , were used  a f te r  th e ir  f irs t to  th ird  la c ta tio n . T here w as l i ttle  d ifference 
b e tw e e n  th e  b o d y  m ass an d  m ilk  p ro d u c tio n  (5200-5800 kg  p er yea r) o f  th e  
a n im a ls , and  all w ere p re g n a n t a t  ro u g h ly  th e  sam e period  o f tim e.

T he ex p e rim en ts  w ere s ta r te d  3 m o n th s  before th e  expec ted  ca lv ing  
te r m , and  w ere c o n tin u e d  fo r 2 m o n th s  p o s t  p a r tu m , i.e . th e y  la s ted  from  
O c to b e r to  M arch. T h e  p re-ca lv ing  d ie t c o n ta in e d , in  ad d itio n  to  th e  m a in te 
n a n c e  ra tio n , n u tr ie n ts  en su rin g  even  d ev e lo p m en t o f th e  fe tu s and , u n ifo rm ly , 
16 kg  daily  m ilk  p ro d u c tio n . D uring  la c ta tio n , th e  d ie t w as a d ju s ted  to  th e  
n eed s estab lished  fro m  te s t  m ilk ings. T he b a s a l d ie t consisted  of h ig h -q u a lity  
m a ize  silage an d  lu ce rn e  h a y , an d  c o n c e n tra te  w as added  to  i t  as p ro d u c tio n  
ra t io n .

T he cows show ed  no sym p to m s o f c lin ica l illness d u rin g  th e  5 -m o n th  
p e r io d  of s tu d y . E a c h  delivered  a h e a lth y  calf. M onth ly  analyses o f b lood , 
u r in e  and  ru m in a l c o n te n t in d ica ted  no change e ith er. L ig h t m icroscopic 
e x a m in a tio n  o f liv e r  b io p sy  specim ens rev ea led  presence o f  lip id  vacuoles in  
m o s t h ep a to cy tes  d u rin g  th e  calv ing  p e rio d . T he vacuoles w ere re la tiv e ly  
la rg e  in  th e  c e n tro lo b u la r  h ep a to cy te s , an d  sm aller in  th e  p e rip h era l ones. 
T h e  h e p a to lo b u la r  s tru c tu re  w as in ta c t ,  b u t  occasionally  m asked  b y  m assive  
v acu o liza tio n . T he h e p a to ce llu la r  nucle i w ere also in ta c t.  L ittle  h ep a to ce llu la r 
lip id , i f  any , could  be  d e tec ted  a fte r  th e  f ir s t  p o s tp a r ta l  m o n th , an d  th e  
m icroscopic  ap p e a ra n ce  o f th e  liver w as in  ev e ry  resp ec t n o rm al d u rin g  th e  
second  m o n th . T h e  cows w ere u n d e r o b se rv a tio n  u n til  th e  n e x t calv ing; 
o p tim a l m an ag em en t a n d  feeding co n d itio n s w ere m a in ta in ed  th ro u g h o u t, 
a n d  fe rtiliz a tio n  a n d  ca lv ing  to o k  p lace on  te rm . B lood sam ples w ere w ith 
d ra w n  from  th e  ju g u la r  ve in , an d  liv e r  b iopsies o f a b o u t 0.1 g w ere ta k e n  b y  
p e rcu tan eo u s  (V im -S ilverm ann) needle, a t  th e  b eg inn ing  o f th e  ex p erim en t an d  
su b se q u e n tly  a t  m o n th ly  in te rv a ls , on 6 occasions a lto g e th e r, alw ays a f te r  
th e  m orn ing  feed ing .

The b iopsy  specim ens w ere processed  w ith in  24 h as follows. H e p a tic  
T L  w as e x trac ted  in  2:1 ch loroform —m eth an o l, th e  crude e x tra c t w as th o ro u g h ly  
sh a k e n  w ith  0 .9%  N aC l, added  in  eq u a l vo lu m e to  th e  so lven t an d , a f te r  
p a r t i t io n  of th e  p h a se s , th e  b o tto m  p h ase  w as co llected  an d  e v a p o ra te d  in  
a  w a te r  b a th  a t  50 °C, in  N 2-atm osphere . T h e  m ass o f th e  d ry  residue , exp ressed

Acta Veterinaria Academiae Scienliarum Hungaricae 30, 1982



PERIPARTAL VALUES OF PLASMA AND HEPATIC LIPIDS IN DAIRY COWS 101

in  p e r  c en t re la te d  to  w et liv e r  tissu e , gave th e  h e p a tic  T L  c o n c e n tra tio n  
(F olch  e t a l., 1957).

T he e x tra c te d  h ep a tic  lip id s  w ere tran sfo rm ed  to  m e th y le s te rs  w ith  
m e th an o l, in  th e  presence o f su lp h u ric  acid as c a ta ly s t, a n d  w ere an a lysed  fo r 
f a t ty  a c id -m e th y le s te r  com position  b y  gas c h ro m a to g ra p h y  in  a C H R O M  
42 a p p a ra tu s , u sing  a 1.8 m  long  glass colum n w ith  3 m m  in n e r d iam e te r , 
pack ed  w ith  100-120 m esh G A S-C H R O M -Q ,*  m o is ten ed  w ith  10%  H I -  
E F F -1 B P .*  A n iso therm ic  co lum n  tem p e ra tu re  (180 °C) w as m a in ta in e d , 
an d  re ference  s ta n d a rd s  p rep a red  fro m  f a t ty  acid—m e th y le s te r  p rep ara tio n s*  
supp lied  w ith  th e  a p p a ra tu s  w ere u sed  for id e n tif ic a tio n  o f  th e  f a t ty  acid  
p eak s. T he q u a n tita tiv e  d e te rm in a tio n  o f th e  f a t ty  ac id—m e th y le s te r  c o n te n t 
o f  th e  sam ples w as based  on m easu rem en t of th e  a reas  b e n e a th  th e  peaks 
rep re sen tin g  th e  d iffe ren t co m p o n en ts , an d  th e  re su lts  w ere expressed  in  
p e rc e n tu a l te rm s .

In  th e  p lasm a sam ples T L , T C h an d  F F A  c o n te n t w ere d e te rm in ed  b y  
th e  m e th o d s  o f Z öllner an d  K irsc h  (1962), W a ttso n  (1960) and  D uncom be 
(1964). T he f a t ty  acid  com position  o f  th e  T L  was a n a ly se d  as above, u sin g  
e x tra c ts  o f  5 m l b lood p lasm a fo r tra n sfo rm a tio n  to  f a t ty  a c id -m e th y le s te rs  
w ith  m e th an o l, in  th e  presence o f su lp h u ric  acid. Gas ch ro m a to g rap h ic  a n a ly 
sis, to o , w as perfo rm ed  in  th e  sam e cond itions as above.

Results

a) Plasma analysis

T he TL , TCh and F F A  concentrations found  in  th e  b lood  p la sm a  o f 
cows d u rin g  th e  la s t 3 m o n ths o f  p reg n an cy  and  th e  f i r s t  2 m o n th s  of la c ta t io n  
are show n in  T ab le  I .

Table I
Peripartal fluctuations in the plasma TL, TCh and FFA concentration of dairy cows (x ± s )

Sampling time
Total lipid 

(TL) g/1
Total cholesterol 

(TCh) 
mmol/1

Free fatty  acid (FFA) 
mmol/1

FFA% 
TL =  100

Month -3 4.6ae ±1.1 4.9a ± 2 .2 0.18a ± 0 .0 6 l . i
„ -2 4.8b ± 1 .2 4.8 ± 2 .9 0.18b ± 0 .0 3 l . i

„ -1 3.6df ± 0 .8 3.2ad ± 1 .6 0.15° ± 0 .02 1.2
CALVING 3.1abc ± 0 .7 3.3b ± 1 .0 0.49abcd ± 0 .04 4.5
Month + 1 5.1a lc  ±1 .5 4.1c ± 1 .4 0.33abc ± 0 .12 1.8

>> + 2 6.5adef±2 s 5.8bcd± 1 .5 0.26d ± 0 .2 1.1

a, b, c, d identical letters indicate significant (P <  0.05) difference between values so 
marked within a category; e, /  as above, but significant at P <  0.001 level

* Applied Sei. Div., Milton R oy Co., Lab. Group, U.S.A.
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The TL a n d T C h  c o n te n t o f th e  p lasm a decreased  s ig n if ic a n tly  (P  < 0 .0 0 1 ; 
P  <  0.05) during  th e  la s t  p re p a r ta l  m o n th , an d  especia lly  a t  calv ing , re la tive  
to  th e  values found  in  th e  f i r s t  tw o m o n th s  o f  th e  e x p e rim e n t. The low level 
o f  T L  a t  calving d ese rv es  special m en tio n . B o th  T L  an d  T C h increased  sign ifi
c a n tly  (P <  0.001; P  <  0.05) a f te r  ca lv ing .

The p lasm a F F A  level increased  s ig n ifican tly  (P  <  0.001) (to  x  
=  0.49 mmol/1) o v e r th e  p re p a r ta l  va lu e  (x  =  0 .15-0 .18  mmol/1) during  th e  
p e r io d  of calving, a n d  te n d e d  to  decrease (P  <  0.001) a f te r  i t ,  b u t  a t 2 m on ths 
p o s t  p a rtu m  it w as s t i l l  con sid erab ly  h ig h e r th a n  before  ca lv ing .

The re la tive  p e rc e n ta g e  o f F F A  in  T L  show ed an  ap p rec iab le  increase 
(4 .5 % ) over th e  u s u a l  ran g e  (1.1—1.8% ) on ly  d u rin g  th e  p e rio d  o f calv ing; 
th e  reason  is th a t  th e  p o s tp a r ta l  v a lues o f  T L  an d  F F A  in c reased  to  sim ilar 
degrees over th o se  fo u n d  in  d ry  cows.

The re la tive  p ro p o r tio n s  o f th e  f a t ty  ac id  co m p o n en ts  o f  p lasm a lip ids 
show ed  d is tinc t an d  c h a ra c te r is tic  changes d u rin g  th e  p e r ip a r ta l  period.

Gas c h ro m a to g rap h ic  analysis d e tec ted  12 fa tty -a c id  com ponents, o f 
w h ich  the  follow ing s ix  show ed s ig n ifican t (P  <  0.05) o r  h ig h ly  sign ifican t 
(P  <  0.001) a lte ra tio n s  in  p e rcen tu a l c o n tr ib u tio n  b e tw e e n  sam ples w ith 
d ra w n  a t d ifferen t t im e s  d u rin g  th e  perio d  o f s tu d y : 

palm itic  acid  (C16:0) 
palm itoleic ac id  (016:1) 
stearic  acid (C 18:0) 
oleic acid ( 0 8 : 1 )  
linoleic acid ( 0 8 : 2 )  
arachidonic ac id  (C20:4)

The o ther s ix  f a t t y  acids w ere d e te c te d  in  th e  b lo o d  p lasm a  in  a ll th e  
sam p les , b u t did n o t  show  s ig n ifican t changes betw een  sam ples: 

lauric acid ( 0 2 : 0 )  
m yristic  acid  ( 0 4 : 0 )  
m argaric acid  ( 0 7 : 0 )  
linolenic acid  ( 0 8 : 3 )  
arachidic ac id  (C20:0) 
behenic acid  (C22:0)

The la tte r  f a t ty  ac id s  genera lly  occurred  a t  low p e rc e n ta g es  in  th e  p lasm a 
sam ples.

The re la tive  p ro p o r tio n  o f palm itic acid w as g en era lly  15.8-22 .4%  in 
th e  p lasm a lip ids; p r e p a r ta l  changes in  its  p e rcen tag e  w ere o f  low  significance 
(P  <  0.05). I ts  c o n c e n tra tio n  te n d e d  to  rise  from  th e  b eg in n in g  o f th e  la s t 
p re p a r ta l  m onth , a n d  w as a t  peak  d u rin g  calv ing  an d  th e  su b seq u en t m o n th , 
w h en  i t  increased s ig n if ic a n tly  (P  <  0.001) over th e  “ d ry ”  v a lu e , th e n  re tu rn e d  
to  app rox im ate ly  th e  p re p a r ta l  level (F ig . 1).
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Fig. 1. Palmitic acid content of plasma lipids

T he palmitoleic acid co m p o n en t, giv ing generally  2 .1 -4 .1 %  of th e  p lasm a  
lip id s , te n d e d  to  decrease s lig h tly  before calv ing, in c rea sed  considerab ly  
(P  <  0 .01) d u ring  ca lv in g  an d  th e  su b seq u en t m o n th , a n d  decreased again  
(P  <  0.005) d u ring  th e  second m o n th  o f  la c ta tio n  (F ig . 2).

Fig. 2. Myristic and palmitoleic acid contents of plasma lipids. Solid line, C14:0, broken line
0 6 : 1
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Stearic acid a n d  oleic acid rep re se n te d  to g e th e r 27—30 %  o f th e  f a t ty  
a c id  com ponents in  p la sm a  lip ids. T h e ir co n cen tra tio n  chan g es hav ing  been 
o p p o site  in  th e  p e rio d  s tu d ie d , th e y  gave a C18:0 4* 0 8 : 1  m ax im um  (x =  
=  30 .4% ) a t ca lv ing , a n d  a m in im um  (x  =  26.8% ) d u rin g  th e  in itia l m on ths 
o f  la c ta tio n . The p la sm a  lev e l o f stearic acid was re la tiv e ly  h igh  (x v a ried  
b e tw e e n  17.2 and  1 8 .3 % ) a n d  show ed no  appreciab le  (P  >  0.05) f lu c tu a tio n  
d u r in g  th e  p re p a rta l p e r io d , d ropped  to  60—70%  of th e  p re p a r ta l  level during  
ca lv in g , and  rem ained  low  re la tiv e  to  th e  “ d ry ”  value fo r th e  f i r s t  tw o m onths 
o f  la c ta tio n . A gain st th is  th e  oleic acid co n cen tra tio n  in c re a se d  alm ost tw ice 
o v e r  th e  p rep a rta l v a lu e  (x  v a ried  b e tw een  8.2 and  1 1 .7 % ) d u rin g  calv ing; 
p o s tp a r ta lly , how ever, i t  decreased  g ra d u a lly  (P <  0.001) (F ig . 3).

Fig. 3. Stearic and oleic acid contents of plasma lipids. Solid line, C18:0, broken line C18:l

Linoleic acid re p re se n ts  th e  la rg e s t com ponen t o f  p la sm a  lip ids, m aking  
u p  genera lly  36—44%  o f  th e se . I ts  re la tiv e  percen tage  fe ll to  a m in im um  a t 
c a lv in g , betw een p re - a n d  p o s tp a r ta l  p eak s (P  <  0.01). T h e  arachidonic acid 
co n c e n tra tio n  curve  r a n  a p p ro x im a te ly  p a ra lle l w ith  th e  lino leic acid curve 
a n d  th e  changes w ere also  s ig n ifican t (P  <  0.01), b u t  C 20:4 rep resen ted  only  
a  m in o r com ponent (x  =  1 .5 -3 .1 % ) o f th e  p lasm a lip id s (F ig . 4).

b )  A nalysis o f liver tissue

T he hepatic  T L  c o n c e n tra tio n  w as on  th e  average 46.8 +  6.1 g/kg a t 3 
m o n th s  before ca lv in g , e ssen tia lly  th e  sam e a t  2 m o n th s , a n d  sligh tly  h igher 
a t  1 m o n th  before ca lv in g . T he h ig h est m ean  value , w ith  co n siderab le  s ta n d a rd  
e r ro r  (x =  7 6 .6 + 2 1 .0  g /k g ) w as found  a t  calving (P  <  0 .001). Calving w as 
fo llow ed  by  a decrease, espec ia lly  d u rin g  th e  2nd p o s tp a r ta l  m o n th ; th e  d iffer
ence  from  the  2nd a n d  3 rd  p re p a r ta l  m o n th s  was n o t s ig n if ic a n t (P >  0.05) 
(F ig . 5).
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Fig. 4. Linoleic and arachidonic acid contents of plasma lipids. Solid line 0 8 : 2 ,  broken line
C20:4

TL
g/kg
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x i s = 488161 1 46113.7 |54.2164 | 76.6121.0 | 71.4П9.2 | 51.6 l97g/kg

months -3 -2 -1 Calving +1 +2 months

Fig. 5. Total lipid concentration (g/kg) in the liver

Percentual fa tty  acid composition o f hepatic lipids. T he h ep a tic  lip id s  
could  be se p a ra te d  in to  th e  sam e 12 f a t ty  acid  com ponen ts as th e  p lasm a lip id s , 
an d  th e  sam e f a t ty  acid  com ponen ts show ed s ig n ifican t or n o n -sig n ifican t 
f lu c tu a tio n s  in  th e  liv e r  an d  p lasm a.

P alm itic acid, g iv ing  on th e  average  17 -32%  o f th e  h ep a tic  lip id s, show ed 
a g ra d u a l c o n c e n tra tio n  decrease. (P  <  0.05) before ca lv ing , reached  a p e a k
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Fig. 6. Palmitic acid content of hepatic lipids

d u rin g  i t ,  th e n  te n d e d  to  decrease a g a in  (P  <  0.05); th e  values fo u n d  3 
m o n th s  before an d  2 m o n th s  a fte r  ca lv in g  w ere close to  one a n o th e r (F ig . 6).

Palmitoleic acid, rep resen tin g  1 .2 -4 .5 %  o f th e  h e p a tic  lip id s, d id  n o t 
a p p re c ia b ly  change d u rin g  th e  p re p a r ta l  p e rio d , h av in g  p e rs is ted  below  2%  
th ro u g h o u t. I t  in c rea sed  to  m ore th a n  doub le  th e  p re p a r ta l  v a lue  d u rin g  
ca lv in g  (P  <  0.001), a n d  persisted  above 4 %  d u rin g  th e  f irs t  p o s tp a r ta l  m o n th . 
T h e re  w as a g rad u a l p o s tp a r ta l  decrease (P  <  0.05), b u t  th e  0 6 : 1  p ercen tag e  
w as s till  ab o u t tw o fo ld  th e  la s t p re p a r ta l  v a lue  d u rin g  th e  2nd  m o n th  o f 
la c ta t io n  (Fig. 7).

T he curve fo r m yristic acid is also show n in  F ig . 7.
F lu c tu a tio n s  in  th e  p e rcen tages o f  stearic acid an d  oleic acid show ed 

in  th e  h ep a tic  lip id s , ju s t  like in  th e  p la sm a  lip id s , opposing  tre n d s . T he m ean  
p e rc e n ta g e  occurrence  o f  0 8 : 0  - f  0 8 : 1  w as assessed  as 4 9 -5 0 % . T h is p e rc e n t
age  is ab o u t tw ice g re a te r  th a n  th e  one fo u n d  in  th e  b lood p lasm a , th u s  0 8 : 0  
a n d  0 8 : 1  rep re sen t decisive f a t ty  ac id  com p o n en ts  in  h e p a tic  lip id s, a n d  th e  
f lu c tu a tio n s  o f th e  p ercen tag e  o f 0 8 : 0  -f- 0 8 : 1  also are g re a te r  in  th e  liv e r  
th a n  in  th e  b lood . T h e  c o n tr ib u tio n  o f  0 8 : 0  -f- 0 8 : 1  w as th e  low est (x  =  
=  4 7 .2 % ) d u ring  c a lv in g , and  show ed opposing  tre n d s  o f  increase to w ard s  
th e  e a r ly  p re p a r ta l  a n d  la te  p o s tp a r ta l  sam p lin g  tim es.

T he m ean  p e rcen tag e  for stearic acid  w as 37.5-39.5  before  calv ing , and  
less th a n  h a lf  o f t h a t  v a lu e  during  ca lv in g  (P  <  0.001). I t  d id  n o t ap p rec iab ly  
ch an g e  fo r one m o n th  p o s tp a r tu m , an d  a lth o u g h  i t  increased  s ig n ifican tly  
(P  > 0  .001) over th e  p a r tu r ie n t level a t  2 m o n th s  p o st p a r tu m , i t  w as s till 
s ig n if ican tly  low er th a n  th e  p re p a r ta l  level.

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



PER IPA R T A L VALUES OF PLASMA AND HEPATIC L IPID S IN  D A IR Y  COWS 107

Fig. 7. Myristic and palmitoleic acid contents of hepatic lipids. Solid line C14:0, broken line
C16:l
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Fig. 8. Stearic and oleic acid contents of hepatic lipids. Solid line 0 8 : 0 ,  broken line 0 8 : 1

U nlike stea ric  ac id , th e  m ean  oleic acid co n ten t o f  th e  h ep a tic  lip id s 
rose  from  th e  p re p a r ta l  v a lu e  o f  15.0—20.6%  to  30.7 a n d  2 3 .3%  a t  ca lv ing  
a n d  one m o n th  la te r , re sp ec tiv e ly . A  s ligh t decrease d id , how ever, follow  
d u rin g  th e  2nd p o s tp a r ta l  m o n th  (P  <  0.05; Fig. 8).
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Fig. 9. Linoleic and arachidonic acid contents of hepatic lipids. Solid line C18:2, broken line
C20:4

Changes in th e  p e rcen tag es  o f linoleic acid an d  arachidonic acid show ed 
a n  ap p ro x im ate  p a ra lle lism  also in  th e  h ep a tic  lip id s . T h e  c o n trib u tio n  o f 
lin o le ic  acid to  th e  T L  w as low er (x v a rie d  betw een  4.8 a n d  9 .0% ) in  th e  liver 
t h a n  in  th e  blood, th u s  i t  a p p ro x im a te d  th a t  o f  a rach id o n ic  acid  in  th e  h ep a tic  
lip id s . H epatic  0 8 : 2  a n d  C20:4 show ed a c o n cen tra tio n  increase  (P <  0.05) 
u n t i l  1 m onth  befo re  ca lv in g , and  a considerab le  decrease  (P  <  0.05 and  
P  <  0.001) a t ca lv in g . T h e  linoleic ac id  co n c e n tra tio n  fe ll to  a m in im um  
1 m o n th  a fte r p a r tu r i t io n , th e  arach id o n ic  acid c o n c e n tra tio n  a t p a rtu ritio n . 
E a c h  m in im um  w as fo llow ed  b y  a s ig n ifican t (P  <  0.05) in crease  (Fig. 9).

D iscussion

In  five-m on th  m o d e l ex p erim en ts  we m o n ito red  c e r ta in  p a ram ete rs  of 
l ip id  m etabolism  in  p ro p e r ly  m anaged  an d  fed, h e a lth y  d a iry  cows, to  o b ta in  
in fo rm a tio n  on p h y sio lo g ica l f lu c tu a tio n s  d u ring  th e  p e r ip a r ta l  period . W e 
d e te rm in e d  th e  T L , T C h  an d  F F A  co n cen tra tio n s  in  th e  b lood  plasm a, and  
th e  T L  co n cen tra tio n  in  liv e r  biopsies a t  one-m on th  in te rv a ls  from  3 m on th s 
b efo re  t i l l  2 m on ths a f te r  p a r tu r it io n . W e also id en tified  th e  n a tu re  and  e s ti
m a te d  th e  p ercen t p a r t ic ip a tio n  o f th e  f a t ty  acid co m p o n en ts  in  p lasm a an d  
h e p a tic  lipids in  th e  p re p a r tu r ie n t, p a r tu r ie n t  an d  p o s tp a r tu r ie n t periods. 
S ince  p lasm a sam ples a n d  liv e r b iopsies w ere co llec ted  sim u ltan eo u sly  and  
te s te d  w ith  th e  sam e m e th o d s , a com parison  o f th e  b lo o d  a n d  liv er p a ram ete rs  
o f  lip id  m etabolism  w as also possible.
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T he p lasm a T L  an d  TC h chang  es fo u n d  b y  us follow ed e ssen tia lly  th e  
p a t te rn  observed  in  s im ila r s tud ies b y  o th e rs  b u t ta k in g  in to  co n sid e ra tio n  
th e  e x a c t tim e  of p a r tu r it io n  ou r in v es tig a tio n s  h av e  th ro w n  m ore l ig h t on  
ce rta in  aspects .

T he p lasm a T L  level o f h e a lth y  d a iry  cows w as on th e  average  35—36%  
low er a t  calv ing  th a n  d u rin g  th e  d ry  period , b u t  increased  to  m ore th a n  
double  th e  calv ing  level b y  th e  end  o f th e  2nd  m o n th  of la c ta tio n . W e 
h av e  fo u n d  th a t  th e  p a r tu r ie n t  h e a lth y  cow m ay  show  a T L  d rop  as la rg e  as 
observed  b y  Y am d ag n i an d  S chu ltz  (1970) in  k e to tic  cows.

T he TCh level p ro v ed  to  he co n sid e rab ly  low er d u rin g  th e  im m ed ia te  
p re p a r tu r ie n t  m o n th s an d  a t  calv ing  th a n  e ith e r  in  th e  earlie r s tage  o f  p re g 
n an c y  o r d u rin g  la c ta tio n . I t  follows th a t  o n ly  s ig n ifican t decrease in  p la sm a  
TCh (to  less th a n  1.5 mmol/1) can  he reg a rd ed  as pa th o lo g ica l in  th e  p e rio d  
a ro u n d  calv ing .

T he p lasm a F F A  level increased  a b ru p tly , to  a b o u t 3-fold o f th e  “ d ry ”  
va lu e  d u rin g  calv ing , sign ify ing  a te m p o ra ry , b u t  considerab le , energy  d e fic it 
in  th e  p a r tu r ie n t  period , b y  analogy  o f th e  changes observed  b y  B ru m b y  e t al. 
(1975) in  fa s tin g  ca ttle .

T he obv iously  physio log ica l n a tu re  o f  th e  d ra m a tic  rise  o f F F A  d u rin g  
ca lv ing  su p p o rts  th e  im p lica tio n  (A dler e t a l., 1963; K ronfe ld , 1965) th a t  
p lasm a F F A  assays are o f low  v alue  in  th e  ea rly  d iagnosis of p e r ip a r ta l d iso r
ders in  bov ine  lip id  m etabo lism .

In  accordance w ith  P e h rso n ’s (1971) o b se rv a tio n , we alw ays fo u n d  less 
th a n  5%  F F A  in  th e  p lasm a lip id s , b u t  w hile th e  p a r tu r ie n t  c o n c e n tra tio n  
w as on  th e  average 4 .5 % , th e  p re- an d  p o s tp a r tu r ie n t  levels w ere e q u a lly  
o n e -th ird  o r one-fo u rth  o f th is  va lue .

A ll cows developed  a m ild  to  m o d e ra te  f a t ty  liv e r  a t  p a r tu r i t io n , as 
sign ified  b y  a m ore th a n  1.5-fold increase in  th e  m ean  p re p a r tu r ie n t T L  co n 
c e n tra tio n s  o f 46.1 an d  46.8 g /kg , assessed 3 an d  2 m o n th s  before  ca lv in g , 
re sp ec tiv e ly . T he in d iv id u a l v a ria tio n s  in  h ep a to ce llu la r  f a t  accu m u la tio n  
w ere g re a t; th e  tw o h ig h e s t va lu es  w ere 98.1 an d  101.1 g /kg , th e  tw o  lo w est 
ones 62.4 an d  65.9 g /kg . I t  shou ld  be n o te d  in  th is  c o n te x t th a t  o th e r  a u th o rs  
(Collins a n d  R eid , 1980) fo u n d  even  g re a te r  T L  th a n  ou r h ig h er lim it in  th e  
liv e r  o f  fresh ly -ca lv ed , h e a lth y  cows.

T he accu m u la tio n  o f  f a t  in  th e  liv e r  a ro u n d  calv ing  observed  b y  us 
caused  n e ith e r  clin ical sy m p to m s, n o r o th e r  ab n o rm alitie s  d e tec tab le  b y  th e  
la b o ra to ry  te s ts  em ployed  b y  u s , an d  i t  w as alw ays tra n s i to ry . T he h e p a tic  
T L  decreased  to  th e  la s t p re p a r tu r ie n t v a lu e  d u rin g  th e  second p o s tp a r ta l  
m o n th , an d  th e  cows show ed no sign  o f illness d u rin g  fu r th e r  o b se rv a tio n  
fo r a y ea r.

I t  follow s from  th e  foregoing considera tions th a t  p a r tu r ie n t  changes in  
p lasm a an d  h ep a tic  T L  an d  c e r ta in  m ain  lip id  com ponen ts are sim ilar to  th o se
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o c c u rrin g  in  fa s tin g  cow s. In c rease  in  p la sm a  F F A  an d  h e p a tic  T L , a n d  d e 
c rea se  in  p lasm a T L  an d  T C h, ta k e  p lace eq u a lly  u n d e r p a r tu r ie n t  an d  fastin g  
c o n d itio n s . These ch an g es, w hich  n o rm alized  soon a fte r  calv ing , can  be reg a rd ed  
as physio log ica l in  th e  h e a lth y  p a r tu r ie n t  cow . T he f a t ty  acid  co m position  o f 
p la sm a  and  h ep a tic  lip id s  w as also fo llow ed u p  d u rin g  th e  p re p a r tu r ie n t , 
p a r tu r ie n t  an d  p o s tp a r tu r ie n t  periods.

L inoleic ac id , p a lm itic  acid , s tea ric  ac id  an d  oleic ac id -esters m ade up  
th e  b u lk  (85 -90% ) o f  th e  f a t ty  acid  co m p o n en ts  o f p lasm a lip id s.

T he f a t ty  ac id  co m p o n en ts  o f h e p a tic  lip id s  w ere th e  sam e as in  th e  p la s 
m a , b u t  th e ir  p ro p o rtio n s  w ere d iffe ren t. T h e  h e p a tic  lip ids co n ta in ed  alm ost 
tw ic e  as m uch s te a r ic  a n d  oleic acid , a n d  m ore  p a lm itic  acid , th a n  th e  p lasm a  
lip id s ;  th e  la t te r  th re e  f a t t y  acids m ade u p  70—80%  of h e p a tic  T L . O f th e  o th e r 
f a t t y  acids, lino le ic  ac id  m ade up  on ly  one f i f th  to  one e ig h th  o f th e  a m o u n t 
fo u n d  in  th e  p lasm a . P a lm ito le ic  ac id  a n d  a rach id o n ic  acid  reach ed  to g e th e r  
a  m e a n  c o n c e n tra tio n  o f  4 .5 -7 .5 %  in  c e r ta in  t im e  periods.

T h e  d issim ilar p e rcen tag e  c o n tr ib u tio n s  o f  id en tica l f a t ty  ac id  com ponen ts 
in  p la sm a  an d  liv e r  a re  due  to  d ivers ities  in  th e  q u a n tita tiv e  re la tio n s o f th e  
m a in  lip ids. A t p a r tu r i t io n , tr ig ly ce rid e s  re p re se n t th e  b u lk  o f th e  h ep a tic  
l ip id , w hile th e  p la sm a  trig ly ce rid e  level is a lm o st neg lig ib ly  low . T he tr ig ly 
ce rid es  differ in  f a t t y  ac id  com position  fro m  th e  o th e r lip ids.

T he f a t ty  ac id  co m p o n en ts  o f th e  p la sm a  an d  h ep a tic  lip id s  changed  
c h a ra c te r is tic a lly  w ith  p reg n an cy , ca lv ing  a n d  la c ta tio n .

T he curves o f  s te a r ic  an d  oleic ac id  show ed  p ra c tic a lly  th e  sam e opposing  
co u rse  fo r p lasm a a n d  liv e r . T he su m  0 8 : 0  +  0 8 : 1  also w as a p p ro x im a te ly  
id e n tic a l in  p la sm a  a n d  liv e r  a t  a ll sam p lin g  tim es. T he changes in  p a lm itic  
a c id  c o n cen tra tio n , to o , w ere v e ry  s im ila r  in  p lasm a an d  liv er, and  ce rta in  
an a lo g ies  were fo u n d  be tw een  th e  f lu c tu a tio n s  in  th e  linoleic an d  arach idon ic  
ac id  com ponen ts as w ell.

I t  should be p o in te d  o u t th a t  th e  changes in  th e  re la tiv e  p ro p o rtio n s  o f 
f a t t y  acids were g re a te r  in  th e  liv e r th a n  in  th e  p lasm a , an d  th e  s ta n d a rd  
e r ro rs  o f th e  m ean  v a lu es  w ere also g re a te r . I t  appears t h a t  th e  f a t ty  acid 
co m p lem en t o f th e  b lo o d  lip id s is m ore b a la n c e d  th a n  th a t  o f th e  liver.

T he re la tiv e  p la sm a  levels o f  p a lm itic  acid , oleic acid  an d  pa lm ito le ic  
a c id  show ed an  in c rea se , w hereas th o se  o f  s tea ric , linoleic, a rach id o n ic  and  
m y ris tic  acid a decrease , in  th e  p a r tu r ie n t  cow. T he f lu c tu a tio n s  observed  in  
th e  f a t ty  acid co m p o sitio n s o f  th e  p lasm a  lip id s  w ere sim ilar to  tho se  observed  
b y  B ru m b y  e t al. (1975) in  fa s tin g  cow s, a n d  b y  Y am d ag n i an d  S chu ltz  (1970) 
in  k e to tic  cows.

P a r tu r ie n t  chan g es in  h ep a tic  lip id s in v o lv ed  th e  sam e f a t ty  ac id  com 
p o n e n ts  as in  th e  b lo o d , b u t  th e  q u a n ti ta t iv e  re la tio n s o f  th e  co n cen tra tio n  
chan g es were d iss im ila r.

T he p resen t fin d in g s  h av e  in d ic a te d  a connection  be tw een  th e  p a ra m 
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e te rs  o f  lip id  m etabo lism  in p lasm a  an d  liv er. The co n c e n tra tio n  chan g es 
in  p lasm a  lip id s  w ere follow ed soon , an d  in  m an y  resp ec ts  co n sis ten tly , b y  
s im ila r a lte ra tio n s  in  liver lip id s . I t  follow s th a t  p lasm a f a t ty  acid  levels in 
form  us on th e  h e p a tic  lip id  s ta tu s .

W e assum e th a t  th e  physio log ica l p a ra m e te rs  of bov ine  lip id  m e tab o lism  
es tab lish ed  in  th is  s tu d y  can serve as reference  values fo r ju d g in g  p a th o lo g ica l 
a lte ra tio n s  asso c ia ted  w ith  d iso rders o f  lip id  m etabo lism , such  as f a t ty  liv e r  
and  k e to sis . O ne should  how ever be cau tio u s  in  ju d g in g  th e  p a th o lo g ica l or 
n o n -p a th o lo g ica l n a tu re  of ce rta in  changes. T he h e a lth y  p a r tu r ie n t  cow, fo r 
exam ple , m ay  show  d ram atic  changes in  c e r ta in  p a ram e te rs  o f lip id  m e ta b o 
lism  re la tiv e  to  th e  p re p a rtu r ie n t “ d ry ”  v a lu es . W hile such changes are p a th o 
logical in  a d v an ced  la c ta tio n , th e y  are  fu lly  physio logical a ro u n d  ca lv ing .
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HISTOCHEMICAL STUDY OF PHOSPHATASES 
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Cryostat sections o f hypophyses of goat and buffalo were subjected to various histo- 
enzymic tests for the demonstration of alkaline phosphatase, acid phosphatase, 5-nucleotidase, 
adenosine triphosphatase, glucose-6-phosphatase and nonspecific esterase.

The intensities of m ost enzyme activities varied considerably in different cell groups 
of the pars distalis of both species. The enzyme reactions were identical in the pars distalis 
of both species, except alkaline phosphatase activity, which was limited in the goat to the 
endothelium of capillaries, whereas, in the buffalo it was also evident intracellularly. Adenosine 
triphosphatase and 5-nucleotidase activities were lacking in the pars distalis of buffalo hypo
physis.

All enzymes studied were present in varying amounts in the cells of the pars intermedia 
of both species, except adenosine triphosphatase and 5-nucleotidase, which could not be 
demonstrated even in this lobe of buffalo.

In the pars nervosa, both alkaline phosphatase and adenosine triphosphatase reactions 
were located in the endothelium in the goat, whereas only alkaline phosphatase was observed 
in the buffalo. The 5-nucleotidase enzyme could not be demonstrated in this lobe of either 
species. Acid phosphatase in pituicytes and nonspecific esterase along the nerve fibres presented 
the strongest reactivity.

A cta  Veterinaria Academ iae S c ien tia rum  H ungaricae , Volum e 30 (1  —  3 ) , p p . 113— 119 (1 9 8 2 )

L ite ra tu re  rev ea ls  s tu d ie s  on th e  h istochem ical lo ca liza tio n  o f p h o sp h a 
tases an d  esterases in  th e  h y p o p h y sis  cereb ri o f m o n k ey  (H olm es, 1961), m an  
(F an d , 1955), r a b b it  (P ea rse , 1956), r a t  (P earse , 1956; S am o ra jsk i, 1960; 
P e lie tie r an d  N ov iko f, 1972) an d  c a t (R om ieu  e t a l., 1951). O f th e  ru m in a n ts  
on ly  ox  has been  a t te m p te d  to  d em o n stra te  th e  acid  an d  a lk a lin e  p h o sp h a tases , 
adenosine tr ip h o sp h a ta se  a n d  es te rase , in  th e  pars in te rm e d ia  (R a fte ry , 1969). 
T he p resen t s tu d y  w as u n d e r ta k e n  to  d em o n stra te  th e se  enzym es h isto - 
chem ically  in  a ll th e  lobes o f th e  h y p o p h y sis  cerebri o f  g o a t an d  buffalo.

Materials and methods

T he h y p o p h y sis  ce reb ri o f fiv e  fem ale goats ra n g in g  in  age b e tw een  6 
m o n ths an d  5 y ea rs , a n d  a m ale  buffalo  o f 3 or 4 y ea rs  w ere sectioned  a t 10 ,ит. 
th ick n ess  on c ry o s ta t  m icro tom e an d  w ere in c u b a te d  fo r th e  follow ing h isto - 
enzym e te s ts : (i) A lk a lin e  p h o sp h a ta se  was d e te rm in ed  w ith  th e  azodye-

Address reprint requests to Dr. B. S. Nanda, Department of Anatomy and Histology, 
Punjab Agricultural University, Ludhiana —  141 004, India
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c o u p lin g  m ethod  a f te r  B u rs to n e  (1958a); (ii) acid  p h o sp h a ta se  w ith  th e  azodye
co u p lin g  m ethod  a f te r  B a rk a  an d  A n d erso n  (1963) m od ified  from  B u rstone  
(19586); (iii) 5 -nuc leo tidase  a f te r  W a c h s te in  an d  Meisel (1956) a n d  (iv) ad en o 
sin e  tr ip h o sp h a ta se  a f te r  W a c h s te in  a n d  M eisel (1956); (v) g lucose-6 -phosphatase  
a f te r  W ach ste in  an d  M eisel (1957); a n d  (vi) nonspecific  e s te rases  a fte r  B ark a  
a n d  A nderson  (1963).

Results and discussion

D ifferen t lobes o f  th e  h y p o p h y sis  cereb ri o f g o a t as w ell as of buffalo  
p re se n te d  v ary ing  in te n s itie s  fo r a lm o s t a ll th e  h isto en zy m e te s ts  perform ed. 
H o w ev er, no g lu co se-6 -phospha tase  a c t iv i ty  w as reco rded  in  a n y  o f th e  lobes 
in  e ith e r  species.

Table I

Relative intensities of enzymic activities in the parenchyma of hypophysis cerebri of goat and
buffalo

Pars distalis Pars intermedia Pars nervosa

Goat Buffalo Goat Buffalo Goat Buffalo

taline phosphatase ( ?) +  to +  +  + ( +  to + + ) ( + ) ( + + + + )  ( + + + + )

Acid phosphatase +  +  +  +
( - )
+ + + + + + + + + + +

5-nucleotidase + — + — — —
Adenosine triphos

phatase +  to +  + _ ± _ ( + 4 -  to _

Glucose-6-phospha-
tase —

+ + + >

Nonspecific esterase ±  to + + ± ± ■ + + +
+  +  +

+  4—I—r, very strong; +  + + ,  strong; + + .  moderate; + ,  weak: ± ,  very weak;
?, doubtful; —, negative reactivity.

Parentheses refer to reactions limited to the blood vascular wall.

T he re la tive  in te n s itie s  fo r o th e r  enzym es s tu d ied  in  d iffe re n t lobes are 
su m m arized  in  T ab le  I .  E nzym e a c tiv itie s  are  discussed in d iv id u a lly  in  th e  
fo llow ing .

A lka line  phosphatase ( A K P )

A lkaline p h o sp h a ta se  a c tiv ity  w as ra re  or ab sen t in  th e  cells of pars  
d is ta lis  ad en o h y p o p h y sis  o f th e  g o a t. E v e n  th e  blood vessels w ere n eg a tiv e , 
e x c e p t for rare  g ranu les in  sinuso ids. S am o ra jsk i (1960) also re p o r te d  negative  
A K P  a c tiv ity  in  th e  cells as w ell as b lo o d  vessels of th is  lobe in  th e  r a t .  H ow ever, 
he  reco rded  th e  p resence  o f n u c lea r s ta in in g  an d  positive  g ran u les  in  p itu ita ry
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“ß ” cells, using  G öm öri’s cobalt m e th o d . T he p re sen t au th o rs  are o f th e  v iew  
th a t  th e  p o ss ib ility  o f  th e  presence o f  in tra c e llu la r  A K P  a c tiv ity  in  th e  p a rs  
d is ta lis  c a n n o t be igno red  because in  bu ffa lo  (F ig . 1) a v a ry in g  (v ery  w eak  
to  s tro n g ) degree o f A K P  a c tiv ity  w as n o ticed  in  th e se  cells. Such v a r ia tio n  
could  v e ry  lik e ly  be a t tr ib u te d  to  th e  s ta tu s  o f th e  cells an d  o f th e  o rg an s as 
a w hole.

In  th e  p i tu i ta ry  o f th e  r a t ,  b lood  vessels an d  th e ir  associa ted  n e rv e  
fib res  w ere in ten se ly  s ta in ed  fo r A K P  in  th e  pars nerv o sa  and  co m p ara tiv e ly  
w eak ly  in  th e  pars in te rm ed ia . T he re a c tio n  w as n eg a tiv e  in  th e  p a rs  a n te r io r , 
ex cep t fo r b lood  vessels a t  th e  p e r ip h e ry  o f  th e  g lands (S am orajsk i, 1960). 
No A K P  a c tiv ity  has been  rep o rted  in  th e  p a rs  in te rm e d ia  o f c a t (R o m ieu  e t 
a l., 1951). In  th e  p a rs  in te rm ed ia  an d  th e  p a rs  n e rv o sa  o f g o a t (F ig . 2) as 
w ell as bu ffa lo , s tro n g  A K P  a c tiv ity  w as p re se n t on  th e  w all o f  b lood  vessels, 
w eak er a c tiv ity  in  th e  vessels o f th e  p a rs  in te rm e d ia . T hus, th e  p re se n t o b se r
v a tio n s  a re  m ore or less in  ag reem en t w ith  tho se  on m onkey  (H olm es, 1961), 
r a t  (S am o ra jsk i, 1960) an d  ox (R a fte ry , 1969).

T hese o b serv a tio n s are  suggestive  o f th e  role o f A K P  in  d é p h o sp h o ry la 
tio n  n ecessary  fo r ab so rp tio n  an d  t r a n s p o r t  th ro u g h  th e  b lood  vessels in  th e  
p a rs  in te rm e d ia  an d  p a rs  nervosa  o f  g o a t, bu ffa lo , r a t ,  m onkey  an d  ox . B u t 
th is  fu n c tio n  does n o t ap p ea r to  be asso c ia ted  w ith  A K P  in  b lood  vessels o f 
th e  p a rs  d is ta lis  o f a ll th ese  species ex cep t th e  bu ffa lo . A n o th e r fa c to r  w o r th y  
o f  co n sid e ra tio n  is th a t  fe n e s tra te d  cap illa ries ra re ly  ex h ib it A K P  a c tiv ity , 
an d  th o se  o f  th e  p a rs  d is ta lis , be ing  fe n e s tra te d  an d  a t te n u a te d , th e ir  A K P  
a c tiv ity  m ay  be below  th e  th re sh o ld  level o f  a c tiv ity . M oreover, in  th e  bu ffa lo  
a t  le a s t th e  presence o f  A K P  a c tiv ity  in  th e  cells o f p a rs  d ista lis  is sugg estiv e  
o f  its  possib le role in  th e  con tro l o f  in tra c e llu la r  m e tab o lism  b y  d ép h o sp h o ry la 
tio n , in  th e  sy n th esis  o f some este rase , a n d  p ro b a b ly  also in  th e  exch an g e  o f 
ions across th e  p lasm a m em brane. H ow ever, th e  fu n c tio n s  m ay  be d ep e n d e n t 
on th e  fu n c tio n a l s ta tu s  o f  various ce llu la r com ponen ts o f th e  o rgan , an d  m ay  
be species-specific.

A cid  phosphatase (Á C P )

S tro n g  ACP a c tiv ity  w as seen in  th e  m a jo rity  o f  th e  cells o f  th e  p a rs  
d is ta lis  o f th e  goat hyp o p h y sis  (F ig . 3), c o n c e n tra ted  ch iefly  n e a r th e  n u c le i 
an d  bein g  in d ica tiv e  of lysosom al A C P. C erta in  sparse ly -occu rring  u n d iffe ren 
t ia te d  cells w ere in ten se ly  reac tiv e . T hese la t te r  cells are  m ost p ro b a b ly  id e n 
tic a l to  th e  cells described  b y  B a rk a  e t  al. (1961) as A C P -reactive  re tic u lo 
en d o th e lia l cells o f th e  h y pophysis  ce reb ri. Also in  th e  buffalo , an  id e n tic a l 
p a t te rn  o f  reac tio n  w as observed.

A CP a c tiv ity  w as w eaker in  th e  p a rs  in te rm e d ia  cells o f th e  g o a t 
a n d  b u ffa lo . I t  was n o t found  in  th e  nucle i, an d  th is  neg a tiv e  fin d in g  d isagrees

8 * Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



116 SAIG A L et al.

Figs 1 — 7. 1. Alkaline phosphatase activity in pars distalis cells (PD) and blood vessels of 
pars intermedia (arrow) of buffalo, X 200. 2. Alkaline phosphatase activity in blood vessels of 
pars nervosa of goat, X 200. 3. Acid phosphatase activity (arrows) in the pars distalis cells of 
goat, X450. 4. ATPase activity, stronger in the periphery of pars distalis cells of goat, X450. 
5. 5-nucleotidase activity in form of granules in the cells of pars distalis of goat, X450. 6. 
Nonspecific esterase activity in the pars distalis of goat, X 200. 7. Nonspecific esterase activity

in the pars nervosa of goat, X 100
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w ith  R a f te ry ’s (1969) rep o rt. W e a t t r ib u te  th e  d isag reem en t to  te c h n ic a l 
d ifferences.

In  th e  p a rs  nerv o sa  o f th e  g o a t h y p o p h y s is , th e  A C P a c tiv ity  o f p itu i-  
cy tes ch ie fly  a p p e a re d  to  be lysosom al. A m uch  s tro n g e r a c tiv ity  a t c e r ta in  
sites, p ro b a b ly  in  th e  nerve te rm in a ls  an d  H e rrin g  bodies was also d iscern ib le , 
w hich can  v e ry  w ell be co rre la ted  w ith  th e  p resence  o f s tro n g  ACP a c t iv i ty  
rep o rted  in  th e  p a ra v e n tr ic u la r  an d  su p ra o p tic  nuc le i o f th e  h y p o th a la m u s  
(E ran k o , 1951; S am o ra jsk i, 1960; S loper, 1955). T h e  A CP a c tiv ity  was n o tic e d  
to  be c o m p a ra tiv e ly  s tro n g  in  o lder su b jec ts .

Adenosine triphosphatase ( A TP ase)

A T P ase a c tiv i ty  v a ry in g  in  in te n s i ty  from  v e ry  w eak  to  m odera te  w as 
observed  in  d iffe re n t cells o f th e  p a rs  d is ta lis  o f  th e  g o a t hypophysis (F ig . 4). 
The a c tiv ity  w as v e ry  w eak in  th e  cells o f th e  p a rs  in te rm e d ia . In  th e  b u ffa lo , 
A TPase could  n o t be d em o n stra ted  in  an y  o f th e  h y p o p h y sea l lobes. In  th e  ox , 
A TPase a c tiv ity  h a s  been  rep o rted  to  be p re se n t in  th e  large  vessels and  c a p il
laries o f p a rs  in te rm e d ia  (R afte ry , 1969). T h is w as n o t found  in  th e  goat. In  th e  
pars n e rv o sa , w eak  to  m odera te  A T P ase  re a c tiv i ty  w as seen on th e  w all o f  
cap illa ries an d  la rg e  b lood  vessels. T h is in d ic a te s  th a t  th e  energy  req u irem en t 
for th e  t r a n s p o r t  m echan ism  o f sec re to ry  p ro d u c ts  across th e  cap illaries o f  
pars n e rv o sa  is p ro b a b ly  fu rn ish ed  b y  th e  b reak d o w n  o f A TP as well as b y  
p h o sp h o ry la tio n , b y  th e  la t te r  process on ly  in  th e  p a rs  in te rm ed ia  an d  b y  
some m ech an ism  o th e r  th a n  e ith e r  o f  th e  tw o  in  th e  p a rs  d ista lis  of th e  g o a t 
h y p o physis .

5-Nucleotidase (5 -N T )

5-N T re a c tiv i ty  was observed  w ith in  th e  cells o f  p a rs  d ista lis  an d  p a rs  
in te rm ed ia  in  fo rm  o f one to  th ree  o r m ore coarse  g ra n u la r  p rec ip ita te s  (F ig . 
5). No a c tiv i ty  cou ld  be observed  in  th e  p a rs  n e rv o sa . In  th e  p itu ita ry  o f  th e  
buffalo no 5-N T  a c tiv i ty  was d e m o n s tra te d  in  a n y  p a r t .  A m ongst all tis su e s , 
s tro n g est 5-N T  a c tiv i ty  has been  re p o rte d  in  th e  h u m a n  po ste rio r p i tu i ta ry  
a fte r an  in c u b a tio n  period  of 3 h (P earse  and  R eis, 1952). T he p resen t o b se rv a 
tio n s  are n o t co m p arab le  to  th e  la t te r  s tu d y  because  th e  in cu b a tio n  p e rio d  
was on ly  90 m in .

Nonspecific esterases (Ease)

E ase , as d em o n strab le  b y  n a p h th y l a c e ta te  (hexazon ium  para ro san ilin e  
tech n iq u e), w as o b served  to  be v e ry  v a riab le , b e in g  s tro n g  in  some an d  v e ry  
weak in  o th e r  cells o f th e  pars d is ta lis  (F ig . 6). F a n d  (1955) d em o n stra ted  E ase
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in  th e  basoph ils o f  th e  hum an  p i tu i ta ry .  I n  th e  p resen t s tu d y , s im u ltan eo u s 
id e n tif ic a tio n  o f v a rio u s  cell ty p es w as n o t  u n d e rtak en .

The cells o f  p a rs  in te rm ed ia  o f  g o a t and  buffalo  show ed a v e ry  w eak  
b u t  un ifo rm  E ase  a c t iv i ty  in  all th e  ce lls . T he presence o f E ase  has also been  
re p o r te d  in  th is  lobe  o f ra b b it  an d  r a t  (P earse , 1956). In  ox, E ase  a c tiv ity  
w as  in ten se  in  som e cells h u t  w eak  in  o th e rs , p ro b ab ly  due to  th e  tw o  ty p es  
o f  cells in  p a rs  in te rm e d ia  as has b een  describ ed  b y  R a fte ry  (1969). B u t th is  
does n o t a p p ea r to  be  th e  case in  g o a t a n d  bu ffa lo . T he p a rs  in te rm e d ia  being  
th e  on ly  lobe o f  ad en o h y p o p h y sis  w here  n e rv e  fib res are  p re se n t in  a ssoc ia tion  
w ith  cells, e s te rase  a c tiv ity  observed  in  th is  lobe of d iffe ren t species can  v e ry  
w ell be a p p rec ia ted .

In  th e  p a rs  n e rv o sa  of th e  g o a t h y p o p h y s is  (F ig . 7), v e ry  s tro n g  E ase  
a c t iv i ty  w as n o tic e d , ch iefly  along th e  n e rv e  fib res and  in  th e  H e rrin g  bodies. 
S im ila rly  localized , b u t  w eaker, a c t iv i ty  w as found  in  th e  b u ffa lo . T he aliester- 
ase a c tiv ity  has a lso  b een  show n to  be  s tro n g  in  p a ra v e n tr ic u la r  a n d  su p ra 
o p tic  nuclei (A dam s e t ah , 1960; P e p ie r  and  P earse , 1957; S loper, 1955). 
R a f te ry  (1969) reco rd ed  a stronger E a se  a c tiv ity  in  th e  p a rs  in te rm e d ia  th a n  
in  th e  pars n e rv o sa  o f  th e  ox. H o w ev er, in  goats m uch  m ore in te n se  E ase  
a c t iv i ty  is in  th e  p a rs  nervosa  th a n  in  th e  p a rs  in te rm ed ia  o f th is  species.
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Forty-eight 1-3 months old dogs of unknown serological background were infected 
experimentally with Toxoplasma gondii cysts or oocysts. Part of the dogs was subjected to 
immunodepressive treatment with the synthetic corticosteroid betamethasone (Betsolan inj., 
Glaxo) (Table I). One third of the dogs infected with cysts or oocysts and treated with beta
methasone developed a lethal generalized toxoplasmosis by 2-3  weeks after experimental 
infection. In part of the eases, a non-generalized toxoplasmosis developed, and no infection 
could be established in about half of the experimental animals. In the group without immuno
depressive treatment only a single animal developed generalized toxoplasmosis, and non- 
generalized cases were considerably less frequent than in the group of dogs given the immuno
depressant (Table II). The experimental observations thus support the implication that general
ized toxoplasmosis develops in dogs primarily as a sequel to the suppression of immune re
sponsiveness by a disease or some other factor.

D ogs died  in  n a tu ra l ly  acq u ired  generalized  toxop lasm osis u su a lly  
developed  th e  co n d itio n  in  a sso c ia tio n  w ith  can ine d is te m p e r (Y akim off and  
K ohl-Y ak im off, 1911; C am pbell e t al., 1955; H a r tle y , 1956; M öller and  
N ielsen , 1964; C apen an d  Cole, 1966; D obos-K ovács a n d  K ard ev án , 1976; 
G irád , 1979), less o ften  in  a sso c ia tio n  w ith  o th e r p r im a ry  diseases, such  as 
ch ron ic  lead  po ison ing  (H a r tle y , 1956), lym phoid  leucosis (A lcaino e t al., 
1964), e tc . I t  has been  suggested  th a t  depression o f im m un o lo g ica l responsive
ness b y  th e  p r im a ry  disease p red isposes th e  dogs fo r g en era lized  toxop lasm osis. 
In  c e r ta in  cases, how ever, ev idence  o f  any  o th e r p a th o lo g ica l cond ition  w as 
lack in g  in  dogs d iseased  in  genera lized  toxop lasm osis (H a r tle y , 1956; C apen 
an d  Cole, 1966; D obos-K ovács an d  K ard ev án , 1976; G irád , 1979).

W e in v e s tig a te d  th e  p a th o g en esis  of generalized  can ine  toxop lasm osis 
in dogs ex p e rim en ta lly  in fec ted  w ith  Toxoplasma gondii cy s ts  or oocysts by 
o ra l ro u te , u n d e r s im u ltan eo u s in d u c tio n  of chem ical im m unodépression .

M aterials and methods

A to ta l  o f 48 dogs o f u n k n o w n  serological b a c k g ro u n d , 1 -3  m o n ths old 
a t  th e  b eg inn ing  o f th e  e x p e rim e n t, w ere used. T he dogs w ere in fected  o ra lly  
w ith  Toxoplasma gondii cy sts  o r oocysts , in  five successive experim en ts  ( I—V), 
perfo rm ed  e ith e r  on ow n-bred  (g ro u p  I  and II)  or p u rc h a se d  an im als o r ig in a t
ing  from  tw o li t te rs  each  (T able I) .
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The Toxoplasma gondii s tra in  used  fo r ex p e rim en ta l in fec tio n  w as iso
la te d  from  the  organs ( liv e r , lu ng , h ra in ) o f a dog sp o n tan eo u sly  d ied  in  general
iz e d  toxoplasm osis su p e rv e n in g  on can ine  d is tem p er. Iso la tio n  w as effected 
b y  o ra l ad m in is tra tio n  o f  th e  pooled o rg an  suspension  to  a lb in o  m ice and th e  
iso la te  was m a in ta in e d  b y  serial passage.

Toxoplasma gondii cy s ts  w ere o b ta in ed  for th e  e x p e rim e n ta l infection  
o f  dogs as follows: th e  b ra in  suspension  o f in fec ted  m ice w as checked  fo r pres
en ce  o f cysts b y  m icroscop ic  ex am in a tio n , and  w as a d m in is te re d  o rally  to  
a lb in o  mice. The b ra in  suspen sio n s o f th e  rec ip ien t m ice w ere u sed  th ree  weeks 
la te r  fo r th e  e x p e rim e n ta l in fec tion  o f dogs, each rece iv ing  a b o u t 800 cysts.

Toxoplasma gondii oocysts w ere iso la ted  from  th e  faeces o f  experim en
ta l ly  in fec ted  young  c a ts , an d  w ere used  fo r th e  e x p e rim e n ta l in fec tio n  of dogs 
a f te r  sporu la tion . E a c h  dog received  ab o u t 50,000 o ocysts .

Im m u n o d ep ressio n  w as in d u ced  in  p a r t  o f th e  dogs (25 an im als) b y  in tra 
m u sc u la r  tre a tm e n t w ith  a sy n th e tic  co rticoste ro id  (b e tam e th aso n e , B etsolan  
in j . ,  G laxo L a b o ra to rie s , U .K .) a t  0.8 m g /k g b w td o se  level on th e  d ay  preced
in g  experim en ta l in fe c tio n  an d  every  o th e r  d ay  a fte r  i t  (ex p e rim en ta l group). 
T h e  rem aining 23 dogs in fec ted  w ith  T. gondii received  no  im m unodepressive 
t r e a tm e n t  (contro l g ro u p ).

The dogs w hich  d ie d  due to  th e  in fec tio n  and  th e  su rv iv o rs  ex te rm in a ted  
a f te r  th e  conclusion o f  th e  ex p e rim en t (4 w eeks p .i.) w ere au to p sied . D uring 
p o s t  m ortem  e x a m in a tio n  o rg an  sam ples w ere secured fo r h is to lo g ica l exam ina
t io n  from  th e  sm all in te s t in e  (several segm ents), m esen te ric  ly m p h  node, liver, 
lu n g , pancreas, a d re n a ls , sp leen , th y m u s , h e a r t , d ia p h ra g m a tic  an d  skeletal 
m uscles, and b ra in . T h e  sam ples w ere fix ed  in  8%  (2.66 mol/1) form alin  and 
w ere  em bedded in  p a ra f f in . T he p a ra ff in  sections w ere s ta in e d  w ith  haem a- 
la u n  and  eosin; som e sec tio n s  from  th e  lung  w ere s ta in ed  w ith  E n d e s ’s trichrom e 
s ta in  for fib rin  d e te c tio n .

L iver and b ra in  suspensions from  each  dog w ere u sed  fo r o ra l infection  
o f  a lb ino  mice. T h ree  w eeks la te r  th e  m ice were k illed  a n d  th e ir  b ra in s  were 
ex am in ed  b y  n a tiv e  m icroscopic  te ch n iq u e  for th e  p resence  of Toxoplasma 
c y s ts  (mouse in o c u la tio n  te s t) .

Some 21 an d  20 dogs o f th e  ex p e rim en ta l an d  c o n tro l g roups, respec
t iv e ly ,  were w eighed a n d  th e  ab so lu te  an d  re la tiv e  w e ig h ts  o f  th e  lym phoid  
o rg a n s  (thym us a n d  sp leen) w ere reco rd ed  (Table I I I ) .

Results

I .  Generalized toxoplasmosis

In  th e  group g iv e n  im m unodepressive  t re a tm e n t, 6 o f 16 cyst-in fected  
dogs died in  gen era lized  toxop lasm osis 8, 9, 14, 16, 16 a n d  20 days p.i., and 
2 o f  9 oocyst-in fected  dogs 15 and  17 days p .i., resp ec tiv e ly . In  th e  group no t

A d a  Veterinaria Academiae Scientiarum Hungaricae 30, 1982



EX PER IM EN TA L STUDY OF CANINE TOXOPLASMOSIS 123

t r e a te d  w ith  b e ta m e th a so n e , one o f  6 dogs in fec ted  w ith  oocysts d ied  a lso  in  
gen era lized  toxop lasm osis 17 d ay s  p .i. (Table I).

Table I

Schedule and results of the experiments

Experimental
series
No.

n

No. of dogs infected/died in generalized toxoplasmoeis

Betamethasone No betamethasone

Toxoplasma
cysts

gondii Toxoplasma gondii 
oocysts

Toxoplasma gondii 
cysts

Toxoplasma gondii 
oocysts

I 9 5/3 — 4/0 —

i l 10 5/3 — 5/0 —

h i 8 2 /0 2 /1 2/0 2/0
IY 11 4/0 3/0 4/0 —

V 10 — 4/1 2/0 4/1

Total 48 16/6 9/2 17/0 6/1
25/8 23/1

Post mortem find ings

T he spleen o f th e  dogs w h ich  d ied  in  generalized  toxop lasm osis w as 
u su a lly  norm al, less o ften  s lig h tly  sw ollen. The liver was in  m ost cases en la rg ed , 
yellow ish -b row n  o r b row nish  re d ; in  every  case, few to  m an y  g rey ish -w h ite  
o r  g rey ish -red  foci, th e  size o f a p in -p rick , p in -head , or, in freq u en tly , a m ille t 
seed , could  be seen in  th e  liv e r  p a re n c h y m a . T he foci w ere n o t in fre q u e n tly  
su rro u n d e d  b y  a 1 m m  w ide, g rey ish -w h ite  halo  (F ig. 1). T he p a re n c h y m a l 
s t ru c tu re  was a lw ays in d is tin c t on th e  c u t surface, a n d  th e  consistence  o f 
th e  tis su e  w as fr iab le . In  no case w as a g a s tro -in te s tin a l change fo und . T h e  
mesenteric lymph nodes were in  m o st cases en larged , an d  th e ir  cu t su rface  w as 
ju ic y . C ircum scribed  or d iffuse d ry  regions were fre q u e n tly  found  in  th e  
ly m p h o n o d u la r  p a ren ch y m a.

In  th e  lung th e re  w ere e ith e r  n u m ero u s sm all (p in -p rick ) or few  la rg e  
(size o f  a m ille t seed) g rey ish -w h ite  co m p ac t foci. In  p a r t  o f  th e  cases th e  focal 
lu n g  lesions w ere grossly  in a p p a re n t, an d  seen on ly  in  h isto log ica l sec tio n s.

O th e r organs show ed no a lte ra t io n  a t  p o s t m o rtem  ex am in a tio n .

H  istological find ings

T h e focal liver lesions re p re se n te d  essen tia lly  fo u r h isto log ical ty p e s . 
In  p a r t  o f  th e  cases loss of p a re n c h y m a l s tru c tu re  an d  h ep a to ce llu la r necrosis
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Fig. 1. Necrotic-inflammatory foci, pin-prick to the size of a millet seed, in the liver tissue. 
Many necrotic-haemorrhagic foci, surrounded by a pale halo, are interspersed between the 

necrotic-inflammatory lesions. Gross appearance, slightly magnified

Fig. 2. Low-power view of a pure necrotic focus in the liver parenchyma. H. and E. (X l6 0 )

co u ld  be  seen in  th e  a re a  o f  focal change, w ith o u t su rro u n d in g  in flam m ato ry  
re a c tio n  (pure n ec ro tic  foci) (Fig. 2). A ro u n d  m ost nec ro tic  foci tach y zo ite s  
e s ta b lish e d  them selves in  ex tra - and  in tra c e llu la r  loca liza tions (Fig. 3). In  
o th e r  cases th ere  w ere m a n y  free e ry th ro c y te s  in  th e  cen tre  o f  th e  h ep a to ce llu 
la r  fo ca l necrosis (n ec ro tic -h aem o rrh ag ic  foci); ex trace llu la r so lita ry  ta c h y z o 
ite s , an d /o r in tra c e llu la r  aggregations o f  th e se  also o ccu rred  in  th e  su rro u n d 
in g s  o f  such lesions. F o c i o f th e  th ird  ty p e  consisted  o f a cen tra lly  p laced
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Fig. 3. Intracellular groups of tachyzoites (/*) in liver cells adjoining the necrotic focus.
H. and E. (xlOOO)

Fig. 4. Necrotic-proliferative focus in the liver parenchyma. H. and E. (X160)

pure  necro tic  area , su rro u n d ed  b y  a halo o f in f il tra tin g  cells, fo r th e  m ost p a r t  
re tic u lu m  cells (n ec ro tic -p ro life ra tiv e  focus) (F ig . 4). T h e  fo u r th  h isto log ical 
ty p e  w as rep resen ted  b y  foci fo rm ed  exclusively  o f  p ro life ra tin g  re ticu lu m  
cells (pure  p ro life ra tiv e  focus) (F ig . 5). D ev e lo p m en ta l s tag es  of T. gondii 
ap p ea red  h a rd ly , i f  a t  a ll, n e a r  to  nec ro tic -p ro life ra tiv e  a n d  p u re  p ro life ra tive  
foci. F oc i o f all fo u r ty p e s  o ccu rred  m ain ly  in  th e  p e r ip h e ry  o f liver lobules.

I n  m ost cases, a p a r t  from  n ecro tic -h aem o rrh ag ic  foci on ly  a single 
o th e r  ty p e  of focal lesion  (pure necro tic , n ec ro tic -p ro life ra tiv e  o r pure  pro lifer-
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Fig. 5. Pure proliferative focus in the liver parenchyma. H. and E. (X l6 0 )

Fig. 6. Low-power view of an inflammatory-necrotic focus in the lung tissue. The alveola 
lum ina are filled by a fibrinous exudation admixing with minor to major amounts of nuclea

detritus. H. and E. (X 60)

a tiv e )  was rep re sen ted  in  th e  liv e r  o f  a h o s t, b u t in  a few  cases a ll fo u r ty p es  
w ere  p resen t s im u ltan eo u sly . I t  sh o u ld  be n o ted  in  th is  c o n te x t  th a t  a single 
dog  w ith  generalized  to x o p lasm o sis , o f  th e  group n o t g iv en  im m u nodepressive  
t r e a tm e n t ,  had  no n ec ro tic -h aem o rrh ag ic  foci in th e  liv e r  b u t  d id  have  foci 
o f  a ll th ree  o th e r ty p e s .

In  th e  lung, m icroscopic  le sions invo lv ing  few to  m a n y  alveoli could 
be  seen  n ear to  sm all vessels. T he a lveo li w ere en larged , a n d  a hom ogeneously  
s ta in in g , in freq u en tly  s tra tif ie d  e x u d a tio n  was p re sen t in  th e ir  lu m in a . T he
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Fig. 7. Group of tachyzoites ( / )  in an alveolar epithelial cell near to an inflammatory-necrotic
pulmonary focus. H. and E. ( x  1000)

hom ogen eo u s-ap p earin g  ex u d a te  co n ta in ed  a considerab le  am o u n t o f f ib r in , 
a v a ry in g  a m o u n t o f  cell debris, a few  d e sq u a m a te d  a lveolar ep ith e lia l ce lls , 
1-2 n e u tro p h ilic  g ranu locy tes an d  so lita ry  ta ch y zo ite s  (Fig. 6). I n  sev e ra l 
cases g roups o f  tach y zo ite s  could be seen in sid e  a lveo lar ep ithe lia l cells (F ig . 
7). T he above p u lm o n a ry  lesions w ere p re se n t in  a ll lungs excep t th a t  o f  th e  
dog w hich  d ied  8 day s a fte r  ex p e rim en ta l in fec tio n .

C erebra l lesions caused by  to x o p la sm a  s tag es  were found  in  th e  brain  
of all dogs e x c e p t th o se  d ied  8 an d  9 day s a f te r  in fec tion . M ost lesions w ere 
id en tified  as c ircum scribed  m icroscopic necroses, an d  groups o f ta c h y z o ite s  
could be seen  in  m a n y  ad jo in ing  nerv e  an d  g lia  cells. In  o th e r cases in t r a 
ce llu la r ag g reg a tio n s o f tachyzo ites occu rred  in  p erivascu lar loca liza tio n s, 
in  asso c ia tio n  w ith  a focal p ro life ra tio n  o f glia cells (F ig . 8). In f re q u e n tly  th e  
cells ad jo in in g  g lia  cells carry ing  tach y zo ite s  o r b rad y zo ite s  were n o t in v o lv ed  
b y  e ith e r  n ec ro tic  or in fla m m a to ry  change (F ig . 9). O ccasionally  no Toxo
plasma  s tag es  could  be seen inside an d  in  th e  su rro u n d in g s o f c ircu m scrib ed  
glia cell p ro life ra tio n s . T he focal n e c ro tic -in flam m a to ry  lesions caused  b y  th e  
d ev e lo p m en ta l s tag es  occurred  for th e  m o st p a r t  in  th e  cerebral co rtex , less 
often  in  th e  s t r ia te d  b o d y , Y aro l’s b rid g e  o r m ed u lla  ob longata .

T he so ft m en inges of th e  dogs w hich  d ied  8 an d  9 days a fte r  in fec tio n  
w ere th ic k e n e d  b y  serous and  ce llu lar (n eu tro p h ilic ) in filtra tio n . B a c te r ia l 
“ c louds”  w ere also p re se n t in  th e  m en ingeal reg ion  invo lved  by  acu te  p u ru le n t 
m en ing itis . O ne o f  th e  above dogs also h ad  b a c te r ia l “ clouds”  in  th e  lu m in a  
o f p a r t  o f th e  re n a l an d  h ep a tic  in te rs t i t ia l  sm a ll vessels. A round  th e  la t te r ,  
in f iltra tin g  p u s  cells appeared  in  th e  h ep a tic  in te rs t i t ia l  tissue.
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Fig. 8. Perivascular focal glia cell proliferation. A cyst near to the focus (XO

Fig. 9. Groups of bradyzoites (initial stages of cyst formation) in the cytoplasm of nerve cells.
There is no inflammatory cellular reaction around the cysts. H. and E. (XlOOO)

In  severa l cases groups of ta c h y z o ite s  localized  in  myocardial cells, w hich 
w ere su rro u n d ed  b y  a c ircum scribed  h is tio -ly m p h o cy tic  in f iltra tio n .

In  th e  spleen, focal necrosis o f  som e M alp ighian  corpuscles, a n d  p re s 
ence of g roups o f  tach y zo ite s  in  th e  su rro u n d in g  re ticu lum  cells, w as in fre 
q u e n tly  seen.

In  a b o u t h a l f  o f  th e  cases, necrosis  o f a few follicular cells o r o f  en tire  
follicles w as o b se rv ed  in  th e  co rtic a l tis su e  o f th e  mesenteric lym ph nodes, 
occasionally  e x te n s iv e  ly m p h o n o d u la r reg ions were involved  b y  necrosis.
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N e a r to  th e  nec ro tic  a reas, a few  so lita ry  re ticu lum  cells enclosed  g roups of 
ta c h y z o ite s .

In fre q u e n tly  th e  in tra c e llu la r  occurrence of ta ch y zo ite  groups, accom 
p a n ie d  b y  so lita ry  cell necroses, w as observed  in  some lym ph follicles o f  the 
small intestine.

M ouse inoculation test

T his was a lw ays positive  in  a lb ino  m ice in fected  o ra lly  w ith  liv e r  and  
b ra in  suspension from  dogs d ied  in  generalized  toxop lasm osis.

I I .  N on-generalized toxoplasmosis
Post mortem fin d in g s

N o gross lesions in d ica tiv e  o f toxop lasm osis were fo u n d  in  th e  carcases 
o f dogs e x te rm in a te d  fo u r w eeks a f te r  ex p erim en ta l in fec tio n .

Histological find ings

T hree  c y s t-in fec ted  an d  th re e  oocyst-in fec ted  dogs o f  th e  group g iven  
im m u nodepressive  t r e a tm e n t, an d  2 and_ 1 cyst- and  oocyst-in fec ted  dogs, 
re sp ec tiv e ly , o f th e  g roup  n o t g iven  b e tam eth aso n e , show ed  m icroscopic 
lesions ind ica tiv e  o f  to x o p lasm osis in  d iffe ren t organs v a ry in g  betw een  h o sts  
(T ab le  I I ) .

Table П

Results of the infection experiments

No. of dogs

Betamethasone No betamethasone

T. gondii 
cysts

T . gondii 
oocysts Total

T . gondii 
cysts

T . gondii 
oocysts Total

Generalized toxoplasmosis 6 2 8 — 1 l

Non-generalized toxoplasmosis 3 3 6 2 1 3
No toxoplasmosis developed 7 4 11 15 4 19

Total number of dogs 16 9 25 17 6 23

O f th e  six dogs g iven  b e ta m e th a so n e , fiv e  h arb o u red  in tra c e llu la r  g roups 
o f ta c h y z o ite s  in  th e  h e a r t  m uscle, a n d  one h a rboured  th e m  in  th e  d ia p h ra g 
m a tic  m uscle. T he ta c h y z o ite -ca rry in g  cells were n o t su rro u n d ed  b y  ce llu la r 
re a c tio n  in  th e  g re a t m a jo r ity  o f  th e  cases, u n d  only b y  a v e ry  m ild  h is tio - 
ly m p h o c y tic  in f il tra tio n  in  th e  rem ain in g  few cases. T h ree  o f  th e  above six
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dogs also h a rb o u red  in tra c e llu la r  agg rega tions o f ta c h y z o ite s  n o t accom panied 
b y  ce llu la r reac tio n  in  b ra in  cells, as w ell as developing  cy sts  inside cereb ral 
glia  an d  nerve cells.

O f th e  th ree  dogs ex h ib itin g  m icroscopic lesions in  th e  group n o t g iven  
im m u nodepressive  t r e a tm e n t ,  tw o  show ed th e  changes o bserved  in  th e  b e ta 
m e th a so n e -tre a te d  dogs in  th e  b ra in , one in  th e  h e a r t  m uscle .

N o m icroscopic lesions a ttr ib u ta b le  to  Toxoplasma in fec tio n  were found  
in  th e  o th e r  organs ( liv e r, lu n g , etc .) o f  th e  e x p e rim en ta l a n d  con tro l an im als.

M ouse inoculation test

C o n tra ry  to  o u r e x p e c ta tio n s , o ra l in fec tio n  o f a lb ino  m ice w ith  liv er an d  
b ra in  suspensions from  th e  above dogs p ro v ed  n eg a tiv e .

I I I .  Negative results o f experimental infection

T he o th e r dogs e x te rm in a te d  a f te r  th e  conclusion  o f  th e  ex p erim en t, 
i.e . 11 an d  19 of 25 a n d  23 an im als, re sp ec tiv e ly , o f th e  g ro u p s tre a te d  an d  n o t 
t r e a te d  w ith  b e ta m e th a so n e , show ed n e ith e r  gross n o r m icroscopic ind ica tions 
o f  in fec tio n  w ith  T. gondii (T able I I ) .

M ouse inoculation test

W ith  liv er an d  b ra in  suspensions from  th ese  dogs, th e  te s t  showed n eg a
tiv e  re su lts .

The im m u n o su p p ressiv e  tre a tm e n t acco u n ted  fo r a s ign ifican t decrease 
in  th e  re la tiv e  m ass o f  th e  th y m u s  an d  ad ren a ls  (T able I I I ) .

Table III
Mean body weight and relative organ weights (x ±  SE) of dogs treated (n =  21) and not treated

(n =  20) with betamethasone

Treated Not treated P*

Body weight (g) 2549 2695 >0.05
±  309 ±  325

Thymus (mg/100 g bwt) 28.3 110.4 <0.001
±  4.3 ±  13.7

Spleen (mg/100 g bwt) 258.8 255.9 >0.05
±  27.1 ±  19.7

Adrenals (mg/100 g bwt) 16.0 23.3 <0.05
±  1 .0 ±  2.2

* assessed by Student’s t test
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D iscussion

T he p a th o lo g ica l c r ite r io n  o f generalized  to x o p lasm o sis  is th e  s im u lta 
neous in v o lv em en t o f  sev era l o rg an s by  d is tin c t gross a n d /o r  m icroscopic 
in flam m ato ry -n ec ro tic  focal lesions elic ited  b y  d ev e lo p m en ta l stages o f T. 
gondii.

In  th e  p resen t ex p e rim en ts  generalized  to x o p lasm o sis  could  be eq u a lly  
induced  w ith  T. gondii c y s ts  o r oocysts in  dogs g iven  b e ta m e th a so n e  (B etso lan  
sol. in j.)  fo r chem ical im m u n o su p p ressio n . A b o u t one th ird  o f  th e  ex p erim en ta l 
an im als d ied  in  genera lized  to x o p lasm osis 2 -3  w eeks a f te r  in fec tio n . In  a few  
cases d e a th  occurred  ea rlie r , on d ay s  8 and  9 p .i. T hese  dogs developed , a p a r t  
from  generalized  to x o p lasm o sis , b ac te riaem ia  o r p u ru le n t b ac te ria l le p to 
m en in g itis  owing to  im m u n o su p p ressio n , an d  th e  b a c te r ia l com plication  
acco u n ted  fo r ea rly  d e a th .

In  groups I an d  I I ,  w hich  rep resen ted  l i t te r s  rea red  in  o u r D ep a rtm en t 
in  co n d itio n s exclusive o f  Toxoplasma  in fec tion , th e  subg ro u p s g iven im m u n o 
suppressive  t r e a tm e n t  show ed a g re a te r  incidence o f  genera lized  toxop lasm osis 
th a n  s im ila rly  t re a te d  dog subg ro u p s o f u n k n o w n  h is to ry , p u rch ased  for th e  
purpose  o f  th e  ex p e rim e n t.

A single c o n tro l an im al, in fec ted  w ith  oo cy sts , developed  generalized  
to xop lasm osis. In  t h a t  p a r tic u la r  case th e re  w as no  obv ious reason  for th e  
p re su m ab ly  reduced  im m u n e  responsiveness o f  th e  h o st.

A p a r t  from  m in o r in d iv id u a l v a ria tio n s , no ap p rec iab le  difference was 
found  be tw een  th e  n a tu re  an d  m orpho logy  o f th e  gross an d  m icroscopic lesions 
b y  cy s t-in fec ted  an d  o o cy st-in fec ted  hosts  show ing genera lized  toxoplasm osis.

T he ty p e  of th e  lesions fo u n d  in  th e  liv e r, lu n g , b ra in  a n d  o th e r organs 
o f  dogs g iven  im m u n o d ep ressiv e  tre a tm e n t b efo re  an d  d u rin g  ex p erim en ta l 
in fec tio n  w as essen tia lly  s im ila r to  th a t  observed  b y  us (D obos-K ovács an d  
K a rd e v á n , 1976) an d  o th e rs  in  n a tu ra lly  occu rrin g  (C am pbell e t al., 1955; 
H a rtle y , 1956; M öller a n d  N ie lsen , 1964; C apen an d  Cole, 1966; G irád , 1979) 
and  e x p e rim en ta lly  in d u ced  cases (Vallée e t a l., 1961; C apen an d  Cole, 1966) 
o f genera lized  to x o p lasm o sis .

T he n e c ro tic -in flam m a to ry  foci w ere m ore fre q u e n t in  th e  liver o f th e  
ex p e rim en ta lly  in fec ted  dogs th a n  in  d is tem p er-asso c ia ted  n a tu ra l  cases o f 
to xop lasm osis, an d  also w ere grossly  m ore consp icuous. H aem orrhag ic- 
necro tic  foci w ere n o t  seen  in  n a tu ra l  cases, n o r  in  e x p e rim en ta lly  induced  
toxop lasm osis w ith o u t im m unodepressive  tr e a tm e n t ,  h av in g  been p resen t 
exclusively  in  co n d itio n s o f  a rtif ic ia l im m unodépression . T he reason  o f th is  
m ig h t p e rh ap s  be som e specific  ac tio n  o f the ap p lied  chem ical im m u n o d ep res
sa n t (b e tam eth aso n e).

T he lung  lesions w ere considerab ly  less d is tin c t an d  severe in  exp erim en ta l 
cases w ith  im m u n o su p p ressio n  th a n  in  n a tu ra l cases o f  genera lized  toxop las-
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m o sis  superven ing  on can ine  d is tem p er. P re su m ab ly  a local d is tu rb a n c e  o f the  
p u lm o n a ry  im m une m echan ism s, p a r tic u la r  to  th e  la t te r  d isease, m a y  also 
ac c o u n t for th e  serious lu n g  in v o lv em en t. T he n a tu re  o f  th e  p u lm o n a ry  lesions 
(serous-fib rinous n ec ro tic -in flam m a to ry  focal change) w as e ssen tia lly  sim ilar 
in  th e  n a tu ra l an d  a rtif ic ia lly  in d u ced  cases of to x o p lasm o sis , as suggested  
a lso  b y  o th ers  (C apen an d  Cole, 1966).

M icroscopic ce reb ra l necroses (encephalom alacia) w ere less fre q u e n t in  
e x p e rim e n ta l tox o p lasm o sis  th a n  in  n a tu ra l  disease su p e rv en in g  on  canine 
d is te m p e r , b u t  for th e  tim e  being  ev en  a h y p o th e tic a l e x p la n a tio n  is lacking 
to  th is  end.

P a r t  o f th e  dogs (a b o u t one fo u r th  an d  one se v e n th  to  one e ig h th  in  the  
e x p e rim e n ta l an d  c o n tro l su b g ro u p s, re spec tive ly ) show ed no g enera liza tion  
o f  toxop lasm osis in  th e  pa th o lo g ica l sense. In  these  cases d ev e lo p m en ta l stages 
o f  T. gondii w ere d em o n strab le  in  c e r ta in  organs (b ra in , h e a r t  m uscle , d iap h rag 
m a tic  m uscle), as a ru le  w ith o u t a su rro u n d in g  ce llu lar re a c tio n . T hese p a r tic u 
la r  cases sa tisfied  th e  p a rasito lo g ica l c r ite r ia  of genera lized  in fec tio n , b u t  no t 
th e  path o lo g ica l c r ite r ia  w hich  foresee th e  s im u ltaneous presence o f  c h a ra c te r
is t ic  n ec ro tic -in flam m a to ry  foci in  sev e ra l organs.

As to  th e  p rev a len ce  o f non -genera lized  to x o p lasm o sis , i t  w as g rea te r 
in  b o th  cy s t-in fec ted  a n d  o o cy st-in fec ted  dogs o f th e  g roup  g iven  im m uno
su p p ressiv e  t r e a tm e n t  th a n  in  th a t  o f  co n tro l. T his seem s to  suggest th a t  differ
e n t  degrees of im m u n o su p p ressio n  m ay  p rom ote  th e  d ev e lo p m en t an d  m u lti
p lic a tio n  of T . gondii.

In  th e  m a jo r  p a r t  o f th e  cases (m ore th a n  h a lf  an d  m ore th a n  th ree  
q u a r te r s  o f th e  e x p e rim e n ta l an d  co n tro l dogs, resp ec tiv e ly ) no generalized 
to x o p lasm o sis  d em o n strab le  w ith  th e  app lied  m eth o d s deve loped  e ith e r  by  
cy s t- in fe c te d  or oo cy st-in fec ted  h o s ts . A p a rt from  in d iv id u a l v a ria tio n s  in  
su sc e p tib ility , im m u n ity  s tim u la te d  b y  an  earlier Toxoplasma  in fec tio n  during 
th e  un k n o w n  h is to ry  o f  th e  h osts  m ay  h av e  been  responsib le  fo r in su scep tib ility  
in  such  a considerab le  p a r t  o f  th e  cases.

T he o b se rv a tio n s  o f  o th e r  a u th o rs  an d  our own experience  e q u a lly  suggest 
t h a t ,  a p a r t  from  in fec tio n s  b y  h ig h ly  pa thogen ic  Toxoplasma  s tra in s , dogs 
deve lop  generalized  to x o p lasm osis p rim a rily  as a sequel to  red u ced  im m une 
respo n siv en ess . In  th is  lig h t th e  n a tu re  o f th e  fa c to r  responsib le  fo r seems 
to  be in d iffe ren t, be  i t  can ine d is tem p er, chronic lead  po ison ing , lym phoid  
leucosis  or a chem ical im m u n o d ep re ssan t, or even som e id io p a th ic  fac to r.
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Insecticides Methylparathion 18 WP and W ofatox 50 EC, formulated as waterable 
powder and emulsion concentrate, respectively, were tested for teratogenicity in Japanese 
quail and pheasant embryos, with particular reference to osteal and muscular systems.

Both pesticides were diluted in water to three various concentration levels and the 
dilutions were injected into the air cell in a volum e of 0.05 ml/quail egg and 0.1 ml/pheasant
egg-

The concentrations were 0.05, 0.5, and 5.0% for Methylparathion 18 WP and 0.02. 
0.2, and 2.0% for W ofatox 50 EC. Quail eggs were treated on day 9, and pheasant eggs on 
day 12, of incubation. The results were evaluated on days 14 and 23 of incubation,respectively.

The applied test methods failed to demonstrate skeletal lesions in quail and pheasant 
embryos with evident lordoscoliosis (the m ost frequent deformation seen). The gross and 
microscopic appearance of the cervical vertebrae was usually normal. High doses of W ofatox  
50 EC produced, however, atrophic and, occasionally, hypoplasie changes in the cervical 
muscle of the embryos. The authors call attention  to the possibility that organophosphates 
for inhibition of embryonic innervation may be ajeontributive factor predisposing to lordoscoli
osis. This state may secondarily induce atrophic changes of the cervical muscle and an ab
normal posture of the neck.

It is likely that the tested pesticides are non-hazardous to the developing avian embryo 
under the conditions applied in the practice, due to the considerable resistance of the eggshell 
membrane against spray penetration.

T he p a s t th ree  decades have seen  a trem en d o u s  an d  w orld-w ide increase  
in  th e  p ro d u c tio n  an d  app lica tion  o f ch em ica ls , am ong th e m  pestic ides. G ould- 
ing  (1975) e s tim a ted  th e  new organ ic  an d  inorgan ic  com pounds p ro d u ced  
p er y e a r a t  200,000. T h e  increasing u se  o f  pestic ides has re su lted  in  a need  
fo r p re d ic tin g  haza rd s  to  w ildlife, e sp ec ia lly  to  useful b ird s living in  p lo u g h 
lan d .

T he te ra to g e n ic  effects of p e s tic id e s  are  o f g rea t im p o rtan ce  (H ay es , 
1975).

T he te ra to g e n ic ity  o f the  o rg an o p h o sp h a te  de riv a tiv es  in  chick and  q u a il 
em bryos h as  been  in v es tig a ted  in d e ta i l  (Clegg, 1964; M einiel, 1977, 1978), 
b u t  l i t t le  in fo rm a tio n  refers to  the  p h e a s a n t . As p h e a sa n t is a n o n -ta rg e t, it  
is o f im p o rtan ce  to  assess its su sc e p tib ility  to  te ra to g en ic  an d /o r fe to to x ic  
effects o f p la n t-p ro te c tiv e  substances.
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T his p ap er re p o r ts  com p ara tiv e  te ra to lo g ic a l s tu d ies  o f M e th y lp a ra th io n  
18 W P  and  W o fa to x  50 EC in  J a p a n e se  q u a il (Coturnix coturnix japonica) 
an d  p h easan t (P hasianus colchicus mongolicus et torquatus) em bryos.

M aterials a n d  m ethods

Treatment

M eth y lp a ra th io n  18 W P  (M 18 W P ) an d  W o fa to x  50 EC (W  50 E C ), 
co n ta in in g  18 an d  5 0 %  m e th y lp a ra th io n  as ac tive  in g red ien t, re sp ec tiv e ly , 
w ere th e  te s t  p e s tic id e s  used  th ro u g h o u t th e  experim en ts.

A  to ta l  o f  469 a n d  252 fertile  eggs fro m  Ja p a n e se  quails  and  p h e a sa n ts , 
resp ec tiv e ly , w ere assig n ed  to  one c o n tro l an d  th re e  t re a te d  groups p e r te s t  
m a te r ia l  (see T ab le  I )  an d  in cu b a ted  in  a R ag u s  an d  a N a tio n a l ty p e  in c u b a to r  
u n d e r  op tim um  e n v iro n m e n ta l co n d itio n s (K iss, 1973; N agy , 1971).

T he p estic ides w ere suspended  (M 18 W P ) or em ulsified  (W  50 EC ) 
in  w a te r  and  d ilu te d  to  th ree  v a rious dose levels, o f w hich  th e  in te rm e d ia te  
levels corresponded  to  th e  co n cen tra tio n s  u sed  in  th e  fie ld  as sp ray  (R e g is tra 
tio n  docum ent, 1976; K ó n y a , 1980). T h e  ap p lied  co n cen tra tio n s  w ere 0 .05 , 
0.5, an d  5.0%  fo r M 18 W P  and  0.02, 0 .2 , a n d  2 .0%  fo r W  50 E C .

Egg tre a tm e n ts  w ere carried  o u t  a ro u n d  th e  m idd le  o f  th e  n o rm a l 
in c u b a tio n  p erio d , i.e ., on  th e  9tli d ay  o f  th e  16-day in c u b a tio n  period  o f  th e  
q u a il and  on th e  1 2 th  d ay  of th e  2 5 -d ay  in c u b a tio n  period  o f th e  p h e a sa n t. 
T h e  p estic ida l su sp en sio n s and  em ulsions w ere ad m in is te red  b y  a single in je c 
t io n  in to  th e  a ir  cell a n d  in  a volum e o f  0.05 m l/q u a il egg an d  0.1 m l/p h e a sa n t 
egg. C ontrol eggs rece iv ed  th e  sam e v o lu m e  o f d istilled  w a te r. On th e  b as is

Table I

Experimental data for the teratological study of Methylparathion 18 WP and Wofatox 50 EC

Treatment 
on day of 
hatching

Evaluation 
on day o f 
hatching

Dose
mg/lcg

No. of eggs 
evaluated

Quail Pheasant Quail Pheasant I  II II I Quail Pheasant

Methylparathion 18 W P 9 12 14 23 2.8

1.7

Quail 
28 280 

Pheasant 
17 170

232 127

Wofatox 50 EC 9 12 14 23 2.25
Quail 
22.5 225 237 125

1.35
Pheasant 

13.5 135
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o f th e  average  egg w eigh t (9 g a n d  30 g , respec tive ly ), th e  doses o f th e  o rgano- 
p h o sp h a te s  in  m g/kg  egg w eight w ere  s im ila r a t  each correspond ing  dose level 
(see T ab le  I).

T he app lied  in jec tio n  ro u te  w as n o t h azard o u s fo r th e  develop ing  em b ry o  
an d  p rov ided  a precise dosing.

E v a lu a tio n s  w ere co n d u c ted  on  d ay s  14 an d  23 o f  in c u b a tio n , re sp ec 
tiv e ly .

Gross examination

A t au to p sy , a ll eggs were o p en ed , an d  exam ined  fo r gross lesions ( te ra to 
g en ic ity ), and  fo r th e  ra tio  o f v ia b le  to  d ead  em bryos, before  an d  a f te r  t r e a t 
m e n t (em bryo  to x ic ity ) , and  b o d y  w e ig h ts  w ere m easured .

S ke le ta l deform ities were id e n tif ie d  in  p rep a ra tio n s  s ta in ed  b y  th e  m e th o d  
o f S im ons and  v a n  H orn  (1971). A s sk e le ta l changes p rov ide  an  im p o r ta n t  
in d e x  in  ex p e rim en ta l te ra to lo g y  (T o m p a  e t a l., 1971), 3 em bryos in  each  g roup  
(a to ta l  o f  48 sam ples) were p rocessed  w ith  th is  tech n iq u e  to  e v a lu a te  sk e le ta l 
defec ts an d  ossification .

Histological examination

O ssification  w as h istochem ica lly  exam ined  b y  m easu ring  th e  a lkaline  
p h o sp h a ta se  enzym e a c tiv ity  in  th e  o s teo b la s ts . F o r th is  p u rp o se , th e  cerv ical 
v e r te b ra e  w ere sam pled  from  3 e m b ry o s  p e r  group , fo r th e  h ig h es t incidence o f 
p o s tu ra l anom alies occur in  th e  h e a d  an d  th e  neck. Spine sam ples, 2 to  5 
v e r te b ra e  in  one b lock  were f ix e d  in  80 %  alcohol a t 4 °C, d e h y d ra te d  in  a b 
so lu te  acetone , an d  em bedded  in  p a ra f f in  v ia  benzene (Im re , 1981). S eria l 
cross sec tions, 10 pm  th ick , w ere p re p a re d  b y  th e  M PSz 2 ty p e  m icro to m e. 
T he a lk a lin e  p h o sp h a tase  enzym e a c tiv i ty  w as de te rm in ed  in  id en tica l seg
m en ts  o f  th e  v e rteb rae  b y  using  th e  m e th o d  o f G öm öri (1952) an d  T a k a m a tsu  
(1939).

T he u ltra s tru c tu re  of th e  em b ry o n ic  ca rtilag inous tissu e  w as exam ined  
in  q u a il em bryos th a t  h ad  received  W  50 EC. Sam ples from  th e  ab n o rm a l 
cerv ica l v e rte b ra e  w ere fixed  in  K a rn o w sk y ’s (1965) f ix a tiv e  m ix tu re , po st- 
f ix ed  in  1%  osm ium  te tro x id e , d e h y d ra te d  in  a series o f g rad ed  alcohol, an d  
em b ed d ed  in  D urcupan-A C M  resin  (F lu k a ) (P a lade , 1962). Sections w ere c u t 
b y  th e  R e ich ert u ltram ic ro to m e . T h e  e lec tro n  m icrographs w ere p rep a red  in  
a T esla  BS 613 an d  a JE O L  100 S ty p e  e lec tro n  m icroscope.

To de te rm ine  cholinesterase en zy m e a c tiv ity  o f th e  a p p a re n tly  a ffec ted  
cerv ica l m uscles (m . longus colli, m . com plexus m ajor) a t  th e  m o to r end- 
p la te s , 3 q u a il an d  3 p h easan t e m b ry o s  w ere sam pled  from  each  dose g roup  
an d  p rocessed  w ith  th e  h is to ch em ica l m e th o d  developed b y  K oelle (1951) 
an d  G ereh tzo ff (1953).

Л eta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



138 VÁRNAGY et al.

F o r  lig h t m icroscop ic  s tu d y  o f te ra to g e n ic  an d /o r fe to to x ic  effects in  
th e  em b ry o n ic  o rg an s a n d  tissu es , a d d itio n a l 3 q u a il and  3 p h easan t em bryos 
•were sam pled  in  each  dose group . W hole  q u a il em bryos s tr ip p e d  o f fea th e rs  
an d  th e  m a jo r o rg an s fro m  p h easan ts  (h e a r t, lu n g s, k id n ey s, liver, ske le ta l 
an d  cerv ica l m uscle) w ere  fix ed  in  4%  n e u tra l  fo rm alin , em bedded  in  p a ra ffin , 
c u t in to  sections 5 to  7 /лт in  th ick n ess , an d  s ta in e d  w ith  h aem ato x y lin —eosin 
an d  A zan  (K iszely  a n d  B a rk a , 1958).

Statistical analysis

B iom etrica l a n a ly s is  inc luded  th e  ch i-sq u are  te s t ,  S tu d e n t’s t te s t ,  and 
v a ria n c e  analysis (E la n d t-Jo h n so n , 1971; F in n e y , 1952, 1972; F ish er, 1926).

R esu lts

G ross e x a m in a tio n  revealed  th a t  M 18 W P  s ig n ifican tly  increased  th e  
d ev e lo p m en ta l a b n o rm a litie s  in  th e  q u a il em bryos t h a t  h a d  received  th e  h ighest 
dose. T he o th e r p a ra m e te rs  w ere a p p a re n tly  n o t affected . A t th e  d ilu tio n  
used  in  th e  fie ld  p ra c tic e  n e ith e r  te ra to g e n ic  n o r fe to to x ic  effects (dw arfism , 
em b ry o  m o rta lity )  w ere  observed  (T able  I I ) .

Table U

Review of the teratological study of Methylparathion 18 WP in Japanese quail embryos

Mortality

Dose
mg/kg

No. of fertile 
eggs

No. of viable 
embryos

Embryo weight 
(g)* x+S .D .

before after 

treatment

No. of deformed 
embryos*

Control 60 52 3.70 ± 0 .49 4 4 2
2.8 6 i 52 3.69±0.47 1 8 7

28.0 57 49 3.97±0.29 5 3 4
280.0 54 43 3.58±0.38 3 8 19d

* referring to viable embryos; d P <  0.01. vs control

W  50 EC p ro d u c e d  in  quails s im ila r incidences o f  d ev e lopm en ta l defects 
a t  each  dose level a n d  a s ig n ifican tly  (P  <  0.01) increased  em bryo  m o rta li ty  
a t  th e  h ighest lev e l. V iab le  em bryos show ed, th e re fo re , decrease in  n u m b e r 
a n d  th e  body  w e ig h t o f  th e  su rv iv o rs  also te n d e d  to  decrease (P  >  0.05). 
A t th e  p rac tica l d ilu tio n , th e  increase o f  em bryo  m o rta li ty  w as n o t s ig n ifican t, 
w hereas th e  in c idences o f  d ev e lo p m en ta l ab n o rm alitie s  show ed a sig n ifican t 
(P  <  0.05) increase , co m p ared  to  th e  co n tro ls  (T able I I I ) .
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Table III

Review of the teratological study of W ofatox 50 EC in Japanese quail embryos

Dose
mg/kg

No. of fertile 
eggs

No. of viable 
embryos

Embryo weight 
(g)* S+S.D .

Mortality

before after 

treatment

No. of deforme«! 
embryos*

Control 54 47 3.05±0.47 4 3 0
2.25 64 50 3.14±0.46 12 2 5b

22.5 64 57 3.04±0.52 3 4 5b
225.0 55 20 2.89± 0.34 3 32d 5d

* referring to viable iembryos; b P <  0.05; d P <  0.01, vs control

P h e a sa n t em b ry o s th a t  h ad  rece iv ed  M 18 W P  elic ited  a d o se -re la ted  
s ig n ifican t (P  <  0.01) depression in  b o d y  w eigh t a t  each  dose level. E m b ry o - 
to x ic  effects were n o t  no ticed  a t a n y  dose , b u t  th e  n u m b ers  o f deform ed em 
b ry o s w ere s ig n ifican tly  (P  <  0.02; P  <  0.01) h igher th a n  th e  con tro l v a lu e s , 
in  each  g roup  tre a te d , even a t th e  le v e l ten fo ld  low er th a n  th e  d ilu tio n  u sed  
in  th e  p rac tice  (T able IV).

Table IV

Review of the teratological study of Methylparathion 18 WP in pheasant embryos

Mortality
Dose

mg/kg
No. of fertile 

eggs
No. of viable 

embryos
Embryo weight 

(g)* * ± S .D .
before

treatment

after No. of deformed 
embryos*

Control 31 31 18.12±0.72 0 l 0
1.7 32 32 17 .42± 0 .48d 0 0 9C

17.0 31 29 17.56±0.32d 0 2 18d
170.0 33 28 16 .30± 0.12d 0 5 28d

* referring to viable embryos; 0 P <C 0.02; d P <  0.01, vs control

W  50 EC caused  a depression in  th e  n u m b e r o f v iab le  p h easan t em b ry o s  
a t  th e  h ig h es t dose. E m b ry o  w eight sh o w ed  a sign ifican t (P  <  0.01) in crease  
a t th e  in te rm e d ia te  dose and  a s ig n if ic a n t (P  <  0.01) red u c tio n  a t th e  h ig h e s t 
level. Follow ing tre a tm e n t ,  incidences o f  d ead  em bryos an d  o f d ev e lo p m en ta l 
defo rm ities w ere s ig n ifican tly  (P <  0 .01) o v e r th e  co n tro l only  a t  th e  h ig h e s t 
dose, i.e . a t  th e  level ten fo ld  g rea te r t h a n  th e  d ilu tio n  used  in  th e  p ra c tic e . 
A t th is  co n cen tra tio n , no evidence o f te ra to g e n ic  an d  le th a l effects was o b se rv ed  
in  p h e a sa n t em bryos (T able  V).
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Table V

Review of the teratological study of W ofatox 50 EC in pheasant embryos

Dose
mg/kg

No. of fertile 
egge

No. of viable 
embryos

Embryo weight 
(g)* X±S.D .

Mortality

before

treatment

after No. of deformed 
embryos*

Control 29 27 15.58±0.90 0 2 3
1.35 32 31 15.45±0.41 0 1 2

13.5 33 33 16.21 ± 0 .3 2 d 0 0 3
135.0 31 19 14.41±0.75d 0 12b 19d

* referring to viable embryos; b P <  0.05; d P <  0.01, vs control

A m ong th e  an o m a lie s  produced b y  th e  tw o  o rg an o p h o sp h a te  d e riv a tiv e s  
(T ab le  V I), cerv ica l lo rdosis  and scoliosis, an d  pes debilis w ere th e  m ost f re 
q u e n t in  b o th  a v ia n  species (Fig. 1). A n o p h th a lm ia  developed  on ly  in  qua ils  
a n d  in  only  tw o cases fo r b o th  pestic ides. R u d im e n tu m  oris an d  m ic ro p h th a l
m ia  w ere induced  b y  W  50 EC, in  id e n tic a l n u m b ers  am ong qu a il and  p h e a sa n t 
em b ry o s. The in c id en ce  o f  tho raco -g astro sch is is  was tw ice as h igh in  p h e a sa n ts  
as in  quails. O s teo m alac ia  cranii d ev e lo p ed  on ly  in  quails , in  tw o em bryos 
a lto g e th e r. O pen u m b ilicu s  and h e rn ia  ce reb ri occurred  on ly  am ong q u a il 
em b ry o s w hich h a d  rece iv ed  M 18 W P .

SI

Fig. 1. Representation o f 23-day pheasant embryos, a) retarded embryo after 135 mg/kg 
W ofatox 50 EC; b) control. Alizarin red and Alcian blue staining, X l.5  (Photo: S. Kiss)
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U n d er th e  ex p erim en ta l co n d itio n s, ske le ta l defects w ere n o t caused  
h y  e ith e r  o f th e  pesticides.

T he a lka line  p h o sp h a tase  enzym e a c tiv ity  in  th e  o steo b lasts  o f  th e  
cerv ica l v e rte b ra e  agreed w ith  th a t  o f th e  con tro ls.

T he cho linesterase  enzym e a c tiv i ty  o f  th e  cerv ica l m uscles fo r a ll g roups 
ap p e a re d  in ten se , except for th e  p h easan ts  th a t  h ad  received  th e  h ig h est 
dose o f  W  50 E C , in  w hich case num ero u s m o to r en d -p la tes  w ere in h ib ite d .

Table VI

Gross developmental abnormalities induced by Methylparathion 18 WP and Wofatox 50 EC 
in Japanese quail and pheasant embryos

Classification of 
abnormalities

Methylparathion 18 WP Wofatox 50 EC Control

Quail Pheasant Quail Pheasant Quail Pheasant

Lordosis and scoliosis 8 55 5 17 0 0

Anophthalmia 2 0 2 0 0 0

Microphthalmia 0 0 1 1 0 3
Pes debilis 20 54 5 24 2 0

Thoraco-gastroschisis 1 0 2 4 0 0

Open umbilicus 9 0 0 0 0 0

Rudimentum oris 1 0 2 2 0 0

Osteomalacia cranii 0 0 2 0 0 0

Hernia cerebri 1 0 0 0 0 0

Exophthalmus 0 0 0 2 0 0

S ta in in g  o f th e  end -p la tes show ed  also a considerab le  v a r ia tio n  w ith in  th e  
sam e cerv ica l m uscle.

T h e  e lec tron  m icrographs fo r  q u a il em bryos revealed  no differences b e 
tw een  co n tro ls  an d  W  50 EC tre a tm e n ts  in  th e  u ltra s tru c tu re  o f  th e  ca rtilag in o u s 
tissu e  o f  th e  cerv ical v e rteb rae .

L ig h t m icroscope find ings e x h ib ite d  degenera tive  changes to  v a ry in g  
degree in  th e  cerv ical m uscle (m . long u s colli) from  qu a il an d  p h e a sa n t em bryos 
g iven  th e  h ig h er pestic id a l doses. F re q u e n tly , th e  lesion w as u n ila te ra l. T he 
a ffec ted  m uscles from  p h easan ts  show ed num erous a tro p h ied  an d  h y p erp lasie  
m uscle fib res  o f v a ry in g  size (F ig . 2). T he lesion in  quails resem bled  th a t  o f 
p seu d o h y p e rtro p h ia  lipom atosa  m u scu lo ru m : th e  n ecro tic  an d  a tro p h ie d  
m uscle fib res  w ere rep laced  b y  f a t  tissu e  (F ig . 3). The m ost s trik in g  d eg en era
tio n  w as developed  in  th e  p h e a sa n ts  w hich  h ad  received  th e  h ig h es t W  50 EC 
dose. Q uail an d  p h e a sa n t em bryos, co n sid e rab ly  re ta rd e d  in  g ro w th  co m p ared  
to  th e  con tro ls , ex h ib ited  h y p o p lasie  changes o f th e  cerv ical m uscle.
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Fig. 2. Cervical muscle, transverse section, from 23-day pheasant embryos, a) control; b) 
treated with 135 mg/kg W ofatox 50 EC, showing severe atrophy and necrosis of the fibres.

H. E . X 320

D iscussion

One o f th e  m o s t c ritica l phases in  em b ry o n a l d evelopm en t is th e  period 
o f  tissu e  d iffe ren tia tio n . M ost o f th e  te ra to g e n ic a l s tu d ies  have , th ere fo re , been 
co n d u c ted  a t  th is  s ta g e , i.e. in  chick em bryos on day s 0 -4  of in cu b a tio n . The 
d ev e lo p m en ta l ab n o rm a litie s  rep o rted  for p a ra th io n -ex p o sed  ch ick  em bryos 
o f  th is  stage in c lu d ed  lordosis, scoliosis, red u c tio n  an d  adhesion o f the  v e r
te b ra l  bodies, pes deb ilis , th o raco -g astro sch is is , a tro p h y  or h y p erp lasia  o f th e
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Fig. 3. Cervical muscle (m. longus colli) from 14-day quail embryos, a) control; b) treated 
with 225 mg/kg W ofatox 50 EC. The atrophied muscle fibres are replaced by fat tissue. H .E.

X 320

cerv ica l an d  tib ia l m uscles, etc. (Isek i a n d  Y am ad a , 1966; M einiel, 1977; 
R oger, 1968).

A n o th e r  c ritic a l p h ase  in  em b ry o n a l d ev e lo p m en t is th e  onset o f e m b ry 
onic o ssifica tio n  an d  g ro w th . Based on l i te r a r y  d a ta  (T erepka e t  a l., 1971) an d  
ou r experiences, th is  corresponds to  d a y s  9 a n d  10 of in cu b a tio n  in  th e  qu a il 
an d  d ay s 12 to  14 o f  in cu b a tio n , i.e. th e  sam e tim e  as for th e  ch ick  em b ry o , 
fo r th e  p h e a sa n t (F u jio k a , 1955; M urp h y  e t  a l., 1957). H erea fte r begins ac tive  
ca lc ifica tion  o f th e  em bryon ic  skeleton d u e  to  m obiliza tion  of eggshell calcium ,
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an d  th is  is follow ed b y  um bilical c losing . T h e  eyes, th e  beak , th e  fee t, e tc . 
acq u ire  th e ir  f in a l fo rm  a t  th e  sam e tim e  (K ovács an d  F ehér, 1966).

T h e  em bryos in  th e  p resen t e x p e rim e n ts  w ere exposed to  M 18 W P  
an d  W  50 EC a t th e  in te n se  period o f  e m b ry o n a l ossifica tion  and  g row th .

B ased  on th e se  d a ta  the  fo llow ing conclusion  can  be draw n:
— W ith  id e n tic a l active in g re d ie n t, th e  te ra to g en ic  an d /o r em b ry o to x ic  

e ffec ts  w ere c o n c e n tra tio n  d ependen t. M e th y lp a ra th io n , o f 18%  active  in g re 
d ie n t, p roved  to  be te ra to g e n ic  for b o th  th e  q u a il an d  th e  p h easan t em b ry o s , 
w h ereas  th e  W o fa to x  fo rm u la tio n  c o n ta in in g  50%  ac tiv e  in g red ien t show ed  
em b ry o to x ic ity , b esid es  te ra to g en ic ity  (T ab les I I  to  V).

— The p h e a sa n t w as con sid erab ly  m ore  suscep tib le  th a n  th e  q u a il to  
th e  te ra to g en ic  effec ts  o f  M 18 W P . T h e  d ev e lo p m en ta l defects d isp layed  b y  
th e  v iab le  em bryos o ccu rred  a round  th re e fo ld  as freq u en tly  (62% ) in  p h e a sa n ts  
as in  quails (21% ). A single dose p ro d u c in g  develo p m en ta l abnorm alities w as 
1.7 m g /kg  for th e  p h e a sa n t vs. 280 m g /k g  fo r  th e  quail.

— A m ong th e  anom alies seen, lo rdoscoliosis, pes debilis and  u m b ilica l 
h e rn ia  were th e  m o s t freq u en t, w ith  a n  incidence ran g in g  from  27 to 1 0 0 % . 
T he o th e r  d ev e lo p m en ta l deform ities (m ic ro p h th a lm ia , ru d im en tu m  oris, e tc .)  
o ccu rred  in  3 to  17 %  a ltoge ther. E m b ry o n ic  w eigh ts w ere reduced  b y  5 to  
10%  a t  th e  h igh  p e s tic id a l levels, co m p a re d  to  th e  con tro ls.

C o n tra ry  to  th e  lite ra ry  d a ta  ( Ise k i an d  Y am ad a , 1966; M einiel, 1977; 
R oger, 1968), n e ith e r  v e rteb ra l ad h esio n , n o r e x tre m ita l red u c tio n  a lo n e , 
could  be d e m o n s tra te d  in  th e  skele tons o f  th e  tre a te d  av ian  em bryos. T h is  is 
in  accordance w ith  o u r  previous b io ch em ica l fin d in g s. M 18 W P  and  W  50 EC  
fa iled  to  p roduce a d e fin ite  and  s ig n if ic a n t v a r ia tio n  in  serum  alkaline p h o s 
p h a ta se , calcium , a n d  inorganic p h o sp h o r  levels w hen  blood sam ples f ro m  
q u a il an d  p h e a sa n t em bryos w ere u se d  t h a t  h a d  received  sim ilar t r e a tm e n ts  
a t  a p p ro p ria te  age (B a rta lits  e t a l., 1981; V á rn ag y  e t a l., 1981). These re su lts  
m ig h t suggest t h a t  ske le ta l defects d u rin g  in ten siv e  em bryona l g ro w th  a n d  
o ssifica tion  m ig h t b e  in fluenced  b y  o th e r  b iochem ical fac to rs n o t s tu d ie d  h e re  
(horm ones, v ita m in s , enzym es, e tc .).

In  ag reem en t w ith  o th e r re p o r ts  (M einiel, 1977, 1978; U psh a l e t  a l., 
1968), th e  W o fa to x  fo rm u la tio n  o f  50 %  ac tive  in g red ien t p roduced  in  th e  
ce rv ica l m uscles p a r t ia l  inh ib itio n  o f  th e  cho linesterase a c tiv ity  a t  th e  m o to r 
en d -p la te s  o f th e  p h e a sa n t and  a tro p h ic  o r hypop lasie  changes in  th e  c e rv ica l 
m uscles o f b o th  a v ia n  species. A s sp in a l v e rteb rae  appeared  n o rm a l, th e  
p o te n tia li ty  o f th e  o rgan o p h o sp h a tes  fo r in h ib itin g  em bryonic in n e rv a tio n  
a n d , as a co nsequence , m uscu lar a tro p h y  shou ld  also be considered am o n g  th e  
fa c to rs  lead ing  to  lordoscoliosis. I t  is lik e ly  th a t  such  a s ta te  m ay  also in d u c e  
ab n o rm a l d is to r tio n  and  curv ing  o f  th e  neck.

In  conclusion , our previous a n a ly tic a l (V árnagy  and  F üzesi, 1979) 
a n d  te ra to lo g ica l s tu d ie s  using th e  egg im m ersion  ro u te  (V árnagy, 1980), as
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w ell as th e  p resen t re su lts  d e m o n s tra te  t h a t  M 18 W P  an d  W  50 EC are  n o t e x 
p ec ted  to  be te ra to g en ic  an d /o r e m b ry o to x ic  pestic ides u n d e r  th e  u su a l 
p rac tice  o f p la n t p ro tec tio n . T he a m o u n t a t  w hich  th e  o rg an o p h o sp h a te  
sp ray s m a y  reach  th e  developing  e m b ry o  v ia  th e  eggshell is a ro u n d  one 
e ig h th u n d re d th  o f th a t  in jec ted  in to  th e  a ir  cell here.
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The tendon running centrally through the belly of the m. biceps brachii and the lacertus 
fibrosus were studied post mortem for formation and function in 4 equine fetuses, 5 neonatal 
foals and 91 adult horses aged 1-23 years. Surgical transection of the m. biceps brachii’s 
tendon and lacertus fibrosus was performed in four adult horses for in vivo study of disturb
ances in muscle function.

It has been shown that the tendon running through the belly of the m. biceps be achii 
represents neither a fascial thickening, nor a septum intramusculare, but a direct conti fluum  
of the muscle’s tendon of origin. The tendon in question and, through it, the muscle itself, 
attaches on the tuberositas radii by a single tendon of insertion. A longitudinal torsion of the 
tendon in the muscle belly accounts for diminishing concussion and greatening tensing. We 
therefore propose that the tendon running through the m. biceps brachii, generally referred 
to as the tendinous intersection of that muscle, be named “tendo scapuloradialis” , for precise 
reference to its formation, passage, and function.

The surgical modeling of the rupture of the above tendon showed that the fibres of the 
pennate muscle belly can partly overtake function during rest, but the coordination of the 
shoulder and elbow joints becomes less synchronous. Transection of the tendon was found to 
delimit forward progression in motion.

On transection of the m. biceps brachii, the extension of the elbow joint increased to 
such a degree that the hoof could be drawn up almost to knee level also without transection 
of the lacertus fibrosus. This observation is o f diagnostic importance for surgical approach to 
the correction of ruptures of the above kind.

The lacertus fibrosus cannot be regarded as the exclusive continuum of the central 
tendon running through the m. biceps brachii, nor as the lateral tendinous portion of the muscle. 
It is in fact composed of one central lamina and two lateral laminae, of which only the central 
one is o f tendinous origin, whereas the lateral laminae derive from a fascia and make up four 
fifths of the lacertus fibrosus’s entire thickness in the adult horse. Transection of the lacertus 
fibrosus accounted for a light trouble in bearing weight.

T he fo rm a tio n  an d  function  o f  th e  te n d o n  ru n n in g  th ro u g h  th e  b e lly  o f  
th e  equ ine  m . b iceps b rach ii, and  o f  th e  la c e rtu s  fib ro su s converg ing  from  th e  
la t te r  m uscle to  th e  m . ex ten so r carp i ra d iá lis  have been  d iffe ren tly  in te rp re te d  
b y  v e te r in a ry  a n a to m is ts . The co n flic tin g  view s have  been  responsib le  fo r 
occasional m isd iag n o sis  and  m isco rrec tio n  o f p a r tia l or com plete  ru p tu re s  o f  
the m . b icep s b ra c h ii .

C erta in  a u th o rs  describe th e  te n d o n  run n in g  th ro u g h  th e  m uscle be lly  
an d  th e  la c e rtu s  f ib ro su s  as th ick en ed  fasciae (K rüger, 1929, 1931; S ch au d er, 
1932; Z im m erm an n  an d  Z im m erm ann , 1939) w hereas o th e rs  (K ovács, 1962; 
F eh é r, 1980) h av e  suggested  th a t  a s e p tu m  in tram u scu la re , converg ing  to  th e  
belly  o f th e  m . b iceps b rach ii from  th e  b ra c h ia l fascia, gives o ff th e  te n d o n 
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lik e  fa sc ia l bund le  k n o w n  as lacertu s f ib ro su s , w hich  th e n  con tinues in  th e  m . 
e x te n so r  carpi ra d iá lis , a n d  a ttach es  on th e  tu b e ro s ita s  ossis m e taca rp alis .

A gain o th ers  (K a d le tz , 1932; E lle n b e rg e r  an d  B au m , 1974; N ickel e t a l., 
1968; Sisson and  G ro ssm an , 1953; T a y lo r, 1959; K och, 1960) have regarded  
th e  ten d in o u s b u n d le  as a con tinuum  o f  th e  te n d o n  o f o rig in  — K och even  
re fe rs  to  i t  as th e  c e n tra l  ten d o n  o f th e  m . b iceps b rach ii — w hich d iv ides 
sh o r tly  before th e  in s e r tio n  of th e  m uscle  in to  a sh o rt m ed ia l and  a lo n g er 
la te ra l  (lacertus f ib ro su s )  po rtion , w h ich  fu rn ish  tw o in sertio n s for th e  m . 
b icep s b rach ii. B a ro n e  (1968) has su g g ested  th a t  a f ib ro u s  bu n d le  (corde 
f ib reu se ) rep re sen tin g  an  elongation  o f  th e  p ro x im a l te n d o n , ru n s  th ro u g h  
th e  m . biceps b ra c h ii , an d  detaches d is ta l ly  a sh o rt te n d o n  o f in se rtio n  an d  
th e  lace rtu s  fib ro su s .

W e in v e s tig a te d  th e  m orphological a n d  fu n c tio n a l aspec ts  o f th e  fo rm a 
tio n  o f the  m. b iceps b ra c h ii’s ten d o n  ru n n in g  th ro u g h  th e  belly  an d  perfo rm ed  
ex p e rim en ta l s tu d ie s  on  th e ir  fu n c tio n  a n d  d y sfu n c tio n  in  th e  re stin g  an d  
m o v ing  horse. T h ese  s tu d ies  have co n v in ced  us th a t  th e  s tru c tu re  genera lly  
re fe rred  to  as th e  te n d o n  o f th e  equ ine  m . b iceps b rach ii is an a to m ica lly  an d  
fu n c tio n a lly  a te n d o n , an d  should be  re -n a m e d  accord ing ly  to  p re v e n t m is
in te rp re ta tio n s  r e s u ltin g  from  n o m e n c la tu ra l confusion.

Materials and methods

The s tru c tu re s  kn o w n  as te n d o n  a n d  la c e rtu s  fib rosus of th e  m . b iceps 
b ra c h ii were s tu d ie d  p o s t m ortem  in  4 eq u in e  fe tu ses , 5 new born  foals an d  91 
a d u lt  horses o f d if fe re n t ages; o f th e  l a t t e r  43 h ad  been  sp o rts  horses a n d  48 
d ra u g h t horses. A ll sp o rts  horses a n d  tw o  th ird s  o f th e  w ork  horses w ere o f  
E a s te rn  races, th e  rem a in in g  one th i r d  o f  th e  w ork  horses descended h a lf  b y  
h a l f  from  E a s te rn  a n d  W estern  races .

The fu n c tio n  a n d  role o f th e  te n d o n  ru n n in g  th ro u g h  th e  m uscle b e lly  
a n d  lacertu s f ib ro su s  w ere s tud ied  a t  r e s t  a n d  in  m o tio n , b y  observ ing  th e  
d y sfu n c tio n  a f te r  tra n se c tio n  of b o th  s tru c tu re s  in  th e  r ig h t forelim b o f fo u r 
ho rses. The h o rses  w ere 9-10  y ears  o ld , as ju d g e d  b y  th e ir  d e n titio n , an d  
w eighed  400-700 k g . T h e  surgical in te rv e n tio n  w as perfo rm ed  in  in tra v e n o u s  
ch lo ra lh y d ra te  a n a e s th e s ia  (10%  so lu tio n , 8 g/100 kg) w ith  th e  an im al re c u m b 
e n t  on its  le ft s ide , accord ing  to  th e  so -ca lled  D an ish  tech n iq u e . In  tw o horses 
th e  lacertus f ib ro su s  w as exposed a n d  tra n se c te d  th ro u g h  a lo n g itu d in a l 
cu taneous in c is io n  m ad e  in  th e  elbow  reg io n . In  th e  o th e r  tw o horses th e  
te n d o n  ru n n in g  th ro u g h  th e  belly  w as ex p lo red  in  th e  m id-reg ion  of th e  m . 
b iceps b rach ii, th ro u g h  th e  m . b rach io cep h a licu s , an d  w as tra n se c te d  w ith o u t 
in ju rin g  the  b e lly  o f  th e  m uscle. P r im a ry  h ea lin g  o f th e  su rg ica l w ound follow ed 
in  fo u r cases.
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R esults

T he m . biceps b ra c h ii has a ten d in o u s  orig in  a n d  ends in  a te n d o n  o f 
in se rtio n  (F ig . 1). T he te n d o n  o f orig in  is tw o f in g e rb re a d th s  th ic k  in  th e  a d u lt  
horse. A poneuroses converg ing  from  th e  p o ste rio r a n d  la te ra l  faces o f  th e  
m uscle to  its  be lly  fu rn ish  a tta c h m e n t fo r m uscle f ib re s . A fte r d e tach in g  th e  
aponeuroses, th e  c e n tra l p a r t  o f th e  ten d o n  o f o rig in  e n te rs  th e  m uscle belly  
in  th e  form  o f an  a b o u t one f in g e rb re a d th  th ic k , a p p ro x im a te ly  cy lin d rica l 
b und le , ru n s th ro u g h  i t ,  b len d s  w ith  th e  ten d o n  o f in se r tio n  an d  m olds on th e  
rad iu s  (F ig . 2). T he te n d o n  o f in se rtio n  also d e tach es severa l aponeuroses, 
w hich im p a rt a p e n n a te  ap p earan ce  to  th e  m . b iceps b rach ii. The s tru c tu re  
generally  re ferred  to  as ten d in o u s  bu n d le  develops in  p re n a ta l  life (by  7 m o n th s), 
and  can  th u s  be id e n tif ie d  fu ll-len g th , w ith  in se rtio n  on th e  rad iu s  in  th e  new 
b o rn  foal (F ig . 3). I t  f la t te n s  c ran io cau d a lly , an d  is su rro u n d e d  a lto g e th e r b y  
fleshy  m uscle tissu e  in  th e  p ro x im al th ird  of th e  m . b iceps b rach ii (F ig . 4), 
w hile a f te r  th e  c e n tra l  th ird  o f  th e  m uscle i t  undergoes a la te ra l to rs io n , so 
th a t  its  m edial m arg in  assum es a c ran ia l position . D is ta lly , th e  te n d o n  is 
com pressed m ed io la te ra lly  b e tw een  tw o faces o f m uscle  (F ig . 5).

Fig. 1. M. biceps brachii of adult horse (lateral face; the lateral part of the belly is removed). 
1, medial portion of the belly; 2, tendon running through the belly; 3, m. brachialis; 4, m. 
extensor carpi radiális; 5, m. extensor digitorum communis; 6, m. deltoideus; 7, m. triceps

brachii
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Fig. 2. Tendon running through the belly of the m. biceps brachii (craniomedial view; the 
medial portion of the muscle is partly removed). 1, tendon of origin; 2, tendon running through 
the belly; 3, medial portion of the belly; 4, outer fascial sheath (transected and inclined later
ally); 5, m. extensor carpi radiális; 6, m. pectoralis profundus; 7, olecranon of the ulna

Fig. 3. M. biceps brachii o f newborn foal (craniolateral view; the lateral portion of the belly is 
partly removed, partly inclined). 1, lateral portion of belly; 2, medial portion of belly; 3, 

tendon running through the belly; 4, m. extensor carpi radiális; 5, m. triceps brachii
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Fig. 4. The tendon running through the m. biceps brachii is surrounded by the belly of the 
muscle (cranial view; the belly is partly removed, partly inclined sidewards). 1, lateral portion 
of belly; 2, medial portion of belly; 3, tendon running through the belly; 4, cranially detached 
bundle’of the tendon; 5,5,bilateral aponeuroses converging to the detached tendinous bundle;

6, lacertus fibrosus; 7, m. extensor carpi radiális

Fig. 5. Longitudinal torsion of the tendon running through the belly of the m. biceps brachii 
(craniomedial view; the medial portion of the belly is partly removed). 1, craniocaudal flatten
ing of the tendon; 2, mediolateral flattening of the tendon; 3, cranially detached bundle of the 
tendon; 4, medial portion of belly; 5, lateral portion of belly; 6, m. extensor carpi radiális
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C ranially , th e  te n d o n  divides th e  m . biceps b ra c h ii in to  tw o u n eq u a l 
p o rtio n s , a la te ra l a n d  a m edial one. T h e  la te ra l  p o rtio n  covers one th ird , 
th e  m edial p o rtio n  tw o  th ird s , of th e  m u sc le ’s th ick n ess . O n th e  surface, th e  
d iv ision  o f th e  m uscle  b e lly  is in d ica ted  p ro x im ally  on ly  b y  a slig h t, c ran io- 
m ed ia lly  o rien ted  o b liq u e  re trac tio n , b e n e a th  w hich  passes th e  ten d o n  (F ig . 6).

The m. b iceps b ra c h ii  is in v ested  b y  tw o  fascial sh e a th s , an  e x te rn a l an d  
a n  in te rn a l one. T h e  in te rn a l sh ea th  w rap s  th e  m uscle t ig h tly  to  ho ld  its  
d iv id ed  p a rts  in  p o s it io n . The fascial la m in a  o f th e  in te rn a l sh ea th  th ick en s 
to  a s trong  ap o n eu ro s is , on  th e  m edial face p ro x im ally  an d  d is ta lly , and  on th e  
la te ra l  face on ly  d is ta lly . The th ick en in g s are  a lread y  p re se n t in  th e  equine 
fe tu s  and  new born  fo a l (F ig . 7). The te n d o n  w hich  tu rn s  in to  th e  m uscle as 
a co n tin u u m  o f th e  te n d o n  o f orig in  b len d s  d is ta lly  w ith  th e  aponeurosis 
ru n n in g  in  th e  b e lly  a n d  on th e  face o f th e  m uscle, and  form s w ith  th em  a th ic k , 
s tro n g  tendon  o f in s e r tio n , w hich m olds on th e  tu b e ro s ita s  ra d ii (F ig . 8).

The ten d o n  d e ta c h e s  a t its  a n te r io r  edge, from  th e  cen tre  o f  th e  m uscle’s 
m idd le  th ird  o n w a rd s , a tr ip le , c ran ia lly  narrow ing  ten d in o u s  b u n d le , w hich 
sep a ra te s  from  i t  e n tire ly  a t th e  d is ta l en d  o f th e  belly  (F igs 5 an d  9), an d  is 
jo in e d  b ila te ra lly  b y  th e  th ick  in n e r an d  o u te r aponeuroses o f th e  m uscle 
b e lly . The aponeu ro sis  converging to  th e  te n d o n  from  th e  m ed ia l p o rtio n  is

Fig. 6. Belly of the m. biceps brachii (craniomedial view; the outer fascial sheath of the muscle 
is transected and inclined to both sides). 1, medial portion of the belly; 2, lateral portion of 

the belly; 3, longitudinal fossa of the belly; 4, lacertus fibrosus; 5,5, outer fascial sheath
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Fig. 7. Superficial aponeuroses of the m. biceps brachii in the newborn foal (craniolateral 
view; the outer fascial sheath is transected). 1, m. biceps brachii; 2, lacertus fibrosus; 3, m. 

extensor carpi radiális; 4, m. triceps brachii; 5, m. brachiocephalicus

Fig. 8. Insertion of the m. biceps brachii on the tuberositas radii (medial face). 1, belly of the 
muscle; 2, tendon of insertion; 3, lacertus fibrosus; 4, m. brachialis; 5, ligamentum collaterale 
mediale (transected at attachment of insertion, and inclined); 6, m. extensor carpi radiális;

7, radius; 8, tuberositas radii
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th in n e r  th a n  th e  one co n v erg in g  from  th e  la te ra l  p o rtio n . T h u s  th e  lacertu s 
f ih ro su s  arises from  th re e  la m in a e , a c e n tra l one an d  tw o la te ra l  ones; its  m arg in  
is e ra n ia lly  sharp , a n d  i t  converges d is ta lly  before th e  elbow  jo in t, on th e  
m e d ia l surface o f th e  m . b ra c h ia lis , to  th e  m . ex ten so r c a rp i rad iá lis  (F ig. 10). 
T h e  lace rtu s  fib rosus is loose ly  inc losed  b y  th e  fasc ia l sh e a th  o f  th e  m . biceps 
b ra c h ii ;  its  te rm in a l p o r t io n  b len d s  w ith  th e  fascia  o f th e  fo rea rm , an d  jo ins 
a lo n g  w ith  th e  la t te r  th e  te n d o n  o f th e  m . ex ten so r ca rp i rad iá lis  (F ig. 11). 
T h e  th re e  lam inae fo rm in g  th e  la c e rtu s  fib ro su s can  be d is tin g u ish ed  a lready  
a t  7 m o n th s  of p re n a ta l  life . T h ick en in g  o f  th e  la ce rtu s  fib ro su s  w ith  p rogres
sing  age is due m ain ly  to  t h a t  o f  th e  la te ra l  lam inae , w hich  m ak e  up  fo u r fifth s  
o f  th e  lacertu s  f ib ro su s’s e n tire  th ick n ess  in  th e  a d u lt h o rse . T he size o f th e  
la c e r tu s  fibrosus v a rie s  w ith  race , b o d y  d im ensions, age a n d  use o f  th e  horse. 
T h e  la c e rtu s  fib rosus o f  th e  a d u lt  horse is 35—55 m m  w ide a n d  3 -8  m m  th ick .

O n tran sec tio n  o f  th e  m . b iceps b ra c h ii’s te n d o n , no  tro u b le  in  bearing  
w e ig h t w as observed d u rin g  re s t ,  b u t  th e  ip s ila te ra l sh o u ld e r jo in t was by  
a b o u t  20° m ore open  th a n  th e  c o n tra la te ra l  one (F ig . 12). W ith  th e  forearm  
d ra w n  backw ard , th e  e x te n s io n  o f th e  elbow  jo in t  w as b y  a b o u t 30° g rea te r

Fig. 9. Laminae joining in formation of the lacertus fibrosus (medial view; the medial portion 
of the belly is partly removed and inclined). 1, tendon running through the belly of the m. 
biceps brachii; 2, tendon of insertion of m. biceps brachii, converging to the radius; 3, bundle 
detached from the cranial portion of the tendon (central lamina of lacertus fibrosus); 4, lateral 
portion of belly; 5, medial portion of belly; 6, aponeurosis of the muscle belly converging to 
the tendon of insertion; 7, aponeurosis of the muscle belly converging to the detached tendinous 

bundle; 8, lacertus fibrosus; 9, m. extensor caroi radiális
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Fig. 10. Bilateral convergence of the aponeuroses of the muscle belly to the bundle detached 
from the tendon of the m. biceps brachii (craniolateral view). 1, tendon running through the 
belly; 2, detached bundle of tendon; 3, m. extensor carpi radiális; 4, medial portion of the 
belly and 5, its aponeurosis; 6, lateral portion of the belly (drawn sideward) and 7, its aponeu

rosis; 8, lacertus fibrosus

Fig. 11. Lacertus fibrosus (cranial view). 1, surrounded by the fascial sheath of the m. biceps 
brachii; 2, lacertus fibrosus; 3, m. extensor carpi radiális; 4, fascia antebrachii; 5, m. brachialis; 

6, m. brachiocephalicus (drawn sideward)
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Fig. 12. Ten-year-old castrated male draught horse after transection of the tendon running 
through the belly of the m. biceps brachii on the right forelimb

Fig. 13. Nine-year-old castrated male draught horse after transection of the lacertus fibrosus
on the right forelimb
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th a n  in  no rm al co n d itio n s; w ith  th e  ca rp a l and  d ig ita l jo in ts  ex ten d ed , th e  
ho o f could be lif te d  a lm o st to  th e  leve l o f th e  ta rsa l  jo in t .  E x ten sio n  o f th e  
elbow  jo in t was fo llow ed b y  a lesser ex ten s io n  of the  sh o u ld e r jo in t com pared  
to  th e  sound  lim b . D u rin g  w alk  a s lig h t lam eness, m ark ed  b y  a lig h t d ifficu lty  
in  ex ten d in g , w as observed  in  th e  o p e ra te d  an te rio r  e x tre m ity . T he o p e ra ted  
th o rac ic  lim b w as occasionally  d rag g ed  along th e  g ro u n d , accoun ting  fo r p a r 
ing  o f th e  ho rn  in  th e  a rea  o f c o n ta c t a f te r  1—2 w eeks. A  s lig h t ag g rav a tio n  o f  
th e  lam eness w as o bserved  d u rin g  t r o t .

On tra n se c tio n  o f  th e  la ce rtu s  fib ro su s , th ere  w as no difference d u rin g  
re s t  b e tw een  b e a rin g  w eigh ts o f th e  o p e ra ted  and  so u n d  th o rac ic  lim b (F ig . 
13). N o change w as observed  e ith e r  in  th e  ex ten sio n  o f  th e  elbow  and  sh o u ld er 
jo in ts . D uring  p rog ression , a s lig h t lam eness was n o ticed , b u t  th e  forwra rd  
m ov em en t o f th e  leg w as h a rd ly  in h ib ite d . L am eness w as ag g rav a ted  d u rin g  
t r o t .

T o ta l tra n se c tio n  o f th e  m . b icep s b rach ii and  its  te n d o n  in  th e  cen tra l 
reg ion  m ade possib le  an  ex trem e e x ten s io n  so th a t ,  w ith  th e  elbow  jo in t 
ex ten d ed , th e  lim b  could  be d raw n n e a r  to  th e  knee jo in t .  S u b seq u en t tra n s e c 
tio n  o f th e  la ce rtu s  fib ro su s d id  n o t fu r th e r  increase th e  ex ten s io n  o f th e  elbow  
jo in t.

D iscussion

T he p resen t f in d in g s  su p p o rt th e  conception  th a t  th e  ten d o n  ru n n in g  
th ro u g h  th e  belly  o f  th e  m . biceps b ra c h ii rep resen ts  a d ire c t co n tin u u m  of 
th e  te n d o n  o f orig in  o f  th a t  m uscle, as sugg ested  ea rlie r b y  N ickel e t al. (1968), 
T ay lo r (1959), Sisson an d  G rossm an (1953), and  B arone (1968). We have found  
th a t  th e  te n d o n  g en era lly  re ferred  to  as te n d o n  is form ed b y  p a r t  o f  th e  collagen 
fib re  bund les o f th e  b ro a d  ten d o n  o f  o rig in , and  th e  p assage  o f  these  fib res  
can  be follow ed u p  fro m  th e  tu b e r  scap u lae  to  th e  tu b e ro s ita s  rad ii, on w hich  
th e y  m old fo r in se r tio n . W e th e re fo re  d isagree  w ith  th e  above-c ited  au th o rs  
on th e  p o in t th a t  th e  te n d o n  ru n n in g  th ro u g h  th e  b e lly  w ould con tinue  in  
a single ten d o n  o f in se rtio n , w hich a tta c h e s  th e  m uscle on  th e  rad iu s . T he 
te n d o n  does n o t, in  fa c t, d iv ide in to  m e d ia l and  la te ra l b ra n c h e s , w hence th e  
la ce rtu s  fib rosus c a n n o t be reg ard ed  as th e  longer la te ra l  ten d in o u s p o rtio n  
o f  th e  m . biceps b ra c h ii.

W e also d isagree w ith  K riiger (1929, 1931), S ch au d er (1932) and  Z im m er
m an n  (1939), who described  th e  te n d o n  ru n n in g  th ro u g h  th e  m uscle be lly  o f  
th e  m . biceps b ra c h ii as a d e tach ed  p o rtio n  o f th e  fascia  b rach ia lis . W e h av e  
observed  th a t ,  a lth o u g h  th e  th ick en ed  deep p o rtio n  o f  th e  m uscle’s fascial 
sh e a th  does in v es t th e  ten d o n  c ra n ia lly , and  th e  th ic k  aponeurosis o f th e  
sh e a th  does acco u n t fo r th ick en in g  o f  th e  la t te r  a t  the  m ed ia l edge, th e  ap o n eu 
rosis, w hich b lends w ith  th e  ten d o n , does n o t jo in  in  th e  m uscle’s ten d in o u s
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in se r tio n  on the  tu b e ro s i ta s  rad ii, fo r i t  fo rm s u ltim a te ly  th e  tw o la te ra l 
la m in ae  of the  la c e r tu s  fib ro su s.

A fu rth e r  reaso n  w h y  th e  ten d o n  o f th e  m . biceps b ra c h ii can n o t be re 
g a rd e d  as a fascial th ic k e n in g  is its  w ell-developed  co n d itio n  in  th e  fe ta l an d  
n e o n a ta l  horse. As a m a t te r  o f  fa c t, th e  fasc ia l sh e a th  p o rtio n s  converg ing  to  th e  
te n d o n  will th ick en  w ith  progressing  age an d  special use.

The tendon  o f th e  m . biceps b rach ii c an n o t be re g a rd e d  as an  in tr a 
m u scu la r  sep tum  e ith e r , a lth o u g h  i t  d iv ides, in com ple te ly , th e  m uscle in to  tw o 
p o rtio n s . One a rg u m e n t a g a in s t its  d esig n a tio n  as a se p tu m  is its  fo rm atio n  
fro m  th e  m uscle’s te n d o n  o f o rig in , an d  a n o th e r  a rg u m e n t is th a t  i t  ends 
d is ta lly , w ithou t t r a n s i t io n , as a ten d o n  o f in se rtio n . W ith  th e se  facts in m ind , 
th e  s tru c tu re  in q u e s tio n  is an a to m ica lly  an d  fu n c tio n a lly  a ten d o n , and  we 
p ropose  for it  th e  n a m e  “ ten d o  scap u lo rad ia lis” , w hich refers n o t only to  its  
n a tu re ,  b u t also to  i ts  passag e  th ro u g h  th e  m uscle and  i ts  fu n c tio n .

The m. biceps b ra c h ii  fixes th e  sh o u ld er jo in t and  elbow  jo in t o f th e  horse. 
A ccord ing  to  Z im m erm an n  (1915, 1936, 1938, 1939), th e  te n d o n , w hich ru n s 
th ro u g h  the  belly  o f  th e  m uscle, ensures th e  s im u lta n e ity  o f shou lder an d  
elbow  jo in ts  flex ion . T h is  fu n c tio n  o f th e  m uscle p resupposes th e  assistance  
o f  th e  tendon . T he h o rse  being  a ch a ra c te ris tic a lly  fa s t-m o v in g  an im al, its  m . 
b iceps brach ii n ecessa rily  possesses a c e n tra l ten d in o u s  fo rm atio n  w hich  
fu rn ish es  fixing o f  th e  sh o u ld e r jo in t ,  coo rd inates th e  m o v em en t of th e  la t te r  
w ith  th e  elbow jo in t ,  a n d  fac ilita te s  s ta n d in g . O ur s tu d ie s  on th e  effect o f 
tra n se c tio n  of th e  te n d o n  ru n n in g  th ro u g h  th e  m . biceps b ra c h ii  have su b s ta n 
t ia te d  th e  above conc lu sio n .

P o sto p e ra tiv e ly , th e re  w as no d is tu rb an ce  in  th e  w eigh t-b earin g  o f th e  
th o ra c ic  lim b, b ecau se , a lth o u g h  th e  te n d o n  w as tra n se c te d , th e  fib res o f th e  
p e n n a te  belly  re m a in e d  in ta c t  and  fu rn ish ed  th e  f ix in g  o f  th e  shoulder jo in t 
w ith  hard ly  m ore m u sc le  w ork  th a n  n o rm a lly . F u n c tio n  o f  th e  in ta c t m uscle 
b e lly  can explain  t h a t  no  ex trem e flex io n  o f th e  sh o u ld e r jo in t occurred  
d u rin g  bearing  w e ig h t.

The ex ten sio n  o f  th e  elbow jo in t  w as, how ever, in c reased  to  a c e r ta in  
degree during s im u lta n e o u s  ex tension  o f shou lder an d  elbow  jo in t. In creased  
ex ten s io n  of th e  e lbow  jo in t ,  p roduced  b y  draw ing  th e  fo rearm  b ack w ard , 
w as followed b y  a le sse r  ex tension  o f th e  shou lder jo in t  th a n  expected . T h is  
c a n  be explained  b y  absence  o f th e  ac tio n  o f  th e  tr a n s e c te d  ten d o n , w h ich , 
as said  before, co o rd in a te s  th e  m ovem en ts o f th e  tw o jo in ts . T he co o rd in a tio n  
o f  these  jo in ts  w as less com plete a fte r  tra n se c tio n  o f  th e  ten d o n . So i t  w as 
possib le  th a t  th e  e x te n s io n  o f th e  sh o u ld e r jo in t w as occasionally  of a m in o r 
degree th a n  before th e  opera tion .

T ransection  o f  th e  ten d o n  acco u n ted  fo r p rogression  tro u b le  during  w alk . 
A ccording to  Z o b u n d z ija  e t al. (1977, 1978), th e  p rogression  tro u b le  gives rise  
to  acceleration  o f  m o v em en t.
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In  th e  liv ing  h o rse , com plete  ru p tu re  or tra n se c tio n  o f  th e  m . biceps 
b rach ii accounts fo r a n e a rly  h o riz o n ta l positio n  of th e  scap u la  and  an  a lm o st 
com plete  openness o f  th e  elbow jo in t  d u rin g  re s t. T h e  elbow  jo in t can  be 
ex te n d e d  even fu r th e r  if  th e  affected  fo relim b  is d raw n  b ack w ard . A ccord ing  
to  K ó m ár (1960), В . K ovács and  T a m á s  (1977), a ru p tu re  o f th e  m . b iceps 
b ra c h ii’s lacertu s  fib ro su s  can  a d d itio n a lly  occur; in  su ch  cases th e  ex ten sio n  
o f  th e  elbow  jo in t  is o f  su ch  a degree t h a t  th e  e x tre m ity  can  be b ro u g h t in  
an  a lm o st p ara lle l p o s itio n  to  th e  b o d y , an d  th e  lim b  can  be d raw n u p  n e a r 
to  th e  level o f  th e  knee .

In  th e  p re sen t s tu d y  we w ere ab le  to  produce  such  an  ex trem e e x te n 
sion o f  th e  elbow  jo in t  b y  to ta l  tra n se c tio n  of th e  m . b iceps b rach ii, w ith  th e  
la ce rtu s  fib rosus le f t in ta c t .  T his c ircu m stan ce  shou ld  be ta k e n  in to  co n sid 
e ra tio n  fo r th e  d iag n o stic  ju d g e m e n t o f  ru p tu re s  o f th e  m . biceps b rach ii o f  
th e  horse.

W e have found  th a t ,  as to  its  fo rm a tio n , th e  la c e r tu s  fib ro su s is com posed 
o f  one cen tra l lam in a  an d  tw o la te ra l  lam in ae . T he c e n tra l  lam in a  is o f te n d i
nous orig in , being d e ta c h e d  from  th e  m idd le  th ird  o f  th e  ten d o n  th a t  ru n s  
th ro u g h  th e  m . b iceps b rach ii, b y  s e p a ra tio n  o f th e  te n d o n ’s m ed io la te ra lly  
f la t te n e d  cran ia l p a r t .  T he tw o la te ra l  lam inae  are , h ow ever, o f fascial o rig in , 
since th e y  are fo rm ed  b y  th e  m uscle b e lly ’s ex te rn a l apo n eu ro ses  o f  a t ta c h m e n t. 
T h u s, th e  la ce rtu s  fib ro su s  is n o t j u s t  a co n tin u u m  o f  th e  ten d o n  ru n n in g  
th ro u g h  th e  m uscle b e lly  o r one o f  th e  m uscle’s tw o  te n d in o u s  in se rtio n s, as 
has been  e rroneously  p roposed  b y  sev e ra l au th o rs  (N ickel e t al., 1968; K och , 
1960; Sisson an d  G ro ssm an , 1953; T a y lo r , 1959).

In  th e  young , 1 .5 -2  years  o ld  h o rse  th e  te n d in o u s  c e n tra l  p o rtio n  m ak es 
u p  one th ird  o f th e  to ta l  th ickness o f  th e  la ce rtu s  fib ro su s . I n  th e  ad u lt ho rse , 
how ever, fu n c tio n a l th ic k e n in g  of th e  fasc ia l sh ea th s , w h ich  tak es  place la te r  
in  life (G yűrű , 1981), acco u n ts  fo r m ore  th a n  four f if th s  o f  th e  to ta l  th ick n ess  
o f  th e  lace rtu s  fib ro su s. T h e  lace rtu s  fib ro su s  is in tim a te ly  associated  w ith  th e  
m . biceps b rach ii, p a r t ly  th ro u g h  th e  la t te r ’s c e n tra l te n d o n , p a r tly  th ro u g h  
th e  aponeuroses o f  th e  m uscle be lly , n o t on ly  in  a d u lth o o d , b u t  a lread y  in  
fe ta l life. In d ica tio n s  o f  th a t  a sso c ia tio n  were o b serv ed  ea rlie r by  S tru b e lt 
(1931), Z ie tzschm ann  (1925), M artin  (1923) and  S ch m altz  (1928).

U nlike o th e r a u th o rs , we o b se rv ed  a considerab le  a lte ra tio n  o f s tr id e  
d u rin g  m otion  on tra n se c tio n  o f th e  la c e r tu s  fib rosus. A s lig h t tro u b le  in  b e a r
ing  w eigh t o f th e  o p e ra te d  lim b a c c o u n te d  for a s lig h t increase  in  ex tension  
an d  flex ion  com pared  to  th e  sound  lim b . T he lam eness w as m ore pronounced  
d u rin g  t r o t  th a n  a t  re s t . W e a t t r ib u te  th e se  changes to  in te r ru p tio n  of associa
tio n  betw een  m . b iceps b rach ii and  m . ex ten so r carp i ra d iá lis  th ro u g h  tra n se c 
tio n  o f  th e  la ce rtu s  fib ro su s , and  co n seq u en t fa ilu re  o f  th e  ten d o n  ru n n in g  
th ro u g h  th e  m . b iceps b ra c h ii to  a ss is t ex tension  o f th e  ca rp a l jo in t b y  te n s 
ing .

Acta Vetcrinaria Academiae Scientiarum Hungaricae 30, 1982



160 G Y Ű RŐ  and Z Á JER

O bviously , tra n se c tio n  or ru p tu re  o f  th e  lacertu s  fib ro su s  also p rev en ts  
th e  la t te r ’s co opera tion  in  fix in g  th e  ca rp a l jo in t, and  a ffec ts  adversely  th e  
co o rd in a tio n  o f th e  m o v em en ts  o f  sh o u lder, elbow an d  c a rp a l jo in ts .
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The authors determined and compared the length and ash content of limb bones 
(humerus, radius, ulna, metacarpus IV, femur, tibia, metatarsus IV) in Cornwall and Landrace 
pigs at different ages. The limb bones grew more rapidly in Cornwall pigs than in the Land races 
till the age of 80—100 days. Later the limb bones in Landraces became considerably longer 
than those of the Cornwalls.

The relative bone ash was almost the same in both breeds. During the period around 
weaning, the bone ash values tended downwards in almost all the limb bones of both breeds.

Thirty per cent of the Landraces of 160-day-old and 100 kg weight were suffering 
lameness which can be considered a syndrome of bone weakness. The limb bones of these pigs 
both in size and relative ash content were nearly the same as those of the one-year-old, healthy 
Cornwalls which were not liable to lameness. In the authors’ opinion, the development of 
lameness cannot be purely explained either by an inadequate growth of bones or the insuffi
ciency of minerals.

R ecen tly , besides th e  w ell-know n lim b end diseases in  sw ine (p a n a ritiu m , 
ragged  p a d , h o rn  in frac tio n ), th e  bone and  jo in t  d iseases h av e  a t tra c te d  an  
u tm o s t a tte n tio n . In  sp ite  o f th e  in v es tig a tio n s  in to  th e  aetio logy  an d  th e  
pa thogenesis  o f  th e  above d iso rd ers  b y  a n u m b e r o f  a u th o rs , th e  re la te d  
questio n s h av e  rem ain ed  u n an sw ered  so far. T he co m p reh en siv e  n am e o f th e  
lam eness w hich  ap p ears  as a ty p ic a l b o u n d  m ov ing  is “ syn d ro m e o f lim b 
or bone w eak n ess”  w hen  th e  reaso n  can n o t be d e te rm in e d  th ro u g h  th e  u su a l 
c lin ical ex am in a tio n s . T he disease is accom pan ied  b y  p a in  w hich  suppresses 
ap p e tite , lessens gain  in  w eigh t an d  m odifies th e  n eu ro h o rm o n e  ba lan ce . 
A n eu rohorm one  im b a lan ce , n a tu ra l ly , m ay cause losses in  b reed in g  stocks. 
On th e  basis  o f o b se rv a tio n s , i t  can  be s ta te d  t h a t  d iso rd e rs  in  locom otion  
occur f irs tly  in  ov erb red  sw ine o f th e  m ea t ty p e . M an y  a u th o rs  (B ehrens, 
1961; C laus, 1962; D äm m rich  an d  U nshelm , 1972; D isch er, 1972; K erk , 1974; 
N ielsen, 1973; R ic h te r , 1958; V au g h an , 1971), a t t r ib u te  th e se  changes, besides 
an  in ad eq u a te  c o n s titu tio n  an d  th e  v e ry  qu ick  m u scu la r g ro w th , to  w eakness 
o f th e  sk e le to n  sy s tem  an d  to  a slow d ev e lopm en t o f ca rtilag es  an d  bones.

T he p u rp o se  o f  th e  e x p e rim en t described  here  w as to  fu rn ish  d a ta  b o th  
on th e  d ev e lo p m en t o f sk e le ta l d iseases an d  o f d iso rd e rs  in  locom otion . In  
o rder to  answ er th e  q u estio n s a ris in g , we h av e  m ade research es. P a r t  o f th e  
resu lts  o f th e se  h av e  a lread y  been  pu b lish ed  (B. K o v ács an d  S uba, 1979; 
Szilágyi e t a l., 1978, 1979, 1980). I n  th is  s tu d y , we w ish  to  p o in t o u t w h e th e r 
th e  d ev e lopm en t o f lim b  bones — th e  lo n g itu d in a l g ro w th  a n d  th e  q u a n tity
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o f  m inerals in th em  — h as  a share  in  th e  d ev e lopm en t o f  d iso rd e rs  in  locom o
tio n  or no t. Up to  now  we have  h a d  no d a ta  on th e  ra te  o f  d eve lopm en t of 
sk e le ta l system  in  sw ine  b red  in  H u n g a ry .

We have chosen  consciously  (i ) th e  C ornw all sw ine, w hich  grow s and  
deve lops slowly, h as  a good sk e le ta l sy stem  and  c o n s titu tio n a l r ig id ity  and 
do es n o t give m ea t in te n s iv e ly , a n d  (ii) th e  L an d race  h y b r id , w hich  grows 
q u ic k ly , gives long ch o p  and  h am  an d  has a good m ea t-p ro d u c in g  ab ility .

Materials and methods

W e ex am in ed  60 C ornw all p igs (aged 1, 5, 10, 20, 30, 40, 80, 160, 360 
a n d  720 days) an d  86 L a n d ra c e  h y b rid s  (aged 1, 5, 30, 40, 50, 70 an d  160 days). 
I n  each  age g roup , th e  sex  ra tio  w as 1:1. T he follow ing bones w ere s tu d ied : 
h u m e ru s , rad ius, u ln a , m e ta c a rp u s  IV , fem ur, t ib ia  an d  m e ta ta rs u s  IV . A fter 
b e in g  freed of m uscle , th e  len g th s  o f  th e  bones w ere m easu red . Sam ples for 
ch em ica l te s ts  w ere c u t  from  th e  c e n tra l area  o f th e  bones (co rpus). A fte r fa t 
e x tra c t io n  the  sam ples w ere d ried  an d  b u rn ed  to  ash . T he av erag e  len g th  of 
b o n es  is given in  m m  a n d  th e  average  ash  c o n te n t is ex p ressed  in  re la tio n  to  
th e  fat-free  w eigh t (m g/g).

Results

The len g th  an d  a sh  c o n te n t o f  lim b  bones a t  d iffe ren t ages in  C ornw all 
a n d  L andrace pigs a re  g iven  in  T ab les  I  an d  I I ,  an d  in  F ig s  1-4 .

Table I

L en g th  (m m ) of th e  exam ined  bones in Cornwall

Age n Humerus Radius Ulna
(days) c L C L C L c L

l 6 6 49.3 48.1 35.0 33.5 49.0 47.2
5 6 6 56.7 52.3 38.6 35.2 54.6 49.6

10 6 — 65.1 — 45.7 — 64.7 —

20 6 — 71.6 — 51.0 — 76.0 —

30 6 6 83.3 81.7 60.5 57.3 87.5 82.5
40 6 4 91.5 85.0 66.5 60.0 97.5 87.0
50 — 12 — 89.3 — 63.4 — 90.8
70 — 4 — 96.0 — 69.5 — 102.0
80 6 — 113.5 — 81.2 — 122.5 —

160 6 48 146.3 174.0 110.3 126.2 157.8 175.9
360 6 — 181.8 — 133.1 — 188.6 —

720 6 — 233.2 — 173.2 — 237.2 —
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length (mm) .—  Cornwall

(C) and Landrace (L) pigs of different age

Metacarpus IV Femur Tibia Metatarsus IV

c L C L C L C L

22.2 2 1 .5 4 8 .5 4 8 .0 4 4 .6 4 4 .5 2 4 .2 2 3 .4
2 3 .8 2 3 .2 5 6 .6 5 2 .3 5 0 .6 4 7 .7 2 7 .0 2 4 .9
2 8 .8 — 66.0 — 6 0 .6 — 3 2 .7 —

3 3 .9 — 7 5 .3 — 6 8 .5 — 3 7 .0 —

3 9 .8 3 8 .5 9 1 .0 8 5 .3 8 2 .3 7 7 .7 4 5 .0 4 2 .9
4 3 .6 4 1 .0 9 9 .0 9 2 .0 88.2 8 2 .3 4 9 .7 4 4 .3
— 4 2 .1 — 9 6 .4 — 8 7 .5 — 4 7 .7
— 4 5 .6 — 110.0 — 9 9 .0 — 5 4 .0
5 1 .8 — 1 2 7 .6 — 1 1 4 .2 — 5 9 .6 —

66.6 7 5 .5 1 6 9 .8 1 9 2 .3 1 5 6 .7 1 7 7 .6 7 7 .6 8 5 .5
8 0 .0 — 2 0 9 .6 — 1 9 1 .1 — 8 5 .9 —

86.0 — 2 5 2 .7 — 2 4 0 .2 — 9 6 .3 —
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Fig. 1. The length of fore limb bones in Cornwall and Landrace pigs
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Table II

Ash content (mg/g) of limb bones in Cornwall

Age n Humerus Radius Ulna
(days)

c L C L c L c L

1 6 6 5 4 5 5 5 3 5 0 9 5 4 5 4 9 9 5 1 2
5 6 6 5 5 2 5 5 6 5 3 8 5 3 7 4 9 4 5 1 6

10 6 ' — 5 5 1 — 5 0 3 — 501 —

20 6 — 5 6 0 — 5 0 2 — 4 9 4 —

3 0 6 6 5 6 5 5 5 6 5 2 9 5 2 1 4 7 9 4 8 1
4 0 6 6 5 6 4 5 6 3 4 9 6 5 0 1 4 1 3 4 8 1
5 0 — 12 ■ . . 5 7 3 — 5 0 8 — 4 8 7
7 0 — 4 s--- 5 7 5 — 5 2 3 — 4 9 8
8 0 6 — 5 9 1 — 5 2 5 — 5 0 2 —

1 6 0 6 4 8 6 1 7 6 1 8 5 4 4 5 9 5 5 3 4 5 5 9
3 6 0 6 — 6 3 7 — 5 6 6 — 5 6 0 —

7 2 0 6 ----. 6 4 7 — 5 9 2 — 5 8 4 —

lerlçjh (mm) —  Cornwall
—  Landrace

0 50 100 150
age(days)

F ig- 2 .. The length. of' rear limb bones in Cornwall and Landrace pigs
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(C) and Landracs (L) pigs of different age

Metacarpus Femur Tibia Metatarsus

C L c L C L c L

431 501 541 573 523 549 417 508
400 479 548 574 535 552 397 481
472 — 547 — 520 — 463 —
459 — 548 — 531 — 459 —
497 443 559 578 542 534 502 460
528 476 547 572 534 535 528 471
— 475 — 561 — 546 — 483
— 488 — 570 — 551 — 512
514 — 560 — 553 — 515 —
558 559 586 638 583 593 572 572
575 — 613 — 614 — 583 —
583 ---- 628 — 623 — 599 —
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Humerus. In  C ornw all p igs th e  h u m eru s grew  re la tiv e ly  qu ick ly  till  days 
3 0 -4 0  b u t  from  th is  t im e  on its  g row th  te n d e d  to  be less in ten s iv e . The g row th  
o f  th e  L andrace  p ig s’ h u m e ru s  w as re la tiv e ly  q u ick  t i l l  th e  3 0 th  day , s lig h tly  
slow er betw een  day s 30 a n d  70 an d  q u ick er ag a in  from  d ay  70 on. T he L an d race  
p ig s ’ hum erus w as s h o r te r  th a n  th e  C ornw alls’ t i l l  th e  age o f  70 days, how ever, 
a t  160 days o f age th e  fo rm e rs ’ hum erus w as co n sid e rab ly  lo n g er th a n  th a t  o f 
th e  C ornw all (T able I ,  F ig s  1 -4).

T he bone ash  o f  th e  h u m eru s (T able I I ,  F igs 3 an d  4) rem ain ed  p ra c ti
ca lly  unchanged  in  L a n d ra c es  till  th e  age o f  30 d ay s, th e n  i t  increased  consider-

ash content

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982

Fig. 4. Bone ash in the rear limb bones of Cornwall and Landrace pigs (mg/g)
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ab ly . T he bone ash  in  h u m e ru s  o f C ornw alls increased  in  p ro p o rtio n  w ith  th e  
age, excep t for th o se  o f  40 days o ld, in  w hich a s lig h t decrease was observed .

Radius. T he ra d iu s  in  b o th  b reeds grew  in te n se ly  t i l l  d ay  30, th e n  it  
s to p p ed  grow ing. T h is  s to p p ag e  w as less p ronounced  in  th e  C ornw alls th a n  in  
th e  L an d races  an d  i t  w as follow ed b y  an  ex trem e ly  q u ick  g row th  o n ly  in  
th e  L an d races . T he ra d iu s  o f  th e  L an d race  pigs w as s h o r te r  th a n  th a t  o f  th e  
Cornw alls t i l l  d ay  70, b u t  a t  th e  age o f  160 days i t  re ach ed  th e  size of th e  rad iu s  
of 260-day-old  C ornw alls. T he g row th  ra te  can  be w ell d e m o n s tra te d  b y  th is  
exam ple.

T he re la tiv e  a sh  c o n te n t o f th e  ra d iu s  in  10, 20 a n d  40 days old C ornw all 
pigs w as ju s t  th e  sam e o r ra th e r  less th a n  i t  w as a t  th e  age o f 1 day , conse
q u e n tly  i t  w as in c reas in g  w ith  th e  age. T he ash  c o n te n t o f th e  rad iu s  in  L an d race  
pigs decreased  s tr ik in g ly  t i l l  d ay  40, th e n  i t  b eg an  to  increase, a t  a h igher 
ra te  th a n  in  th e  C ornw alls.

Ulna. T he g ro w th  o f th e  u ln a  w as ra th e r  q u ick  t i l l  days 30-40 in  th e  
C ornw alls b u t la te r  i ts  ra te  slow ered. In  th e  L a n d ra c e  p igs, th e  u ln a  w as 
sh o rte r  only  t i l l  th e  age o f  70 days. A t 160 days, i t  w as a lread y  considerab ly  
longer.

The re la tiv e  ash  c o n te n t o f th e  u ln a  in  Cornw all p igs h a rd ly  changed  till 
days 10-20 , b u t  a t  th is  age i t  began  to  show  a s tro n g  decrease  an d  i t  h ad  reached  
its  low est level b y  d a y  40. A t th e  age o f 80 days i t  w as a p p ro x im a te ly  th e  sam e 
as th e  re la tiv e  ash  c o n te n t o f th e  1 -day-o ld  pig. A fte r  th is , i t  increased  w ith  
th e  age. T he ash  c o n te n t o f  th e  u ln a  in  L an d race  pigs w as u su a lly  h igher th a n  
in  th e  C ornw alls, h o w ever, a t  th e  age o f  30-A 0-50 d ay s  a considerab le  decrease 
w as observed  in  L a n d ra c e  pigs too .

Metacarpus I V .  T h e  len g th  o f th is  bone was a b o u t th e  sam e for th e  pigs 
in  b o th  b reeds t i l l  th e  age o f 30 d ay s . L a te r , in  th e  C ornw alls i t  was grow ing 
s te a d ily , w hile in  th e  L an d race  pigs f i r s t  (a t th e  age o f  40, 50 and  70 days) 
a low grow th  ra te , th e n  an  ex trem ely  in ten se  le n g th e n in g  w as ch a rac te ris tic .

T he bone ash  lev e l a t  th e  age o f one day  w as c o n sid e rab ly  low er in  th e  
C ornw all pigs th a n  in  th e  L an d races  an d  i t  w as even lo w er a t  th e  age o f 5 d ay s, 
th e n  i t  increased  s tr ik in g ly . A fte r b ir th ,  th e  bone ash  in  th is  bone of L andrace  
pigs ten d ed  to  d ecrease, to o , and  i t  reach ed  its  low est level a t  th e  age o f 30 
days.

Femur. T h is b one  grew  s teep ly  in  b o th  b reeds t i l l  d ay  30. In  L an d race  
pigs i t  grew  a t  a slow er ra te  a t  th e  age o f  30-70  d ay s; su b se q u e n tly  th e  g row th  
was ex trem ely  q u ick . In  C ornw alls th e  g ro w th  ra te  o f  th e  fem ur slowed dow n 
s tead ily .

T he m in era l c o n te n t  o f th e  fem u r was h ig h e r fo r each age group  in  
L andraces th a n  in  th e  C ornw alls. T he bone ash  d isp lay ed  h a rd ly  any  change 
ti l l  days 40-50 , o r i t  r a th e r  lessened a t  th e  age o f  4 0 -5 0 -7 0  days in  th e  
L andraces . H ow ever, la te r  i t  increased  s trik in g ly .

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



16 8 SZILÁGYI et al.

Tibia. The g ro w th  o f th is  bone  w as v e ry  in tensive  fo r b o th  breeds on ly  
t i l l  d a y  30. T ill th e  age o f 70-80  d a y s , th e  tib ia  in  L an d races  w as sh o rte r  th a n  
in  th e  Cornw alls in  each  age g ro u p , w hile  a t  th e  age o f 160 d ay s  i t  was a lread y  
lo n g e r b y  abou t 20 m m .

T he bone ash  show ed  h a rd ly  a n y  change ti l l  days 30—40, in  L an d race  
p igs i t  was even sm a lle r, b u t  in  th e  follow ing period  th e  g ro w th  w as in ten se  
a n d  s tead y .

Metatarsus IV .  T h is  bone w as sh o r te r  in  each age g roup  u p  to  th e  age of 
7 0 -8 0  days in  th e  L a n d ra c e  pigs th a n  in  th e  Cornw alls, b u t  th e n  i t  len g th en ed  
q u ic k ly  in  th e  fo rm er, an d  becam e con sid erab ly  longer th a n  th e  sam e bone o f 
th e  C ornw alls.

T here  was a g re a t d ifference in  bone ash  betw een  th e  tw o  b reeds in  th e  
f i r s t  5 days of life; th is  v a lu e  w as ex trem ely  h igh  fo r th e  L an d races  b u t 
th e n  i t  showed a s lig h t d ecreasing  te n d e n c y  till  d ay  30. I n  th e  C ornw alls 
th e  b one  ash level w as ra th e r  low  b u t  co n tin u o u sly  increasing .

D iscussion

T he lo n g itu d in a l g ro w th  o f  fore  an d  h ind  lim b bones in  C ornw all pigs 
w as n o t  linear. T h e ir g ro w th  w as ra p id  till  days 30-40 , m o d e ra te  t i l l  d ay  160, 
th e n  even  slower, b u t  i t  h a d  n o t s to p p e d  grow ing even b y  th e  age o f 720 days. 
R e la te d  to  th e  len g th  a t  b ir th ,  th e  h in d  lim b  bones grew  m ore q u ick ly  th a n  th e  
co rresp o n d in g  bones o f  th e  fore lim b s.

In  spite  of th e  fa c t th a t  th e  L an d race  h y b rid s  grow q u ick ly  an d  in ten se ly , 
th e i r  lim b  bones w ere sh o rte r  up  to  th e  age of 70 days th a n  th o se  o f th e  Corn- 
w alls  a t  th e  sam e age, b u t  due to  th e ir  su b seq u en t in ten siv e  g ro w th , th e  lim b 
b o n es o f th e  L an d races  o f 160 d ay s  w ere alm ost as long as th e  co rrespond ing  
b o n es  o f th e  360-day-o ld  C ornw all p igs.

R ichm ond  an d  B erg  (1972) re p o rte d  th a t  th e  grow th  ra te  o f lim b bones 
e x c e p t th e  h u m eru s, in  D uroc , Y o rk sh ire  and  H am p sh ire  b reed s  decreased 
a f te r  th e  body  w eig h t h a d  reach ed  90 kg . T he fem ur an d  th e  t ib ia  in  L an d race  
h y b r id s  of 100 kg b o d y  w eigh t ex am in ed  b y  G r0ndalen  (1974) w ere alm ost as 
lo n g  as th e  sam e b o n es in  our p igs.

T h e  re la tive  a sh  c o n te n t o f  d iffe ren t lim b bones ran g e d  betw een  w ide 
l im its  in  b o th  b reed s e v e n  a t  th e  sem e age. The h ig h est v a lu es  w ere found  in  
th e  h u m eru s and  in  th e  fem ur. T he ash  co n ten t o f these  b o n es in  each age 
g ro u p  w as h igher th a n  a ll th e  o th e rs . T he low est re la tiv e  bone  ash  value w as 
m e a su re d  in  th e  u ln a , m e ta c a rp u s  a n d  m e ta ta rsu s , re sp ec tiv e ly . T he chem ical 
co m p o sitio n  o f ce rta in  lim b  bones in  p igs o f th e  sam e b reed  a n d  age w as found  
to  be  d ifferen t by  B ro w n  (1972), to o . T h is a u th o r  concluded  th a t  th e  bone 
m e tab o lism  and  th e  ca lc ium  a b so rp tio n  an d  desorp tion  w ere d iffe ren t re la ted
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to  e ith e r  th e  bones or th e  age. F ie ld  (1974), who s tu d ied  th e  d a ta  o f  p ig s  o n ly  
in  tw o age g roups, also show ed th a t  th e  bone ash  per cen t for a bone in c re a se d  
w ith  th e  le n g th  o f th e  bone and  th e  age o f  th e  pig. H e also found  th e  h ig h e s t 
a sh  c o n te n t in  th e  fem ur am ong th e  bones exam ined . In  S to c k la n d ’s (1973) 
s tu d y , th e  bone ash ra tio  o f  m e ta c a rp u s  in  pigs fo r s la u g h te r  w as s im ila r  to , 
w hile in  D oige’s s tu d y  (1975) i t  w as s lig h tly  h igher, th a n  ou r va lues.

T he re la tiv e  m inera l co n ten t o f b o nes, i.e. th e  degree an d  speed o f  m in e ra l
iza tio n  show ed d ifferen t va lues, d epend ing  on age. T he ash co n te n t o f  th e  
h u m eru s, fem u r an d  tib ia  d isp lay ed  l i t t le , i f  an y , change ti l l  th e  age o f  3 -6  
w eeks, b u t  show ed a dow nw ard  te n d e n c y  in  th e  rad iu s , u ln a  as w ell as in  th e  
m e taca rp u s  an d  m e ta ta rsu s  o f L an d races . H ow ever, su b seq u en tly , th e  m in e ra ls  
w ork ing  th e ir  w ay  in to  th e  bones co n sid e rab ly  exceeded in  q u a n t i ty  t h a t  o f  
th e  o rgan ic  m a tte r . The u p w ard  te n d e n c y  o f th e  d a ta  in  T ab le  I I ,  in  a c c o rd 
ance w ith  o u r o th e r ex am in a tio n s, show  th a t  th e  increase o f m in era l q u a n t i ty  
in  lim b  bones o f C ornw all pigs h ad  n o t  reach ed  an  end  b y  th e  age o f 720 d ay s .

C om paring  th e  tw o b reeds we can  s ta te  th a t  th e  m in era l c o n te n t in  th e  
L a n d ra c es’ bones generally  exceeded th a t  o f th e  C ornw alls. T he d ifference 
w as especia lly  s trik in g  in  th e  case o f  th e  rad iu s  and  th e  fem ur.

T he d a ta  o f our ex am in a tio n  also  show ed th a t  n e ith e r  th e  m e tab o lism  
no r th e  lin e a r  g row th  of th e  C ornw all an d  L andrace  pigs w ere th e  sam e. D u r
ing th e  f ir s t  days a fte r  b ir th , th e  bones grew qu ick ly , w hile th e  re la tiv e  bone 
ash changed  a lm ost n o th in g .

D u rin g  th e  period a ro u n d  w ean in g , th e  bones grew  a t a h igh  r a te ,  b u t  
in  m a n y  o f th e  bones th e  re la tiv e  ash  c o n te n t w as th e  sm allest a t  th e  sam e 
tim e . C o nsequen tly , a t th a t  tim e  th e  m inera ls  in f il tra te d  th e  bones slow ly, 
in d ic a tin g  th a t  organic com pounds to o k  a g rea te r p a r t  in  th e  bone d ev e lo p 
m e n t. W e observed  an  in ten se  g ro w th  b o th  in  len g th  an d  ash  c o n te n t o f  th e  
bones d u rin g  th e  period from  w ean ing  ti l l  th e  age o f 160 days.

T he g ro w th  in  length  and  ash  c o n te n t o f lim b bones o f C ornw all pigs 
becam e slow er a fte r  th is  period , b u t  i t  rese rv ed  its  u p w ard  te n d e n c y  t i l l  d ay  
720, sug g estin g  th a t  i t  d id  n o t s to p  even  a t th a t  age. T h e  bones in  L an d races  
reach  th e  size o f bones in  C ornw alls w ith in  a sh o rte r period , in d ica tin g  a h ig h er 
degree o f  m in era liza tio n .

In  th e  s to ck  w here th e  ex am in ed  L an d races  o f 160 days a n d  100 kg  
w ere chosen  from , we observed  lam en ess  w hich can be considered  a sy n d ro m e  
o f bone w eakness. A ccording to  th e  d a ta  in  Tables I  an d  I I ,  th e  lim b  bones 
o f  L an d races  w ere a lm ost th e  sam e in  b o th  size an d  ash  co n te n t as th o se  o f 
th e  one-year-o ld , h ea lth y  Cornw alls n o t being  liable to  lam eness. C o n seq u en tly , 
th is  ty p e  o f lam eness can n o t be a t t r ib u te d  e ith e r  to  in a d e q u a te  g ro w th  o f 
bones or to  insuffic iency  o f m in era ls  alone.
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A C T A  V E T E R IN A R IA

T O M . 3 0  В Ы П . 1-3

Р Е З Ю М Е

ВОЗМОЖНАЯ ЭПИЗООТОЛОГИЧЕСКАЯ РОЛЬ СОБАКИ, ЗАРАЖЕННОЙ Br. suis, 
В РАСПРОСТРАНЕНИИ СВИНОГО БРУЦЕЛЛЕЗА

Б .  К Е Р М Е Н Д И  и  Д Ь . Н А Д Ь

Докладывается о заражении одного свиного половья бруцеллезом, ставшим путем 
замены поголовья благополучным по этой заразе. На основании эпизоотологического рас
следования и лабораторных исследований авторы пришли к заключению, что источником 
заражения уже благополучного поголовья бруцеллезом явилась бруцеллезная собака- 
фермы, которая была в контакте с неблагополучным поголовьем. После эксперименталь
ного заражения при помощи растертых тканей этой, серологически положительно реаги
рующей, собаки изолирован штамм биотипа 2 Brucella suis, который оказался тождествен
ным с бруцеллезным штаммом, изолированным из мертвым родившиегося поросенка после 
наступления бруцеллезной вспышки.

АНТИБАКТЕРИАЛЬНОЕ ДЕЙСТВИЕ СИВУЧИХ ЖИРНЫХ КИСЛОТ В ТОЛСТОМ 
ОТДЕЛЕ КИШЕЧНИКА НА ПРЕДСТАВИТЕЛЕЙ СЕМЕЙСТВА 

ENTEROBACTERIACEAE
Л . П Р О Х А С К А  и  Ф . Б А Р О Н

В экспериментах in vitro авторами изучалось антибактериальное действие содер
жимого толстого отдела кишечника здоровых кроликов и свиней, связанное с наличием в 
нем сивучих жирных кислот. Действие проверялось на штаммах представителей семей
ства Enterobacteriaceae (Salmonella, Shigella, кишечная палочка, Proteus). Налицевствую- 
щие в кишечном содержимом сивучие жирные кислоты при pH 6,0—6,5 и концентрации 
70—120 ммоль/кг тормозили мультипликацию бактерий. Этот антибактериальный эффект 
выше pH 6,8 перестал действовать. Изученные 55 штамма указанных родов бактерий пока
зывали одинаковую чувствительность к антибактериальному действию сивучих жирных 
кислот.

Интенсивность антибактериального действия содержимого толстых кишок кролика 
и свиньи при тех же показателях pH не отличались друг от друга. На основании данных 
изучения содержимого толстого отдела кишечника человека можно заключить, что нали- 
цевствующие в нем сивучие жирные кислоты вызывают тоже антибактериальный эффект. 
В дискуссии обсуждается роль антибактериального эффекта, связанного с наличием в ки
шечном содержимом сивучих жирных кислот, в патомеханизме энтеральных поражений.

ЗНАЧЕНИЕ ИЗМЕНЕНИЙ В ПЕЧЕНИ В ПАТОГЕНЕЗЕ И ДИАГНОСТИКЕ
ЧУМЫ УТОК

П . К А П П , Ф . В Е Т Е Ш И  и  В . П А Я

Согласно наблюдениям авторов при острых случаях чумы уток (вирусный энтерит 
уток, duck plague) развивается острая дистрофия печени. Взаимосвязь между дистрофией 
печени и возбудителем авторы доказывают морфологическими исследованиями. Наиболее 
дружную репликацию вируса авторы зарегистрировали в печени молодых уток при пере
рождении печеночных клеток, сопровождающемся образованием ядерных включений.

Указывается на то, что у большого процента животных, заболевших острой чумой 
уток, наступают изменения в печени, поэтому при диагносцировании болезни целесообраз
но попытаться выявить наличие вируса при помощи электронного микроскопа и изолиро
вать вирус.



На основании морфологического изучения печени уток в более поздние сроки времени 
после инфекции авторы подчеркивают, что — в разрез с настоящими утверждениями — 
чума уток является не только острого течения болезнью, ибо в молодняке или взрослых 
уток она проявляется в хронической форме. В таких случаях в погибших животных на- 
лицевствует полуострый или хронический интерстициальный гепатит, который в пого
ловьях вызывает только спорадическую гибель среди животных.

Диагносцирование хронической формы чумы уток авторы считают очень важным в 
силу того факта, что в данном случае между налицевствующим возбудителем и защитным 
механизмом организма возникает относительное равновесие и в поголовье могут остаться 
вирусоносители.

ВОСПРИИМЧИВОСТЬ ВОДОПЛАВАЮЩЕЙ ДОМАШНЕЙ ПТИЦЫ К ВИРУСУ ЧУМЫ 
ПТИЦ И ЕЕ РОЛЬ В РАСПРОСТРАНЕНИИ ЗАРАЗЫ

М . А . А Л  И М А Д И  и Я . Т А Н И

Дневные утята, молодняк и взрослые утки, дальше, разного возраста гуси заража
лись через носовую слизистую и конъюнктиву вакцинными вырусными штаммами — лен
тогенным (Да Сота), мезогенным (Хертфордшайр) и велогенным уличным — при разбавле
нии титра 106 и 102 Ш50/мл ради определения их восприимчивости к вирусу чумы птиц 
(ВЧП) и их роли в распространении заразы. Зараженные животные изучались потом 
вирусодиагностическими методами.

Обнаружено, что все возрастные группы данных животных восприимчивы к всем 
изученным штаммам ВЧП, но их восприимчивость незначительна. Гуси оказались более 
восприимчивыми, чем утки. Восприимчивость животных с возрастом ослаблялась. Зато серо
логические ответы, полученные пробой торможения гемагглютинации, с возрастом ста
новились более выразительными.

Вакцинные вирусы размножались только близ места внедрения, то есть в глотке и ее 
непосредственной окрестности и короткое время выделялись слизью при низком инфекцион
ном титре.

Велогенные вирусные штаммы у водоплавающих птиц вызывали виремию и они 
выделяли вирус со всеми выделениями в течение 8 дней. С возрастом частота выделения 
вируса и его концентрация постепенно уменьшались. От большей концентрации вируса 
дневные гусята всегда заболели после инкубационного времени 3—8 дней и к l-у—5-у 
дню болезни погибали. У дневных утят, утиного молодняка и взрослых уток и гусей бо
лезнь проходила в невидимой форме и о ее наличии удалось убедиться только вирусди- 
агностическими методами.

Поскольку для заражиния водоплавающей птицы ВЧП нужны большие количества 
вируса, ее заражение им возможно только при тесном контакте с зараженными курами. 
Из больных или зараженных животных выделяются только виремию вызывающие вело
генные штаммы наружу довольно длительное время и в надлежащей концентрации, таким 
образом они могут быть опасными для более восприимчивых КУР-

Нет доказательства о том, что водоплавающая птица может быть длительное время 
вирусносителем.

Ее роль в распространении ВЧП может быть опасной только в приусадебных усло
виях или в природе, но эту опасность карантинными мероприятиями во время эпизоотии 
можно до минимума снизить.

СРАВНЕНИЕ ГЕМАГГЛЮТИНАЦИОННОЙ АКТИВНОСТИ И ИММУНОГЕННОГО
ДЕЙСТВИЯ ВИРУСНЫХ ШТАММОВ БЫЧЬЯ ПАРАИМФЛЮЭНЦА-3

Б .  К Ё В Е Ш , Ш . Б Е Л А К  и  М . Р У Ш В А И

При изучении вирусных штаммов параинфлюэнца-3 (ПИ-3), изолированных из 
6— 8-недельных и 5— 1,2-месячных телят, болеющих разными формами болезни дыхатель
ных путей, авторами обнаружено, что гемагглютинационная (ГА) активность изолятов та
кого же инфекционного титра существенно отклонялась друг от друга и этого свойства 
они не теряли и после ряда пассажей.

Вирусные штаммы ПИ-3 сильной ГА активности подвергались тяжелым физичес
ким и химическим воздействиям при чем констатировано, что некоторые среди них, как то, 
воздействие температурой 50°С в течение 120 минут или обработка 0,1%-ным трипсином в



течение 30 минут равным образом уничтожают их инфективность и ГА способность. Дру
гие способы воздействия, как то, выдержка при температуре 50°С в течение 50 минут или 
обработка 0,25%-ным трипсином в течение 30 минут при неповреждении их инфективности 
полностью уничтожают ГА способность этих вирусных штаммов. Другие воздействия, как 
например обработка формалином или бета-пропиолактоном уничтожают инфекивность 
вируса и в разной мере повреждают гемагглютинины. В исследованиях авторов этиленимин 
инфективность ПИ-3 полностью уничтожил, но не действовал на ГА активность.

Между иммуногенным действием и ГА активностью как оригинально высокой, так и 
оригинально низкой ГА активности штаммов, дальше, разным образом поврежденных та
ковых имеется положительная взаимосвязь.

В два раза привитых кроликах инактивированным этиленимином вирусом ПИ-3 
обнаружено, что гемагглютинацию тормозящие антитела появляются уже после первой 
привики, а заметное повышение вирус-нейтрализирующих таковых наблюдается только 
после второй прививки.

ЭКСПЕРИМЕНТЫ ПО ИММУНИЗАЦИИ ИНАКТИВИРОВАННЫМ ВИРУСОМ
ПАРАИНФЛЮЭНЗА-З

Б .  К Ё В Е Ш , Ш . Б Е Л А К ,  М . Р У Ш В А И  и Р . Г Л А В И Ч

Авторами изучались особенности иммунологического ответа, вызванного изолиро
ванным из дыхательных путей больных телят сильной гемагглютинационной (ГА) актив
ности вирусным штаммом параинфлюэнза-3 (ПИ-3), инактивированным этиленимином. Об
наружено, что уровень гемагглютинацию тормозящих (ГАТ) и вирунейтрализирующих (ВН) 
антител у дважды — с промежутками времени 7, 10, 14 и 21 дней соответственно — при
витых и в те же сроки изученных животных сильно отличался друг от друга. Касательно 
антител ГАТ зарегистрировано математически достоверное заметное повышение титра по 
сравнению с основным таковым во всех прививочных программах. ВН антитела появились 
после прививки и математически достоверное повышение их титра наблюдалось только пос
ле второй таковой, когда они осуществлялись с промежутком времени в 14 дней. При сравне
нии прививочных программ к 14-у и 28-у дням после второй прививки в отношении ВН 
антител обнаружено математически достоверное превосходство той, где вторую прививку 
осуществлияли 14 дней после первой, тогда как по наличию ГАТ антител существенной 
разницы не было между разными прививочными программами.

После иммунизации ягнят вирусом ПИ-3 авторы изучали иммунологический ответ. 
В срок формирования кривой антител вниз животных перезаражали вирусом ПИ-3. Не- 
пммунизировавшиеся животные клинически заболели, выделяли вирус и у них наступили 
патогистологические 'изменения. У иммунизировавшихся животных клинических приз
наков заболевания не наблюдали, вирус они не выделяли, но незначительные патогисто
логические изменения у них имелись. Территории ответственных за целлюлярный имму
нитет клеток показывали в лимфатической системе сильную пролиферацию.

Результаты исследований показывают, что вирусом с высокой ГА активностью, инак- 
ивированным этиленилином, можно вызвать иммунитет против вирусной заразы ПИ-3.

СЕРОЛОГИЧЕСКОЕ ИЗУЧЕНИЕ НАЛИЧИЯ АНТИТЕЛ ПРОТИВ РОТАВИРУСОВ 
В СВИНОПОГОЛОВЬЯХ ВЕНГРИИ ПУТЕМ ИММУНОЭЛЕКТРОФОРЕЗА С

ПРОТИВОТОКОМ
Э. М О Ч А Р И , И Р Е Н  Х О Р В А Т  и  Э. К У Д Р О Н

552 образца крови, собранные из 44 крупных свиноферм 13 областей Венгрии, изу
чены на наличие специфических для ротавирусов антител путем иммуноэлектрофореза с 
противотоком (ИЭФПТ). Среди технических условий, сказывающихся на надежности и 
специфичности пробы качество антигена и тип агарозы являются определяющими.

Антиген приготовлен из испражнений искусственно зараженного теленка путем 
центрифугирования, фильтрации и ультрацентрифугирования. Его титры колебались в 
пределах 1 : 16-1  : 128. ИЭФПТ осуществлялся на микроскопических предметных стеклах, 
покрытых 4,5 мл-ами желя 1%-ной агарозы А (Фармация) в барбитальном буфере при pH 
6,8. Электрофорез проходил при скорости 7 V/см в течение 90 минут.



Среди изученных ферм 41 (91,2%) оказалась неблагополучной по ротавирусу. 
К ротавирусу специфические антитела обнаружены в 167 образцах крови (31,2%). Коли
чество положительно реагирующих свиней на изученных фермах колебалось в пределах 
6,7—100%. Наличие антител в 4-х, 6-и, 8-месячных и годовалых и старше свиней равня
лось 26, 50,6 33,3 и 25,2%-ам соответственно. Результаты исследований показали, что боль
шинство свиней заражается ротавирусом в возрасте после отбивки.

КОЛИЧЕСТВЕННОЕ ОПРЕДЕЛЕНИЕ НЕКОТОРЫХ ФУЗАРИЙНЫХ ТОКСИНОВ 
ГАЗОВО-ХРОМАТОГРАФИЧЕСКИМ МЕТОДОМ

А . В А Н И , А . Б А Т А  и  Л А С Т И Ч  Р .

Разработан метод симультанного определения пяти фузарийных микотоксинов: 
деоксиниваленола, диацетоксицирпенола, НТ-2, Т-2 и зеараленона.

Образцы зерновых кормов экстрагировались уксуснокислым этилем, потем смесью ме
танола с водой соотношения 6 : 4. Экстракт очищался при помощи Киселжель 60 колонча
той хроматографией. Очищенные при помощи Киселжель 60 колончатой хроматографией. 
Очищенные образцы реактивировались и, 0-бис (триметисилил)-трифторацетамидом. Про
изводные силилэфира образцов анализировались при помощи открытой тубулярной колон
ки SE 52, нанесением на стенку. Чистые токсины смешивались с образцами зерновых кор
мов и осуществлялись идентификация токсинов и тесты стандартной девиации. 70 — 80%-ов 
токсина удавалось выявить и относительная стандартная девиация колебалась в пределах 
10— 18%-ов. Разработанный метод был проверен на конкретных образцах.

ДЕЙСТВИЕ ВЫЗВАННОГО В МАТЕРИНСКОМ ОРГАНИЗМЕ АЦИДОЗА НА 
БАЛАНС КИСЛОТА-ЩЕЛОЧЬ У НОВОРОЖДЕННОГО ТЕЛЕНКА

О . С Е Н Ц И , Ф . К У Т А Ш  и  Я . Х А Р А С Т И

Непосредственно перед родом у семи нетелей и коров авторами вызван метаболи
ческий ацидоз добавлением к корму тростникового сахара. Две стельные нетели служили 
контролем. Целью исследований явилось изучение того, что насколько действует экспери
ментальный ацидоз матери на баланс кислота-щелочь и жизненность плода и новорож
денного теленка.

Согласно параметрам крови и мочи острый ацидоз матери, продолжающийся одни 
сутки не сказывается отрицательно на балансе кислота-щелочь новорожденного теленка; 
он не отличался от такового контрольных телят. Зато продолжающийся 4—7 дней и посте
пенно усиливающийся ацидоз матери обусловливает рождение ацидозных телят; в об
ратном случае у последних несколько часов спустя развивается ацидоз. Два ацидозных 
теленка после рождения скоро погибли.

ИЗУЧЕНИЕ ВЗАИМОСВЯЗИ МЕЖДУ НОВОЙ БАЛЛОВОЙ СИСТЕМОЙ 
ОПРЕДЕЛЕНИЯ СОСТОЯНИЯ НОВОРОЖДЕННЫХ ТЕЛЯТ И ИХ БАЛАНСОМ

КИСЛОТА-ЩЕЛОЧЬ
О . С Е Н Ц И

Аппликацией медицинского опыта диагностики состояния младенцев автор 
рекомендует новый, простой и легко усвоимый балльный метод диагностики состояния 
новорожденных телят, который сравнивается с балансом кислота-щелочь.

При помощи данного балльного метода в согласии с балансом кислота-щелочь без 
лабораторного измерения можно определить состояние новорожденного теленка и тем 
самым заблаговременно можно приступить к необходимой терапии животного.

ПЕРИНАТАЛЬНАЯ СМЕРТНОСТЬ НА ФЕРМАХ КОРОВ ГОСУДАРСТВЕННЫХ
ХОЗЯЙСТВ

О . С Е Н Ц И  и  М . К И Ш И !

Авторами проанализированны данные 163-х ферм коров 59-и государственных 
хозяйств за 1978—79 годы. Рождение мертвых телят группировали следующим образом: 
по породам (табл. 1,;2,), в разбивке по годам и месяцам (табл. 3), по коровам и нетелям



(табл. 4), по полам (табл. 5), согласно количеству молока (табл. 6), по размеру фермы 
(табл. 7), по количеству оперработников по отелу (табл. 8), по образованию дежурящих в ро
дильном помещении ночью и в выходные дни (табл. 9), согласно структуре родильного 
помещения и технологии отела (табл. 10), по содержанию в период сухостоя (табл. 11).

ИЗМЕНЕНИЯ НЕКОТОРЫХ ЛИПИДНЫХ СОСТАВНЫХ ЧАСТЕЙ В СЫВОРОТКЕ 
МОЛОЧНЫХ КОРОВ В ПЕРИОД ОТЕЛА

Ф . Х У Ш В Е Т , Ф . К А Р Ш А И  и  Т . Г А А Л

Авторами обнаружено, что в период отела содержание всего липида и всего холесте- 
рола в сыворотке молочных коров математически достоверно существенно меньше, чем до 
или после данного времени. Уровень всего липида понижается в среднем на 35%.

Количество свободных жирных кислот во время отела повысилось в три раза рань
ше определенного показателя. Содержание свободных жирных кислот во всем липиде 
сыворотки во время отела равнялось 4,5%-ам, тогда как раньше и позже оно было только 
1, 1- 1,2% .

Содержание всего липида в печени в период отела было в полтора раза больше сред
него показателя. Два месяца после отела уровень липида в печени понизился до его пока
зателя времени сухостоя.

В липиде как сыворотки так и печени равным образом определено по 12 жирных 
кислот. Среди них С16 :0, С16 :1, С18 : 0, С18 : 1, иС20 : 4 показывало математически досто
верные отклонения, а С12 :0, С14 : О, С17 :0, С18 : 3, С20:0 и С22 :0 математически не
достоверные таковые.

В липиде сыворотки соотношение С18 : 0, С18 :1 и С18 :2 равнялось 85— 90%-ам. 
В липиде печени соотношение С16 :0, С18 : 0 и С18 : 1 равнялось 70— 80%-ам.

Вопреки количественным отклонениям во формировании уровня жирных кислот в 
сывороточном и печеночном липидах обнаружена многосторонняя сходность. Одновре
менно полученные данные показали, что в этих двух веществах характерные изменения 
некоторых жирных кислот быстро и консеквентно следовали друг за другом. Однако раз
ницей нужно считать тот факт, что процентное соотношение жирных кислот в липиде пе
чени показывало больший диапазон колебания, чем в сывороточном липиде. В период отела 
равным образом как в сывороточном, так и печеночном липидах наблюдали повышение, 
уровня С16 : 0, С16 :1, и С18 :1 и понижение такового С14 :0, С18 : 0, С18 :2 и С20 : 4.

На основании отклонений параметров обмена сывороточного и печеночного липидов 
можно заключить, что в период отела у здоровых коров в обмене жиров наступают сущест
венные, но физиологические изменения, которые наблюдаются при голодании или кетозе. 
Такое положение может затруднить дифференциацию нормальных и патологических 
явлений.

ГИСТОЛОГИЧЕСКОЕ ИЗУЧЕНИЕ ФОСФАТАЗ И НЕСПЕЦИФИЧЕСКИХ ЭСТЕРАЗ В 
ГИПОФИЗЕ У КОЗЫ И БУЙВОЛА

Р . П . С А Й Г А Л , Б .  С . Н А Н Д А  и  С. К . Н А Г П А Л

Криостатические срезы гипофиза козы и буйвола подвергались разным гисто эн
зиматическим исследованиям для выявления в них щелочной фосфатазы, кислой фосфата
зы, 5-нуклеотидазы, аденозин трифосфатазы, глюкоза-6-фосфатазы и неспецифической эсте
разы.

Интенсивность большинства энзиматических активностей существенно отличались 
в разных клеточных группах дистальной части гипофиза у обоих видов животных. Энзи
матические реакции были те же в дистальной части гипофиза у обоих видов животных за 
исключением щелочной фосфатазы, которая у козы была ограничена к эндотелию капилля
ров, тогда как она у буйволов налицевствовала и внутрицеллюлярно. Активностей адено
зин трифосфатазы и 5-нуклеотазы не наблюдали в дистальной части гипофиза буйвола.

Все изучавшиеся энзимы обнаруживались в разной концентрации в клетках средней 
части гипофиза обоих животных за исключением аденозин трифосфатазы и 5-нуклеотидазы, 
которые у буйвола и в этой части гипофиза отсутствовали.

В нервной части гипофиза реакции энзимов щелочной фосфатазы и аденозин трифос
фатазы у козы наблюдались только в эндотелии, тогда как у буйвола здесь наблюдали толь-



ко реакцию щелочной фосфатазы; реакции 5-нуклеотидазы в этой части органа не обнару
жено ни у одного вида изучавшихся животных. Наиболее сильную реакцию в питуи- 
цитах показывала кислая фосфатаза, а вдоль нервных волокон — неспецифическая эс
тераза.

ПОПЫТКА ЭКСПЕРИМЕНТАЛЬНОГО ИЗУЧЕНИЯ ПАТОГЕНЕЗА 
ГЕНЕРАЛИЗИРОВАННОГО ТОКСОПЛАЗМОЗА У СОБАКИ

М . Д О Б О Ш -К О В А Ч  и  И . В А Р Г А

Серологически раньше неизученных 48 одно-трехмесячных щенков авторы заразили 
через рот цистами или ооцистами Toxoplasma gondii. Ради получения иммунодепрессии 
часть щенков обработали бетаметазоном (Бетсолан инъ. Глаксовет; см. табл. 1). У одной 
третьи обработанных бетаметазоном щенков после инвазии цистами или ооцистами воз
ник генерализированный токсоплазмоз и они погибли. Генерализированный токсоплазмоз 
и, следовательно, гибель экспериментальных животных наступили между 2-й и 3-й неделей 
после инвазии. У одной части животных токсоплазмоз не генерализировался и примерно у 
половины щенков не получено заражения. Среди необработанных бетаметазоном животных 
генерализированный токсоплазмоз обнаруживался только случайно и частота негенерали- 
зированного токсоплазмоза была существенно реже, чем в обработанной группе (см. табл. 
2). Данные экспериментов являются доказательством того, что у собаки генерализирован
ный токсоплазмоз развивается только вследствие понижения иммунологической реагируе- 
мости организма.

ИЗУЧЕНИЕ ТЕРАТОЛОГИЧЕСКОГО ДЕЙСТВИЯ МЕТИЛПАРАТИОН 18 ВП И 
ВОФАТОКС 50 ЕЦ НА ЭМБРИОНАХ НЕМОГО ПЕРЕПЕЛА И ФАЗАНА С ОСОБЫМ 

ВНИМАНИЕМ НА КОСТНЫЙ СКЕЛЕТ И МЫШЦЫ
Л .  В А Р Н А Д Ь , Р О Ж А  И М Р Е , Т . Ф А Н Ч И  и  А . Х А Д Х А З И

Авторами изучено тератологическое действие инсектицидов пылеобразного метилпа- 
ратиона 18 ВП и взвесь образующего вофатокс 50 ЕЦ на эмбрионах немого перепела и 
фазана с особым вниманием на костный скелет и мышцы.

Обработка яиц осуществлялась 0,05, 0,5, и 5,0%-ными суспенсиями метилпаратиона 
18 ВП и 0,02, 02, и 2,0%-ными взвесями вофатокс 50 ЕЦ. Эти вещества вводились в воздуш
ную камеру яиц в количестве 0,5 и 0,1 мл соответственно, в случае перепелов к 9-у, а в 
случае фазанов — к 12-у дню инкубации. Изучение эмбрионов осуществлялось к 14-у и 
23-у дню инкубации соответственно.

В костях эмбрионов с лордоксолиозом (наичаще обнаруженная ненормальност 
развития) применявшимися методами изучения изменений не обнаружено. Шейные позвон
ки макро- и микроскопически были нормальными. В шейной мускулатуре эмбрионов, обра
ботанных высокими дозами вофатокс 50 ЕЦ, наблюдалась гистологическая картина, напо
минающая атрофию или местами гипоплазию.

На основании своих наблюдений авторы обращают внимание на то, что обработка 
птичьих эмбрионов фосфорорганическими соединениями, особенно при лордосколиозе, 
может тормозить иннервацию. Вследствие этого состояния может наступить атрофия шей
ных мышц и, тем самым, вызвать ненормальную постановку шеи и головы.

При хорошей практике защиты растений с экотоксической точки зрения изученные 
препараты авторы не считают опасными, поскольку структура яйцевой оболочки обеспечи
вает надлежащую защиту эмбриона от факторов окружающей среды, в том числе от изучен
ных инсектицидов в указанных концентрациях.

ДАННЫЕ К АНАТОМИИ СУХОЖИЛИЯ ДВУХГЛАВОГО МУСКУЛА ПЛЕЧА 
ЛОШАДИ И LACERTUS FIBROSUS

Ф . Д Ю Р Ю  и Й . З А Й Е Р

На трупах 4-х плодов, 5-и новорожденных жеребят и 91 взрослой лошади (возраста 
1— 23 лет) авторами изучено сухожилие, проходящее в брюшке двухглавого мускула плеча 
лошади и lacertus fibrosus. На двух оперированных лошадях кроме этого изучались пере
бои в функции конечности после пересечения сухжилия и lacertus fibrosus.



Обнаружено, что сухожилие в брюшке двухглавого мускула плеча лошади это не 
уплотнение фасции плеча, его нельзя считать межмускульной прослойкой, а является 
непосредственным продолжением его начального сухожилия. Проходящее в брюшке 
мускула сухожилие и сам мускул единым сухожилием прикрепляется к шероховатости 
лучевой кости. В брюшке мускула сухожилие в латеральную сторону скручено, что обес
печивает лучший пружинный эффект и повышает силу напряжения. На основании возни
кновения, прохождения и функции авторы рекомендуют его называть “tendo scapuloradi- 
alis”.

При помощи операции доказано, что после пересечения данного сухожилия двух
главый мускул плеча остается непосврежденным, его волокна свою функцию без отказа 
выполняют, хотя синхронная функция плечевого и локтевого суставов немножко ухудша
ется. При движении наблюдаются перебои в продвижении конечности вперед.

После полного пересечения двухглавого мускула плеча, без пересечения lacertus 
fibrosus локтевой сустав можно настолько разогнуть, что при натяжении конечности назад 
копыто можно приблизить к колену. Это явление нужно считать диагностического зна
чения.

Lacertus fibrosus нельзя считать единственным продолжением проходящего в брюш
ке сухожилия двухглавого мускула плеча и в новейшее время в литературе фигурирующей 
латеральной ветвью сухожилия. Lacertus fibrosus обладает центральной и двумя боко
выми пластинками. Только его центральная часть является сухожильного происхожде
ния. Его боковые пластинки являются производными фасции, которые у взрослых дошадей 
представляют собой 4/5 толщины lacertus fibrosus.

При пересечении lacartus fibrosus при движении наблюдается негначительная хро
мота типа нагрузки.

РАЗВИТИЕ КОСТЕЙ КОНЕЧНОСТЕЙ У СВИНЬИ
М. С И Л А Д И , Г . К Ё К Е Н Ь  и  А . Б .  К О В А Ч

Авторами определялись и сравнивались длина и содержание золы костей конечнос
тей (плечевой, лучевой, локтевой, пястной IV, бедренной, большой берцовой, плюсневой IV) 
свиней разного возраста пород корнвол и низменная гибридная.

Обнаружено, что длина костей конечностей у породы корнвол примерно до 80— 100- 
дневного возраста росла быстрее, чем у свиней низменной породы, но после этого кости 
конечностей свиней низменной породы становились существенно длиннее.

Содержание золы костей соразмерно возрасту почти одинаковым образом росло у 
обеих пород за исключением периода около отбивки, когда во всех костях по сравнению с 
раньшими показателями оно понизилось.

Примерно у 30%-ов свиней породы низменный гибрид, возраста 160 дней и живого 
веса 100 кг наблюдали хромоту, принадлежащую в понятие синдром слабости костей. 
Длина и содержание золы в костях этих свиней практически не отличались от тех же по
казателей одногодичных, здоровых несклонных к хромоте животных породы корнвол. 
Согласно авторам возникновение хромоты нельзя объяснить ненормальным ростом длины 
костей пли недостатком минеральных веществ.
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SECONDARY RENAL AMYLOIDOSIS AND 
ITS CONSEQUENCES IN THE DOG

M. D obo s-K ovács, G y. D e á k  and L ilian a  B aktalits

Department of Pathology, University of Veterinary Science, 1400 Budapest 7, P.O. Box 2; 
Department of Pathology, University Medical School, 7643 Pécs, Szigeti u. 12; and Clinical 
Laboratory Department of Péterfy Hospital, 1076 Budapest, Péterfy S. u. 8/20, Hungary

(Received July 21, 1982)

The occurrence of five spontaneous cases of renal amyloidosis in the dog is reported on 
the basis o f necropsy findings. Among dogs submitted for necropsy, 2 were diagnosed as having 
nephrotic syndrome associated with renal amyloidosis, 2 showed thrombosis of the pulmonary 
artery, pulmonary veins and vena cava caudalis as sequelae to nephrotic syndrome, and 1 had 
amyloid nephrocirrhosis complicated with prolonged uraemia. In all five cases the diagnosis of 
secondary renal amyloidosis was confirmed by histopathological methods.

The presumptive pathogenesis of the thrombotic tendency as a complication of the neph
rotic syndrome associated with renal amyloidosis is discussed.

T h e occurrence o f d iffe ren t disease en titie s  ch a rac te rized  by  regressive  
changes o f  g lom eruli (g lom erulonephrosis) in  an im als has ra re ly  been re p o rte d . 
A lth o u g h  ren a l am yloidosis of th e  dog has long  been  know n , i t  has on ly  ra re ly  
been  m en tio n ed  in  th e  lite ra tu re .

A m yloidosis in  th e  dog is considered  to  he a secondary  p a th o lo g ica l 
co n d itio n  fo llow ing a p rim ary  disease. I t  occurs a t  m ost in  1%  o f dogs su b 
m itte d  fo r  necropsy  (O sborne e t ah , 1968). R ecen tly  i t  has been  re p o r te d  to  
occur in  dogs in  association  w ith  tubercu lo sis  (D ahm e an d  W eiss, 1978; E ik - 
m eir a n d  M oegle, 1958), system ic lu p u s  e ry th e m a to su s  (Lewis and  H a th a w a y , 
1967), b lasto m y co sis  (Sherw ood e t ah , 1967), cyclic n eu tro p en ia  (g ray  collie 
syndrom e) (Cheville, 1968), p leu ritis  caused  b y  Nocardia asteroides, coccidio- 
m ycosis, ch ron ic  p u ru le n t m e tritis , p u ru le n t a r th r it is  com plica ted  w ith  o s teo 
m yelitis , ly m p h o sa rco m a, p y o d erm a  (S lauson  e t ah , 1970), p y o d e rm a  an d  
u lce ra tiv e  p e rian a l adenom a, p u ru le n t p ro s ta ti t is  an d  phlegm one (O sborne  e t 
ah , 1969). A m yloid  deposition  in  th e  dog fre q u e n tly  occurs in  a genera lized  
form , a ffec tin g  several o rgans, w hile in  o th e r  cases i t  is re s tr ic te d  to  th e  k id n e y  
(O sborne e t ah , 1968; W atso n , 1971).

In  cases w hen ren a l lesions are  in  th e  fo reg round  or only th e  k id n ey s  
are a ffec ted , a un ique  disease e n tity , n ep h ro tic  syndrom e, m ay  develop in  th e  
dog. N e p h ro tic  syn d ro m e has a lre a d y  been  re p o rte d  by  several a u th o rs  
(L ap ra s , 1979; O sborne e t ah , 1968, 1969; S lauson  e t a h , 1970; W a ts o n ,1971). 
T hrom bosis of ce rta in  blood vessels has also been  observed  in  con n ec tio n  w ith  
ren a l am ylo idosis and  w ith  th e  so-called n ep h ro tic  syndrom e associa ted  w ith  
am ylo idosis  (S lauson  an d  G ribble, 1971).
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Materials and m ethods

D uring  th e  la s t  few  y ears , ren a l am ylo idosis  w as d iagnosed  in  5 dogs o f 
th o s e  su b m itted  fo r n ec ro p sy , viz. a 6 -y ear-o ld  sm o o th -h a ired  m ale  H u n g a rian  
r e tr ie v e r  (Case 1), a 9 -year-o ld  fem ale P o lish  sheepdog (Case 2), a 5 -year-old  
b la c k  m ale P u li (Case 3), a 13-year-old  fem ale  m ongrel (Case 4) an d  a 9- 
y e a r-o ld  fem ale skye  te r r ie r  (Case 5). I t  sh o u ld  he n o te d  th a t  none o f th e  
5 an im a ls  w as su b je c te d  to  p rev ious c lin ica l ex am in a tio n , since dogs N os 1 
a n d  2 w ere k illed  d u e  to  th e ir  p rogressed  s ta te  o f illness a t  th e ir  o w n ers’ re 
q u e s t ,  w ith o u t a th o ro u g h  p rev ious e x a m in a tio n , w hile dogs N o s3 , 4 an d  5 
h a d  d ied  before th e ir  ow ners could h av e  co n su lted  a v e te r in a r ia n .

O rgans of dogs su b je c te d  to  n ecro p sy  w ere fix ed  in  a n e u tra l  fo rm ald e 
h y d e  so lu tion  o f 2.66 mol/1 (8% ) and  em b ed d ed  in  p a ra ffin  w ax . In  p rep arin g  
th e  slides fo r h is to p a th o lo g y , in  ad d itio n  to  th e  u su a l h aem alaun-eosin  s ta in 
in g , th e  Congo red  a n d  g en tian  v io le t s ta in in g  an d  th e  iod ine re a c tio n  w ere 
u se d  to  d e tec t am y lo id . To ren d er id e n tif ic a tio n  of am ylo id  possib le, th e  sec
t io n s  s ta in ed  w ith  C ongo red  w ere covered  w ith  gum  arah ic  an d  th e  p re p a ra 
t io n s  w ere su b jec ted  to  p o la riza tio n -o p tica l s tud ies (R o m h án y i, 1971 and  
1979).

F o r  d e te rm in in g  th e  n a tu re  (p rim ary  o r secondary  ch a rac te r) of am ylo id , 
th e  dep araffin ized  sec tio n s w ere p re tre a te d  w ith  a specific m ix tu re  o f con
c e n tra te d  form ic ac id  an d  h y drogen  p e ro x id e  (so-called perfo rm ic  acid), as 
reco m m en d ed  b y  R o m h á n y i (1979), th e n  s ta in e d  w ith  Congo red , covered  
w ith  gum  arab ic , a n d  ex am in ed  in  a p o la riz a tio n  m icroscope.

F o r fu r th e r  s tu d ie s  on th e  p ro p ertie s  o f  am ylo id , deparaffin ized  sections 
w e re  p re tre a te d  w ith  a 1 : 1 m ix tu re  of 0 .2 5 %  p o tassium  p e rm a n g a n a te  and  
0 .3 %  su lphuric  ac id , acco rd in g  to  th e  m e th o d  o f R o m h án y i (1972 an d  1979). 
T h is  w as follow ed b y  th e  d igestion  o f th e  p re tre a te d  sections w ith  try p s in  
fo r  2 an d  24 h .

F o r th e  d e m o n s tra tio n  of am ylo id , th e  m acroscopic iod ine reac tio n  was 
a lso  perfo rm ed  on  th e  c u t  surface o f k id n ey s  o f dogs, w ith  L ugo l’s so lu tion  
ac id ified  w ith  su lp h u ric  acid .

F o r e lectron  m icroscopic  ex am in a tio n s , k id n ey  sam ples from  dogs w ere 
f ix e d  also in  an  osm ium  te tro x id e  so lu tio n  p rep a red  w ith  C au lfie ld ’s buffer. 
T h e  m a te ria l w as e m b ed d ed  in  D u rcu p an . S em i-th in  sections p re p a re d  from  
th e  em bedded  m a te r ia l  w ere s ta in ed  w ith  J o n e s ’s s ta in in g  com bined  w ith  
C ongo red . U ltra th in  sec tio n s w ere ex am in ed  b y  transm issio n  e lec tro n  m icro 
sc o p y .

U rine sam ples ta k e n  from  th e  u r in a ry  b lad d e r o f dogs su b m itte d  for 
n e c ro p sy  were su b je c te d  to  th e  su lphosalicy lic  ac id  te s t  fo r p ro te in  d e m o n s tra 
t io n . I n  ad d itio n , in  u r in e  sam ples co llec ted  fro m  u rin a ry  b lad d ers  o f dogs 
N os 3, 4 and  5, specific  g ra v ity  d e te rm in a tio n s  an d  a q u a n tita tiv e  d é te rm in a-
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t io n  o f  to ta l  p ro te in  an d  a lb u m in  c o n te n t w ere perfo rm ed . T o ta l p ro te in  co n 
te n t  w as d e te rm in ed  b y  th e  b iu re t re a c tio n  (W eichselbaum , 1946), w hile a lb u 
m in  w as d e m o n s tra te d  b y  th e  b rom ocreso l green reac tio n  (G ustafson , 1976). 
D e te rm in a tio n s  w ere m ade in  a S a te llite  N K -230 au to m a tic  one-ch an n e l 
c lin icochem ical an a ly se r (Székely an d  B a r ta li ts , 1979).

Results
Necropsy fin d in g s

D ogs N os 1 an d  2 w ere in  a severe ly  em acia ted  co n d ition  befo re  k illed . 
T h ere  w as m ark ed  su b cu tan eo u s  o edem a along th e  s te rn u m  in  b o th  an im als, 
an d  in  th e  m ale  dog also a ro u n d  th e  p rep u ce . T he abdom inal c a v ity  co n ta in ed  
a p p ro x im a te ly  3 1 an d  1.5 1 o f tr a n s p a re n t  serous ex u d a te  in  Cases 1 an d  2, 
re sp ec tiv e ly . T here  w ere 100 m l a n d  200 m l q u an titie s  of serous e x u d a te  also 
in  th e  th o rac ic  cav itie s  o f dogs N os 1 an d  2, respective ly . T he liv e r  show ed 
congestive  h y p e raem ia , th e  lungs a c u te  oedem a, while in  th e  h e a r t  a g enera l 
s im ple d ila ta tio n  w as observed .

T h e  k id n ey s  o f  carcases w ere p a le , m o d era te ly  en larged  and  o f in creased  
co n sis ten cy ; on th e ir  c u t surfaces th e  g lom eruli w ere clearly  v isib le, a n d  th e  
fin e  s tru c tu re  o f th e  co rtex  of k id n ey s w as in d is tin c t. T here w ere no  p a th o 
log ica l lesions in  o th e r  organs.

T h e  su lphosalicy lic  acid te s t  d e m o n s tra te d  th e  presence o f la rg e  q u a n t i 
tie s  o f  p ro te in  in  u rin e  sam ples o b ta in ed  from  th e  u r in a ry  b lad d er o f b o th  dogs.

D ogs N os 3 a n d  4 w ere in  an  av erag e  bo d y  cond ition  p rio r to  th e ir  
d e a th . I n  dogs N os 3 and  4, re sp ec tiv e ly , th e  abdom inal c a v ity  co n ta in ed

Fig. 1. Macroscopic iodine reaction on the cut surface of the kidney. Amyloid-containing
glomeruli stain deeper. (Magnified)
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a p p ro x im a te ly  1.5 1 a n d  300 m l, w hile th e  th o ra c ic  cav ity  ap p ro x im a te ly  
300 a n d  100 m l of s traw -co lou red  serous e x u d a te . The ren a l capsules w ere 
t ig h t  a n d  th e  k id n ey s p a le , sw ollen an d  o f in creased  consistency . G lom eruli 
w ere c learly  visible on  th e  c u t surface, a n d  th e  fin e  s tru c tu re  of th e  ren a l 
c o rte x  w as in d is tin c t. T h e  consistency  o f th e  c o rte x  w as friab le . In  th e  m acro 
scopic iod ine  reac tio n  perfo rm ed  w ith  L ugo l’s so lu tio n  acid ified  w ith  su lphuric  
acid , g lom eruli show ed a b lu ish -b row n  co lou r ch a rac te ris tic  o f am ylo id  (F ig . 1).

Fig. 2. Mixed (stratified) thrombus obliterating the pulmonary artery (the wall of the artery 
is opened). T =  trachea, В bronchus, Thr =  thrombus. (Magnified)
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F ig .  4. Glomerular amyloidosis. Clearly visible glomeruli on the cut surface of the renal cortex.
(Magnified)

T he lungs w ere hy p eraem ic  a n d  oedem atous in  b o th  cases. In  dog N o. 3, 
th e  tr u n k  o f th e  p u lm o n ary  a r te ry  an d  th e  p u lm o n ary  a r te ry  itse lf  in  b o th  
lu n g  halves (from  its  origin to  th e  sm all a rte ria l b ran ch es 1 m m  in  d iam eter) 
w as filled  w ith  a fresh  th ro m b u s  o f  m ixed  ch a rac te r (F ig . 2). I n  dog N o. 4, 
th e  lu m in a  o f th e  p u lm o n a ry  vein s  an d  th e  v en a  c a v a  cauda lis  co n ta in ed  
o b s tru c tin g  th ro m b i. These w ere n o t  adhered  to  th e  w all o f  th e  vessels. B lood 
vessels of o th e r  organs w ere n o t fo u n d  to  con ta in  th ro m b i. T he liv er show ed 
severe  acu te  congestive h y p e raem ia  in  b o th  cases. No im p o r ta n t  lesions w ere 
fo u n d  in  o th e r o rgans.

T he to ta l  p ro te in  c o n te n ts  o f  u rin e  sam ples co llec ted  from  th e  u r in a ry  
b la d d e r  o f th e  tw o  canine carcases w ere 9.3 and  38.0 g/1, resp ec tiv e ly , an d  
th e ir  a lb u m in  co n cen tra tio n s w ere 4.2 an d  3.7 g/1, re sp ec tiv e ly . T he respec tive  
u r in a ry  specific g ra v ity  values w ere  1.012 and  1.026.

A t necropsy , th e  b o d y  co n d itio n  o f dog No. 5 (w hich  h a d  also died) w as 
p o o re r  th a n  average. B o th  k id n ey s  w ere sligh tly  red u ced  in  size, pale , f irm  
a n d  of slig h tly  uneven  su rface , a n d  th e ir  substances h a d  a grey ish -w hite  
m o ttle d  ap p earan ce  (F ig . 3). O n th e  c u t surface o f th e  k id n ey s  th e  g lom eruli 
w ere  clearly  v isib le  in  th e  th in n ed -d o w n  cortex  (F ig. 4). T h e  s tru c tu re  of th e  
k id n ey s  was in d is tin c t an d  th e ir  su b s ta n c e  was h a rd e r to  te a r  th a n  usual. In  
th e  m acroscopic reac tio n  p erfo rm ed  w ith  Lugol’s so lu tio n  an d  d ilu ted  su l
p h u ric  acid , th e  glom eruli show ed a d iscoloration  c h a ra c te ris tic  o f am ylo id .

I n  ad d itio n  to  ren a l lesions, m y o card ia l h y p e rtro p h y  o f  th e  le f t h a lf  of 
th e  h e a r t, chronic  endocard itis  asso c ia ted  w ith  connective tissu e  p ro life ra tio n  
in  th e  a tr io v e n tr ic u la r  va lves o f b o th  h e a r t halves, e n d o m e tria l cystic  h y p er-
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p la s ia  an d  —  as a consequence  —  in c ip ien t p y o m e tra  w ere observed . U raem ic 
erosions an d  in c ip ien t u lc e ra tio n  w ere seen on  th e  m ucosal m em b ran e  of th e  
o ra l c a v ity . The g astric  m ucosa  show ed th e  sym p to m s o f a c u te  c a ta rrh  and  
h ad  a p u n g en t odour c h a ra c te ris tic  o f am m onia .

T o ta l p ro te in  an d  a lb u m in  co n cen tra tio n s  o f th e  u rin e  co llected  from  th e  
u r in a ry  b lad d er of th e  carcase  w ere 4.6 g/1 an d  2.9 g/1, re sp ec tiv e ly . The urine 
h a d  a specific g ra v ity  o f  1.009.

F ig .  5. Homogeneously-staining amyloid deposition in the walls of the glomerular blood 
vessels. The glomerular structure is disintegrated. Congo red staining, approx. X 420

Fig. 6. Biréfringent amyloid in the glomerulus. Congo red staining, section covered with gum 
arabic. Polarization optical photograph, approx. X 330
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Histopathological examination

Histopathological examination performed by light microscopy revealed  d is
in te g ra tio n  o f  g lo m eru la r s tru c tu re  in  all five cases. I n  th e  re la tiv e ly  cell- 
de fic ien t g lom eruli, th e  cap illa ry  loops h a d  an  unev en ly  th ic k  ap p earan ce  due 
to  th e  deposition  o f a hom ogeneously -sta in ing  su b stan ce  (F ig . 5). T he d ep o 
sited  m a te ria l show ed s ta in in g  reac tio n s  ch a rac te ris tic  o f  am ylo id : o range-red  
w ith  Congo red , b ro w n  w ith  L ug o l’s so lu tio n , red  w ith  g e n tia n  v io le t. W h en  
exam in ing  th e  sections s ta in ed  w ith  Congo red  an d  covered  w ith  gum  a rab ic  
in  po larized  lig h t, b ire frin g en ce  o f greenish-yellow  p o la r iz a tio n  co lour w as 
observed  (F ig . 6).

I t  w as a p p a re n t in  b o th  th e  c o n v en tio n a l ligh t-m icroscop ic  and  th e  sem i- 
th in  sections th a t  am ylo id  dep o sited  p rim arily  betw een  th e  b asem en t m em 
b ra n e  o f g lom eru lar cap illa ries an d  th e  en do the lia l cells lin in g  th e  cap illa ries 
(su bendo the lia lly ), p ro d u c in g  u n ev en  deposits . A m yloid deposits  caused m a rk 
ed  stenosis o f c e r ta in  cap illa ries (F ig . 7). In  som e places, am ylo id  deposited  
n o t  on ly  su b en d o th e lia lly , b u t  also b e tw een  th e  p o d ocy tes (v isceral ep ith e lia l 
cells) covering th e  c a p illa ry  loops an d  th e  b asem en t m em b ran es  of cap illa ries 
(su b ep ith e lia lly ). T he am ylo id  d ep o sited  su b ep ith e lia lly  consisted  o f rad ia l 
bun d les  loca ted  in  th e  in te rsp aces  be tw een  th e  p ro jec tio n s  of p o d o cy tes  
(F ig . 8). In  th e  basic  su b stan ce  o f  th e  m esang ium , am ylo id  w as d em o n stra ted  
n e ith e r  in  th e  sem i-th in  sec tions, n o r  b y  e lectron  m icroscopic exam in a tio n s.

In  dogs N os 1, 2, 3 an d  4, th e  m a jo rity  of tu b u le s  w ere found  to  show  
accu m u la tio n  o f h o m o geneously -sta in ing  m a te ria l (hyaline cylinders) in  th e ir  
lu m in a . In  these  cases th e  ep ith e lia l cells o f th e  p rox im al co nvo lu ted  tu b u le s

F ig ,  7, Stenosis of the lumen of glomerular capillaries (arrow), due to subendothelial deposition 
of amyloid. Jones’s staining, approx. X420
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show ed  a hyaline d e g e n e ra tio n  of v a ry in g  e x te n t  associa ted  w ith  karyopycnosis 
o f  ep ithe lia l cells. T h e  in te r tu b u la r  co nnec tive  tissue w as u su a lly  m od era te ly  
in f i l t ra te d  w ith  serous ex u d a te .

I n  th e  k id n ey s o f  dog No. 3, a v e ry  m ild , focal, su b a c u te  in flam m atio n  
re su ltin g  from  ascen d in g  u r in a ry  in fec tio n  w as observed .

I n  th e  k id n ey s o f  dog No. 5, in  a d d itio n  to  g lo m eru la r lesions, m an y  
tu b u le s  exhib ited  signs o f  degenera tion  an d  a tro p h y , o r com ple te  d es tru c tio n

F ig .  8.  Narrowed lumen of blood vessel due to subendothelial deposition of amyloid (arrow). 
Amyloid forms radial bundles on the outer surface of capillaries. Jones’s staining, approx.

X 850

F ig .  9. Deposition of calcium in Bowman’s capsule and along the basement membrane of tu 
bules. Amyloidic contracted kidney. Kossa’s staining, approx. X 206
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F ig . 10.  Amyloid deposit of subendothelial localization (A) and radial bundles of amyloid 
(arrow) between the foot processes of podocytes. Between them, note the loosened basem ent 
membrane (BM) of the capillary. Transmission electron micrograph of necropsy material,

X3600

F ig . 11. The light-microscopically homogeneous amyloid deposit is of filamentous structure. 
Transmission electron micrograph of necropsy material, X 18,000

o f th e  tu b u le . O n th e  o th e r h an d , o th e r  tu b u le s  show ed h y p erp lasia  (en la rg e 
m e n t, a n d  d ila ta tio n  of th e  lum en). T he in te r tu b u la r  connective  tissue w id en ed , 
p a r tic u la r ly  b e tw een  a tro p h ic  or d e s tro y e d  nephrons. In  th e  fib rous or f ib r i l 
la ry  co n n ec tiv e  tissu e , an  in f iltra tio n  w ith  m ononuclear cells (m ain ly  p la sm a  
cells) w as seen; th e  e x te n t of th e  in f il tra tio n  was variab le  in  each a rea . I n  th e
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p ro life ra te d  co nnective  tissu e  of th e  re n a l in te rs ti t iu m , p rim a rily  betw een  th e  
co llec ting  tu b u les  in  th e  m edu lla , th e  d ep o sitio n  of a su b stan ce  cha rac terized  
b y  green ish  p o la riza tio n  l ig h t ty p ica l o f a m y lo id  w as seen in  sm aller o r la rg e r 
a reas . I n  B ow m an’s cap su les  of n u m ero u s g lom eruli an d  in  b asem en t m em 
b ra n e s  o f m any  tu b u le s , th e  deposition  o f  g ran u les  consisting  of calcium  co m 
p o u n d s  was seen, in d ic a tin g  pro longed u ra e m ia  (F ig . 9).

In  cases Nos 1, 2 , 3 and  4 am y lo id  deposition  w as n o t seen in  o th e r  
o rg an s (liver, sp leen, p a n c reas  etc.). I n  case  N o. 5, am ylo id  w as observed  in  
th e  w all o f th e  sm all a r te r ie s  of the  sp leen , in  ad d itio n  to  ren a l glom eruli an d

F ig .  12. Studies on the nature of amyloid deposited in the glomerulus. Congo red staining, 
sections covered with gum arabic, approx. X 220. a Light-microscopic photograph. Amyloid 
is seen in the form of homogeneously staining deposits, b Polarization-microscopic photograph 
of the same glomerulus. Amyloid shows strong birefringence, c Polarization-microscopic 
photograph taken after performic acid pretreatment. Amyloid stains with Congo red but it 
has lost its birefringence, d  Light-microscopic photograph. Trypsin treatment performed after 
oxidation with a mixture of potassium permanganate and sulphuric acid solutions resulted in

complete digestion of amyloid
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sm aller in te r tu b u la r  areas of am y lo id  deposition  fo u n d  in  th e  re n a l in te r-  
s titiu m .

Transm ission electron microscopy rev ea led  t h a t  th e  m a te r ia l d e p o s ited  in  
th e  g lom eru li h ad  a filam en to u s  a n d  f ib rilla r  s tru c tu re  ty p ica l o f  am y lo id  
(F igs 10 an d  11). In  o th e r  a reas  o f th e  k idneys (in  b lood  vessels o th e r  th a n  
g lo m eru la r cap illaries, an d  along  th e  b asem en t m em b ran e  of tu b u les) a m y lo id  
d ep o sitio n  w as n o t observed  in  a n y  o f  th e  cases.

In  studies on the nature o f  amyloid, a f te r  perfo rm ic  acid p re tre a tm e n t of 
d ep ara ffin ized  sections, in  p re p a ra tio n s  s ta in ed  w ith  Congo red  an d  co v ered  
w ith  gum  a rab ic , th e  m a te ria l d ep o sited  in  th e  g lom eru li lost its  b ire frin g en ce  
in  all f iv e  cases, ty p ic a lly  of th e  s tru c tu ra l ly  lab ile  seco n d ary  am y lo id  (F igs 
12a, 6, c). S im ilarly , th e  am ylo id  focally  d is tr ib u te d  in  th e  ren a l in te rs t i t iu m  
an d  d ep o sited  in  th e  w all of a rte rio les  o f th e  spleen d id  n o t show b ire frin g en ce  
in  sec tions p rep a red  (as described  above) from  th e  o rg an s of dog N o. 5.

A fte r  p re tre a tm e n t w ith  a m ix tu re  o f d ilu ted  p o tassium  p e rm a n g a n a te  
an d  su lp h u ric  acid  so lu tio n , an d  d igestion  w ith  try p s in  fo r 2 an d  24 h , th e  
am ylo id  w h ich  h ad  dep o sited  in  th e  g lom eruli a n d , in  Case N o. 5, in  o th e r  
areas o f th e  k id n ey , w as d igested  a f te r  2 h  d igestion  in  all cases, as ty p ic a l 
of seco n d ary  am ylo id  (F ig . 12d).

D iscussion

A m ylo id  is considered  to  be  a su b stan ce  o f p ro te in  n a tu re  (g lycopro te in ) 
w hich dep o sits  ex trace llu la rly  an d  show s m ark ed  v a r ia tio n  betw een  species, 
in d iv id u a ls  a n d  cases. S everal a u th o rs  h av e  suggested  th e  im p o rtan ce  o f  im - 
m unobio log ica l processes in  th e  p ro d u c tio n  o f am ylo id  an d  in  th e  p a th o g en esis  
of am ylo idosis. A m yloid  has been  considered  to  re su lt from  a n tig e n -a n tib o d y  
coupling , an d  i ts  ap p earan ce  in  d iffe re n t o rgans has b een  p o stu la ted  to  in d ic a te  
th e  accu m u la tio n  o f a n tig e n -a n tib o d y  com plex (S m ith  an d  Jo n es , 1961; 
V azquez a n d  D ix o n , 1956). T h is p o s tu la tio n  w as su p p o rte d  b y  o b se rv a tio n s  
th a t  am ylo idosis occurred  a fte r  p e rs is te n t o r recu rrin g  an tigenic  s tim u li in  
b o th  sp o n tan eo u s  an d  e x p e rim e n ta l cases (R o th b a rd  and  W atso n , 1954; 
T heilum , 1954). I t  was also d e m o n s tra te d  th a t  g lobulin  co n cen tra tio n s  o f  th e  
serum  in creased  in  b o th  cases (G iles an d  C alkins, 1958; H uestis  an d  Ja e g e r , 
1960). B y  im m u n o flu o rescen t p ro ced u res  i t  w as con firm ed  th a t  am ylo id  d ep o 
sits  co n ta in ed  large  am o u n ts  o f g lo b u lin  (V azquez an d  D ixon, 1956).

D epen d in g  up o n  its  ch a rac te ris tic s  (m olecu lar w eigh t etc.) an d  ra te  of 
p ro d u c tio n , th e  p roduced  an tig e n -a n tib o d y  com plex deposits in  d iffe ren t sites, 
to  d iffe ren t degrees an d  in tra c e llu la r ly  (in  th e  w all o f sm aller b lood vessels 
an d  in  th e  connective  tissu e  su rro u n d in g  th e m , and  a long  th e  b asem en t m em 
b ran es  in  d iffe ren t organs).

P re su m a b ly , m echanism s o th e r  th a n  those  m en tio n ed  above also p la y

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



182 DOBOS-KOVÁCS e t al.

s ig n if ic a n t roles in  th e  p ro d u c tio n  of am y lo id . T h e  v a ria b ility  o f th ese  m ech a
n ism s, w hich are  y e t in su ffic ien tly  k n o w n , is expressed  also in  th e  com plex 
co m p o sitio n  of am ylo id .

I n  am yloidosis, th e  k idneys (an d  p a r tic u la r ly  th e ir  glom eruli) are  th e  
a ffe c ted  o rgans. T h e  cond itions p re d o m in a tin g  in  these  sites (an a to m ica l 
s t ru c tu re  o f g lom eruli, th e  re la tiv e ly  h igh  b lo o d  pressure en su rin g  u ltra f i l t ra 
tio n )  pred ispose g lom eru li for deposition  o f  d iffe ren t su b stan ces  includ ing  
am y lo id .

As i t  w as o b se rv ed  also in  our cases, am y lo id  deposits p rim a rily  in  th e  
g lom eru li and  g lo m eru la r capillaries. I n  th e  dog, ex trag lo m eru la r  am ylo id  
d ep o sitio n  (in th e  w all o f  sm all blood vessels o u ts id e  th e  g lom eru li, som etim es 
in  th e  in te rs titiu m  a n d  excep tionally  a lo n g  th e  b asem en t m em b ran es of 
tu b u le s )  can  be o b se rv ed  only in  m ore sev ere  cases of am ylo idosis.

I n  b o th  m an  a n d  an im als, am ylo id  in it ia lly  form s deposits in  th e  glom e
ru li  b e tw een  th e  b a se m e n t m em brane o f  cap illa ries  and th e  en d o th e lia l cells 
(su b en d o th e lia lly ), as a ch a rac te ris tic , ligh t-m icroscop ica lly  hom ogeneous an d  
e lec tron -m icroscop ica lly  filam en to u s su b s ta n c e  (O sborne e t a h , 1968, 1969). 
P r im a r ily  th is  w as fo u n d  also in  our cases. H ow ever, in  som e cases deposition  
o f  am y lo id  in  th e  b a se m e n t m em b ran e  o f  cap illa ries was also observed . This 
le d  to  s tru c tu ra l d is in te g ra tio n  o f th e  b a se m e n t m em brane. I n  some sites, 
am y lo id  ap p eared  also  in  th e  form  o f ra d ia l  bund les betw een  th e  p ro jec tions 
o f  p o d o cy tes  (su b ep ith e lia lly ).

I n  p re p a ra tio n s  s ta in e d  w ith  Congo re d , covered w ith  gum  arab ic  and  
e x a m in e d  in  p o la riz a tio n  m icroscope, am y lo id  show s in ten siv e  b irefringence 
(a d d itiv e  to p o -o p tica l reac tio n ), w hile co llagen  is iso trop ic  or exh ib its  m ild  
n e g a tiv e  b irefringence  (inverse to p o -o p tica l reac tio n ). T his m e th o d  is p a r t i 
c u la r ly  su itab le  fo r th e  selective op tica l d e te c tio n  of th e  fin e s t am ylo id  s tru c 
tu re s  (R o m h án y i, 1971, 1979).

O n th e  basis o f  u ltra s tru c tu ra l s ta b i l i ty  stud ies, tw o  ty p e s  o f am ylo id  
c a n  be  d istingu ished : ( i )  th e  s tru c tu ra lly  lab ile  am ylo id , e.g. th e  (generalized) 
seco n d a ry  am ylo id ; a n d  ( i i)  th e  s tru c tu ra l ly  s tab le  am ylo id , e.g . in  case of 
(generalized) p r im a ry  am yloidosis, local a n d  sen ile  am yloidosis. T h is c lassifica
tio n  is con sis ten t w ith  th a t  o f B e n d itt a n d  E rik sen  (1971), in  w hich  A an d  
В ty p e s  o f am ylo id  w ere  d iscerned.

Tw o m ajo r d irec tio n s o f s ta b ility  s tu d ie s  are know n: stud ies on th e  
re s is tan ce  ( i )  to  perfo rm ic  acid, and  (ii) to  p ro teo ly tic  enzym es. Follow ing 
t r e a tm e n t  w ith  p e rfo rm ic  acid , th e  s tru c tu ra l ly  labile am ylo id  loses its  b ire 
frin g en ce , due to  th e  b reak -u p  of d isu lp h id e  bonds. On th e  o th e r  h an d , s tru c 
tu r a l ly  stab le  am y lo id  re ta in s  its  b ire frin g en ce  even  a fte r perfo rm ic  acid t r e a t 
m e n t (R o m h án y i, 1979).

R esistance  to  p ro teo ly tic  enzym es in c lu d in g  try p s in  is a ch a rac te ris tic  
fe a tu re  of am ylo id  fix e d  in  fo rm ald eh y d e  so lu tio n . I f  th e  sec tion  is sub jec ted
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to  p re -o x id a tio n  of m ed iu m  degree (e.g., in  th e  p re se n t cases to  tre a tm e n t 
w ith  a m ix tu re  of d ilu ted  p o tassiu m  p e rm an g an a te  a n d  su lphuric  acid solu
tio n s) , seco n d ary  am ylo id  o f  all o rgans will be d ig estib le  w ith  try p s in , w hile 
p r im a ry  am ylo id  will re ta in  its  resistance  to  try p s in  d igestion  (R o m h án y i,
1972).

R ely in g  up o n  th e  re su lts  o f te s ts  on th e  re s is tan ce  o f am ylo id  to  d igestion  
w ith  p e rfo rm ic  acid an d  try p s in , i t  m ay  he s ta te d  t h a t  th e  cases inc luded  in  
th e  p re se n t stud ies rep re sen ted  secondary  am yloidosis.

A lth o u g h  a t  necropsy , a p a r t  from  ren a l am ylo idosis , no lesions in d ica 
tiv e  o f  disease w ere found  in  o u r cases, th e  s ta b ility  te s ts  un an im o u sly  su p 
p o r te d  th e  diagnosis o f seco n d ary  am yloidosis. T h is suggests th a t  a disease, 
p re su m ab ly  o f in f la m m a to ry  n a tu re , m ust h av e  ta k e n  p lace earlier, so th a t  
i ts  lesions w ere a lread y  u n o b serv ab le  a t  th e  tim e  o f necro p sy .

O ccasionally  th e  ex ten s iv e  subendo thelia l d ep o sitio n  of am ylo id  in  th e  
g lom eruli m ay  even cause o b s tru c tio n  of cap illa ry  lu m in a  an d  d isco n tin u a tio n  
of u ltra f il tra tio n , due to  th e  fa c t th a t  g lom eru lar cap illa ries  becom e im p en 
e tra b le  fo r  th e  b lood. I f  th is  co n d ition  becom es ex ten s iv e , i t  m ay  lead  to  acu te  
k id n e y  fa ilu re  (renal insuffic iency).

H o w ev er, th e  co n d itio n  ch arac terized  by  d am ag e  o f  th e  f i ltra tio n  b a rrie r, 
w h ich  h a s  a decisive ro le in  u ltra f iltra tio n  o f b lood  p la sm a , seem s to  be fa r  
m ore  f re q u e n t. T he d am age is due  to  sub en d o th e lia l d ep osition  o f am ylo id . 
As a consequence , th e  f i l t ra t io n  b a rrie r  becom es p e rm eab le  fo r h igh-m olecular- 
w eigh t p ro te in s , re su ltin g  in  th e  appearance  of p ro te in  (p rim arily  a lbum in) in  
th e  u rin e . A lthough  tu b u la r  ep ithe lia l cells m ay  rea b so rb  considerab le am o u n ts  
o f p ro te in , sim ilar am o u n ts  (30 -34  g/1) of p ro te in  (o f w hich  6.7—14.2 g/1 is 
a lb u m in ) are  ex c re ted  from  th e  organism  in  th e  seco n d a ry  urine  (W atso n , 
1971). D ue to  th e  considerab le  (up to  even 10 g d a ily ) to ta l  p ro te in  loss (as 
m u ch  as h a lf  o f w hich m ay  be a lbum in ), th e  n u tr i t io n a l  s ta tu s  o f th e  an im als 
m ay  un d erg o  m ark ed  d e te rio ra tio n  (O sborne e t ah , 1969). T he p ro longed  
a lb u m in u ria  leads to  h y p a lb u m in aem ia . D eficiency  in  a lbum ins, th e  p lasm a 
c o n s titu e n ts  m ost im p o r ta n t  in  m ain ta in in g  co llo idal-osm otic  pressu re, re su lts  
in  o edem a in several p a r ts  o f th e  bo d y  (L ap ras , 1979; O sborne e t ah , 1968, 
1969).

T he p ro te in  p resen t in  th e  p rim ary  urine  is p a r t ly  reabso rbed  b y  th e  
tu b u la r  ep ith e lia l cells (p rim arily  tho se  of th e  p ro x im a l tu b u les), w hich will 
be seen  as hyaline  d eg en era tio n  o f th e  cells. R e a b so rp tio n  m ay  reach  such an  
e x te n t  t h a t  th e  tu b u la r  ep ith e lia l cells o v erlo ad ed  w ith  lysosom al p ro te in  
d rops becom e incapab le  o f an y  o th e r function . T he d is tu rb a n c e  of th e  selective 
re a b so rp tio n  process m ay  fu r th e r  com plicate th e  process o f secondary  u rine  
fo rm a tio n  an d  th e  d iso rders o f  b lood  p lasm a h om eostasis .

T h e  h y p a lb u m in aem ia  caused  b y  d is tu rb ed  re n a l fu n c tio n  resu lts  in  th e  
fo rm a tio n  o f oedem a in  th e  su b cu tan eo u s tissues a n d  in  th e  body  cavities
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(so -ca lled  renal oedem a). C e rta in  a u th o rs  (O pitz , 1966) n o te d  th a t ,  in  case of 
h y p a lb u m in aem ia , o ed em a  developed  fa r  less f re q u e n tly  in  dogs th a n  in  
h u m a n  beings, as c o m p a re d  to  i ts  ex p ec ted  occurrence . I n  dogs, fo rm ation  
o f  d iffuse oedem a m a y  b e  reck o n ed  w ith  if  th e  a lb u m in  c o n c e n tra tio n  of th e  
p la s m a  drops below  8 g/1 (Y am auch i e t a l., 1964).

In  add ition  to  h y p a lb u m in a e m ia , h y p e rch o le s te raem ia  is also ch arac
te r is t ic  of th e  co n d itio n . T h e  cause o f  th e  dev e lo p m en t o f  h y p erch o leste raem ia  
is  y e t  in su ffic ien tly  k n o w n  (O sborne e t  al., 1968, 1969; S lau so n  an d  G ribble, 
1971).

W e observed  m ass iv e  p ro te in u ria  in  all five  cases. T w o dogs (N os 1 and  2) 
sh o w ed  considerable d e te r io ra tio n  o f  n u tr i t io n a l s ta tu s  a n d  d iffuse oedem a, 
b o th  a ttr ib u ta b le  to  th e  p ro lo n g ed  p ro te in  loss. A lthough  th e  n ecro p sy  m ateria l 
d id  n o t  allow th e  e x a m in a tio n  o f all p a ra m e te rs  inv o lv ed , o edem a was con
s id e re d  to  be a sy m p to m  o f th e  n ep h ro tic  syndrom e.

I n  tw o dogs (N os 3 a n d  4), in  ad d itio n  to  am yloidosis o f re n a l glom eruli 
a n d  th e  resu lting  n e p h ro tic  sy n d ro m e, th ro m b o sis  occu rred : in  b o th  branches 
o f  th e  p u lm o n ary  a r te ry  in  one o f th e  dogs, an d  in  th e  p u lm o n a ry  veins and  
in  th e  v en a  cava c a u d a lis  in  th e  o th e r.

In  th is  co n tex t, w e re fe r  to  th e  s tu d ie s  o f S lauson  a n d  G ribb le  (1971), 
w h o  found  52 cases o f  re n a l am ylo idosis am ong  61 can ine  am ylo idosis  cases. 
O f th e  52 dogs, 20 w ere  fo u n d  to  h av e  th ro m b o sis  in  d iffe re n t o rgans; occa
s io n a lly  blood vessels o f  sev e ra l o rgans (p u lm o n ary  a r te ry , co ronaries of th e  
h e a r t ,  arteries of th e  sp leen  an d  k id n ey s, a r té r ia  m esen te rica , a r té r ia  iliaca, 
a . b rach ia lis  and  v en a  p o rta e )  w ere found  to  co n ta in  th ro m b i sim ultaneously . 
A cco rd in g  to  Slauson a n d  G ribb le  (1971), th ro m b u s fo rm a tio n  accom panying  
re n a l  am yloidosis is a co n seq u en ce  o f  th e  n ep h ro tic  sy n d ro m e.

A p a rt from  g lo m e ru la r  am yloidosis, n ep h ro tic  sy n d ro m e  m a y  associate 
w ith  o th e r g lom eru lopath ies. T herefo re , th e  risk  o f th ro m b o sis  is to  be reckoned 
w ith  also in  these cases, as i t  w as p o in ted  o u t b y  M üller-P ed d in g h au s e t al. 
(1978) in  th e  case o f th e  dog . T h ro m b u s fo rm a tio n  asso c ia ted  w ith  nephro tic  
sy n d ro m e  is know n to  o ccu r n o t o n ly  in  an im als b u t  also in  h u m a n  beings.

Also in  our o p in io n , th ro m b u s  fo rm a tio n  observed  in  th e  p re se n t cases 
in  th e  pu lm onary  a r te ry , p u lm o n a ry  veins an d  vena  cav a  cau d a lis  is a con
seq u en ce  of renal am ylo idosis  and  th e  re su ltin g  n ep h ro tic  sy n d ro m e .

T h e  p a th o m ech an ism  o f th ro m b o sis  observed  in  cases o f g lom erular 
am ylo idosis  is no t co m p le te ly  u n d e rs to o d  y e t; for its  c la rif ic a tio n , changes of 
a ll fa c to rs  involved in  th e  m echan ism  o f  b lood  co ag u la tio n  sh o u ld  be  stud ied . 
H o w e v e r , ce rta in  p h en o m en a  are  w o rth  m en tio n in g : am ong  o th e rs , th e  fact 
t h a t  th e  collo idal-osm otic p ressu re  o f th e  blood p lasm a u n d erg o es a sign ifican t 
d ec rea se  due to  h y p a lb u m in a e m ia , losses occur in  th e  q u a n t i ty  o f  p lasm a 
f lu id s , resu ltin g  in  th ic k e n in g  o f th e  b lood . T h is leads to  in c rea sed  v iscosity  
a n d  reduced  flow  ra te  o f  th e  b lood . B ecause  o f th e  la t te r ,  th e  ce llu la r elem ents
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o f  th e  blood (in c lu d in g  th ro m b o c y te s )  ge t to  th e  p e r ip h e ry  o f th e  c ircu la tio n . 
T h e  adhesion  b e tw een  th e  en d o th e lia l cells o f  b lood  vesse ls an d  th e  cellu lar 
e lem ents o f b lood  o ffers fa v o u ra b le  co n d itions fo r  th e  in itia l processes of 
th ro m b u s fo rm a tio n  (S lauson  an d  G ribble , 1971). I n  cases o f g lom eru lar am y 
lo idosis, h y p e rfib rin o g en aem ia , a n o th e r  p h en o m en o n  fa v o u rin g  th ro m b o tic  
ten d en cy , is also fre q u e n tly  o b serv ed  (S lauson  e t  a l., 1970; S lauson  and  
G ribble, 1971).

In  ad d itio n  to  th e  above fa c ts , d ev e lo p m en t o f th ro m b o tic  ten d en cy  may
be  fu rth e red  b y  th e  p ro d u c tio n  o f la rg e r a m o u n ts  o f  a lp ha-g lobu lin  in  th e  
o rgan ism , as a re a c tio n  to  a lb u m in  loss an d  d ecrease  o f  collo idal-osm otic 
pressu re. T h is p ro te in  w as show n  to  possess a n tif ib r in o ly tic  p ro p ertie s  (Ja c o b s
son, 1955). B ased  m a in ly  u p o n  experiences gained  b y  h u m a n  m edicine, th e  
increased  lip id  (p rim a rily  cho lestero l) co n ten t o f  b lo o d  p la sm a , w hich is a con
c o m itan t fe a tu re  o f  th e  n e p h ro tic  syndrom e asso c ia ted  w ith  am yloidosis, is 
considered  to  be a s ig n ifican t f a c to r  p red isposing  to  th ro m b o sis  (M u sta rd  et 
a l., 1964). In  th e  p rocess o f  th ro m b u s  fo rm a tio n  asso c ia ted  w ith  th e  n ep h ro tic  
syndrom e, th e  in ju r ie s  o f  th e  in tim a  of b lood vessels, a p a r t  from  th e  accom 
p an y in g  h y p o x aem ic  p h en o m en a , are  n o t consid ered  ch a rac te ris tic .

I t  is obvious from  th e  p h en o m en a  in d ica ted  ab o v e  th a t  in  th e  develop
m en t of th ro m b o sis  th e  m o st im p o r ta n t p a r t  is p la y e d  b y  th e  increased  co
agu lab ility  (h y p erco ag u lab ility ) o f b lood  w hich m a y  be su p p o rte d  b y  th e  d y s
fu n c tio n  o f th e  f ib rin o ly tic  sy s te m  (S lauson an d  G rib b le , 1971). In  all p ro b a 
b ility , o th e r  fa c to rs  m a y  also  h a v e  a role in  in d u c in g  th ro m b o tic  ten d e n c y  in  
neph ro tic  sy n d ro m e , a p a r t  fro m  th e  in v o lv em en t o f  th e  fac to rs  described  
above, th e  degree o f  w hich  v a rie s  from  case to  case.

G lom erular am ylo idosis is u su a lly  acco m p an ied  b y  regressive changes of 
tu b u la r  ep ith e lia l cells an d  a tro p h y  and  d e s tru c tio n  o f nephrons. T o g e th e r 
w ith  th e  changes o f tu b u le s , in f il tra tio n  of th e  re n a l in te rs ti t iu m  w ith  in f la m 
m a to ry  cells can  be  observed  in  th e  in itia l stages, as a reac tiv e  process. S u b 
seq u en tly , d u rin g  th e  process o f  rep a ra tio n , d e s tro y e d  nephrons are rep laced  
b y  collagenic con n ec tiv e  tissu e  (am ylo id  n ep h ro c irrh o sis , c o n tra c te d  k idney) 
w hich also leads to  ren a l insu ffic iency  (p ro longed  u raem ia) (D ahm e and 
W eiss, 1978), as i t  w as o bserved  in  one (No. 5) o f  th e  p re se n t cases.
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The trypsin- and chymotrypsin-inhibiting factor of cell extracts of Proteus vulgaris 
was studied. The inhibitor was purified by affinity chromatography. It was confirmed by  
enzymatic pretreatment that identical (or very closely adjacent) sites were responsible for the 
inhibition of both trypsin and chymotrypsin. The molecular weight of the inhibitor was in 
the range of 30,000-32,000 as determined by gel chromatography.

As opposed to  o th e r  p ro tease  in h ib ito rs , b a c te r ia l p ro tease  in h ib ito rs  
h av e  been  l i t t le  s tu d ied . H oyem  an d  S ku lberg  (1962) de tec ted  a try p s in  in 
h ib ito r  in  su p e rn a ta n ts  o f Clostridium botulinum  cu ltu re s , w hile B rech e r a n d  
P u g a tc h  (1969) d e m o n s tra te d  th e  p resence  of a non -d ia ly sab le , h e a t-s ta b le  
try p s in -  an d  ch y m o try p sin -in h ib itin g  fa c to r  in  e x tra c ts  of son ica ted  E . coli 
cells.

F o ssu m ’s w ork  (1970) w as a m a jo r c o n tr ib u tio n  to  th e  stud ies on  b a c 
te r ia l  p ro tease  in h ib ito rs . I t  in c lu d ed  ex tensive  s tu d ies  on G ram -positive  a n d  
G ram -n eg a tiv e  b a c te r ia . F ossum  (1970) found  th a t  w hile  son ica ted  cells o f 
G ram -positive  b a c te r ia  d id  n o t show  in h ib ito ry  a c tiv ity , am ong G ram -n eg a tiv e  
b a c te r ia  th e  e x tra c ts  o f  son ica ted  cells o f Proteus m irabilis , Proteus vulgaris, 
E . coli, a Klebsiella sp ., Serratia marcescens and  Pseudomonas aeruginosa in 
h ib ite d  th e  a c tiv ity  o f  try p s in , c h y m o try p s in  A an d  o f  ex trace llu la r p ro te a se s  
o f ce rta in  m icroorgan ism s. E lec tro p h o re tica lly , th e  try p s in -  and  c h y m o try p 
sin -in h ib itin g  fa c to r  ap p eared  as a single ban d .

T he p re sen t w ork  w as a im ed  a t  s tu d y in g  th e  try p s in -  and  c h y m o try p s in -  
in h ib itin g  fa c to r  o f Proteus vulgaris, a G ram -nega tive  b ac te riu m  species w ith  
re la tiv e ly  h igh  in h ib ito ry  a c tiv ity .

M aterials and  m ethods

Preparation o f inhibitor-containing crude extract

A m od ifica tion  o f  F o ssu m ’s m eth o d  (1970) w as used . T he s t r a in  w as 
in o c u la te d  on n u tr ie n t  ag a r p la te s  in  P e tr i  d ishes, in c u b a te d  a t  37 °C fo r 
2 days an d  th e  colonies w ere rem o v ed  from  th e  surface o f  th e  agar b y  w ash in g .
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T h e  cells were w ash ed  3 tim es in  ph y sio lo g ica l saline, cen trifu g ed  a t  19,000 g 
fo r  10 m in and  su sp en d ed  in  50 tim es th e ir  w e t w eight o f d istilled  w a te r. S ub
seq u en tly , th e  cells w ere  son icated  in  an  M SE  sonifier (1.2 A) fo r 40 m in. T he 
in h ib ito r  w as h e a t-s ta b le , th u s  i ts  f u r th e r  release from  th e  cells could  be 
fa c il i ta te d  b y  bo ilin g  fo r  5 m in. A fte r  c e n tr ifu g a tio n  a t  19,000 g fo r 40 m in , 
th e  su p e rn a ta n t w as exam ined  fo r in h ib ito ry  a c tiv ity  (it h a d  been  freeze- 
s to re d  u n til used). T h e  procedures d esc rib ed  above were perfo rm ed  in  tw o 
p a ra lle l series.

Determination o f  enzym e and inhibitory activities

E nzym e a c t iv i ty  w as m easu red  sp ec tro p h o to m e trica lly , in  T R IS -b u ffe r 
o f  p H  7.8. T he t ry p s in -  and  ch y m o try p s in -a c tiv itie s  were d e te rm in ed  b y  th e  
m e th o d  of S chw ert a n d  T ak en ak a  (1955) a n d  b y  th a t  o f  H u m m el (1959), 
re sp ec tiv e ly . Since in  p re lim in ary  e x p e rim e n ts  th e  tim e  of fo rm a tio n  o f th e  
en zy m e—in h ib ito r  co m p lex  h ad  been  fo u n d  to  be 1-1.5 m in , a p re in cu b a tio n  
tim e  o f 2 m in w as em ployed  in  all d e te rm in a tio n s . In h ib ito ry  ac tiv ities  w ere 
ex p re ssed  as th e  r a te  o f  enzym e a c tiv i ty  decrease.

One u n it (U) o f  enzym e a c tiv ity  is defined  as th e  a m o u n t of enzym e 
h y d ro ly s in g  1 jUmol su b s tra te  per m in . O ne u n i t  o f in h ib ito ry  a c tiv ity  is d e 
f in e d  as th e  a m o u n t o f  in h ib ito r  w hich  in a c tiv a te s  one u n it  o f  enzym e.

I f  ch y m o try p sin  p re tre a tm e n t w as u sed , th e  in h ib ito r  w as reac ted  w ith  
ch y m o try p s in  A h a v in g  50 tim es as h ig h  a c tiv ity  as th a t  o f  th e  in h ib ito r . 
T en  m inu tes la te r , th e  in h ib ito r -c h y m o try p s in  com plex th u s  form ed was 
ex am in ed  for try p s in - in h ib itin g  a c tiv ity . T ry p s in  p re tre a tm e n t w as perfo rm ed  
in  a s im ila r m an n e r: th e  in h ib ito r  w as re a c te d  w ith  try p s in  t r e a te d  w ith  tosy l- 
p h en y la lan in e  c h lo ro m e th y l ketone (T P C K  try p s in , w hich is com plete ly  free 
o f  c h y m o try p s in  a c t iv i ty ) . The try p s in - in h ib itin g  a c tiv ity  o f th e  com plex was 
d e te rm in e d  a f te r  a n  in c u b a tio n  o f 10 m in .

A ff in i ty  chromatography

C h y m o try p sin  A  (bovine p a n c re a tic , 4 X crysta llized ; B ritish  D rug  
H o u se , B D H ) w as co u p led  to  C N B r-a c tiv a te d  Sepharose 4B  (P h arm acia ) 
acco rd in g  to  th e  m e th o d  of F e in s te in  (1971). T h e  co n ju g a te  w as p acked  in to  
a co lu m n  of 0 .9 x 1 0  cm  an d  was e q u ilib ra te d  w ith  0.1 m ol b o ra te  b u ffe r 
(p H  9.0). The e x tra c t  w as e lu ted  w ith  b o ra te  b u ffe r and  th e  b o u n d  in h ib ito r  
w as desorbed  w ith  0 .05 N HC1 (p H  1.6). F ra c tio n s  of 2 m l w ere collected.

Gel chromatography

S ep h ad ex  G-75 gel (P harm acia) w as u sed  in  a co lum n o f 2 .6 x 4 0  cm , 
w ith  0.1 mol/1 T R IS -H C 1  buffer (p H  8.0) c o n ta in in g  0.2 m ol NaCl/1 used for 
eq u ilib ra tio n  and  e lu tio n , collecting 5-m l fra c tio n s . T he co lum n w as ca lib ra ted
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w ith  p ro te in s o f k n o w n  m olecu lar w eigh t: b o v in e  se ru m  alb u m in  (C albiochem  
M r 67,000), so y b ean  try p s in  in h ib ito r  (B D H , M r 21,500), cy toch rom e c (K och- 
L ig h t, M r 12,400), Cysticercus pisiform is  p ro tea se  in h ib ito r  (own p re p a ra tio n , 
N em eth  and  Ju h á sz , 1980; M r 7,100). T he m o lecu la r w e ig h t w as ca lcu la ted  
from  th e  follow ing regression  e q u a tio n :

log M r =  5.8084 —  1.5902 K av (r2 =  0.9989)

A ll d e te rm in a tio n s  w ere carried  o u t in  tr ip lic a te .

Results

The crude e x tra c ts  possessed n e ith e r  try p s in  n o r  c h y m o try p sin  a c tiv ity . 
T h e  in h ib ito ry  ac tiv itie s  are  show n in  T ab le  I.

F o r p u rific a tio n , 4 m l volum es o f b o th  e x tra c t 1 a n d  2 w ere app lied  on 
a S ep h aro se -ch y m o try p sin  colum n. T he resu lts  are in d ic a te d  in  T able I I .

No in h ib ito ry  a c tiv ity  w as d em onstrab le  in  th e  e lu a te  ob ta in ed  b y  e lu 
tio n  w ith  b o ra te  bu ffe r. U pon e lu tion  w ith  HC1, b o th  try p s in  and  chym o-

Table I

Inhibitory activities of crude extract and bacterial cell mass of Proteus vulgaris

Bacterial 
cell mass

g

Trypsin inhibitor Chymotrypsin inhibitor
Volume

ml
U/ml

U/g of 
bacterial cell U/ml

U/g of 
bacterial cell

mass mass

Extract 1 0.225 11.25 130 6,500 176 8,800
Extract 2 0.190 9.50 142 7,100 208 10,400

Table II

Recovery of the trypsin and chymotrypsin inhibitor from extracts of 
Proteus vulgaris by affinity chromatography

Inhibitory activity (U) for

trypsin chymotrypsin

extract 1 extract 2 extract 1 extract 2

Crude extract (4 ml) 520 568 704 1132
Fractions eluted by borate buffer 

(40 ml) 0 0 0 0
Fractions eluted by HC1 (4 ml) 340 344 485 715
Recovery (%) 65.4 60.6 68.9 63.2
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Fraction number

Fig. 1. Chromatography of the protease inhibitor of Proteus vulgaris on Sephadex G-75 column. 
The trypsin- and chymotrypsin-inhibiting activities of the 2-ml sample applied to the column 
were 170 and 242 U, respectively. •  — • ,  trypsin inhibitory activity; О — O ,  Chymotrypsin 

inhibitory activity. Absorbance at 280 nm was not measurable

t r y p s in  in h ib ito ry  a c tiv itie s  w ere d eso rb ed  from  th e  gel, w ith  an  efficacy  of 
60—7 0 % . T he h igh  degree o f p u rif ic a tio n  ach ieved  by  a ff in ity  c h ro m a to g ra p h y  
w as in d ic a te d  b y  th e  im m easu rab ly  low  E 280 value o f th e  HC1 e lu a te , as 
o p p o sed  to  values o b ta in e d  fo r th e  f i r s t  an d  second e x tra c t (0.254 an d  0.310, 
re sp ec tiv e ly ).

O u r fu r th e r  s tu d ie s  w ere p e rfo rm ed  to  e lucidate  th e  c lo ser s tru c tu re  of 
th e  in h ib ito r ; n am e ly , to  d e te rm in e  w h e th e r  th e  try p sin - a n d  ch y m o try p sin - 
in h ib itin g  a c tiv ity  can  be a t t r ib u te d  to  th e  sam e active s ite  o r  w h e th e r th e re  
a re  tw o  sep a ra te  ac tiv e  cen tres  localized  a t  d iffe ren t sites o f  th e  m olecule.

A fte r  c h y m o try p s in  p re tre a tm e n t, th e  in h ib ito r  so lu tio n  p u rified  b y  
a f f in i ty  c h ro m a to g ra p h y  show ed n o  try p s in -in h ib itin g  a c tiv ity . S im ilarly , 
p re tre a tm e n t  of th e  in h ib ito r  w ith  T P C K  try p s in  resu lted  in  com plete  d is
ap p e a ra n ce  of c h y m o try p s in -in h ib itin g  a c tiv ity .

T h e  in h ib ito r w as s tu d ied  b y  gel ch ro m ato g rap h y , u s in g  a S ephadex  
G -75 co lum n (F ig. 1), an d  i t  e lu ted  as a single sym m etrica l p e a k  (K iv =  0.83), 
w h ich  fa c t in d ica ted  its  hom o g en e ity . T he m olecular w eigh t o f  th e  in h ib ito r 
tvas 30 ,000-32 ,000 , as e s tim a ted  b y  co m p arin g  i t  to  s ta n d a rd  su b stan ces of 
k n o w n  m olecular w e igh t.

Discussion

T h e  su b jec t o f o u r s tud ies w as th e  try p s in -  an d  c h y m o try p s in -in h ib itin g  
fa c to r  w hich  w as f i r s t  described  b y  F ossum  (1970) as an  e lec tro p h o re tica lly  
hom ogeneous su b s ta n c e . T he p re se n t resu lts  confirm ed  th e  hom ogeneous
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n a tu re  of th e  in h ib ito r  from  th e  fu n c tio n a l p o in t o f v iew , since d u rin g  p u r i
fic a tio n  b y  a ff in ity  c h ro m a to g ra p h y  th e  in h ib itio n  of b o th  hom ologous enzym es 
w as found  to  be th e  p ro p e rty  o f th e  sam e m olecule. I n  a d d itio n  to  th e  try p s in  
an d  ch y m o try p sin  in h ib ito r , F o ssu m  (1970) sep a ra ted  e le c tro p h o re tica lly  a n 
o th e r  fac to r  in h ib itin g  b a c te ria l p ro teases . T his la t te r  in h ib ito r  w as n o t  th e  
su b je c t of th e  p re sen t stud ies.

B y  a f f in ity  c h ro m a to g ra p h y , th e  in h ib ito r  w as o b ta in ed  in  a h ig h ly  
p u rif ied  form .

B y  en zy m atic  p re tre a tm e n t, ev idence  w as p ro d u ced  th a t  th e  in h ib itio n  
o f th e  tw o  hom ologous enzym es is th e  p ro p e rty  o f th e  sam e active  s ite , or 
o f tw o  v e ry  closely a d jacen t sites, o f  th e  in h ib ito r  m olecule; th e re fo re , th e  
in h ib ito r  is n o t o f th e  “ d o u b le -h ead ed ”  ty p e .

A m ong n a tu ra l  p ro tease  in h ib ito rs , th e  ones in h ib itin g  b o th  try p s in  and  
c h y m o try p sin  an d  sim ilar to  th e  in h ib ito r  o f Proteus vulgaris are o f fre q u e n t 
occurrence: e.g. th e  p ro tease  in h ib ito rs  o f p lan ts , th e  basic  p an c rea tic  try p s in  
in h ib ito r , th e  in h ib ito rs  o f egg w h ite  e tc . (K assel, 1970) a n d  th e  in h ib ito rs  of 
p a ra s itic  h e lm in th s  (Ju h ász , 1982).

T he m olecu lar w eight o f th e  in h ib ito r  w as d e te rm in ed  b y  gel c h ro m a to 
g ra p h y . B ecause o f th e  e s tim a ted  m o lecu la r w eigh t o f 30 ,000-32,000, th e r a 
p e u tic  ap p lica tio n  of th e  in h ib ito r  m a y  m eet w ith  d ifficu lties, fo r i t  m a y  b e 
h a v e  as an  an tig en , causing a n a p h y la c tic  side effects.

S tudies on th e  biological fu n c tio n  o f th e  in h ib ito r  are  re p o rte d  in  a 
s e p a ra te  p a p e r (Ju h á sz  and  P ro h á sz k a , 1983).
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CHANGES IN THE PLASMA CONCENTRATIONS OF 
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Changes in the thyroid and gonadal function of male and female domestic chickens 
were followed up during the period of forced molt induced by 2-day deprivation of feed, drink
ing water and light, plus cold exposure. The layers showed a significant increase in plasma 
progesterone during the period of feather loss, followed by a gradual decrease, whereas plasma 
17-jS-oestradiol persisted at a low level throughout. The plasma thyroxine rose initially along 
with progesterone, persisted at an elevated level during the molt period, and tended to decrease 
as the new feathering was acquired. The triiodothyronine concentration tended to decrease 
initially, then tended to increase during feather growth.

The roosters showed an initial drop of plasma testosterone, which remained at a low  
level subsequently. The plasma thyroxine concentration tended to increase parallel to testo
sterone decrease. The plasma triiodothyronine concentration changed similarly to the layers, 
but in a not significant degree.

These experimental observations suggest the responsibility of altered thyroid-gonadal 
interaction for molt control in the male and female domestic chicken. In layers, increased 
concentrations of progesterone and thyroxine induced feather loss, through their effect exerted 
on the papillae. In roosters, the increase of thyroxine concentration and its effect on the feather 
papillae were rendered possible by the low testosterone level.

At the time of new feather outgrowth, both male and female chickens showed high 
plasma levels of thyroxine and triiodothyronine, and low plasma levels of sexual steroids.

M olting, a c h a ra c te r is tic  physio logical p rocess in  b ird s , has been s tu d ie d  
ex ten siv e ly  b y  v a rio u s  ex p erim en ta l ap p ro ach es in  b o th  dom estic an d  w ild 
b ird s . In v e s tig a tio n s  in to  i ts  endocrine  c o n tro l h a d  in itia lly  suggested  th e  
p rim a ry  resp o n sib ility  o f  th e  th y ro id  g land  (B rak e  e t ah , 1979; Cole an d  
H u t t ,  1928; D av is  an d  D av is , 1954; G lazener an d  J u li ,  1946), b u t  la te r  ev idence 
o f th e  m a jo r in v o lv e m e n t o f o th e r  end o crin e  o rg an s, such  as th e  p i tu i ta ry  
g lan d  (Ju h n  a n d  H a rr is , 1956), ad rena ls  (B rak e  e t  a l., 1979; P erek  an d  Sul- 
m an , 1959), o r gonads (H a rris  and  S h a ffn e r, 1957; J u h n  an d  H arris , 1956, 
1958; T an ab e  e t a l., 1956) led  to  p o s tu la te  an  endocrine  cooperation . In v e s tig a 
tio n s in to  th e  in flu en ce  o f  th y ro id -a d re n a l  in te ra c tio n  (B rake  e t a l., 1979) 
fa iled  to  d e te c t a n  u n eq u iv o ca l in te rre la tio n sh ip . W ith  th e  ex p erim en ta l fa c ts  
in  m ind , a fu n c tio n a l in te ra c tio n  be tw een  th e  th y ro id  g land  an d  gonads seem s 
to  rep re sen t th e  u n d e rly in g  m echanism  o f m o ltin g , b u t  th e  su b s ta n tia tio n  o f  
th is  h y p o th esis  req u ire s  in v es tig a tio n s  b y  h o rm o n e -an a ly tica l m ethods (com 
p e titiv e  p ro te in -b in d in g  analysis, rad io im m u n e  analysis) w hich, as fa r  as we 
are  in fo rm ed , h a v e  n o t y e t  been  p e rfo rm ed  to  th is  end .
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T o o b ta in  m ore in fo rm atio n  on  th e  p ro b lem , we s tu d ied  f lu c tu a tio n s  in  
th e  p la sm a  th y ro id  an d  gonadal h o rm o n e  levels o f m ale an d  fem ale dom estic  
ch ick en s in  th e  course  o f forced m o lt.

Materials and methods

Tw o p a re n t flocks of th e  E u ro h y b  b re e d , aged 57 an d  67 w eeks, re sp ec 
t iv e ly , w ere u sed  in  tw o  e x p e rim e n ta l series. B lood sam ples w ere co llected  
fro m  a re p re se n ta tiv e  g roup  of 9 b ird s  on  each  occasion, a t  w eek ly  in te rv a ls  
fro m  th e  beg in n in g  o f  m olting  till th e  new  fea th e rin g  was acq u ired . In  th e  f irs t  
e x p e rim e n ta l series 6 roosters w ere sam p led  along w ith  th e  la y e rs .

A t th e  b eg in n in g  o f forced m o lt, egg  p ro d u c tio n  w as low  (21 an d  14% ) 
in  b o th  flocks, an d  th e  sexual a c t iv i ty  o f  th e  roosters w as co n sid e rab ly  re 
d u ced . T he d a ily  r a t io n  o f  th e  fem ale  b ird s  consisted  o f 0.162 a n d  0.171 kg  
la y e r  feed , re sp ec tiv e ly , plus 0.014 k g  b a r le y  g rains; th is  leve l o f feed ing  in 
c rea sed  o v er th a t  co n sis ten t w ith  th e  ap p lied  m anagem en t te c h n iq u e . A co n 
s ta n t  p h o to p e rio d  o f  18 h daily  illu m in a tio n  plus 6 d a rk  h o u rs  w as em ployed . 
T h e  a m b ie n t te m p e ra tu re  of th e  la y e r  houses was m a in ta in e d  a t  12—16 °C 
d u r in g  th e  la s t  s ta g e  o f th e  p ro d u c tio n  period .

M olt w as in d u c e d  b y  d ep riv in g  th e  b ird s  of feed, d rin k in g  w a te r , da ily  
i l lu m in a tio n  an d  h e a tin g  for 2 days. T h e  leve l of feeding w as risen  to  th e  da ily  
r a t io n  o f  0.140 k g  la y e r  feed - f  0.010 k g  b a rle y , as scheduled  u n d e r  th e  g iven  
m a n a g e m e n t te c h n iq u e , only b y  6 w eeks o f  experim en t. T ab le  I  show s th e  
feed  a n d  d r in k in g  w a te r  supplies, an d  l ig h t regim ens applied  d u rin g  th e  m o lt
in g  period .

B lood  sam ples w ere w ith d raw n  fro m  th e  b rach ia l v e in  cnce w eekly  a t 
th e  d iffe re n t s tag es  o f  forced  m o lt. T h e  f i r s t  blood sam pling  w as ca rried  o u t 
b efo re  th e  b eg in n in g  o f  th e  e x p e rim en t. T h e  second and  th ird  b lood  sam ples 
w ere w ith d ra w n  a f te r  th e  loss o f c o n to u r  fea th e rs  and dow n fe a th e rs . N ex t 
w eek  th e  dow n fe a th e rs  grew o u t a g a in  in  th e  cerv ica l an d  th o ra c ic  reg ion  
b u t  th e  c o n to u r  fe a th e rs  were s till la c k in g . A t th e  f if th  sam pling , th e  dow n 
fe a th e rs  w ere p re se n t everyw here  e x c e p t in  th e  ta il region, an d  o f th e  co n to u r 
fe a th e rs  th e  p in ions h ad  reap p ea red . B y  th e  la s t blood sam pling  all b ird s  h ad  
acq u ire d  a com p le te  new  fea th e rin g . F o rc e d  m olt had  a less d ra s tic  effect on 
ro o s te rs  th a n  on lay e rs . T he m ale b ird s  d id  n o t exchange all p r im a ry  fea th e rs , 
an d  th e  loss an d  reap p ea ran ce  o f  th e  secondary  fea th e rs  w as less sh a rp ly  
d e lin e a te d  in  tim e . T h e  forced m o lt o f  th e  rooste rs resem bled  n a tu ra lly  occu r
rin g  m o lt in  m a n y  respec ts .

F o rced  m o lt re su lted  in  te rm in a tio n  o f  egg p ro d u c tio n  w ith in  1-2  days. 
T h e  egg y ie ld  re a c h e d  50%  o f th e  o rig in a l level during  th e  1 1 th  w eek a f te r  
th e  b eg in n in g  o f m o ltin g .
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Table I

Schedule of feeding, watering and lighting during the first six weeks of forced molt

Days of 
forced molt

Amount of food 
day/animal

Access to 
water 

h

Lighting
h

1-2 _ _ _
3-9 0.05 kg barley 2 2

10-15 0.07 kg barley 4 4
15-18 0.07 kg barley 6 6

19-21 0.04 kg barley 
0.04 kg barley

8 8

22-28 0.04 kg barley 
0.04 kg starter feed

10 10

29-32 0.04 kg barley 
0.10 kg laying feed

12 12

33-35 0.04 kg barley 
0.12 kg laying feed

12 12

36-39 0.04 kg barley 
0.13 kg laying feed

12 12

40-42 0.04 kg barley 
0.14 kg laying feed

12 12

T he p lasm a  levels  o f  th y ro id  horm ones ( tr iio d o th y ro n in e , th y ro x in e ) 
w ere d e te rm in ed  as p ro p o sed  b y  P e th es  e t al. (1977, 1978). O f th e  o v arian  
ho rm ones p ro g este ro n e  w as de te rm ined  accord ing  to  A b rah am  e t al. (1971), 
an d  17-/3-oestradiol acco rd in g  to  M ikhail e t al. (1972). T esto ste ro n e  assay  w as 
c a rr ie d  o u t b y  th e  m e th o d  o f Ja llag eas  an d  A ssenm acher (1972).

R esults

A. Layers

Group I.  P la sm a  p ro geste rone  h ad  increased  s ig n ifican tly  over th e  con tro l 
b y  th e  5 th  d a y  o f fo rced  m o lt, th e n  te n d e d  to  decrease; th e  co n cen tra tio n  
decrease found  a t  th e  en d  o f  th e  exp erim en t also w as sig n ifican t. T he p lasm a 
level o f 17-/3-oestradiol rem ain ed  evenly  low  th ro u g h o u t th e  period  o f forced 
m o lt (F ig . 1).

T he p lasm a th y ro x in e  level ten d ed  to  rise in itia lly , p e rs is ted  a t  an  even ly  
h igh  level u n til  th e  b ird s  acqu ired  fea th e rin g  aga in , th e n  te n d e d  to  decrease 
s ig n ifican tly  (P  <7 0 .001). P lasm a  tr iio d o th y ro n in e  decreased  s ig n ifican tly  in  
th e  early  stage  o f fo rced  m o lt, increased sig n ifican tly  w hen  fe a th e r o u tg ro w th
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b e g a n , an d  ten d ed  to  decrease  ag a in , to  a sign ifican t degree (P  <  0.05), b y  
th e  en d  o f th e  e x p e rim en t (F ig . 2).

Group I I .  C hanges in  p ro g este ro n e  level follow e x a c tly  th e  p a tte rn  
o b ta in e d  in  th e  case o f th e  fo rm er ex p e rim en ta l group . T he su d d en ly  rising 
f i r s t  p a r t  reaches s ig n if ican t d ifference, la te r  on th e  level o f p ro g este ro n e  drops 
a n d  tu rn s  ou t to  be s ig n ifican tly  low er. T he c o n c e n tra tio n  o f 17-/?-oestradiol 
e x h ib its  a low and n o n -f lu c tu a tin g  p a tte rn  also in  th is  g roup  (F ig . 3).

[] progesterone

P< 0.01
17-ß-oestradiol

Fig. 1. Changes of progesterone and oestradiol levels of hens (Exp. 1; n =  9)

U triiodothyronine (T3) 
[] thyroxine ГГ;,)

Fig. 2. Changes of thyroxine and triiodothyronine levels of hens (Exp. 1; n =  9)
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[ ]  p rogesteron e

Fig. 3. Changes of progesterone and oestradiol levels of hens (Exp. 2; n =  9)

Ц  tr iiod oth yron in e  (T3) 
[ ] th y r o x in e  (T4)

P <  0.001 Î4

P lasm a th y ro x in e  te n d e d  to  rise from  th e  beg inn ing  o f  th e  ex p erim en t; 
ow ing to  g rea t in d iv id u a l v a r ia tio n , increase  o v er th e  c o n tro l w as n o t sign i
f ic a n t u n til  th e  th ird  w eek, b u t  th e n  a p la te a u  follow ed, as in  th e  f ir s t  experi
m e n t. The in itia l s ig n ifican t decrease in  p lasm a tr iio d o th y ro n in e  w as also 
o bserved  in  th e  second ex p e rim e n t, b u t  th e  c o n c e n tra tio n  increase  ensuing 
a t  th e  beg inn ing  o f fe a th e r  g ro w th  w as n o t s ig n ifican t in  t h a t  in s tan ce . Since 
th e  la s t  b lood sam p lin g  could  n o t  be ca rried  o u t in  th e  second ex perim en t 
fo r tech n ica l reasons, no ev idence w as o b ta in ed  o f th e  su p p o sed  f in a l con
c e n tra tio n  decrease o f th e  tw o  th y ro id  horm ones (F ig . 4).
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^testosterone (Test)

F ig . 5. Changes of testosterone, thyroxine and triiodothyronine levels of roosters (n =  6)

B . Roosters

Group I I .  T h e  p la sm a  te s to s te ro n e  show ed a n  a b ru p t  sign ifican t decrease 
a t  th e  beginning o f  fo rced  m o lt, an d  rem ain ed  a t  a red u ced  level th ro u g h o u t.

T he in itia l s ig n if ic a n t rise  o f p lasm a th y ro x in e  w as follow ed by  a g rad u a l 
decrease, w hich reach ed  a s ig n ifican t degree b y  th e  conclusion of fe a th e r  ex 
ch an g e . T riio d o th y ro n in e  te n d e d  to  decrease w h en  m o ltin g  began , an d  rose 
s lig h tly  w hen fe a th e r  o u tg ro w th  becam e m ore in te n s iv e  (F ig . 5).

D iscussion

The p lasm a p ro g es te ro n e  co n cen tra tio n  o f  la y e r  hens is generally  low , 
e x c e p t fo r a p eak  o b serv ed  4 -7  h  before o v u la tio n  (F u r r  e t ah , 1973; L aque  
e t  a l., 1975; P éczely  e t  a l., 1980; S hab ab i et a l., 1975). T h e  basic level is re p re 
se n te d  b y  the  co n tro l g roups. T he c o n c e n tra tio n  increases observed  du ring  
fo rced  m olt m ade u p  on ly  one th ird  or one fo u r th  o f  th e  p re -o v u la tio n  p eak . 
T h is  can  p ro b ab ly  a c c o u n t fo r  lack  o f o v u la tio n , a n d  co n seq u en t absence of 
o v iposition  du ring  fo rced  m o lt. T he re la tiv e ly  h igh  p rogeste rone  level ten d ed  
to  decrease la te r. T h e  im p o r ta n t  role of p ro g este ro n e  in  m o ltin g  is in d ica ted  
b y  th e  fac t th a t  i t  w as fo u n d  to  induce m o lt in  chicks an d  hens in  ex p eri
m e n ta l conditions (A d am s, 1956; H arris  an d  S haffner, 1957; J u h n  an d  H arris , 
1956). A lthough th e  la s t-c ite d  au th o rs  used  ph arm aco lo g ica l doses o f  p ro 
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gesterone , i t  m ay  be in ferred  in  v iew  o f th e  p e r tin e n t l ite ra ry  d a ta  t h a t  in 
crease in  p ro g este ro n e  co n cen tra tio n  is p ro b a b ly  one o f th e  fac to rs  responsib le  
fo r th e  in d u c tio n  o f m olting .

F u r th e r  to  low p lasm a p ro g este ro n e , th e  even ly  low 17-/3-oestradiol con
c e n tra tio n  also w as in d ica tiv e  of a red u ced  o v a ria n  a c tiv ity . C e rta in  a u th o rs  
(P e tte rs o n  an d  C om m on, 1972) observed  reg u la r, w hile o thers (L aq u e  e t  al., 
1975; P écze ly  e t al., 1980) irreg u la r  p eak s , w hose precise role is s till obscure . 
L ittle  in fo rm a tio n  is also av a ilab le  on th e  role o f sexual stero ids in  m o ltin g  
(F a rn e r  a n d  K ing , 1972). A m o lt in h ib ito r  effect o f  exogenous o es tro g en  has 
been  re p o r te d . O ur ow n ex p erim en ta l o b se rv a tio n s  h av e  in d ica ted  t h a t  17-/3- 
o estrad io l is n o t involved  in  th e  co n tro l o f  c e r ta in  m olting  s tag es , since its  
p la sm a  c o n c e n tra tio n  did n o t change d u rin g  th e  forced m olt p rocess.

H ow ever, a perm issive e ffec t o f  low  oestrad io l on th e  m o lt-co n tro llin g  
ac tio n  o f p ro g este ro n e  c an n o t be  ru le d  o u t w ith  c e r ta in ty .

T h y ro id  in v o lv em en t in  m o lt co n tro l has long  been p o s tu la te d , b u t  som e 
ev idence a g a in s t i t  has also been  re p o rte d  (S u lm an  and  P erek , 1947; W ilson  
an d  F a rn e r ,  1960).

D ecrease  in  th e  p lasm a te s to s te ro n e  c o n cen tra tio n  of ro o ste rs  in d ic a te d  
a red u ced  te s tic u la r  a c tiv ity . T h is accords w ell w ith  th e  o b se rv a tio n  th a t  
c a s tra tio n  does n o t p re v e n t m o ltin g  (M orton  e t al., 1962), b u t  exogenous 
te s to s te ro n e  (K o b ay ash i, 1954; Y aug ien , 1955) or te s to ste ro n e  im p la n ta tio n  
does (F a rn e r  e t a l., 1980). W ild m ale b ird s  also h ad  low  p lasm a te s to s te ro n e  
levels d u rin g  th e  m olt period  (T em ple, 1974).

B ra k e  e t al. (1979) observed  in  b ird s  fa s te d  d u rin g  th e  in itia l p e rio d  of 
fo rced  m o lt a decrease in  p la sm a  th y ro x in e  w ith  th e  onset o f fe a th e r  loss, a 
su b se q u e n t increase , and  decrease again  a f te r  fa s tin g  w as te rm in a te d . A g a in s t 
th is  A ssen m ach er (1958) w as ab le to  p ro d u ce  serial m olts by  th y ro x in e  t r e a t 
m e n t, an d  M ay (1977) observed  an  a b ru p t  rise  of p lasm a th y ro x in e  in  fa s tin g  
b ird s . In  o u r ow n ex p erim en ts , th e  considerab le  in crease  in  p lasm a th y ro x in e  
c o n c e n tra tio n  m a y  h av e  been  due to  th e  jo in t  effect o f fas tin g  an d  co ld  en v i
ro n m e n t, a n d  m ay  have been , in  o u r v iew , d irec tly  or in d irec tly , re sp o n sib le  
fo r th e  in d u c tio n  o f fe a th e r  loss. D ecrease in  p la sm a  tr i io d o th y ro n in e , as fo u n d  
b y  us, h as  also been  observed  b y  o th e r  in v e s tig a to rs . M ay (1977) a n d  B ra k e  
e t a l. (1979) uneq u iv o ca lly  fo u n d  a decrease in  p lasm a triio d o th y ro n in e  d u rin g  
th e  fa s tin g  p erio d . S ta rv a tio n  m ay  h av e  been  o f  a lesser degree in  ro o ste rs  th a n  
in  lay e rs , since th e  fo rm er ta k e  up  m ore feed  th a n  th e  lay e rs , c o n s is te n t w ith  
th e ir  s tro n g e r  bo d y  co n fo rm ation , as suggested  also b y  th e  lesser decrease  
in  T 3.

T he la y e rs  show ed a d is tin c t, w hereas th e  ro o ste rs  a less d is tin c t, in 
crease in  p la sm a  triio d o th y ro n in e  d u rin g  th e  period  o f fe a th e r  o u tg ro w th . T hese 
fa c ts  s u p p o r t H ö ck er’s (1967) im p lica tio n  th a t  an  increase in  T 3 sec re tio n  
enhances fe a th e r  g row th .
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B y  c o n tra s t, B ra k e  e t  al. (1979) a rr iv e d  a t  th e  conclusion th a t  th e  T 3 
c o n c e n tra tio n  in c reases , r a th e r  th a n  decreases , in  th e  in itia l s tag e  o f  forced  
m o lt ,  an d  th e  in c rea sed  c o n cen tra tio n  is re sp o n sib le  fo r fe a th e r  loss. O u r ow n 
e x p e rim e n ta l re su lts  su g g est th a t  m o lt-a sso c ia ted  a lte ra tio n s  in  th e  g o n a d a l-  
th y ro id  fu n c tio n a l b a la n c e  ch a ra c te ris tic  o f  th e  a d u lt  m ale an d  fem ale ch icken  
a re  o f  decisive im p o rta n c e . T his fu n c tio n a l in te rre la tio n sh ip  h ad  b een  in fe rred  
e a r lie r  b y  H im eno a n d  T a n a b e  (1957).

S ignifican t in c re a se  in  p lasm a p ro g este ro n e  along w ith  th y ro x in e  d u rin g  
th e  e a r ly  stage o f  m o ltin g  seem s to  develop  a d ire c t synerg istic  ac tio n  on th e  
f e a th e r  papillae  a n d  to  acco u n t th e re b y  fo r fe a th e r  loss in  fem ale b ird s . T his 
a s su m p tio n  agrees w ell w ith  th e  o b se rv a tio n  o f  H arris  and  S haffner (1957) 
t h a t  s im u ltaneous feed in g  o f  th y re o p ro te in  e n h a n c e d  th e  m o lt-induc ing  effect 
o f  exogenous p ro g este ro n e .

D ecreased te s t ic u la r  fu n c tio n , observed  in  ro o ste rs  du ring  th e  early  stage  
o f  m o ltin g , w as acco m p an ied  b y  an  increase  in  th y ro id  fu n c tio n . A ssocia tion  
o f  decrease  in  p la sm a  te s to s te ro n e  w ith  an  in c rease  in  th y ro id  ho rm one levels 
a lso  occurs in  m ale  b ird s  (Ja llag eas  an d  A ssen m ach er, 1972, 1974; P éczely  
e t  a l., 1979).

W e believe t h a t  w hile  tr iio d o th y ro n in e  en h an ces fe a th e r  g row th , p lasm a  
p ro g este ro n e , 17-/3-oestradiol and  te s to s te ro n e  rem a in  a t  low levels.

T h e  availab le  e x p e rim e n ta l o b se rv a tio n s  do n o t p e rm it u n eq u iv o ca l co n 
c lusions on th e  m ech an ism  o f m o lting  w h en  a n a ly se d  b y  aspects o f  co m p ara tiv e  
physio logy , ow ing in  a ll p ro b a b ility  to  species-specific  d ifferences in  th e  h o r
m o n a l con tro l o f th e  m o ltin g  cycle (P a y n e , 1972). F u r th e r  in v es tig a tio n s  in to  
th e  prob lem  shou ld  be  b ased , as p roposed  b y  F a rn e r  (1981), on s tu d ies  o f th e  
h o rm o n e  recep to rs  o f  fe a th e r  follicles b y  ra d io  recep to r assay.
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In three series of experiments, the effect of NaCl and water loading was investigated 
on the electrolyte and water metabolism in sheep provided with rumen fistulae, and catheters 
in the parotid duct, ureter and v. jugularis. The animals were supplied with different amounts 
of NaCl and water previously. 24Na+ was used in the experiments.

The Na+ concentration in the saliva decreased and the K + concentration increased 
considerably on the effect of insufficient NaCl supply. This resulted in a significant decrease 
of the N a +/K + quotient. In the case of sufficient NaCl supply, 24Na+ appeared in the saliva 
four times faster than in the case of insufficient NaCl supply.

Close connection was found between the secretion of saliva and urine flow. The decrease 
of the NaCl supply caused a diminution of the diuresis and saliva secretion as well as a decrease 
in the amount of Na+ and K + excreted with the saliva and urine. The urine flow increased 
on the effect of NaCl loading but the saliva secretion did not change. Large amounts of N a+ 
and K + were excreted in the urine. Thirst, through the consequent water overcharge changed 
the volume of rumen fluid and its osmotic pressure. This made an alteration in the diuresis 
and saliva production and in the amount of N a+ and K + excreted with urine and saliva. 
In conclusion, the change of the osmotic pressure of the rumen fluid influences the water and 
electrolyte metabolism of ruminants rapidly and significantly.

T he w a te r an d  e lec tro ly te  c o n te n t o f th e  ru m en  h as  an  im p o r ta n t role 
in  th e  reg u la tion  o f  w a te r  an d  e lec tro ly te  m etabo lism  in  th e  sheep (W ilson, 
1968; W arn er and  S tan cy , 1972a, 6; T om as et a l., 1973; W ilson  and  D udinsk i,
1973).

T he ion  co n c e n tra tio n  o f th e  ru m en  flu id  f lu c tu a te s  w ith in  a w ide range 
(E n g lish , 1966, 1967). D a ta  on flu id  exchange b e tw een  th e  ru m e n  co n ten t an d  
th e  ep ithe lium  p o s tu la te  th a t  ex ten siv e  w a te r and  e lec tro ly te  tra n sp o rt tak es  
p lace  across th e  ru m e n  w all (S co tt, 1967; W arn e r an d  S ta n c y , 19726). T hus, 
a change in  th e  osm otic  p ressu re  o f th e  ru m en  flu id  ca n  m odify  th e  w a te r  
space o f  th e  bo d y  (E n g e lh a rd t, 1970).

D iuresis is m a in ly  responsib le  fo r th e  re la tiv e  co n s ta n c y  of th e  w a te r  
space as well as th e  d is tr ib u tio n  o f e lectro ly tes, a lth o u g h  sa liva  secretion  is

* Work performed under Contract No. 1886/Ri/RB, International Atomic Energy 
Agency (IAEA), Vienna. This report constitutes a contribution to the FAO/IAEA Coordinated 
Research Programme on the Water Requirements of Tropical Herbivores as supported by the 
Swedish International Development Authority (SIDA).
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also  o f g rea t im p o rtan ce  in  ru m in a n ts  (C oats and  W rig h t, 1957; P o tte r , 1961, 
1963; S tan cy  an d  B ro o k , 1964; P ick e rin g , 1965).

I n  previous e x p e rim e n ts  ( Ju h á sz  e t  a l., 1977) on  sheep , we s tu d ied  th e  
e ffec t o f w a te r or s a lt lo ad in g , as w ell as th e  effect o f  w a te r  p lus s a lt load ing , 
o n  th e  ex trace llu la r (EC ) space  a n d  on u rine  flow . A ccord ing  to  our resu lts, 
w a te r  load ing  caused  a g ra d u a l e n la rg e m e n t o f th e  EC  sp ace  an d  developed 
a hypoosm otic  h y p e rv o laem ia  to g e th e r  w ith  a h y p o o sm o tic  diuresis. A dm i
n is tra t io n  of s a lt  d id  n o t  a l te r  th e  EC  space essen tia lly . S im ila rly , th e  diuresis 
c h a n g e d  only  s lig h tly , an d  a  h ig h ly  c o n cen tra ted  u rin e  w as ex c re ted . The 
w a te r-p lu s -sa lt lo ad in g  w as fo llow ed  b y  abso rp tion  o f  b o th  substances from  
th e  ru m en . T he N a + w as ab so rb ed  slow er th a n  th e  w a te r , th e re fo re , th e  
p la sm a  N a + c o n c e n tra tio n  d id  n o t  change in  th e  f i r s t  h o u r , b u t  th e  EC space 
in c re a se d . F irs t  an  isoosm otic  h y p erv o laem ia , th e n  a hy p ero sm o tic  h y p e r
v o la e m ia  developed , th e  tu b u la r  re -ab so rp tio n  o f N a + d ecreased  and  th e  d i
u re s is  increased . T h u s, a re la tiv e ly  la rg e  am o u n t o f h y p ero sm o tic  u rine  was 
e x c re te d .

In  ou r p re sen t e x p e rim e n ts , th e  m echanism  of re g u la tio n  o f w a te r  and  
e le c tro ly te  m etabo lism  w as ex am in ed  in  sheep supp lied  p rev io u sly  w ith  dif
f e r e n t  q u a n titie s  o f s a lt  o r w a te r  an d  a f te r  an  acu te  sa lt, o r w a te r, load ing

M ateria ls and  m ethods

T h e  ex p erim en ts  w ere c a rr ie d  o u t in  15 M erino sheep  w eighing  30 kg, 
p ro v id e d  w ith  ru m en  f is tu la e  an d  indw elling  c a th e te rs  in  th e  p a ro tid  duct, 
u r e te r  and  ju g u la r  ve in .

In  th e  f ir s t  an d  second  series o f th e  ex p erim en ts , th e  an im als were 
d iv id e d  in to  th re e  g roups (A, B , C), in  w hich  th e  N aC l su p p ly  in  th e  d ie t was 
p le n tifu l (5 .0%  N aC l; g roups A ), su ffic ien t (1 .0%  N aC l; B) an d  defic ien t 
(0 .1 % ; C) for 4 w eeks. E a c h  g ro u p  consisted  o f 5 an im als . T h e  d ie t con ta ined  
0 .4  k g  m ix tu re  o f coarse  m eal (w ith  v ita m in  and  m inera l p rem ixes) and  0.5 kg 
h a y . In  th e  acu te  e x p e rim e n ts , 300 m l w a te r  co n ta in in g  17.1 g N aC l/kg body 
w e ig h t and  7.4 M Bq 24N a + w ere g iven  in to  th e  ru m en .

In  th e  th ird  series o f  th e  ex p e rim e n ts , anim als w ere g iven  w a te r  ad  lib . 
(g ro u p s  D and  F) an d  o th e rs  w ere d ep rived  o f w a te r  fo r 48 h  (group  E ). The 
s a l t  lo ad  was 17.1 m m ol/kg  b o d y  w eig h t in  groups D an d  F  an d  12.8 m m ol/kg 
b o d y  w eigh t in  group  E . In  a ll cases, th e  N aCl w as d isso lved  in  300 m l w ater, 
to g e th e r  w ith  7.4 M B q 24N a  + . T h e  w a te r  load  w as 80 m l/kg  body  w eight 
(g ro u p  F ), w hich also c o n ta in e d  7.4 M Bq 24N a + .

T he change o f  N a + a n d  K + co n cen tra tio n s , as w ell as th e  ra d io a c tiv ity , 
w ere  d e te rm in ed  in  p la sm a , sa liv a , u rine  an d  ru m en  flu id . T h e  ra te  o f saliva 
se c re tio n  and d iu resis w as m easu red  an d  reg istered  a u to m a tic a lly  an d  each
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w as co llected  in to  frac tio n s . In  th e  a c u te  ex p erim en ts , w h ich  la s ted  400 m in , 
th e  va lu es  w ere d e te rm in ed  in  th e  f i r s t  40 m in , b efo re  lo ad in g  w ith  s a lt  or 
w a te r  (Ju h á sz  e t a l., 1975, 1976a, 6; 1977).

E ach  v a lu e  p re sen ted  in  T ab les I -V I  rep re sen ts  th e  m ean  o f th e  re su lts  
o b ta in e d  d u rin g  th e  ex p e rim en ta l period . W e did  n o t  p re se n t th e  values o f all 
s ta tis t ic a l  ca lcu la tio n s because on ly  th o se  re su lts  w hich  show ed th e  g re a te s t  
changes w ere e v a lu a te d  b io logically .

R esults

In  th e  f ir s t  series o f exp erim en ts , we s tu d ied  th e  N a + and  K + co n 
c e n tra tio n s  o f th e  p la sm a  and  th e  sa liv a , fu r th e rm o re , th e  N a +/K + q u o t ie n t  
in  th e  sa liva  on an im als  p rov ided  w ith  d iffe ren t s a lt supp lies (A, В a n d  C) 
a f te r  an  in tra ru m in a l N aC l overcharge. W e m easu red  th e  a c tiv ity  of th e  24N a  + 
(cpm ) in  th e  p lasm a ab so rb ed  from  th e  ru m e n  an d  its  ap p ea ran ce  in  th e  s a liv a . 
W e d e te rm in ed  th e  space  o f tim e  req u ired  b y  th e  a c t iv i ty  o f th e  sa liv a  to  
exceed th e  a c t iv i ty  o f  th e  p lasm a. In  th e  f i r s t  e x p e rim e n ts , th e  m ean  c o n 
c e n tra tio n s  o f N a + in  th e  p lasm a before th e  s a lt load in g  w ere  b e tw een  141 an d  
149 mmol/1 an d  th o se  o f  K + be tw een  4.3 an d  4.8 mmol/1 (T able I). A fte r th e  
sa lt lo ad in g , changes could  be observed  on ly  in  g roups A an d  B.

Table I

The effect of different salt supplies on Na + and K + concentration of plasma and 
saliva in sheep before and after salt loading*

Groups Salt supply
NaCl in 
fodder

%

Plasmia Saliva

Na+/K+ Minutes**Na + K+

mmi

Na+

,1/1
K+

before 142 4.7 182 4.8 38
A plentiful 0.60 и

after 157 4.6 178 4.3 41

before 141 4.8 155 5.4 28
В sufficient 0.45 42

after 152 4.7 173 5.2 33

before 149 4.3 116 12.6 9
C deficient 0.20 40

after 153 4.2 147 8.9 17

* NaCl load was 1 g/kg body weight given into the rumen.
** The time being necessary for the radioactivity of saliva (cpm21Na) to exceed that of plasma.
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I n  c o n tra s t to  th e  p lasm a , th e  N a + co n cen tra tio n  o f  th e  sa liv a  before 
s a l t  lo ad in g  was d iffe ren t in  th e  various g ro u p s and  show ed a p o sitiv e  co rre la 
t io n  w ith  th e  sa lt in ta k e . T he K + c o n c e n tra tio n  in  th e  sa liv a  changed  in 
v e rse ly  to  th e  N a + in ta k e  (A , 4 .8; B , 5.4  a n d  C, 12.6 mmol/1). A fte r  sa lt lo a d 
in g , th e  N a + c o n c e n tra tio n  rose only  in  g ro u p s В and  C. T h e  K + c o n cen tra tio n  
d id  n o t  a lte r  in  g roups A an d  В an d  dec reased  in  C.

B efore th e  s a lt lo a d , th e  N a +/ K + ra t io  in  th e  sa liva  h a d  th e  follow ing 
av e ra g e  v alues: 38 (g roup  A ), 28 (B) an d  9 (C). A fter th e  sa lt lo ad , th e  N a +/K  + 
ra t io  increased  s ig n ifican tly  in  g roup  C.

I n  group A, th e  tim e  necessary  fo r th e  ra d io a c tiv ity  o f  sa liva  to  exceed 
t h a t  o f  p lasm a w as 11 m in , w hereas in  g roups В and  C i t  averaged  41 m in  
(T ab le  I).

I n  th e  second series (T able I I )  th e  r a te s  o f saliva p ro d u c tio n  an d  diuresis, 
fu r th e rm o re , th e  ra te s  o f  secre tion  an d  ex c re tio n  of N a + a n d  K + w ere s tu d ie d  
b e fo re  an d  a fte r  sa lt lo ad in g  in  an im als w ith  d iffe ren t s a lt supp lies (A, В an d  C).

B y  p len tifu l s a lt  su p p ly , th e  r a te  o f  sa liva  secre tion  w as 0.81 m l/m in  
b e fo re , an d  0.88 m l/m in  a f te r , s a lt lo ad in g  (group  A). T he ra te s  o f N a + an d  
К + secre tion  did n o t  ch an g e  s ig n ifican tly . T h e  ra te  o f u r in e  p ro d u c tio n  in 
c rea sed  a fte r  sa lt lo ad in g , as d id  N a + an d  K + excre tion .

T h e  saliva p ro d u c tio n  ra te  o f sheep w ith  su ffic ien t s a lt su p p ly  (g roup  B) 
d ec reased . T he ra te  o f  sa liv a ry  N a + a n d  K + secretion  decreased  from  97 to  
66 a n d  from  3.2 to  2.8  /rm ol/m in, re sp ec tiv e ly . A fter sa lt lo ad in g  th e  ra te  of 
d iu re s is  an d  th e  N a + a n d  K + ex cre tio n  in c reased .

I n  th e  an im als w ith  d e fic ien t sa lt supp lies (group C) th e  sa liva  secre tion  
a n d  th e  ra te  of N a + a n d  K + sec re tio n  decreased . In  c o n tra s t ,  th e  ra te  o f

Table II

The effect of salt load* in sheep supplied previously with different quantity of NaCl

Saliva secretion Salivary Na+ Salivary K+ Urinary volume Urinary Na + Urinary K  +

Groups
before after

before after before after
before after

before after before after
load load load load load load load load load load

ml/min /jmol/min ml/min ^mol/min

A
plentiful 0.81 0.88 161 159 3.8 3.9 0.79 1.24 44 184 243 305

В
sufficient 0.70 0.45 97 66 3.2 2.8 0.66 0.84 36 140 42 104

c
deficient 0.56 0.40 50 43 2.6 2.4 0.39 0.56 15 87 61 113

* NaCl load 1 g/kg body weight, given into the rumen.
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d iu resis, th e  N a + and  th e  K + ex c re tio n  increased  a f te r  s a lt  load ing . As show n 
in  T ab le  I I ,  th e  ra te  o f  N a + ex cre tio n  in  th e  urine an d  sa liv a  w as re la te d  to  
th e  level o f  N a + in tak e .

I n  th e  th ird  series o f  ex p e rim en ts  we s tud ied  th e  e ffec t o f sa lt load ing  
on  an im als  w ith  w a te r  su p p ly  ad  lib . (g roup  D) and  on  th ir s tin g  an im als (E).

W e com pare th e  re su lts  o f  th e se  experim en ts w ith  th e  values o f experi
m en ts  ca rried  o u t on  an im als  p rev io u sly  supplied  w ith  w a te r  ad  lib . an d  a fte r 
o v erch arg ed  w ith  w a te r  (group  F ). T h e  N a + c o n cen tra tio n  an d  th e  volum e 
o f ru m e n  flu id  w as increased  b y  th e  s a lt  overcharge (T ab le  I I I ) .  I n  b o th  of 
g roups D an d  E  th e  N a + c o n c e n tra tio n  becam e m ore th a n  double an d  th e  
ru m en  f lu id  increased  to  1.3-fold in  vo lum e. T he K + c o n c e n tra tio n  d id  n o t

Table III

The change of N a+, K+ and fluid content in the rumen

Water supply and 
loading

Na+

mmol/1

K+ Rumen fluid 
litre

D) ad lib. 92 29 2.1
NaCl loading 1.0 g/kg bw* 241 28 2.7

E) thirst, 48 h 164 20 0.7
NaCl loading 0.75 g/kg bw* 431 18 1.0

F) ad lib. 100 26 1.8
water loading 80 ml/kg bw* 60 16 5.0

r weight.

The N a+ and K +

Table IV

concentration of the pilasma

Water supply and Na+ K+
Minutes*loading

mmol/1

D) ad lib. 143 4.4 —

NaCl loading 1.0 g/kg bw 150 3.7 32

E) thirst, 48 h 156 4.1 —

NaCl loading 0.75 g/kg bw 158 4.1 14

F) ad lib. 153 4.3 —

water loading 80 ml/kg bw 148 3.7 38

* The time being necessary for the radioactivity of saliva (cpm 24Na) to exceed the activity of 
the plasma.
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ch an g e  appreciably . O n  th e  effect o f w a te r  overcharge, th e  vo lum e o f ru m en  
f lu id  increased from  1.8 to  5.0 litre s , an d  th e  N a + an d  K + co n cen tra tio n  
dec reased  from  100 to  60 an d  from  26 to  16 mmol/1, resp ec tiv e ly .

In  anim als su p p lied  p rev io u sly  w ith  w a te r  ad  lib . (g roups D and  F) th e  
N a + concen tra tion  o f  th e  p lasm a  a fte r  N aCl or w a te r  lo ad in g  d id  no t change 
s ig n ifican tly  (Table IV ). I n  b o th  groups, th e  K + c o n c e n tra tio n  o f th e  p lasm a 
d ecreased . A fter th i r s t  (g ro u p  E ), th e  N a + co n c e n tra tio n  show ed  a h igh va lu e  
(156 mmol/1) w hich in c rea sed  l i t t le  on th e  effect o f N aC l load ing ; th e  K  + 
c o n cen tra tio n  o f th e  p la sm a  did  n o t change.

A fter salt lo ad in g , th e  tim e  being  necessary  fo r th e  a c tiv ity  of sa liva  to  
ex ceed  th e  ac tiv ity  o f  th e  p la sm a  w as 32 m in  in  th e  an im als  w ith  w a te r  supp ly  
ad  lib . (group D). I n  th e  case o f sa lt load ing  a f te r  th ir s t  (g ro u p  E) th is  tim e  
w as considerably  s h o r te r . A fte r w a te r  overcharge  in  th e  an im als  w ith  a p re 
v io u s  w ate r supply  ad  lib . (g roup  F ), th e  process w as slow er a n d  la s ted  38 m in .

T he N a + c o n c e n tra tio n s  o f th e  sa liva  w ere n e a rly  id e n tic a l in  g roups 
D , E  and  F  before lo a d in g  (T able V). O n th e  effect o f N aC l load ing  th e  con
c e n tra tio n s  increased s lig h tly , w hereas th e y  decreased  a f te r  w a te r  overcharge. 
In  th e  sam e groups, th e  K + co n cen tra tio n s  w ere 5.0 mmol/1 before  th e  o v er
ch a rg e  and  o f th irs tin g  an im als  (group  E ) 4 .6  mmol/1, w h ich  in  th e  sa liva  d id  
n o t  change after s a lt o v e rch a rg e . In  an im als supp lied  w ith  w a te r  ad lib . (groups 
D an d  F ), bo th  sa lt a n d  w a te r  load ing  caused a decrease in  th e  K + co n cen tra 
t io n  o f saliva.

Before the  lo a d in g , th e  ra te  o f sa liva  secre tion  w as 1.41 m l/m in in  th e  
th ir s t in g  anim als (g ro u p  E ) an d  in  th e  g roups o f w a te r  su p p ly  ad  lib . (g roups 
D an d  F) 0.86 an d  0 .57 m l/m in . O n th e  effect o f N aC l lo ad in g , th e  v a lu es  
d ecreased  p a rtic u la rly  in  th irs tin g  an im als. T he w a te r  overcharge  d id  n o t 
ch an g e  th e  ra te  o f s a liv a  secre tion .

Table V

The N a+ and K+ concentration and the secretion rate of saliva, 
as well as the rate of N a+ and K + secretion

Water supply and 
loading

Na+ K +

mmol/1

Secreted

rate
ml/min

Na + K+

/jmol/min

D) ad lib. 176 5.1 0.86 152 4.4

NaCl loading 1 g/kg bw 181 4.7 0.68 122 3.2

E) thirst, 48 h 179 4.6 1.41 255 6.2

NaCl loading 0.75 g/kg bw 189 4.6 0.84 157 3.7

F) ad lib. 173 5.0 0.57 98 2.8

water loading 80 ml/kg bw 169 4.2 0.59 100 2.5
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Table VI

The N a+ and K + concentration of urine, the rate of urine flow and 
the rate of N a+ and K+ excretion

Na+ K+ Excreted
Water supply and 

loading
mmol/1

Excretion
rate

ml/min
Na+ K + 

/imol/min

D) ad lib. 107 218 1.07 114 233
NaCl loading 1 g/kg bw 211 62 1.42 300 88

E) thirst, 48 h 167 284 0.51 85 145
NaCl loading 0.75 g/kg bw 284 291 0.35 100 105

F) ad lib. 16 47 4.90 78 230
water loading 80 ml/kg bw 50 71 4.90 245 348

Before th e  lo ad in g , th e  ra te s  o f  N a + an d  K + sec re tio n  w ere th e  h ighest 
in  th e  th irs tin g  an im als (g roup  E ). In  th e  an im als su p p lied  w ith  w a te r  ad 
lib . th e  v alues w ere low er. O n th e  effect o f s a lt lo a d in g  all values becam e 
considerab ly  low er, especia lly  th o se  of th irs tin g  an im als  in  group E . In  th e  
case of w a te r overcharge, th e  ra te  o f N a + secre tio n  d id  n o t change b u t  th a t  
o f th e  K + secre tion  decreased .

T he N a + an d  K + co n cen tra tio n s  of u rin e  w ere  h ig h er for th irs tin g  
an im als th a n  fo r an im als  supp lied  w ith  w a te r ad  lib . befo re  th e  overcharge 
(Table Y I). T he N aCl, as w ell as th e  w a te r  o v erch arg e , caused  an  increased  
N a + co n cen tra tio n  in  all cases. O n th e  effect o f s a lt  lo ad ing , th e  K + co n 
c e n tra tio n  d id  n o t change in  th e  urine  a f te r  th ir s t ,  b u t  becam e fa r low er a fte r 
ad  lib . w a te r su p p ly ; i t  fell from  218 to  62 mmol/1. A fte r  overcharge w ith  
w a te r , th e  K  + c o n c e n tra tio n  o f urine  increased  fro m  47 to  71 mmol/1.

In  group F  th e  ra te  o f  u rine  flow  w as 4.9 m l/m in  b efo re  th e  w a te r  o v er
ch arg e  and  did  n o t change a f te r  it. In  sp ite  o f th is  fa c t,  th e  ra te s  of N a + and  
K + excre tions in creased , due  to  th e  increase o f  th e ir  co n cen tra tio n s  in  th e  
u rine . T he sa lt lo ad in g  re su lte d  in  an  increased  ra te  o f  diuresis and  o f N a + 
ex cre tio n  (from  114 to  300 pm ol/m in), and  in  a re d u c e d  K + excretion .

A fte r th ir s t  th e  r a te  o f  u rin e  flow  w as v e ry  slow  (0.51 m l/m in) an d  on 
th e  effect o f N aCl o v erch arg e  i t  becam e s till slow er (0.35 m l/m in). T he ra te  
o f N a + ex cre tio n  in c reased  on ly  an d  th e  K + d ec reased  sligh tly .

Discussion

T he q u a n ti ty  o f th e  N a + secreted  in  th e  ov ine sa liv a  is d ep en d en t on 
th e  to ta l  sa lt c o n te n t o f  th e  sheep o rgan ism , w hich  in  tu rn  depends on th e  
N aCl in tak e  in  th e  fo d d er. T h e  N a + secre tion  in  th e  s a liv a  increases w ith  an
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in c re a s in g  in ta k e  o f  N aC l. I n  case o f  de fic ien t saline su p p ly  (g ro u p  C) th e  con
c e n tra t io n  of K + redoub les in  th e  sa liva . T he tim e  re q u ire d  b y  th e  cpm - 
n u m b e r  o f 24N a + to  becom e h ig h e r  in  th e  sa liva  th a n  in  th e  p la sm a  is th e  
s h o r te s t  in  an im als w ith  p le n tifu l s a lt su p p ly  an d  in  th e  c o n tro l g roup ; in  th e  
case  o f  anim als w ith  d e fic ien t s a lt su p p ly , th e  space o f tim e  is  lo n g e r (D en ton , 
1956; C oats and  W rig h t, 1957; D obson  e t a l., 1960; W a rn e r  an d  S tancy , 
1972a; S co tt, 1967).

O ur ex perim en ts h a v e  show n th a t  th e  sa liva  secretion  a n d  th e  urine  flow  
c h a n g e  rec ip rocally  d u rin g  th e  re g u la tio n  o f w a te r  and  e le c tro ly te  m etabolism , 
m a in ly  in  th e  case o f  su ffic ien t an d  de fic ien t sa lt supp ly  a f te r  N aC l or w ate r 
lo a d in g . A fter lo ad  w ith  saline, th e  N a + su rp lu s  is excre ted  o n ly  b y  th e  u rine , 
w h ile  th e  N a + c o n c e n tra tio n  a n d  secre tion  in  th e  saliva decreases . W hen  th e  
N aC l in ta k e  in  th e  food  is low  th e  N a + an d  K + q u a n titie s  secre ted  in  th e  
s a liv a  an d  in  th e  u rin e  decrease (P o tte r , 1961, 1963 and  1968; P ick erin g , 1965; 
E n g lish , 1966, 1967; A n d erso n  an d  O lsson, 1970). In  all cases, th e  NaCl load 
in c reases  th e  ex c re ted  q u a n titie s  o f  N a + an d  K + in  th e  u rin e  b u t  n o t in  
th e  saliva.

C om paring th e  re su lts  o f ru m en  ex perim en ts w ith  th o se  o f saliva and 
u r in e  experim en ts w e can  s ta te  t h a t  th e  increase o f th e  e lec tro ly te  (N a +) 
c o n c e n tra tio n  in  th e  ru m en  c o n te n t —  in  consequence o f  sa line  load ing  —• 
cau ses  a h igher N a + a n d  a low er K + co n cen tra tio n  in  th e  u r in e  (S co tt, 1967, 
1975). I n  th is case th e  ra te  o f  sa liv a ry  secre tion  decreases a n d  th a t  of th e  
u r in e  flow  increases. I n  th is  w ay , th e  u r in a ry  excretion  o f  N a + becom es six 
t im e s  h igher b u t  th e  sa liv a ry  secre tion  o f N a + decreases (S c o tt, 1969).

T h irs t causes an  increase o f  N a + co n cen tra tio n  in  th e  ru m e n  co n ten t; 
i t  redoub les th e  ra te  o f  sa liv a ry  secre tion  an d  reduces th e  d iu resis  to  its  half. 
T h e  secre tion  an d  ex cre tio n  o f N a + increases. I n  th e  case o f th i r s t ,  m ore flu id  
a n d  N a + re tu rn s  to  th e  ru m en  in  th e  sa liv a , b u t  less is ex c re ted  in  th e  u rine.

T he in tak e  o f  N aC l a f te r  th i r s t  increases th e  N a + c o n c e n tra tio n  of th e  
ru m e n  co n ten t (W ilson , 1966, 1967 an d  1968; W arn er a n d  S tan cy , 19726; 
W ilso n  and  D udinsk i, 1973; T om as e t al., 1973). This re su lts  in  an  increase 
o f  N a + co n cen tra tio n  o f  th e  u rin e . T h e  p a ro tid  glands an d  th e  k idneys re a c t 
to  th is  w ith  a decrease o f  th e  secre tion  ra te  an d  th u s  th e  u r in a ry  N a + excre
t io n  does n o t change.

T h e  w a te r overcharge  increases th e  q u a n ti ty  of th e  ru m e n  c o n te n t and  
red u c e s  th e  N a + an d  K + co n cen tra tio n s  in  i t .  A t th e  sam e tim e , th e  N a + and  
К + co n cen tra tio n s increase  in  th e  u rin e  an d  th e ir  ex c re tio n  increases, to o . 
C om paring  our e x p e rim e n ta l re su lts  again  we can  estab lish  t h a t  th e  in tak e  
o f  e lec tro ly tes and  w a te r , or th e  th i r s t  do n o t change s ig n if ic a n tly  th e  iso ton ia  
a n d  iso ionia , b u t  th e y  h av e  a q u ick  an d  s ign ifican t effect on  th e  e lec tro ly te  
c o n c e n tra tio n  an d  on  th e  secre tio n  o f sa liva  and  u rine . T h e  N aC l loading  
in c reases  generally  th e  N a + co n cen tra tio n  in  th e  u rine , as w ell as th e  u rine
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flow , an d  i t  decreases th e  К + c o n c e n tra tio n  in  th e  u rin e  an d  th e  secre tion  
o f  th e  sa liva . T h irs t redoubles sa liv a ry  secretion , b u t  decreases th e  d iu resis. 
T h irs t is fo llow ed b y  an  increase in  th e  N a + secre tion  in  th e  saliva and  b y  an  
increase in  N a + ex cre tio n  in  th e  u rin e . T he sa lt lo ad in g  a fte r  th ir s t  decreases 
b o th  th e  sa liv a ry  secre tion  and  th e  d iuresis, as w ell as th e  N a + secre tion  in  
th e  sa liva . T h e  w a te r  overcharge  increases th e  N a + co n cen tra tio n  in  th e  
urine  b y  th e  effect o f  ru m en  flu id  increase  and  th e  ex c re tio n  of N a + increases 
th ree fo ld  in  th e  u rin e .

T he fo llow ing  conclusion ca n  be  d raw n  from  o u r re su lts : th e  ch an g e  
o f th e  osm otic  p ressu re  in  th e  ru m e n  influences th e  w a te r  and  e lec tro ly te  
m etab o lism  o f th e  organism  qu ick ly  an d  sign ifican tly .
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The effects of sexual steroids (17-/?-oestradiol alone and of its combination with pro
gesterone and/or testosterone) on blood levels of total lipid, carotene and lipid-soluble vitamins 
A and E were investigated in non-laying hens. During a treatment of four weeks, the plasma 
levels of these compounds were measured weekly.

The total lipid content increased systematically in the groups treated with oestradiol, 
and oestradiol -f- progesterone. The carotene level showed non-significant variations. The 
vitamin E content of plasma increased significantly in the oestradiol-treated group at the 
end of the first week of treatment. The retinyl ester level showed a peak in the second week 
in the oestradiol-treated group. The changes in the retinol level were similar to those in 
vitamin E.

F at-so lub le  v ita m in s  are  im p o rta n t fac to rs  in  p o u ltry  n u tr itio n . T he 
req u irem en t is d ifficu lt to  d e te rm in e  because i t  d ep en d s  on age, body  m ass 
an d  sexual m a tu r i ty .

T he p lasm a levels o f  sex u a l stero ids f lu c tu a te  d u rin g  th e  ovarian  cycle. 
T h e  effects of th e ir  changes e x te n d  to  th e  v ita m in  t r a n s p o r t  as well. E ffec ts  
o f  sex u a l ste ro id s  on v ita m in  A tra n sp o r t  w ere f i r s t  p u b lished  m ore th a n  
30 years  ago. C h ap m an  (1947) found  th a t  in  im m a tu re  ch icken  th e  v ita m in  
A level in  p lasm a in c reased  a fte r  tre a tm e n t w ith  17-/3-oestradiol. Mézes and  
B árd o s (1981) re p o rte d  t h a t  17-/?-oestradiol an d  p ro g este ro n e  increased  p lasm a 
v ita m in  A level in  im m a tu re  ch ickens. S exual s te ro id s  are  involved  in  lip o 
ly tic  a c tiv ity  as w ell (G yörgy , 1947). T he excessive dep o sitio n  of liver lip id  
is one of th e  side effects o f  oestrogens associated  w ith  th e  fa tty - liv e r  syndrom e 
in  lay in g  hens (A k iba  e t a l., 1982).

Materials and methods

T he e x p e rim e n ta l b ird s  w ere 65 weeks old T e tra -S L  lay in g -ty p e  h y b rid s  
(A g ricu ltu ra l C o m b in a te  B áb o ln a ) w hich h a d  reach ed  th e  en d  of th e ir  lay in g  
p e rio d . N on-lay ing  hen s w ere u sed  to  exclude th e  d is tu rb in g  effects o f en d o 
genous changes in  h o rm o n e  p ro d u c tio n .
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C om m ercial food  o f lay in g  h en s  a n d  d rin k in g  w a te r  w ere  ava ilab le  ad  
l ib i tu m .

In tra m u sc u la r  in jec tio n s o f  17-/?-oestradiol p ro p io n a te , te s to s te ro n e  
p h e n y lp ro p io n a te  an d  p ro g este ro n e  (G . R ic h te r  P h a rm a c e u tic a l W orks, B u d a 
p e s t)  w ere given da ily , d isso lved  in  s te rilized  sunflow er oil.

T h e  anim als w ere g ro u p ed  as fo llow s: Group 1, 1.5 m g  o es trad io l k g -1 
b o d y  m ass; Group 2, 1.0 m g o e s tra d io l -j- 0.5 mg p ro g este ro n e  k g -1 body 
m ass ; Group 3, 1.0 m g o es trad io l -j- 0.5 m g te s to s te ro n e  k g -1 b o d y  m ass; 
Group 4, s terilized  sun flow er oil.

T h e  t r e a tm e n t la s te d  fo u r  w eeks. B lood was ta k e n  w eek ly  from  wing 
v e in  in to  heparin ized  tu b es .

T h e  ca ro ten e  c o n te n t o f p la sm a  w as m easured  a cco rd in g  to  M cL aren 
(1967). T he v ita m in  A d e riv a tiv e s  (re tin o l, re tin y l esters) in  th e  p la sm a  were 
s e p a ra te d  b y  th e  m e th o d  o f V a h lq u is t (1974) and  th e ir  q u a n t i ty  w as m easured  
w ith  trich lo ro ace tic  ac id  ch rom ogen  (B á rd o s , 1975). T he re t in y l  e s te r  co n ten t 
w as exp ressed  in  re tin y l a c e ta te , w h ich  w as used as s ta n d a rd . T h e  to ta l  lip id  
c o n te n t  w as m easu red  tu rb id im e tr ic a lly  w ith  K u nkel’s re a g e n t (MOM, 1971). 
V ita m in  E w as m easu red  b y  th e  E m m erie -E n g el reac tio n , u sin g  th e  m ethod  
o f  B ie r i (1975).

S tu d e n t’s t t e s t  w as used  fo r  th e  s ta tis tic a l ev a lu a tio n .

R esults

T he p lasm a levels of to ta l  lip id , c a ro ten e , re tino l, re tin y l a n d  tocophero l 
a re  p re sen ted  in  T ab le  I.

S ign ifican t differences w ere n o t  fo u n d  in  th e  c a ro te n e  level.
T he v ita m in  A d e riv a tiv e s  (re tin o l, re tin y l esters) show ed  sign ifican t 

d iffe rences only  b e tw een  G roup 1 a n d  G roup  4. The re tin o l c o n te n t in  G roup 1 
in c rea sed  s ig n ifican tly  a f te r  one w eek  o f tre a tm e n t (P  <7 0.001) b u t  d ropped  
to  th e  con tro l level a f te r  th e  th i r d  w eek . N o differences co u ld  be  observed  in 
G ro u p s  2 and  3.

T he re tin y l e s te r  level show ed  a p e a k  a t  th e  end  o f  th e  second  w eek of 
t r e a tm e n t  (P  ■< 0.001) in  G roup  1, b u t  th e n  i t  d ro p p ed  to  th e  co n tro l level.

T h e  v ita m in  E  level show ed a s ig n ifican t (P  << 0.001) increase  a t  th e  
e n d  o f  th e  f ir s t  w eek , b u t  d ec reased  la te r .

T he effective com pound  w as 17-/?-oestradiol a t  th e  dose o f  1.5 m g k g - 1 
b o d y  m ass.

T he to ta l  lip id  c o n te n t in c rea sed  in  b o th  of G roups 1 a n d  2, b u t  these 
d iffe rences w ere s ig n ifican t on ly  fro m  th e  second w eek o f t r e a tm e n t  on.
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Table I

Variations of plasma levels of lipid, carotene and vitamins A 
and E in non-laying hens treated with sexual steroids

D a y  o f 
t re a tm e n t

G roup
N o.

T o ta l  l ip id
g/i

C aro tene
m g/l

R etino l
,,M/1

R e tin y l
A«M/I

T ocophero l
mM/1

1 X 56.48 1.07 2.87*** 0.83*** 2.50***
s i 12.38 0.33 0.49 0.09 0.32

2 X 40.70 1.30 0.51 1.26 0.91
S ± 11.82 0.25 0.20 0.24 0.18

7th
3 X 37.53 1.03 0.35 1.43 1.03

s + 13.95 0.12 0.10 0.16 0.32

4 X 39.07 0.81 0.31 1.51 0.71
s + 14.15 0.15 0.13 0.14 0.19

X 73.20** 1.33 1.59* 3.67*** 2.41*
S + 9.44 0.24 0.55 1.23 0.53

2 X 63.30* 0.76 0.88 0.96 0.78
s ± 6.07 0.31 0.29 0.17 0.23

14 th
X 57.56 0.60 0.68 1.10 0.77
s + 12.11 0.17 0.29 0.37 0.26

X 44.70 0.88 0.56 0.81 1.18
s i 10.35 0.34 0.21 0.13 0.50

X 94.00** 1.22 0.51 0.83 1.27
s + 34.32 0.60 0.28 0.41 0.40

2 X 77.43* 0.73 0.50 1.23 0.66
s + 22.39 0.32 0.27 0.24 0.16

21st
Q X 80.02 0.95 0.31 1.21 0.72

s + 37.75 0.40 0.10 0.53 0.18
X 49.52 0.66 0.55 0.99 0.93
s + 3.73 0.33 0.24 0.18 0.19

X 113.52** 0.87 0.41 0.96 0.68
1 S + 12.09 0.27 0.16 0.29 0.16

X 108.00** 1.07 0.51 1.26 0.74
2 S + 14.45 0.46 0.26 0.60 0.19

28th
X 93.60 1.07 0.53 1.05 0.72

3 S + 19.93 0.30 0.21 0.23 0.11
X 63.47 1.03 0.41 1.19 0.60

4 s + 13.27 0.38 0.17 0.13 0.23

In each group there were 10 animals.
* =  P <  0.05; ** =  P <  0.01; *** =  P <  0.001.

D iscussion

T he p re sen t re su lts  agree w ell w ith  th e  view  th a t  sex u a l stero ids a ffec t 
n o t  on ly  th e  sex u a l o rgans (K nox , 1956), b u t  also th e  tra n s p o r t  o f  m inerals 
(K em én y  et a l., 1970), lip id s (G yörgy , 1947) and  lip id -so lub le  v itam in s (C hap
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m a n , 1947; Mézes a n d  B á rd o s , 1981). T he observab le  v a r ia tio n s  of v ita m in  A 
d e riv a tiv e s  and  v ita m in  E  do n o t e x ten d  to  th e  caro ten e  tra n s p o r t .  I t  seem s 
th a t  th e  effect o f  s e x u a l s te ro ids, m a in ly  17-/?-oestradiol, is n o t  a reg u la to ry  
fu n c tio n  on th e  in te s t in a l  a b so rp tio n  o f v ita m in  A an d  ca ro te n e , b u t increases 
th e  m ob iliza tion  o f r e tin o l from  th e  liv e r  an d  enhances th e  p ro d u c tio n  of v i ta 
m in  A  from  ca ro ten es. T h is enhance  w as d e tec ted  b y  th e  increased  p lasm a 
re tin y l es te r c o n te n t because  th is  fo rm  o f v ita m in  A is t ra n sp o r te d  from  th e  
in te s tin a l ep ith e lia l cells to  th e  liv e r. A t th e  sam e tim e , p lasm a caro tene  
c o n te n t d id  n o t ch an g e . T h e  d e tec ted  in crease  o f v ita m in  E  co n ten t shows 
t h a t  th e  effect o f  se x u a l stero ids ex ten d s , besides v ita m in  A , to  o th e r fa t-  
so luble  com pounds. T h is  general non-specific  effect w as d e tec ted  in  th e  in 
crease  o f to ta l  p la sm a  lip id  co n ten t.

T he v a ria tio n s  in  v itam in s  A an d  E an d  to ta l  lip id  c o n te n t w ere d iffe r
e n t. T he v ita m in  leve ls  w ere s ig n ifican tly  h ig h er only in  G roup  1 while to ta l  
lip id  co n te n t in c reased  in  G roup 2 as w ell. I t  m eans th a t  th e  changes in  p lasm a 
levels o f v itam in s  A a n d  E  are  d o se -d ep en d en t o f  sexual stero ids.
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Serum alkaline phosphatase, Ca, inorganic P and haematocrit values and erythrocyte 
counts were determined in chicken, pheasant and quail embryos in the period preceding 
hatching. The simple blood sampling technique described and the use of appropriate diagnostic 
and biochemical micro-methods render possible the determination of several parameters from 
the blood or serum of embryos.

The 1311 determinations reported may serve as reference values, previously missing 
in the literature.

In  tox ico logical s tu d ie s  on chem icals, am ong  th e m  pestic ides, ecotoxico- 
logical in v es tig a tio n s  o ccu p y  an  im p o rta n t p lace. T hese are  aim ed a t  d e te c t
in g  th e  to x ic  effects e x e r te d  on n o n -ta rg e t an im als. T he la s t  decade has seen 
an  increase in  th e  n u m b e r o f  pub lica tions re p o rtin g  em b ry o to x ic  and  te r a to 
genic effects o f ce rta in  p es tic id es  in  av ian  (ch icken , q u a il, p h easan t)  em bryos. 
T hese , p rim arily  J a p a n e se , F re n c h  an d  A m erican , p u b lica tio n s  have  a lm o st 
exclusively  d ea lt w ith  th e  m orphological aspects  o f th e  problem .

H ow ever, a t  th e  p re se n t tim e  th e  s tud ies on c e r ta in  m orphological an d  
fu n c tio n a l re la tio n sh ip s  are  also considered im p o r ta n t . B y  th e ir  help  a m ore 
th o ro u g h  u n d e rs ta n d in g  o f  th e  em bryo tox ic  effects o f th e  com pounds an d  
o f th e  m echanism  o f th e se  effects can  be ach ieved . I n  ad d itio n , th e  p o te n tia l 
p e r in a ta l  (p o s tn a ta l)  h a z a rd s  c rea ted  b y  th e  m a te ria ls  exam ined  can  also be 
e v a lu a ted  w ith  m ore  c e r ta in ty .

T he p re sen t p a p e r  a t te m p ts  to  be of help  fo r th o se  u n d e rta k in g  em bryo- 
log ical an d  te ra to lo g ica l s tu d ie s  on av ian  em bryos, in c lu d in g  stud ies on  th e  
changes occurring  in  c e r ta in  b lood  and /o r serum  p a ra m e te rs .

M ateria ls and  m ethods

F ertile  Ja p a n e se  q u a il (Coturnix coturnix ja p o n ica ), ch icken (S h av er 
S ta rc ro ss  288) an d  p h e a s a n t ( Phasianus colchicus mongolicus et torquatus)  eggs 
w ere used. B lood sam p les  w ere w ith d raw n  fro m  q u a il, ch icken  and  p h e a sa n t
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em b ry o s  on th e  14 th , 19 th  an d  23rd  d a y  o f  in cu b a tio n , re sp ec tiv e ly . A fte r 
h a v in g  rem oved  th e  calcic egg shell fro m  a circum scribed  a rea , we passed  th e  
sc isso rs’ t ip  th ro u g h  th e  shell m em b ran e , in to  th e  b lood vessel n e tw o rk  o f th e  
in ta c t  a llan to is . T he ap p earin g  d ro p  o f  b lood  o rig ina ting  from  th e  a. um bilicalis 
w as co llec ted  in  hep arin ized  glass cap illa ries (V árnagy, 1981). H a e m a to c rit 
v a lu es  a n d  e ry th ro cy te  co u n ts  w ere d e te rm in ed  in  severa l series o f  te s ts  
(B á lin t, 1963).

F o r  b iochem ical s tud ies, th e  ce llu la r e lem ents o f th e  b lood  w ere  sep a ra ted  
fro m  th e  p lasm a. T he cap illa ry  p a r t  co n ta in in g  th e  sed im en ted  cells w as cu t 
o ff, w h ile  th e  p a r t  co n ta in in g  th e  b lood  p la sm a  w as sealed a ir t ig h t an d  s to red  
u n t i l  u se .

F o r  th e  d e te rm in a tio n  o f  se ru m  a lk a lin e  p h o sp h a ta se  (SA P) enzym e 
a c t iv i ty  (H au sam en  e t a l., 1967) a S a te llite  one-channel chem ical an a ly se r of 
d isc re te  sy stem  an d  an  L K B  U ltro lab  S ystem  7400 C alcu la ting  A b so rp tio 
m e te r  w ere used. T he d e te rm in a tio n  w as m ade a t  404 nm . Ca a n d  inorgan ic  
P  c o n c e n tra tio n s  w ere d e te rm in ed  (R ich te rich , 1971) b y  using  a sem i-au to 
m a tic  S p ek trom om  410 M odul S a n d  th e  above L K B  devices. Ca w as d e te r
m in ed  a t  570 an d  584 nm , w hile in o rg an ic  P  a t  600 an d  658 n m . L a R oche 
1028 a n d  1023, and  G a lenopharm  reag en ts  w ere used th ro u g h o u t th e  above 
d e te rm in a tio n s .

R esults

A  to ta l  of 1311 blood an d  se ru m  sam ples o b ta ined  from  em bryos o f  th e  
th r e e  a v ia n  species w ere ex am in ed  fo r  th re e  p a ra m e te rs . D e ta ile d  d a ta  are  
g iv en  in  T ab les I  an d  I I .  T he S A P  a c tiv itie s  o f th e  quail an d  th e  ch icken  
e m b ry o  w ere sim ilar, w hile fo r p h e a sa n t em bryos a sligh tly  h ig h er m ean  SAP 
v a lu e  w as o b ta ined . T h e  m ean  Ca v a lu es  w ere a lm ost id en tica l fo r p h e a sa n t 
a n d  q u a il em bryos, w hile in  ch ick en  em b ry o s a som ew hat low er v a lu e  was 
fo u n d . C hicken an d  p h e a sa n t em bryos show ed n ea rly  id e n tic a l, w hile quail 
e m b ry o s  h a d  s ligh tly  h igher, in o rg an ic  P  values.

Table I

Some serum parameters of chicken, pheasant and quail embryos (x 4; S.D.)

P a ra m e te r  C h icken  P h e a san t Q uail

SAP (U /l) 756 ±  217 n =  59 931 +  169 n =  101 734 ±  180 n = 6 1

Ca (mmol/1) 1.88 +  0.48 n =  71 2.67 +  0.44 n =  102 2.66 +  0.56 n =  61
Inorganic P (mmol/1) 2.44 ±  0.67 n =  76 2.34 ±  0.65 n =  104 3.01 +  0.87 n =  61

n =  number of samples
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Table II

Some blood parameters of chicken, pheasant and quail embryos (x H; S.D.)

Parameter Chicken Pheasant Quail

Haematocrit value 0.2870 +  0.0110 0.3006 ±  0.0290 0.2198 +  0.0485
n =  148 n =  180 n =  186

Erythrocyte count 2.92 +  0.32 2.39 +  0.66 1.45 +  0.37

(10l2/l) n = 2 6 n = 2 7 n =  48

n =  number of samples

H aem ato c rit v a lu es  w ere th e  low est in  quail, a n d  th e  h ighest in  p h e a s
a n t  em bryos, ch icken  em b ry o s show ed an  in te rm e d ia te  va lu e . L ow est an d  
h ig h es t m ean  e ry th ro c y te  coun ts w ere found  in  quail a n d  ch icken  em bryos, 
respective ly .

Discussion

T he blood sam p lin g  tech n iq u e  described  above w as fo u n d  to  be reliab le  
a n d  reproducib le . In  th e  p e rio d  p reced ing  h a tc h -o u t th e  b lo o d  vessels o f th e  
ch ick en  em bryo  are  w ell-developed  (K ovács an d  F e h é r, 1966; R o m an o ff, 1960) 
a n d  th e  vo lum e o f i ts  b lo o d  is considerab le . T he a llan to ic  m em brane  o f quail 
an d  p h e a sa n t em bryos also co n ta in s w ell-developed  b lo o d  vessels (V árnagy , 
1981), from  w hich b lood  can  easily  be w ith d ra w n  b y  p u n c tu re  a t  th e  end of 
th e  in c u b a tio n .

E x a m in a tio n  o f  th e  em bryon ic  sk e le to n  occupies an  im p o r ta n t  positio n  
in  te ra to lo g ica l s tu d ies. T h e  Ca co n te n t o f  th e  ch icken  em b ry o  as a fu n c tio n  
o f in c u b a tio n  tim e  w as s tu d ie d  b y  R o m an o ff (1967). A t th e  tim e  chosen  b y  u s , 
b o th  th e  Ca and  th e  in o rg an ic  P  co n cen tra tio n s  o f  th e  se ru m  can  easily  be 
d e te rm in ed . Since th e  o s teo b la s ts  h av in g  an  im p o r ta n t  ro le  in  bone d eve lop 
m e n t a re  also in v o lved  in  th e  syn thesis  o f  S A P , th e  S A P v a lu e  can  h e  con
sidered  in d ica tiv e  o f  th e  a c tu a l o s teo b las t a c tiv ity .

F ro m  blood an d  se ru m  collected  in  hep arin ized  g lass cap illa ries, c e r ta in  
serum  p a ram e te rs  can  be  d e te rm in ed  b y  m ic ro -m eth o d s u sin g  au to m a tic  
ana lysers (S ate llite , L K B ) (B a rta lits  e t a l., 1978; T o sh iju k i, 1979). T he am o u n t 
o f  b lood  o b ta in ab le  b y  th is  sam pling  p rocedure  v a rie s  b e tw een  species; u su a lly  
i t  is be tw een  100 a n d  500 [A, a vo lum e su ffic ien t fo r th e  d e te rm in a tio n  of 
severa l p a ram e te rs .

B y  describ ing  th e  above blood sam pling  te c h n iq u e , d e te rm in a tio n  
m eth o d s an d  ex p e rim en ta l d a ta , th e  p re se n t p ap e r a t te m p ts  to  be o f use fo r
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re sea rch  w orkers in te re s te d  in  av ian  em bryo logy , p a r tic u la r ly  in  te ra to lo g ica l 
p ro b lem s. I t  also supp lies som e p rev io u sly  m issing h aem ato lo g ic  an d  b io 
ch em ica l d a ta .
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EFFECT OF PRESFAUGHTER FACTORS 
ON SERUM CREATINE PHOSPHOKINASE AND 

LACTATE DEHYDROGENASE ENZYME ACTIVITIES
IN PIGS

M. S z il á g y i , M. W it t m a n n , F . G u b a  and L . V igh  

Research Centre for Animal Breeding and Nutrition, 2053 Herceghalom, Hungary
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Serum creatine phosphokinase (CPK) and lactate dehydrogenase (LDH) enzyme acti
vities were studied in pigs slaughtered either immediately after their arrival at the abattoir 
following careful transportation to a distance of 35 km, or after having been exercised on a 
350 m long course. The studies were extended to pigs transported in the summer, autumn and 
winter periods, and both hybrid pigs and those of a simple crossing were studied.

The season and the ambient temperature wTere found to influence the serum parameters 
studied. The lowest (i.e. the most advantageous) enzyme activities were observed in pigs trans
ported in October, while the highest (least advantageous) values in those transported in January 
and February.

The adverse effect manifested itself not only in altered average values within the groups 
but also in the particularly high enzyme activities found in some individuals.

The exercise between transportation and slaughtering, as an additional stress, failed 
to induce demonstrable changes in the parameters studied.

No breed differences were found in the parameters of blood withdrawn from pigs in 
the same season and under similar circumstances. Thus, no differences in stress susceptibility 
could be established on this basis.

T he increased  stress su scep tib ility  o f pig breeds selected  fo r h igh  m eat 
p ro d u c tio n  and  g ro w th  r a te , th e  occurrence o f porcine s tre ss  syndrom e (PSS) 
an d  o f p a le , so ft, e x u d a tiv e  (P S E ) an d  d a rk , firm , d ry  (D F D ) m e a t cause 
m ore and  m ore tro u b le  fo r  b o th  p ro d u cers  and  po rk  in d u s try .

A nim als o f increased  stress  su scep tib ility  h a rd ly  to le ra te  m o d e ra te  
physica l exercise, t ra n s p o r ta t io n , u n fam ilia r en v iro n m en ta l fac to rs , an d  th e y  
m ay  respond  to  a m o d era te  s tre ss  w ith  d e a th . T heir m uscles show  enhanced  
anaerob ic  m etabo lic  a c tiv ity , th e  a m o u n t o f lactic  acid a n d  th e  b o d y  te m p e ra 
tu re  increase, an d  m uscle spasm s occur. S everal a u th o rs  (B ic k h a rd t e t  al., 
1977; L udv igsen , 1980; O lliv ier e t  a l., 1975; S te in h a rd t e t  a l., 1975) suggest 
t h a t  th e  low  stress  to le ran ce  is co rre la ted  w ith  th e  decreased  c a p ac ity  for 
aerobic  energy  p ro d u c tio n , w hile th e  te m p e ra tu re  rise is p r im a rily  due  to  th e  
aerobic  m etabo lism  o f m uscles, and  on ly  to  a lesser e x te n t  to  th e  anaerobic  
processes (L is te r e t  a l., 1976).

S tress su scep tib ility  is o f  h e re d ita ry  n a tu re  (H w ang  e t  a l., 1978; O llivier 
e t  a l., 1975; S ch m id t e t  a l., 1970; S ch m itten  and  Schepers, 1979; S chu lm an , 
1980; W ebb , 1980). F a c to rs  o th e r  th a n  genetic  have  also b een  in c rim in a ted ,
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e .g . w e a th e r cond itions o n  th e  d a y  o f  s lau g h te r  an d  on  th e  d a y  preceding  it ,  
h a v e  b een  show n to  in flu en ce  m e a t q u a lity  in  10% . T h e  d is tan ce  of t r a n s 
p o r ta t io n  and th e  effects e x e rte d  on th e  an im a l a t  th e  a b a tto ir  in fluence th e  
f re q u e n c y  of P S E /D F D  m e a t in  1 5 -1 7 % . I f  th e  pigs are  k e p t  w aiting  a t  th e  
a b a t to ir  too  long befo re  s la u g h te r , th is  resu lts  in  th e  ev o lu tio n  o f D F D  m eat. 
O n  th e  o th e r h an d , a to o  sh o rt p re s lau g h te r w a itin g  period  leads to  P S E  m eat.

I n  add ition  to  th e  ab o v e  fa c to rs , th e  m a n a g e m e n ta l a n d  keep ing  techno l
o g y  is also know n to  h a v e  a s ig n if ican t in fluence  on th e  dev e lo p m en t of stress 
su sc e p tib ility  and  s u b s ta n d a rd  m e a t q u a lity  (Szilágyi a n d  B . K ovács, 1979; 
S z ilág y i and  T ak ács , 1981; Szilágyi e t a l., 1981).

T he p resen t in v e s tig a tio n s  w ere u n d e rta k e n  to  d e te rm in e  th e  influence 
o f  tra n s p o r ta tio n  u n d e r  d iffe re n t w ea th e r cond itions an d  a t  d iffe re n t te m p e ra 
tu r e s ,  an d  of th e  a d d itio n a l p h ysica l exercise p erfo rm ed  im m ed ia te ly  a fte r 
tra n s p o r ta t io n  and  b e fo re  s la u g h te r , on c e r ta in  serum  p a ra m e te rs  and  stress 
su sc e p tib ility  o f  th e  tw o  pig  b reeds s tu d ied .

M ateria ls and  m ethods

A to ta l  of 174 h y b r id  an d  H u n g a rian  L arge W h ite  X D u tc h  L andrace  F-l 
p igs w ere used. T h e  p igs w ere  tra n sp o rte d  to  th e  a b a t to ir  ( to  a d istance  of 
35 k m ) b y  m otor tru c k s  in  J u ly ,  O ctober or J a n u a ry . H a lf  of th e  an im als

Table I

CPK and LDH enzyme activities (U/l) in sera of hybrid and 
crossbred pigs exposed to different preslaughter stress conditions

Date of 
transportation

Temperature 
at trans
portation 

°C

Number 
of pigs

CPK
U/l

LDH
U/l

Hybrid pigs July 10 17 18 341 ±  102 346 ±  68
slaughtered after exercise October 9 4 14 183 +  34 347 +  81

January 22 — 8 18 612 ±  416 463 ±  98

slaughtered immediately July 24 17 16 285 ±  63 310 ±  65
after arrival October 23 — 4 12 371 ±  95 384 ±  79

Crossbred pigs August 5 19 16 320 +  98 342 ±  65

slaughtered after exercise October 2 2 14 238 ±  103 295 ±  54
January 29 — 10 18 560 +  327 456 ±  88

slaughtered immediately July 17 15 16 329 ±  88 390 +  44

after arrival October 16 7 16 243 +  45 269 ±  70
February 12 - 6 16 449 +  348 429 +  91
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w ere s la u g h te re d  im m ed ia te ly  a f te r  a r r iv a l a t  th e  a b a tto ir ,  while th e  re m a in 
in g  p igs a f te r  hav in g  been exercised  on a d is tan ce  o f  350 m.

B lood  sam ples were ta k e n  a t  s lau g h te rin g . T h e  serum  a c tiv itie s  of 
c re a tin e  p h o sphok inase  (C PK , EC 2 .7 .3 .2) and  la c ta te  dehydrogenase  (L D H , 
EC 1 .1 .1.27) w ere determ ined . E n zy m e a c tiv ity  w as d e te rm in ed  b y  th e  B oeh- 
r in g e r  te s t  co llection  (C PK  a c tiv ity  w as d e te rm in ed  b y  an  “ a c tiv a te d  m ono- 
te s t” , w hile  L D H  a c tiv ity  b y  an  “ o p tim ized  s ta n d a rd  m eth o d ” ). T h e  re su lts  
w ere e v a lu a te d  b y  analysis o f  v a rian ce .

Results

C P K  a n d  L D H  enzym e a c tiv itie s  fo u n d  in  th e  serum  of pigs exposed  
to  d iffe re n t p re s la u g h te r  effects are show n in  T ab le  I ,  w hile th e  resu lts  o b ta in 
ed b y  an a ly s is  o f varian ce  in  T ab les I I  an d  I I I .

T h e  lo w est enzym e ac tiv itie s  w ere u su a lly  observed  in  sera of p igs t r a n s 
p o rte d  in  O cto b er, w hile b o th  enzym es co n sis ten tly  show ed th e  h ig h e s t 
a c t iv i ty  in  se ra  o f pigs tra n sp o r te d  in  th e  w in te r  m o n th s.

Table II

CPK enzyme activity (U/l) in sera of hybrid and 
crossbred pigs exposed to different preslaughter effects

Treatment
Season

Average
summer autumn winter

Hybrid pigs
exercised 341 183 612 379
not exercised 285 371 — 328

Crossbred pigs
exercised 320 238 560 373
not exercised 329 243 449 340

Average 319 259 540

Mean values (x) for

Hybrid pigs 313 277 612 354
Crossbred pigs 324 240 504 356

Exercised pigs 330 210 586 375***
Non-exercised pigs 307 307 449 334

The difference between averages for seasons is 102 (S.D. =  1%); the value of interrela
tionship between treatment and season is 66 (S.D. =  10%).

*** =  P <  0.001.
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Table III

LDH enzyme activity (U/l) in sera of hybrid and 
crossbred pigs exposed to different preslaughter effects

Treatment
Season

Average
summer autumn winter

Hybrid pigs
exercised 346 347 463 385
not exercised 310 384 — 347

Crossbred pigs
exercised 342 295 456 365
not exercised 390 269 428 362

Average 347 324 449

Mean values (x )  for

Hybrid pigs 328 365 463 366

Crossbred pigs 366 282 442 363

Exercised pigs 344 321 460 370
Non-exercised pigs 350 326 428 368

The difference between the averages for seasons is 33 (S.D. =  1%).

T h e  enzym e a c tiv itie s  o f h y b rid  an d  c ro ssb red  swine tra n s p o r te d  in  th e  
sam e season were n e a r ly  th e  sam e. N o consid erab le  d ifferences w ere d em o n 
s tra b le  betw een  se ru m  p a ram e te rs  o f p ig s s lau g h te red  im m ed ia te ly  a f te r  
tra n s p o r ta tio n  an d  o f  th o se  sub jec ted  to  exercise a fte r  tra n s p o r ta t io n  an d  
p r io r  to  s lau g h te r.

D iscussion

D ue to  th e ir  c h a ra c te ris tic  fu n c tio n , m uscles co n ta in  a n u m b er o f  en 
zym es ca ta ly sing  processes associated  w ith  en erg y  gen era tio n  or deposition , 
o r o x id a tio n -red u c tio n . F ro m  m uscle cells su ffe rin g  dam ages o f v a rious orig in , 
th e se  enzym es ge t in to  th e  ex trace llu la r sp ace , th u s  re su lting  in  a lte red  enzym e 
a c tiv itie s  of th e  b lo o d  se rum  (K olb , 1979).

T herefore, rises in  serum  enzym e a c tiv itie s  p rim arily  in d ica te  m uscle 
d am ag e  an d  stress su scep tib ility  (A ddis e t  a l . ,  1974; B ic k h a rd t e t a l., 1977; 
S z ilágy i and  F e lk a i, 1978). In c reased  m uscle  w ork  also leads to  a rise in  th e  
a c t iv i ty  o f these  enzym es.

In  th e  p re sen t w o rk , th e  h ighest C P K  an d  L D H  a c tiv itie s  w ere fo u n d
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in  pigs tra n sp o r te d  in  th e  w in te r  m o n th s . The a m b ie n t te m p e ra tu re  a v e ra g e d  
— 8 °C a t  th e  tim e  o f tra n s p o r ta tio n . T em p e ra tu re  h a s  been  rep o rted  to  h a v e  
a ro le as a s tress fa c to r  (R ed d y  e t  a l., 1971). T he u n fav o u rab le  effect o f  t r a n s 
p o r ta tio n  in  th e  sum m er m o n th s , a t  h ig h er te m p e ra tu re s  (17 °C) is also e x 
p ressed  in  th e  average  v alues o f  th e  enzym es s tu d ie d . O n th e  o th e r  h a n d , 
in  J a n u a ry  an d  F e b ru a ry  th e  e ffec t o f  te m p e ra tu re  is ex e rted  in  a d iffe re n t 
m an n e r. A t low  te m p e ra tu res  th e  an im als obviously  fee l cold, and  th e  r e s u l t 
ing  sh ivering  an d  enhanced  m u sc u la r  ex e rtio n  lead  to  increased  en zy m e 
a c tiv itie s  (P  <7 0.01). R e la tiv e ly  h igh  C PK  and  L D H  ac tiv itie s  w ere fo u n d  
in  se ra  o f  pigs tra n sp o rte d  on an  e x tra o rd in a rily  cold  a u tu m n a l d ay , O c to b e r 
23 (m ean  te m p e ra tu re  for th e  t im e  o f tr a n s p o r ta tio n , — 4 °C). The h ig h  v a lu es  
o f  s ta n d a rd  d ev ia tio n  in d ica ted  th a t  som e pigs w ere p a r tic u la r ly  sen s itiv e  
to  cold stress .

In  th e  C P K  a c tiv ity  th e  in te rre la tio n sh ip  o f m acroc lim ate  and  exerc ise  
(P  <  0.1) w as expressed. In  a d d itio n  to  th e  seasonal effect, th e  exercise w as 
d e m o n s tra te d  to  enhance serum  enzym e ac tiv itie s  (a t  th e  level o fP  <  0.01). 
U po n  exposure o f  pigs to  cold, L D H  a c tiv ity  increased  sig n ifican tly  (P  <[ 0 .01), 
as com pared  to  th e  o th e r tw o seasons. T h is w as also re la te d  to  enh an ced  h e a t 
p ro d u c tio n  an d  m uscu lar tre m b lin g  caused  b y  tra n s p o r ta t io n  a t low  te m 
p e ra tu re s .

In  pigs su b jec ted  to  lo ad , m etab o lic  a c tiv ity  an d  flu x  of s u b s tra te s  
th ro u g h  cellu lar m em branes are  en h an ced  due to  h o rm o n a l in fluence. T h e  flow  
o f enzym es also corresponds to  th e  co n cen tra tio n  decrease (L engerken  an d  
P fe iffe r, 1977). T h e  a lte red  ce llu la r energy  b a lance  due  to  load resu lts  in  in 
creased  p e rm eab ility  of th e  cell m em b ran es. T herefo re, c e r ta in  au th o rs  (D o n a th  
an d  S trau zen b erg , 1975) are  o f  th e  op in ion  th a t  changes in  p lasm a en zy m e 
a c tiv itie s  fa il to  give p rim ary  in fo rm a tio n  on th e  a c tu a l s ta tu s  o f m e tab o lism ; 
th ese  changes in d ica te  only s tru c tu ra l  a lte ra tio n s  due to  th e  effect o f  a lte re d  
in tra c e llu la r  energy  balance. I n  such  cases, p rim arily  enzym es of sk e le ta l 
m uscle , h e a r t  an d  liv er origin show  c o n cen tra tio n  rises.

T he effect o f th e  ad d itio n a l p h y sica l load , th e  exercise o f an im als a f te r  
a rr iv a l a t  th e  a b a tto ir  and  p rio r to  s lau g h te r, on se ru m  p a ram e te rs  cou ld  n o t 
be  d e te rm in ed  consisten tly . A lth o u g h  several a u th o rs  (B erschne ider an d  
W ilsdorf, 1976; j 0 rgensen an d  H y ld g a a rd -Je n se n , 1975; L aib lin  and J a e sc h k e , 
1979; Löwe e t a l., 1977) re p o rte d  increased  C PK  an d  L D H  ac tiv itie s  u p o n  
in ten s iv e  m uscle w ork , e.g. exercise , th ese  re su lts  w ere o b ta in ed  in  an im als  
t h a t  h ad  been forced  to  m ake on ly  m in im al m uscu la r ex e rtio n . In  th e  p re se n t 
case, th e  pigs w ere tra n sp o rte d  b y  m o to r tru ck s , th u s , from  th e  v ie w p o in t 
of enzym e a c tiv ity , forced m ov ing  d id  n o t p rove to  be an  excessive p h y s ica l 
lo a d , as com pared  w ith  th e  s tre ss  rep resen ted  b y  lo ad in g  and  u n lo ad in g .

S erum  p a ra m e te rs  of h y b r id  an d  crossbred  pigs tra n sp o r te d  an d  s la u g h 
te re d  u n d e r s im ila r conditions gave co n sis ten t values.
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A. I. BULLS’ SEMINAL PLASMA ENZYME 
ACTIVITIES AS INDICATORS OF SPERMATOZOA 

MOTILITY, FERTILITY AND FREEZABILITY
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2103 Gödöllő, Páter K. u. 1, Hungary

(Accepted November 30, 1982)

Forty-four artificial insemination (A. I.) bulls of the Hungarian Fleckvieh breed were 
divided into two groups according to their reproductive records (semen picture, freezability 
and fertility). Seminal plasma glutamic-oxalaeetic transaminase (GOT), glutamic-pyruvic 
transaminase (GPT) and hyaluronidase enzyme activities were examined and correlated with  
the semen picture. GOT and GPT activities were measured, while the hyaluronidase enzyme 
was estimated by an immunodiffusion technique with rabbit anti-hyaluronidase serum. All the 
three enzyme values were higher in the seminal plasma of the bulls of poor reproductive quality 
than in that of the excellent bulls.

D iffe ren t th e o rie s  h av e  been  adv an ced  co n cern in g  th e  s ite  of ac tio n  of 
th e  sem inal p la sm a , w hich  w as considered a p o o r m ed ium  for sto rage  o f  
spe rm ato zo a . T he sp e rm a to zo a  o f  m ost an im al species su rv iv e  only fo r a sh o rt 
tim e  in  i t  (S a lisbu ry  a n d  Lodge, 1962). T his is re m a rk a b le , fo r th e  com position  
o f  b u ll sem en an d  sem in a l p la sm a  was th o u g h t to  p ro v id e  v a lu ab le  in fo rm a 
tio n  fo r in v e s tig a to rs  in te re s te d  in  p re se rv a tio n  m eth o d s . C erta in  p a ram e te rs  
h a v e  been  s tu d ie d  co m p ara tiv e ly . The GOT c o n te n t in  ep id id y m al and  sem inal 
p la sm a  show ed d ire c t co rre la tio n  to  th e  sperm  c o n c e n tra tio n  (E inarsson , 1971). 
T h is is o f  special in te re s t ,  fo r  GOT being an  enzym e o f in trace llu la r orig in , 
its  leve l in  th e  p la sm a  m u s t re fle c t th e  degree o f  th e  in ju ry  in  th e  spe rm ato zo a . 
T he GOT enzym e lev e l w as fo u n d  to  be low er in  th e  sem in a l p lasm a th a n  in  
th e  sperm , w hile th e  G P T  enzym e a c tiv ity  is so m ew h a t h ig h er in  th e  sem in a l 
p la sm a  th a n  in  th e  sp e rm . N o rea l d ifference w as fo u n d  b e tw een  th e  c au d a  
ep id idym id is an d  th e  e ja c u la te  (E in arsso n  e t a l., 1970). In  earlier in v e s tig a 
tio n s  in to  th e  role o f  th e  te s tic u la r  h y a lu ro n id ase , th e  d isp e rsa l a c tiv ity  o f th is  
en zy m e p ro m p ted  sev e ra l w orkers to  p o s tu la te  t h a t  d en u d a tio n  of th e  ovum  
w as a necessary  a n te c e d e n t to  th e  p e n e tra tio n  o f th e  sp e rm atozoon  in to  i t .  
O n th is  basis, o th e r  w orkers re p o rte d  th a t  e ith e r  d ire c t o r in d irec t a d d itio n  
o f h y a lu ro n id ase  p re p a ra tio n  to  th e  sem en p ro m o te d  fe r t i l i ty  in  a rtific ia l in 
sem in a tio n . I t  has b een  found  th a t  in  an im als, such  as th e  ra b b it, in  w hich  
th e  cum ulus cell m ass  is n o t d ispersed  befo re  fe r tiliz a tio n , h y a lu ro n id ase  
re leased  b y  sp e rm a to z o a  m ay  aid  p e n e tra tio n  th ro u g h  th is  la y e r  (A ustin , 1960).
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I n  an im a ls , e.g. th e  sheep, in  w hich  th e  cum ulus cells a re  d ispersed  before 
fe r ti l iz a tio n , th e re  is h a rd ly  a n y  ev idence  fo r th e  presence o f  h y a lu ro n id ase  
in  th e  acrosom e.

F ou lkes an d  W atso n  (1975) show ed th a t  sperm  d am ag e  is due to  loss 
o f  ac ro so m al in te g rity . T he increase  in  h y a lu ro n id ase  a c t iv i ty  in  th e  sem inal 
p la sm a  from  th e  d ilu ted  sem en a f te r  freez ing  and  th aw in g  suggests  th a t  acro 
so m al d am ag e  h ad  occurred  a t  th is  s ta g e  an d  i t  m igh t be in fe rred  th a t  those 
sam p les  d e m o n s tra tin g  a la rg e r  in c rease  in  th e  to ta l  h y a lu ro n id ase  a c tiv ity  
w o u ld  e x h ib it low er fe r ti l i ty . T h e  p u rp o se  o f th is  in v e s tig a tio n  w as to  s tu d y  
th e  n o rm a l enzym e levels o f th e  sem in a l p lasm a, in  re la tio n  to  sem en q u a lity . 
W e assum ed  th a t  th e  enzym e levels m ig h t provide p a ra m e te rs  usefu l in  
ch o o sin g  sem en sam ples fo r s to rag e .

Materials and methods

S em en sam ples w ere co llec ted  fro m  44 A .I. bu ll sires o f  th e  H u n g a ria n  
F le c k v ie h  b reed . T he an im als w ere u sed  as sem en donors a t  th e  s ta te  farm  
o f th e  A rtific ia l In sem in a tio n  C en tre  o f  B u d ap est. T he an im als  w ere d iv ided  
in to  tw o  groups on th e  basis o f th e ir  re p ro d u c tiv e  record  an d , a f te r  10 weeks, 
on  th e  basis o f th e ir  clin ical ex am in a tio n .

G ro u p  1 inc luded  20 bu lls o f  ex ce llen t sem en q u a lity , c h a ra c te rs  and  
deep -freez ing  ab ility . G roup  2 in c lu d ed  24 bu lls of poor sem en  q u a lity . Sem en 
sam p le s  w ere considered  to  be o f p o o r q u a lity  if  th e ir  c lin ica l p a ra m e te rs  
sh o w ed  values u n accep tab le  fo r  u sing  th e  sam ples as fresh  o r s to red  sper
m a to z o a . This m eans sam ples o f  low  fresh  m o tility , low  sp e rm  c o n c e n tra 
t io n , h ig h  incidence o f ab n o rm a l sp e rm ato zo a , low sperm  m o til i ty  a f te r  d eep 
freez in g  an d  thaw ing . T he bu lls o f  such  sem en sam ples d isp lay ed  low  fe rtil
i ty .  S em ina l p lasm a sam ples w ere se p a ra te d  b y  cen trifug ing  th e  b u lls’ sem en 
sam p les  a t  3000 g fo r 10 m in  an d  w ere im m ed ia te ly  used  fo r  enzym e assays. 
G O T  a n d  G PT enzym es w ere m easu red  w ith  co lorim etric  m e th o d s  a t  546 nm . 
H y a lu ro n id a se  enzym e w as e s tim a te d  b y  an  im m unodiffusion  m eth o d .

C om position  o f th e  agarose  m ed iu m :

P h o sp h a te  b u ffe r  of p H  6.0 50 mM
S odium  ch lo ride  0.25 M
A garose gel 1%

H y a lu ro n ic  acid, 1 m g/m l w as ad d e d  to  th e  m edium  a fte r  th e  l a t t e r  h a d  been 
bo iled , a n d  cooled to  55 °C.

To o b ta in  m onospecific an tise ru m  to  bovine h y a lu ro n id ase , we em p lo y ed  
an  im p ro v ed  p rocedure. F ro m  severa l p la te s  in  w hich ra b b it  a n tise ru m  fo rm ed
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p re c ip ita te  w ith  bov ine  h y a lu ro n id ase , th e  p re c ip ita te  lines w ere cu t o u t and  
em ulsified  w ith  com plete  F re u n d ’s a d ju v a n t. R a b b its  w ere im m unized  w ith  
th is  em ulsion. T h e  an tise ru m  o b ta in ed  from  ra b b its  w as b e tte r  th a n  th e  
o rig inal one.

T he im m unodiffusion  re a c tio n  was carried  o u t on  7 6 x 5 1  m m  slides. 
T h ree  ml of th e  agarose gel an d  50 (til an tise ru m  w ere u sed  on  each  slide. E ach  
sam ple  w as exam ined  in  th re e  w ells, v iz ., u n d ilu ted , a n d  d ilu ted  1 : 2 and  
1 : 4. In  a fu r th e r  well, a reference  sam ple and  in  a n o th e r  a pool of sem inal 
p la sm a  sam ples collected  from  n o rm al bulls were p laced  (s ta n d a rd  reac tion ). 
T h e  slides were p laced  in  a p o ly s ty ren e  box con ta in in g  c o tto n  sa tu ra te d  w ith  
w a te r , and  k e p t a t  room  te m p e ra tu re  fo r  24 h. T he d ia m e te rs  expressed in 
m illim etre  were com pared  w ith  th e  corresponding s ta n d a rd  reac tio n , w hich  
w as 11.5, 9.4 an d  7.8 m m  on th e  av erag e  (sum : 28.7) fo r  th e  1 : 1, 1 : 2 and  
1 : 4 d ilu tions o f th e  s ta n d a rd  pool, respectively . T he d a ta  w ith in  b o th  groups 
w ere sub jec ted  to  analysis  o f v a rian ce .

R esults

All th ree  enzym es d e te rm in ed  in  th e  fresh sem inal p la sm a  s ig n ifican tly  
d iffered  (P  <[ 0.001) betw een  th e  tw o  groups of sem en. T h e  m ean  ^ S .D .  fo r 
th e  GOT and G PT  values w ere 2 7 3 .7 5 ^ 5 9 .5 5  U /l an d  6 4 .5 0 ± 2 2 .8 6  U /l, re s
p ec tiv e ly , for th e  g roup  o f good sem en q u a lity  (group 1) an d  3 9 9 .1 6 ^9 7 .6 8  
U /l an d  1 4 9 .3 3 ^9 5 .3 2  U /l fo r th e  g roup  of poor sem en  q u a lity  (group 2), 
re sp ec tiv e ly  (Tables I  and  I I ) .

T he h y a lu ro n id ase  im m unod iffu sion  reactions e x te n d e d  to  12, 10, an d  
8 m m  d iam ete r (sum , 30 m m ) in  g roup  1 and  16, 12 an d  9 m m  (sum , 37 m m ) 
in  group  2. E xpressed  th e  sum s in  p e r cen t o f th e  sum  o f  th e  s ta n d a rd  re a c 
tio n s  (28.7 m m ), th e  h y a lu ro n id ase  reac tio n  was 104%  fo r g roup  1 and  129%  
fo r group 2. T he g roup  of ex ce llen t sem en q u a lity  show ed h ig h ly  sign ifican tly  
b e t te r  resu lts  th a n  th e  group  o f b a d  sem en q u a lity  (T ab le  I I I ) .

D iscussion

B ulls’ sem en an d  sem inal p la sm a  analysis is o f  m a jo r  im p o rtan ce  for 
m a n y  sc ien tists in  th e ir  s tud ies on  m ale rep ro d u c tiv e  p rocesses and  in  e v a lu a 
tio n  o f sperm atozoa before u sing  th e m  for sto rage an d  a r tif ic ia l in sem in a tio n  
p u rpose . I t  m u st be em phasized  t h a t  sem inal p lasm a a n a ly s is  can  give v a lu 
ab le  in fo rm atio n  n o t only  on sem en  q u a lity , b u t also on  th e  secre to ry  fu n c tio n  
o f  th e  accessory gen ita l g lands. In v es tig a tio n s  in to  th e  enzym es exam ined  in 
th e  p resen t s tu d y  h av e  been  re p o r te d  b y  several au th o rs  a n d  th e  resu lts  have  
b een  re la ted  to  sperm  m o tility  (A u stin , 1960). T he p re se n t re su lts  are d irec tly
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Table I

GOT, GPT and hyaluronidase enzyme activities in groups of bulls with good and
bad semen

Bulls of good semen (ni =  20) Bulls of bad semen (n =  24)

Hyaluronidase*

GOT
(U/l)

GPT
(U/l)

Hyaluronidase*

GOT
(U/l)

GPT
(U/l)i/i 1/2 1/4 i/i 1/2 1/4

dilution dilution

12 10 8 150 15 16 и 8 350 50
14 11 9 250 56 15 12 9 370 69
12 10 8 240 70 14 12 9 340 180
11 9 7 290 60 15 11 8 480 125
12 10 9 185 50 16 11 8 370 80
12 9 8 250 50 15 12 10 450 285
13 11 9 320 120 16 12 8 740 500
14 11 9 310 45 17 13 11 350 160
11 9 7 150 45 15 11 9 380 100
12 10 8 310 50 16 12 10 210 150
11 9 8 370 80 16 11 10 335 245
13 11 8 300 84 16 12 9 490 115
11 9 7 300 95 16 12 8 390 140
12 10 8 285 40 15 12 9 300 200
11 10 8 350 85 16 12 10 370 105
12 10 8 295 75 18 13 10 350 75
11 9 7 350 70 16 12 8 410 130
14 11 9 250 80 18 13 9 335 130
10 10 7 290 60 17 13 9 420 240
12 11 8 250 55 17 13 9 385 95

16 12 8 445 80
18 13 10 480 120
15 11 8 350 100
15 12 9 480 114

X 12 10 8 273.75 64.50 16 12 9 399.16 149.33
SD ±1.55 1.27 1.08 59.55 22.86 2.01 1.12 1.63 97.68 95.32

* Hyaluronidase values are expressed as the diameter of the immunodiffusion ring (mm).

co m p arab le  w ith  sp e rm  v ia b ility  an d  s to ra b ility . B esides, i t  shou ld  be no ted  
t h a t  th e  fe rtility  a n d  freezab ility  o f sperm  was found to  be  affected  by  th e  
g re a t  loss of these  enzym es from  sperm  h ead , w hich ta k e s  p lace during  p re 
p a ra tio n  for use in  a r tif ic ia l in sem ina tion .
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Table II

GOT, GPT and hyaluronidase enzyme activities in seminal plasma, 
and clinical parameters of bull semen

Bull semen quality

Parameters
Group of excellent 

bulls
Group of poor 

bulls

Seminal plasma enzymes studied
GOT (U/l) 273.75 399.16
GPT (U/l) 64.50 149.33
Hyaluronidase (mm) 12/10/8 16/12/9

Laboratory clinical parameters (mean +  S.D.)
pH 6 .4 +  0.13 6 .3 +  0.17
Volume (ml) 6 .0 +  3.8 4.0 ±  0.58
Sperm count ( X 109/ml) 1.4 ±  0.17 0.9 ±  0.42
Abnormal sperm (%) 21.0 ±  12.6 33.0 ±  10.4
Motility (%) 6 8 .0 +  6.4 59.0 ±  13.1
Motility after rethawing (%) 4 3 .0 +  8.7 38.0 ±  4.5
Fertility (%) 4 9 .0 +  8.1 38.0 ±  14.5

Table III

Analysis of variance of semen characteristics between groups of bulls 
with excellent and poor semen quality

Treatment pH Volume
ml

Concentra
tion

X 108/ml

Abnormal
sperm

%
Motility

%

Motility
after 9 min Fertility 
deep-freez- о/ 

ing and 
thawing

Between Groups 
1 and 2 N.S. N.S. P <  0.001 P <  0.001 P <  0.001 P <  0.001 P <  0.001

N. S. =  not significant; P  <  0.001 =  highly significant.

T he resu lts  o f W illiam  (1972) are in  good accordance  w ith  our p re sen t 
resu lts  th a t  h y a lu ro n id ase  is s tru c tu ra lly  in a c tiv a te d  b y  b e ing  bound in  or 
u n d e r th e  p lasm a  m em b ran e . A chem ical ag en t or an  e v e n t, such as sp erm  
d ea th , th a t  lab ilizes m em branes, releases enzym es in to  th e  su rro u n d in g  m edium  
(sem inal p lasm a). T h e  p re sen t re su lts  agree well w ith  th e  re su lts  o f Foulkes 
and  W atso n , 1975, Z aneveld  e t a l., 1973, E rick so n  an d  K rzanow ska , 1974, 
G ould an d  B e rn s te in , 1973, th a t  sperm  dam age m eans loss of acrosom al 
in te g rity . T he increase  in  th e  co n cen tra tio n  of h y a lu ro n id ase  and  o th e r su b 
stances in  th e  sem inal p lasm a ind ica tes  t h a t  acrosom al d am ag e  h ad  occurred
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a t  th is  s tag e . On th e  o th e r  h a n d , h igh  level o f these  enzym es in  sem inal p lasm a 
ca n  b e  considered an  in d ic a to r  o f d am ag ed  sperm  cells. M o rto n  (1975) show ed 
t h a t  h y a lu ro n id ase  an d  p ro teo ly tic  enzym es are  th e  b es t-ch a rac te rized  p e n e tra 
tio n  enzym es and  i t  seem ed  possible t h a t  stra in -specific  v a ria tio n s  in  th e ir  
a c tiv it ie s  m igh t be re la te d  to  th e  d iffe ren t fe rtility .

T h e  experim en ts described  ab o v e  a re  an  ex ten sio n  o f  th e  s tu d y  b y  
F o u lk e s  an d  W atson  (1975) an d  w ere designed  to  develop a new  sim ple te c h 
n iq u e . Since m any  p ro ced u res  fo r p rocessing  liqu id  sem en h a v e  been  u tilized , 
in  p a r t  fo r frozen sem en  w ith o u t f u r th e r  te s tin g  sperm  m o tility , acrosom e 
m o rp h o lo g y , oxygen u tiliz a tio n  an d  enzym e ac tiv ities  befo re  cooling, a f te r  
co o lin g  to  5 °C, before freezing  an d  a f te r  freezing  and  th a w in g , we considered 
n e c e ssa ry  to  m easure all th e se  p a ra m e te rs . W e conclude t h a t  th e  d e te rm in a tio n  
o f  th e  above enzym es in  th e  sem inal p la sm a  p rov ides fa r  b e tte r  s ta n d a rd  
p a ra m e te rs  fo r e v a lu a tin g  A .I. b u lls’ sp erm ato zo a  an d  to  d e te c t th e  d e lica te  
sp e rm  w hich are n o t  su itab le  fo r s to rag e  and  deep-freezing  processes, 
p a ra m e te rs  which are v a lu a b le  in  m ale  fe r tility  con tro l.

T h e  en tire  an d  a c c u ra te  system  o f A .I . bu lls’ sem en h an d lin g  in  straw s 
a n d  deep-freezing processes should  be te s te d  in  field  tr ia ls  in  o rd er to  ensure 
o p tim u m  fe rtility  w ith  th is  m e th o d . T h e  a u th o r  s tro n g ly  suggests th a t  these  
en zy m es are needed fo r m oving  o f th e  sperm  cell an d  fertiliz in g  th e  ovum , 
th e re fo re , m u st be checked  reg u la rly  especia lly  in  sem en  sam ples to  be used 
fo r  a r tif ic ia l in sem in a tio n  an d  s to rag e . T h e  values o f  th e se  enzym es can  in 
fo rm  us ab o u t th e  co n d itio n  o f  sperm  cells m ore clearly  th a n  a lo t o f p a ra m 
e te rs  an d  factors used  fo r co n tro llin g  an d  ev a lu a tin g  sem en . A n increased  
a c t iv i ty  o f these enzym es in  th e  su rro u n d in g  m edium  m ean s th a t  ( i )  th e  
sp e rm  has lost its  fe rtiliz in g  a b ility , ( i i )  th e  sperm  h as becom e abnorm al, 
( i i i )  th e  sperm  has b een  dam aged  o r lo s t  its  acrosom al in te g r ity , ( i v )  th e  
sp e rm  u ltra s tru c tu re  h a s  changed , ( v )  th e  sperm  has d ied , o r (v i )  th e  sperm  
h a s  lo s t  i ts  norm al sh ap e , m orpho logy  a n d  co n ten ts. A ll th ese  explain  th e  
im p o r ta n c e  o f d e te rm in in g  these  enzym es in  th e  e v a lu a tio n  of sem en for 
s to ra g e  an d  a rtific ia l in sem in a tio n .
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A deeper understanding of the physiology, pathophysiology and morphology of the 
male genital tract and spermatozoal structure can give us a better chance to diagnose and 
treat dysfunctions in this organ system and also a basis for rational research on new means to  
control male fertility.

One hundred A. I. bull sires of Hungarian Fleckvieh breed were used in this study. 
The changes of the acrosome picture were scored using the method of acrosome score types 
0-3 in different stages, viz. (A) fresh semen without treatment, (B) semen diluted and equi
librated for ЗУ2 h, (C) semen frozen at —196 °C and thawed at 46 °C for 1 h, and (D) semen 
frozen at — 196 °C, stored in liquid nitrogen for 24 h and rethawed. The number of defective 
spermatozoa and acrosome disruption increased under the freezing conditions. There was a 
positive correlation between acrosome picture and sperm motility, m otility after thawing and 
fertility. Acrosomal structures can be estimated by the simple and rapid acrosome score techni
que which can be used in routine semen evaluation, sperm behaviour, sperm freezability and 
fertility control as a further criterion and excellent light-microscopic parameter. This parameter 
is accurate and sensitive enough for controlling the normality of the cells.

F ro zen  sem en  o f m any  an im al species has p ro v ed  to  be less fertile  th a n  
fresh  sem en even  i f  60 to  70 per c e n t o f  th e  sp e rm ato zo a  m ay  rem ain  m o tile  
a f te r  freezing  an d  thaw in g . I t  seem ed, th ere fo re , to  be ju s tif ie d  looking fo r 
a d d itio n a l p a ra m e te rs , f irs t of all m orpho log ica l in  n a tu re .

M oench (1931), W illiam s (1964), E liasson  and  T re ich l (1971), E liasso n  
(1975) an d  W a tso n  (1975) estab lished  t h a t  th e  m orpho logy  o f sp erm ato zo a  is 
an  im p o r ta n t  p a ra m e te r  in  th e  ro u tin e  ev a lu a tio n  o f  m ale  fe rtility . A  few  
re p o rts  h av e  m en tio n ed  s te rility  o f  b u lls  w hich in  th e ir  sperm  p o p u la tio n  
show ed a d o m in a n t m orphological d efec t lo ca ted  m a in ly  or exclusively  in  
th e  sp erm  ta il  (B lom  and  B irch -A ndersen , 1966).

C ou lter a n d  F o o te  (1975) concluded  th a t  th e  ab ility  o f sperm  to  su rv iv e  
a t  b o d y  te m p e ra tu re  a fte r  freezing a n d  th a w in g  decreases from  stage to  s ta g e  
o f  sem en  processing . A crosom e d am ag e  increased  a t  each  successive s tag e . 
T hese o b se rv a tio n s  p ro m p ted  researchers in te re s te d  in  a r tif ic ia l in sem in a tio n  
p ro jec ts  to  p a y  a tte n tio n  to  ligh t- an d  electron-m icroscopic changes o f th e  
sperm  h e a d  (V eres an d  Ö csényi, 1968a, b, c, 1973; V eres e t  a l., 1972; Ö csényi 
an d  V eres, 1968).
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M aterials a n d  m ethods

Bulls.  T he  sem en donors were 100 A. I .  bu ll sires o f H u n g a ria n  F leckv ieh  
b re e d  used in  th e  A rtif ic ia l In sem in a tio n  C en tre . The p a ra m e te rs  o f th e  sem en 
q u a l i ty  o f  th e  bu lls w ere  recorded  (p H , v o lu m e , sperm  c o u n t, ab n o rm alities , 
p rog ressive  m o tility , m o tility  a fte r  th a w in g , and  fe rtility ). T h e  investig a tio n s 
o f  sp erm  h ead  an d  acrosom e in th e  p re se n t s tu d y  in c lu d ed  th e  changes of 
th e  acrosom e p ic tu re  in  d iffe ren t s tep s  o f  deep-freezing.

Samples.  Sem en sam ples were co llec ted  b y  th e  m eans o f  a rtif ic ia l v ag in a . 
A ll c lin ica l p a ra m e te rs  o f  sem en were e x a m in e d  and  th e n  e v e ry  e jacu la te  w as 
d ilu te d  accord ing  to  i ts  sperm atozoa  c o n c e n tra tio n  ( x l 0 9/m l) in  buffered  egg 
y o lk -g lu co se  d ilu en t, b y  using ro u tin e  p ro ced u res  of sem en deep-freezing as 
p erfo rm ed  a t  th e  A rtific ia l In sem in a tio n  C en tre , G ödöllő.

T he d ilu ted  sem en  w as eq u ilib ra ted  fo r  3 1/2 h to  4 °C an d  th e n  sealed  
in  a rtif ic ia l s traw s (0.25 m l) by  an  a u to m a tic  m achine. T he s traw s were frozen  
to  — 120 °C (9 m in) in  liq u id  n itrogen  a n d  tran sfe rred  fo r s to rag e  a t — 196 °C 
in to  liq u id  n itro g en  co n ta in e rs . F ro m  each  d ilu ted  sem en  some sam ples 
(s traw s) w ere chosen a n d  th aw ed  in  a w a te r  b a th  of 46 °C. S p erm ato zo a  m o tility  
w as reco rded  im m e d ia te ly  and  a fte r  1 h .

A crosom al s tru c tu re s  were in v e s tig a te d  during  th e  ch illing  and  d eep 
freez ing  p rocedures as follow s. A d rop  o f  d ilu te d  sem en w as sm eared  on a slide 
a n d  d ried  in  a c u rre n t o f  w arm  air. F ro m  ev ery  bu ll sem en sam ple, 4 sm ears 
w ere  p re p a re d : (A) a d ro p  o f d ilu ted  fre sh  sem en; (B) a d ro p  o f  d ilu ted  sem en 
a f te r  being e q u ilib ra te d  fo r 3 1/2 h ; (C) a d rop  of d ilu ted  sem en frozen a t  
— 196 °C fo r 9 m in  a n d  th e n  th aw ed  a t  46 °C for 1 h ; and  (D) a drop  o f d ilu ted  
sem en  frozen a t  — 196 °C, sto red  in  liq u id  n itro g en  fo r 24 h and  th a w e d . 
T h e  sm ears w ere im m ersed  in  b u ffe red  10%  fo rm alin  fo r 20 m in  and  th e n  
w ash ed  in  ru n n in g  ta p -w a te r  for 30 m in . S u b seq u en tly , th e  slide sm ears w ere 
tra n s fe r re d  in to  b u ffe red  10%  ta n n ic  ac id  fo r 5 m in a n d  w ashed  once m ore 
in  ru n n in g  ta p -w a te r  fo r  10 m in. F in a lly , th e  slide sm ears w ere dried  and  th e n  
im m ersed  in  bu ffered  3 %  Giem sa so lu tio n  fo r 100 m in, rin sed  b rie fly  in  d is til
le d  w a te r  an d  d ried . S ta in ed  sp e rm a to zo a  w ere exam ined  ran d o m ly  w ith  a 
l ig h t  m icroscope (see L egends to  th e  f ig u re s). A su b jec tiv e  scoring (W atso n , 
1975) w as used fo r e v a lu a tin g  th e  p ro g ressive  d isru p tio n  o f  acrosom es. T h e  
score  ran g ed  from  0 (undam aged  acrosom es) to  3 (severely  dam aged  or co m 
p le te ly  lo st acrosom es) (F igs 1-4). T h e  p ercen tag e  o f n o rm a l acrosom es w as 
c a lcu la ted  fo r 10 sp e rm ato zo a  selected  a t  random  on each  slide. T he m ean  
score fo r 10 sp e rm a to zo a  on each slide w as used  in  th e  an a ly sis  o f th e  re su lts .
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Fig. 1. Line drawing of sperm acrosome picture (score 0, normal acrosome). Light micrographs 
of A. I. bulls’ spermatozoa acrosomes (normal acrosome, score 0). Phase contrast X 1350 

Fig. 2. Line drawing of sperm acrosome picture (score 1, damaged acrosome). Light micro
graphs of A. I. bulls’ spermatozoa acrosomes (score 1). Phase contrast X1350
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Fig. 3. Line drawing of sperm acrosome picture (score 2, completely damaged acrosome). 
Light micrographs of A. I. bulls’ spermatozoa acrosomes (score 2, completely damaged

acrosomes). Phase contrast X 1350
Fig. 4. Line drawing of sperm acrosome picture (score 3, sperm with complete loss of acrosome). 
Light micrographs of A. I. bulls’ spermatozoa acrosomes (score 3, sperm with complete loss

of acrosome). Phase contrast X 1350
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R esults

T h e  p e rcen tag e  d is tr ib u tio n  o f scores ca lcu la ted  fo r sm ears o f fresh  
sp e rm ato zo a  is show n in  T ab le  I . In  th e  sem en  o f m o st bulls, th e  p ro p o r tio n  
o f n o rm al sp erm  acrosom es was 91%  (u n d am ag ed  acrosom es, 0). W hen  sem en  
h ad  b een  e q u ilib ra te d  fo r 3 1/2 h (stage  B ), th e  acrosom e score show ed 87 %  
n o rm al sp e rm  acrosom es. F ro zen -th aw ed  sp e rm ato zo a  acrosom e (s tag e  C) 
show ed a h ig h ly  s ig n ifican t change in  th e  freq u en cy  o f no rm al acrosom es. 
S perm ato zo a  s to red  in  th e  frozen s ta te  fo r  24 h  (stage D) w ere n o t s ig n ifican tly  
d iffe ren t in  d is tr ib u tio n  from  C-stage sp e rm a to zo a , b u t  h igh ly  s ig n if ican tly  
(P  <C 0.001) d iffered  from  sp erm ato zo a  o f  s tages A an d  В (Table I) .

Table I

Percentage distribution of acrosomes of A. I. bulls’ spermatozoa, 
sampled in stages A-D

Treatment
Acrosome score %

0 1 2 3

A 91 6 2 1
В 87 9* 3 1
C 67** 11* 13* 9*
D 71** 10* 7* 12*

* significant (P <  0.05).
** highly significant (P <  0.01).

Table II

The effect of acrosome score (0-3) of bull spermatozoa on semen characteristics during
and after the freezing processes

Treatment Number of 
bulls

Semen quality

Motility
%

Motility after 
thawing

%
Fertility

%

A Acrosome score (0) 90 72 41 47.4
Acrosome score (1-3) 10 64* 36* 37.5*

В Acrosome score (0) 85 65 40 49.6
Acrosome score (1-3) 15 61.5 37.2* 43.4*

C Acrosome score (0) 69 62 45 51.6
Acrosome score (1-3) 31 55* 30** 38.0**

D Acrosome score (0) 65 65 40 49.3
Acrosome score (1-3) 35 60* 34.5* 37.2**

* significant (P <  0.05).
** highly significant (P <  0.01).
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T h e  resu lts  c le a rly  show  th a t  th e  freq u en cy  of defec tive  sp e rm ato zo a  
a n d  o f  acrosom e d is ru p tio n  increased  u n d e r  th e  freezing  cond itions. T h ere  
w as a  sign ifican t decline o f  sperm  m o tility  d u rin g  th e  freezing  processes, an d  
th e  s ig n ifican t re su lt o b ta in e d  reg ard in g  th e  sperm  acrosom e score is o f special 
in te re s t .  T he sam ples o f  n o rm al acrosom e p ic tu re  w ere h ig h ly  sig n ifican tly  
m ore  fe r tile  th a n  th e  sam ples show ing acrosom es o f scores 1 -3 .

F ro m  th e  re su lts  show n in T ab le  I I  a p o sitiv e  co rre la tio n  w as e stab lish ed  
b e tw e e n  th e  s tag e  o f  d is ru p tio n  o f acrosom es and  sperm  fe r tility .

D iscussion

I t  has long b een  suggested  th a t  th e  m orpho logy  o f sp e rm ato zo a  is an  
im p o r ta n t  p a ra m e te r  in  th e  ro u tin e  e v a lu a tio n  o f m ale fe r ti l i ty  (E liasson , 
1975). T he m orpho logy  o f bull sp e rm a to zo a  is w ell-know n. M any d iffe ren t 
ty p e s  o f sp erm ato zo a  h a v e  been described  in  d e ta il b u t  th e  acrosom e changes 
in  d iffe re n t phases o f  freezing  in  liq u id  n itro g e n  and  th a w in g  have  n o t been  
in v e s tig a te d  so fa r .

A crosom e fo rm a tio n  begins v e ry  e a rly  in  sperm atogenesis and  show s 
c o n fig u ra tio n a l chan g es th a t  con tinue  in  sp e rm ato zo a  passing  th ro u g h  th e  
ep id id y m is. T he p la sm a  m em brane o v e rlay in g  th e  acrosom e has been a su b 
je c t  o f  in te re s t in  re c e n t y ears . W atson  an d  M artin  (1972) succeeded in  c lassify 
in g  th e  s ta te  of th e  acrosom al s tru c tu re s  rep ro d u c ib ly . In  th e ir  s tu d ies, freez
in g  w as accom pan ied  b y  a progressive d e ran g em en t o f th e  acrosom e. O u r 
p re se n t o b se rva tions h av e  confirm ed th e se  re su lts . T he decline in  s ta in in g  
in te n s i ty  and  in  c o n tra s t  a f te r  freezing (W a tso n , 1975) m ay  ind ica te  loss o f 
s ta in a b le  m a te ria l fro m  th e  m em branes o r th e  co n ten ts  of th e  acrosom e an d  
w ou ld , there fo re , be fu r th e r  evidence o f  ac ro so m al dam age. T he p resen t re su lts  
o f  th e  decline o f sp erm  m o tility  an d  m o til i ty  a fte r  th aw in g , and  th e  h ig h ly  
s ig n if ican t decrease o f  fe r tility  prove th e  suggestion  of W atso n  and  M artin  
(1972) an d  W atso n  (1975), and th e  re su lts  o b ta in e d  by  us (M oustafa A. R . 
Ib ra h im , 1979, 1980) on  th e  release o f  som e chem ical sub stan ces an d  enzym es 
in to  th e  su rro u n d in g  m ed ium  as in d ica tio n  o f  acrosom al dam age. T he fe r ti l i ty  
o f fro zen  sp e rm ato zo a  is p ro b ab ly  in flu en ced  b y  several fac to rs , am ong th e m  
th e  su rv iv a l o f sp e rm a to zo a  in  th e  d ilu tio n s , d u ring  freezing processes an d  
in  th e  rep ro d u c tiv e  t r a c t .  The acrosom e sco rin g  used  b y  us is su itab le  fo r 
e v a lu a tin g  th e  h a rm fu l effects o f th e  d ilu e n ts , g lycero la tion , sem en h an d lin g , 
eq u ilib ra tio n  tim e  need ed  fo r th e  sperm  o f d iffe ren t species to  su rv iv e  in  
d ilu e n ts , and  o f te m p e ra tu re  tre a tm e n ts  d u rin g  frozen s to rage .

T h e  p re sen t re su lts  agree w ith  th o se  o f  Claus (1976) w ho show ed t h a t  
th e  increasing  c o n cen tra tio n s  of d im eth y l su lp h o x id e  (DMSO) betw een  2 %  an d  
10%  in  th e  e x te n d e r  caused  a s ign ifican t increase  in  m o tility  and  a s ig n ifican t
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dro p  in  th e  p ro p o rtio n  of n o rm a l acrosom es. T estin g  N A R  (n o rm al ap ica l 
ridge) in  frozen sem en does allow  a b e tte r  p red ic tio n  o f  th e  la te r  fertiliz ing  
c a p a c ity  th a n  MOT (m otility ) does. T hese facts confirm  o u r fin d in g  th a t  acro- 
som e scores (0-3) m ay be used  as a p a ra m e te r  b e t te r  th a n  m o tility  con tro l 
fo r sperm  fe r tility . Carlos (1975) p ro v ed  th e  im p o rta n c e  o f th e  m icroscopic 
e x am in a tio n  o f acrosom e m o rpho logy  fo r find ing  th e  o p tim u m  d ilu e n t con
c e n tra tio n  fo r th e  p ro tec tio n  o f acrosom al s tru c tu re . W e conclude th a t ,  b y  
l ig h t m icroscopy, th e  in te g rity  o f  th e  acrosom es can  be assessed, an d  th e  
te c h n iq u e  o f acrosom e scoring is usefu l for e s tim a tin g  th e  s ta te  o f  th e  acro 
som e s tru c tu re . T he m eth o d  can  be used in  ro u tin e  sem en e v a lu a tio n  as 
a fu r th e r  crite rio n , in d ep en d en t o f  m o tility , o f th e  in ta c tn e ss  o f th e  cells. I t  is 
also a good c rite rio n  for assessing th e  ab n orm alities o f  th e  acrosom e reac tio n  
u n d e r  severa l cond itions.

W e suggest th a t  these  re su lts  an d  m ethods can be usefu l in  fu r th e r  stud ies 
on sperm  m a tu ra tio n , c a p a c ita tio n  an d  fe rtiliza tio n , an d  fo r d e tec tin g  acro 
som al changes and  defective acrosom es.
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Boar semen was obtained by the hand method from 50 boars, descendants of four sires 
(Duroc, Estonian, GDR Lowland and German Öves boars). In the breeding period of 1979, 
1218 doses of deep-frozen boar sperm were made from 190 ejaculates in special rubber tubes 
(artificial straws). For deep-freezing, 11% lactose solution was used as diluent, then 0.1%  
skimmed milk-powder and freeze-protective (cryoprotective) materials, glycerol and Orvus 
Es Paste were added. The deep-frozen sperm was thawed in water bath of 52 °C for 52 s, while 
the sperm warmed up to 20 °C, then it was diluted in thawing liquids (Beltsville or OLEP 
Liquid), and sows were inseminated. Pregnancy was determined by ultrasound 40 days after 
insemination. Of the 397 sows inseminated with deep-frozen boar semen, 184 (46.3%) farrowed, 
with an average litter size of nine pigs. The morphology of the boar sperm head was examined 
before and after deep-freezing, using light and electron microscope. Significant differences 
were observed with respect to age and sire.

Polge e t al. (1970) app lied  th e  tech n o lo g y  o f bov ine  sperm  freezing to  
th e  freezing of b o a r sperm . T he th aw in g  resu lts  w ere rem ark ab le  (25 to  30% ). 
T he m ain  aim  o f research  conducted  by  o th e r  au th o rs  (R o y , 1955; B ane, 1959; 
B aier, 1962; B ad er, 1964; R osté i, 1976) w as to  d e te rm in e  th e  o p tim um  eq u i
lib ra tio n  tim e  o f sperm  to  freezing. T h e  m a te ria ls  used fo r conservation  w ere 
considered  to  be su itab le  even for deep-freezing an d  fo r du rab le  sto rage  o f 
d ilu ted  cen trifu g ed  sperm . P lastic  tu b e s  or glass am poules were used  fo r  
s to rin g  deep-frozen  b o a r sperm , b u t th e se  technologies show ed no im p ro v e 
m en t (C arbo  an d  E in a rsso n , 1971; B oehnke , 1973). Since 1970, b o ar sperm  
has been deep-frozen  in  g ran u la ted  (pelle ted ) fo rm  (E in a rsso n  e t a l., 1971; 
G raham  e t  al., 1971; R o h lo ff and  A llm elling , 1971; P a q u ig n o n  e t al., 1972; 
K lenner 1975).

W hen  th e  m e th o d  o f P u rse l e t al. (1972) was used , th e  m o tility  of th aw ed  
sperm  increased  to  3 5 % , an d  th e  p ro p o rtio n  o f in ta c t  acrosom es rose to  50 to  
5 5 % . E lev en  sows w hich  w ere s lau g h te red  10 days a f te r  in sem in a tio n  show ed 
fe rtilized  ovules.

W esten d o rf  e t al. (1977) exam ined  th e  freezing  o f  sperm  in  po ly am id e  
p lastic  tu b e s  (H iilsenberg  P a ile tte ) an d  ach ieved  a 38%  l i t t e r  ra te . The th a w e d  
sperm  show ed 30 to  3 5%  m o tility  an d  55 to  60 %  n o rm a l acrosom e ra te .
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S c h ra d e r  e t al. (1977) com pared  th e  m e th o d  of pe lle ting  (P u rse l e t ah , 1972) 
w ith  th e  W esten d o rf m e th o d  o f a r tif ic ia l s traw . B y th e  m e th o d  o f sp lit-sam p le , 
h a lf  o f th e  e jacu la tes  w ere g ra n u la te d  an d  th e  o th e r  h a lf  w ere exam ined  
in  p la s tic  tu b es. M o tility  p roved  to  he  b e t te r  w ith  a rtif ic ia l s traw  th a n  w ith  
th e  p e lle t technology . T h e  ra te  o f in ta c t  acrosom es d id  n o t show  a sig n ifican t 
d iffe ren ce . The a d v a n ta g e  o f th is  m e th o d  o v er th e  pelle t one is th a t  th e  a r t i 
f ic ia l s traw s can  be signed orig inally , so th e ir  id e n tif ic a tio n  is sure . T haw ing  
is d iff ic u lt if  th e  sperm  is g ran u la ted , w hile  th e  sperm  frozen  in  a rtif ic ia l s traw s 
is sim p le  to  th aw . In  sp ite  o f th e  good re su lts , th e  a rtif ic ia l s tra w  m e th o d  has 
n o t  b een  w idely ap p lied  because o f  i ts  h igh  costs.

T he p resen t s tu d y  in  H u n g a ry  w as s ta r te d  on th e  basis o f  th e  ex p erim en ts  
c o n d u c te d  in  W est G erm an y  (N e u s ta d t a . d. A isch, H ülsenberg) in  1979.

T he aim s o f  th e  ex am in a tio n s  w ere  to  w ork ou t a te ch n o lo g y  for d eep 
freez in g  b o ar sperm  in  large a rtific ia l s traw s, and to  im prove  biological p a ra m 
e te rs  an d  rep ro d u c ib ility . These a re  v e ry  im p o rta n t fa c to rs  in  th e  p rac tice . 
P ra c tic a l use o f  deep-frozen  b o a r sp e rm  m akes possible to  use sperm  from  
ex c e lle n t boars a p a r t  from  th e  tim e . B o ars , descendan ts o f  w hich  are c o n tro l
led , can  be used in  s tock-breed ing  sy s tem a tica lly , and special ch a rac te rs , s to c k 
in g  o f  genes an d  b o a r S P F  techno logy  ca n  be in troduced  in  th e  p rac tice .

M aterials an d  m ethods

T h e  ex p erim en ta l an im als w ere 50 b o ars , 1.5 to  5 y ea rs  o f age, from  four 
sires (D uroc, E s to n ia n , G D R  L ow land  an d  G erm an ö v es) used  fo r sem en co l
le c tio n  from  th e  A rtif ic ia l In sem in a tio n  C entres o f B u d ap est an d  F üzesab o n y , 
H u n g a ry . T he an im als w ere p rep a red  a n d  sem en w as o b ta in e d  b y  h a n d  from  
th e  f i r s t  phase , on th e  average 80 to  100 m l. Sem en was co llec ted  in  cen trifuge  
tu b e s  o f  20 m l, w arm ed  up  to  35 °C a n d  filte red  th ro u g h  doub le  gauze. T hen  
th e  tu b e s  w ere p laced  in  a w a te r b a th  a t  35 °C for 10 m in . D u rin g  th is  period , 
m o ti l i ty  and  m orpho logy  o f th e  sp e rm , ra te  of in ta c t acrosom es and n u m b er 
o f  sp e rm  w ere reg is te red . O nly sperm  reach in g  75 to  80%  m o tility  w ere frozen. 
A b n o rm a l sperm  an d  sperm  of low  m o til i ty  in  20 to  25 %  or m ore w ere d is
c a rd e d . M orphology o f th e  sperm  w as ex am in ed  in  p re p a ra tio n s  s ta in ed  w ith  
1 %  m e th y l v io le t an d  dried  ( X 1350).

T h e  sperm  o f n o rm a l c o n s tru c tio n  an d  o f ab n o rm al fo rm  w ere n o ted ; 
in  th e  la t te r ,  head , n eck  and  ta il d e fo rm atio n s were also in d ica ted . A b n o r
m a litie s  o f sperm  w ere grouped  as follow s: (1) g ian t and  p ig m y  fo rm s; (2) de
fo rm ed  h eads; (3) ab n o rm a l jo in in g  to  connec ting  p a r t ;  (4) doub led  fo rm a
tio n s ; (5) o th e r fo rm a tio n s  on head , neck  an d  ta il; (6) w ound  ta il ;  (7) m issing 
c a p , an d  d iso rder in  acrosom es.

T he sperm  c o n cen tra tio n  was d e te rm in ed  by  a co lo rim etric  m ethod . T he 
av erag e  values o f th e  d en sity  o f e ja c u la te s  are  0.1 to  0.5 X 109 p er m l. T he
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sem en was ex ten d ed  in  a d ilu e n t an d  allowed to  e q u ilib ra te  fo r 2 h  a t  room  
te m p e ra tu re  before cooling an d  freezing . The d ilu en t co n sis ted  o f 120 g glucose, 
7.4 g selecton  B 2, 7.5 g sod ium  c itra te , 2.4 g sodium  h y d ro g en ca rb o n a te , 1.0 g 
sigm am ycin  d ilu ted  in  2000 m l doub le-d istilled  w a te r . Cooling and  freezing 
d ilu tions w ere m ade du ring  th is  tim e .

Table I

Composition of the cooling and freezing dilution 
(quantity needed for ejaculates)

Cooling dilution Quantity

Lactose solution (11%) 40 80 100 120 160 200 ml
Egg yolk 10 20 25 30 40 50 ml

Total volume 50 100 125 150 200 250 ml

Enough for 1 to 2 2 to 3 3 to 4 5
ejaculates

Freezing dilution Quantity

Cooling dilution 46 92 138 184 230 ml
Orvus Es Paste 1 2 3 4 5 ml
Glycerol 3 6 9 12 15 ml

50 100 150 200 250 ml

Enough for 1 to 2 3 to 4 4 to 5
ejaculates

The cooling d ilu tio n  (T ab le  I) w as pre-cooled to  15 °C and  th e  freezing 
d ilu tio n  to  4 °C. T he sperm  w as p laced  fo r 2 h in  a th e rm o s ta t  a t  15 °C for 
eq u ilib ra tio n , th e n  i t  w as cen tr ifu g ed  a t  540 g for 10 m in . I n  th is  s tep , sem inal 
p lasm a sep a ra ted  from  sperm  an d  g a th e red  as a p e llu c id  liqu id  above the  
sed im en ted  cells. Sem inal p lasm a  ran g ed  from  185 to  190 m l, and  sperm  from  
10 to  15 m l, in  volum e.

T he cen trifuged  sperm  cell m ass w as d ilu ted  to  th e  f in a l volum es in 
d ica ted  in  T ab le  I I .  Sem en w as cooled to  5 °C d u ring  1.5 h  an d  freezing d ilu en t 
w as added  to  y ie ld  th e  c o n c e n tra tio n  o f 1 X 109 sp e rm a to z o a  p er m l.

The sperm  was d ilu ted  w ith  freezing d ilu tio n  (T ab le  I I ) ,  precooled in  
a rtific ia l (РУС) s tra w s  an d  e q u ilib ra te d  for 20 m in. T h e  s traw s were 30 cm 
in  len g th , 9 m m  in  d iam ete r, 0.6 m m  in  th ickness, f in a l volum e of 10 m l, 
closed b y  2 steel balls from  th e  tw o  ends. The d a ta  of th e  b o a r  and  info rm ation  
w ere in d ica ted  on th e  straw .
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T he straw s w ere tra n s fe rre d  to  co n ta in ers  of liq u id  n itro g e n  on ram ps 
b e in g  over the  liq u id  leve l o f  5 cm  an d  frozen  for 20 m in  in  n itrogen  steam  
o f  — 120 °C. A fter freez ing , th e  a rtific ia l s traw s were p laced  in  containers 
o f  — 196 °C liqu id  n itro g e n  fo r s to rage . A fte r 24 h , th e  m o ti l i ty  of th e  deep- 
fro z e n  sperm , th e  r a te  o f  n o rm a l acrosom es and  th e  p ro g ress iv e  m o tilitv  were 
d e te rm in ed . B efore in se m in a tio n  th e  d eep -fro zen  sem en s tra w s  were th aw ed  
in  w a te r  b a th  of 52 °C fo r  52 s. D u rin g  th is  tim e , th e  te m p e ra tu re  of bo th  th e

Table П

Dilution of sperm samples depending on the total number of spermatozoa 
in prediluted settling

No. of
spermatozoa in 

prediluted settling 
X 10*

Volume of 
cooled sperm 

ml

Volume of 
freezing dilution 

ml

Final volume 
of frozen 

sperm 
ml

Obtainable 
No. of 

artificial 
straws

5.0 to 9.5 4.0 2.0 6.0 l
10.0 to 14.5 8.0 4.0 12.0 2
15.0 to 19.5 12.0 6.0 18.0 3
20.0 to 24.5 16.0 8.0 24.0 4
25.0 to 29.5 20.0 10.0 30.0 5
30.0 to 34.5 24.0 12.0 36.0 6
35.0 to 39.5 28.0 14.0 42.0 7
40.0 to 44.5 32.0 16.0 48.0 8
45.0 to 49.5 36.0 18.0 54.0 9
50.0 to 54.5 40.0 20.0 60.0 10
and so on

Table III

Heat resistance of boar sperm deep-frozen in two types of diluents

Deep-frozen sperm at 0 h Deep-frozeni sperm after 5 h at -f- 37 °C

Boar Motility Normal acrosome Motility Normal acrosome

a b a b a b a b

A 023 35.4 33.1 65.3 61.4 25.0 23.3 23.3 31.6
A 057 40.2 37.3 64.2 61.2 20.0 21.6 23.6 28.3
A 074 36.2 34.5 62.5 65.0 21.6 24.6 29.3 39.2
A 110 35.5 31.4 65.0 67.1 19.2 21.3 27.2 31.3
A 111 37.2 34.4 58.0 60.4 21.6 26.2 29.3 36.5
A 112 37.5 35.5 60.5 66.5 20.6 22.6 26.5 31.6

a =  lactose diluent; b =  milk-powder diluent
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Ш *
Fig. 1. a Stained boar spermatozoa showing normal and damaged sperm acrosomes — winding 
and breaking of the tail, abnormal sperm head. X 1350. b Electron micrograph of native normal 
boar sperm head and acrosome, outer acrosomal membrane (oam),  inner acrosomal membrane 

(iam)  and plasma membrane (p m ).  X 37,000
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sp e rm  an d  th e  th a w in g  d ilu tio n  rose to  20 °C. T he lay e r o f  th e  sed im en t w as 
coo led  to  20 °C and  s to re d  a t  th is  te m p e ra tu re . I t  was used  as a d ilu tio n  w hich 
c o n ta in e d  50%  sem in a l p lasm a. B efore b e in g  used, i t  w as th a w e d , an d  c e n tr i
fu g ed  fo r 20 s a t  6000 g.  T he  u p p e r sed im en t, free from  sperm , w as d ilu ted  
to  c o n ta in  30%  sem in a l p lasm a. S em inal p lasm a tre a te d  in  th is  w ay  can  be 
s to re d  a t  4 °C fo r 4 d ay s . Sem en w as th aw ed  in  e ith e r  B eltsv ille  th aw in g  
so lu tio n  (Pursel e t a l., 1972) or O L E P  D ilu en t (L arsson  an d  E in a rsso n , 1976).

T he d iluen t w as a d d ed  (70 ml) to  th aw in g  sperm atozoa , an d  th e  sows 
w ere in sem inated  tw ice  a t  a 12-h in te rv a l. P reg n an cy  w as d e te rm in ed  b y  
u ltra so u n d  40 days a f te r  in sem in a tio n . A n a d d itio n a l d ilu en t co n ta in in g  11%  
pow d ered  m ilk, 20 m l egg yo lk  an d  80 m l d is tilled  w a te r  w as used  fo r cooling
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Fig. 2. a—e Electron micrographs of portions of boar sperm. Note outer (oam) and inner 
acrosomal membranes ( iam)  and nuclear envelope. The oam can be identified by the stained 
acrosome contents. The plasma membrane is widely separated from the oam (Fig. 26—d ) , 

note the damaged acrosomal membrane. X 37,000
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an d  freezing e ja c u la te s  o f  6 boars fo r com p ariso n  w ith  th e  lactose d iluen t. 
H a lf  o f these  e jacu la tes  w as tre a te d  w ith  la c to se  an d  th e  o th e r  h a lf  w ith  m ilk- 
p o w d er d ilu tion . T h e  e jacu la tes  w ere th e n  frozen . H e a t re s is tan ce  was d e te r
m in ed  in  th e  sperm  deep -frozen  in  th e  tw o  k in d s  o f d ilu tio n s a t  37 °C for 5 h 
as follow s: (1) 0.6 m l o f  each  th aw ed  sperm  sam ple  w as p o u red  in to  a 10-ml 
tu b e  conta in ing  8 m l o f  th aw in g  d ilu tio n  o f th e  sam e te m p e ra tu re . (2) T he 
sam ples were p laced  in  a w a te r  b a th  a t  37 °C, an d  (3) m o tility  and  n u m b er 
o f  in ta c t  acrosom es w ere  de te rm ined  (T able I I I ) .

R esults

F resh  sem en sam p les  from  th e  50 b o ars  show ed on th e  average 75 to  
8 0%  m otility  an d  th e  r a te  o f  no rm al acrosom es w as 92 to  95% . A fte r d eep 
freezing  and  th a w in g  spe rm ato zo a , good q u a lity  sem en w as m ain ta in ed  in  
o n ly  25 of th e  boars.

T he f irs t m orpho lo g ica lly  dem o n strab le  d am ag e  o ccu rred  during  c e n tr i
fu g a tio n  of th e  d ilu te d  sem en. T he dam age w as ch a rac te rized  b y  w ound ta ils  
an d  d isappearance  o f  a g g lu tin a tio n  an d  m o tility . W ind ing  an d  b reak ing  of 
th e  ta il  appeared  a t  d iffe ren t levels and  w ere used  fo r ev a lu a tin g  th e  sperm  
q u a lity . A fter sp e rm  ag g lu tin a tio n , i.e. h ead -h ead , h ead -ta il and  ta il-ta il 
ag g lu tin a tio n , h a d  occu rred , th e  n u m b ers  o f m oving  sperm ato zo a  and  th e  
frequencies of th e  fo llow ing  phenom ena w ere reduced  s ig n ifican tly : abnorm al 
acrosom es in  n a tiv e  sp e rm , ab norm al-headed  an d  ab n o rm al-ta iled  sp e rm a
to zo a  in  n a tiv e  sp e rm , n o rm al acrosom es in  d ilu ted  sp erm  a t 5 °C, m o tility  
in  th aw ed  sperm , a n d  n o rm al acrosom es in  th a w e d  sperm . T he effects and  
dam ages are  show n in  F igs 1 to  3. The sperm  sam ples from  25 boars th a t  were

Fig. 3. Lead-stained section through portions of normal boar sperm tail; only the plasma 
membrane (pm)  is heavily stained; mitochondrial (m)  membranes are not stained. X 37,000
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n o t su itab le  fo r deep-freezing  show ed fu r th e r  d am ag e  d u ring  freezing a t  
— 120 °C. Sperm  m o tility  from  th ese  an im als w as 15 to  2 0 % , an d  th e  p ro 
p o rtio n  of sperm  h av in g  in ta c t  acrosom es was v e ry  low , 15 to  30% . A t f irs t  
th e  o u te r  m em b ran e  o f  th e  acrosom e w as dam ag ed , b u t  la te r  fusion of o u te r 
and  in n er m em branes, d e fo rm atio n  o f heads an d  fo rm a tio n  o f p lasm a drops 
also occurred . Sem en ex a m in a tio n  w as re p e a te d  th re e  tim es and  y ielded 
sim ilar resu lts . T he 25 b o ars  w ere exam ined  fu r th e r . T ab le  IV  gives in fo rm a
tio n  on th e  biological ch a rac te ris tic s  o f e jacu la tes  fro m  th e  25 boars p re se n t
ing  good re su lts , an d  on th e  changes du ring  deep-freezing .

D a ta  in  T ab le  IV  p ro v e  th a t  th e  average  n u m b e r o f  sp erm atozoa  o b ta in ed  
from  firs t-p h ase  e ja c u la tio n  w as 37.4 X l0 9. T here w ere sign ifican t differences 
(P  <7 0.05) b etw een  sires an d  ages. T he n u m b er o f  sp erm atozoa  averaged  
45 X 109 fo r th e  D uroc b o a rs , w hile fo r E s to n ian  an d  G D R  L ow land boars it  
was a b o u t 34 X Ю9. T o ta l sp erm  n u m b e r o f G erm an  Ö ves boars w as 36x10°.  
D ifferences b y  age w ere also considerab le : e jacu la tes  o f  y o ung  boars con ta ined  
32 to  35 X 109 sp e rm ato zo a , w hile th o se  o f old b o ars  h a d  35 to  48 X Ю9 sp e rm a 
tozoa .

D uring  ou r ex am in a tio n , 1218 doses of b o a r sp erm  w ere deep-frozen in  
a rtific ia l s traw s. N ine h u n d re d  th aw ed  a rtific ia l s traw s show ed 37%  m o tility ; 
th e  p ro p o rtio n  o f in ta c t  acrosom es w as 60 .4% ; o f  th e  397 sows in sem in a ted  
d u ring  one b reed ing  cycle , 184 sows (46.3% ) fa rro w ed . T here  w ere no d if
ferences in  re su lts  b e tw een  sperm  th aw ed  a f te r  30 day s an d  th a t  th aw ed  
a fte r  12 m o n th s, or in  th e  l i t te r  size o b ta ined .

D iscussion

One of th e  im p o r ta n t  fac to rs  in  th e  deep-freezing  o f b o ar sperm  is th e  
m ain ten an ce  of m o tility . O n m o tility  ex am in a tio n , W e s te n d o rf  et al. (1977) 
p roved  th a t  th e  h ead  is 8 pm  in len g th  an d  4 pm  in  w id th , th e  neck is 12 pm  
in len g th  and  th e  ta il  is 30 pm  in  len g th . T he q u ick  red u c tio n  of th e  b o a r 
sperm  m o tility  can  be ex p la in ed  b y  th e  fac t th a t  th e  ra tio  of head  to  ta il 
is less fav o u rab le  th a n  in  bov ines, viz. th e  head  o f th e  sam e size is associated  
w ith  a ta i l  40 %  sh o rte r  th a n  th a t  found  in  bov ines. B o a r sperm atozoa m ove 
a round  in a circle o f 100 p m , an d  th e  d u ra tio n  o f th is  m ovem en t depended  
on th e  tim e  o f s to rag e : th e  longer th e  sto rage , th e  sh o r te r  w as th e  d u ra tio n  
of th e  m ovem en t. L arsso n  and  E inarsson  (1976) found  th a t  m o tility  of th aw ed  
sperm  can  be increased  b y  ad d in g  10 m m ol caffeine. G u sta fsson  and  E inarsson  
(personal com m unica tion ) show ed th a t  p ro s tag lan d in  F a added  to  th e  th a w 
ing so lu tion  acce lera ted  th e  m ov em en t of sperm .

A n o th e r im p o r ta n t  fa c to r  is acrosom e m orp h o lo g y , w hich p lays a key 
role in  fe rtiliza tio n  b io logy  (H illm an n , 1972; Jo n es , 1973; M üller and  B rand i,
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Table TV

Biological and physical traits used for

No. of boar 1 2 3 4 5 6 7 8 9

A 023 4 85 36.2 75 7.2 2.5 4.7 0.2 1.0

A 057 3 80 32.2 75 7.3 4.3 3.0 0.3 l . i

59 14 100 36.2 80 6.5 2.7 3.3 0.2 0.3

A 074 4 90 35.2 75 6.5 2.5 4.2 1.3 0.0

A 077 3 80 34.2 78 9.6 2.3 7.3 0.0 0.0

A 102 3 90 32.2 76 6.0 2.6 6.5 6.0 0.0

A 103 15 100 36.1 80 7.8 2.9 5.0 0.5 0.5

A 108 4 90 38.2 75 7.2 2.6 4.4 0.2 0.5

A 110 14 90 42.2 80 7.6 3.1 3.6 0.2 0.1

A 111 14 96 48.3 80 7.2 2.9 3.5 1.0 0.5

A 112 14 95 42.2 85 7.5 3.0 3.9 0.3 0.2

A 113 14 90 36.2 80 9.0 3.2 3.0 0.4 0.4

A 139 5 90 36.5 76 8.5 3.0 5.5 1.5 1.5

A 141 5 90 30.2 75 9.6 3.6 6.0 2.0 1.0

A 143 5 95 36.8 76 9.1 3.2 5.6 1.6 1.4

A 144 5 90 37.5 80 9.2 3.1 5.4 1.5 1.2

A 149 10 95 38.3 80 7.6 3.0 4.1 1.5 0.5

A 150 8 95 36.5 80 6.1 2.7 3.6 1.0 0.3

A 151 4 80 32.5 75 7.0 2.4 4.5 0.3 0.6

A 158 6 90 38.2 80 7.2 2.8 4.0 1.5 0.4

A 159 6 90 38.8 80 7.5 2.6 3.8 1.6 0.3

A 195 10 90 44.2 80 7.4 3.0 3.7 1.0 0.5

A 196 10 95 43.5 80 7.6 2.8 3.5 1.0 0.6

A 321 4 80 36.6 76 7.0 2.0 4.3 0.2 0.6

1069 6 90 36.5 76 6.8 2.7 3.5 1.0 1.0

I 7.6 90.2 37.4 78 7.6 2.8 4.3 1.0 0.5

II 7.3 91.1 35.3 73 9.0 3.0 5.0 3.2 2.8

I: Average values for semen of good boars; II: Average values for semen of “bad” boars; 1: No. 
of ejaculates; 2: Volume of ejaculate (ml); 3: Total number of spermatozoa in the ejaculate, 
X 109; 4: Moving spermatozoa, per cent; 5: Plasma drops hanging on spermatozoa, per cent; 
6: Spermatozoa with plasma drop of proximal position in native sperm, per cent; 7 : Spermatozoa 
with plasma drop of distal position in native sperm, per cent; 8: Spermatozoa with abnormal 
acrosome in native sperm, per cent; 9: Abnormal-headed spermatozoa in native sperm, per cent;

1975). T he acrosom e (cap) fo rm u la  covered  b y  double m em b ran e  covers 3/4 of 
th e  h e a d  (see Fig. lb ) .  D u rin g  deep-freezing , i t  is m ain ly  th e  acrosom e w hich 
is d am ag ed  (Fig. 2a, b , c, d an d  e). D am age in  c o n stru c tio n  m a y  occur on its
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evaluating deep-frozen boar sperm

10 11 12 13 14 15 16 17 18

6.7 94.2 35.0 65.0 1.2 5.9 2.4 4.7 6.0
6.0 87.5 40.0 64.2 1.3 5.9 1.7 3.5 5.3
6.0 92.5 40.0 60.0 1.1 5.9 2.5 3.8 6.0
7.1 93.3 36.2 62.5 1.2 5.9 3.3 5.0 5.8
5.0 82.5 38.0 60.0 1.1 5.2 2.5 4.0 5.6
0.0 90.0 36.0 58.0 0.8 5.2 1.9 2.9 5.3
5.0 92.5 36.5 60.0 1.1 5.9 2.0 4.0 6.0
6.7 91.0 36.2 61.0 0.9 6.1 2.0 4.5 6.3
5.8 86.5 35.0 65.0 1.1 6.5 2.5 3.0 7.0
5.9 90.5 37.0 58.0 1.2 6.5 2.7 4.0 8.0
6.0 91.0 38.0 60.0 1.1 6.0 2.4 4.1 7.0
5.8 92.0 38.0 61.5 1.2 5.9 2.5 3.8 6.0
4.6 91.5 36.0 56.0 1.3 5.9 1.8 3.6 6.0
4.5 92.0 35.5 56.0 1.2 6.0 1.7 3.5 5.0
4.6 86.0 36.0 60.0 1.1 6.0 2.0 3.4 6.1
4.4 88.5 36.0 58.0 1.3 6.0 1.8 3.7 6.2
6.0 91.5 40.0 61.0 1.2 6.1 2.1 3.6 6.3
5.6 90.5 36.5 60.5 1.3 6.0 1.5 3.5 6.0
6.0 92.5 38.0 58.5 1.3 5.9 1.6 5.2 5.4
5.6 91.0 38.0 60.5 1.2 6.1 1.8 3.7 6.4
5.8 92.5 35.5 62.0 1.3 6.1 2.0 4.0 6.5
6.0 90.5 36.8 61.0 1.2 6.0 2.0 3.4 7.3
5.4 91.5 38.5 60.5 1.1 6.1 2.5 4.0 7.2
6.1 91.5 36.0 61.0 1.3 5.9 2.0 4.3 6.0
5.5 91.6 35.5 60.0 1.4 5.9 1.8 3.6 6.0

5.4 90.6 36.9 60.4 1.1 5.9 2.1 3.8 6.2
7.2 70.8 22.9 41.4 0.9 5.6 1.1 2.9 5.1

10: Abnormal-tailed spermatozoa in native sperm, per cent; 11: Normal acrosomes in diluted 
sperm at 5 °C, per cent; 12: Motility in thawed sperm, per cent; 13: Normal acrosomes in thawed 
sperm, per cent; 14: Density of semen in thawed sperm, million/mm3; 15: Number of spermatozoa 
in one artificial straw ( X 109); 16: Number of moving spermatozoa in one artificial straw ( X 109); 
17: Number of spermatozoa with normal acrosomes in one artificial straw ( X 109); 18: Number 
of artificial straws

ap ica l p a r t ,  th e  o u te r  acrosom e m em b ran e  can  be defo rm ed , i t  m ixes w ith  
th e  in n e r m em brane or p a r ts  from  th e  h ead . This effect is due  to  th e  release 
o f  enzym es ensuring  p e n e tra tio n . Low  fe r tility  ra te  o f th e  b o ars  corresponds
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to  increased  ra te  o f  d is ru p tio n  o f  th e  acrosom al m e m b ra n e , visible b y  lig h t 
m icroscope. A crosom e d am age sim ilar to  t h a t  fo u n d  b y  P u rse l e t al. (1972) 
w as also fo u n d  in  m o tile  sperm  o f b o a r. F u r th e r  im p ro v e m e n t in  deep-freezing 
o f b o a r sperm  can  b e  ex p ec ted  on ly  b y  in creasin g  th e  p e rcen tag e  o f sp e rm a to 
zoa su rv iv ing  th a w in g , a n d  p rev en tin g  l i t te r  size from  b e in g  reduced  fo r som e 
u n know n  physio log ica l reason .

To solve th is  p ro b lem , a m e th o d  is to  be w orked  o u t  accord ing  to  w hich 
th e  m o tility  is 45 to  50 %  a fte r  th a w in g . B e tte r  re su lts  c an  be  expected  from  
a rtific ia l sem inal p la sm a  p rep a red  from  O L E P  one. P re se n tly , th e re  is a sign i
f ic a n t im p ro v em en t in  fe rtiliz a tio n  o f sows b y  flow ing  sp e rm . A ccording to  
th e  p resen t s to rag e  tech n o lo g y , th e  sperm  is used  u p  w ith in  24 to  48 h . So, 
50%  of th e  de livered  sp erm  is used fo r  fe rtiliz a tio n . I f  deep-frozen  sperm  is 
used  for fe rtiliz a tio n , th e  concep tion  ra te  is 80% , a f te r  f i r s t  or rep ea ted  in 
sem in a tio n s. O ur a im s fo r  th e  fu tu re  a re  to  use m ach ines in  hand ling  artific ia l 
s tra w s , to  in crease  th e  p ercen tage  o f m o tile  sperm  a f te r  th aw in g  and  to  im 
p ro v e  l i t te r  size b y  in c reas in g  th e  dose o f  sperm  in th e  e ja c u la te .
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Buffalo calves were fed with a single dose of molasses orally (Group 1) or with crushed 
wheat grains intraruminally (Group 2). In Group 1 there was an initial increase in the lactic 
acid concentration of ruminal fluid and blood while in Group 2 there was a continuous increase 
in lactic acid content throughout, culminating at a 2-fold-3-fold increase. Molasses feeding 
caused hypoglycaemia while the grain-fed animals developed hyperglycaemia. Concurrent to  
these changes in biochemical parameters, there were differences in quality as well as magnitude 
of histopathological changes in the cerebrum, exocrine and endocrine pancreas, rumen, reti
culum, omasum and liver. The histopathological changes were correlated with the biochemical 
changes.

R u m en  acidosis due to  su d d en  access to  ca rb o h y d ra te -r ich  d ie ts  occurs 
com m only  all over th e  w orld. D iffe re n t w orkers h av e  stu d ied  th e  p ro b lem  
from  d iffe ren t angles, b u t  there  are o n ly  few  pu b lica tio n s on h istom orpho log ica l 
changes in  th e  organs of th e  a ffec ted  an im als. D un lop  an d  H am m o n d  (1965), 
A hrens (1967) an d  D irksen  (1970) re p o r te d  h is to p a th o lo g ica l changes in  aci- 
do tic  c a tt le , D elak  an d  A dam ic (1959), H a r tig  an d  H ebo id  (1973), V estw eb er 
an d  L eipold  (1974) an d  D shurov  (1976) reco rded  th e  sam e in  sheep. I n  th e  
b u ffa lo  ( Bubalus bubalis) ,  such changes h av e  only  been  recorded  b y  N a u riy a l 
e t  al. (1978). T h e  p re se n t w ork c o n s titu te s  p a r t  o f a com prehensive s tu d y  d e a l
ing  w ith  b iochem ical and  h istom o rp h o lo g ica l changes in  d ifferen t tissu es  of 
ac ido tic  buffaloes. In  th is  s tu d y , th e  degree of in v o lv em en t of th e  o rg an s as 
well as th e  h istom orpho log ical chan g es w ere co m p ara tiv e ly  ex am in ed  in  
buffaloes w ith  ru m in a l acidosis in d u ced  b y  feed ing  o f  crushed  w h e a t g ra in s  
a n d  th a t  in d u ced  b y  feeding of m olasses.

M ateria ls an d  m ethods

R u m in a l acidosis was in d u ced  in  fo u r buffalo  calves (G roup 1) aged  
2-2 1/2 years  b y  o ra l feeding o f m olasses, m ixed  w ith  w a te r, a t  th e  r a te  o f 
10 g /kg  b o d y  w eig h t. In  five an im als  o f th e  sam e age range (G roup 2), acidosis 
w as in d u ced  b y  in tra ru m in a l feed ing  o f  crushed  w h e a t g ra ins a t  th e  r a te  o f
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50 g /kg bo d y  w eigh t. B efore  feeding, th e  n o rm a l p H  of th e  ru m in a l flu id  and  
u r in e , la c tic  acid c o n te n t  o f th e  ru m in a l f lu id  and blood, an d  glucose con
c e n tra tio n  of b lood w ere  recorded . T he p H  v a lu es  w ere recorded  in  a sy stron ic  
G R IP H  p H  m ete r im m e d ia te ly  a fte r th e  sam p les  h ad  been w ith d raw n . R um en  
la c tic  acid and  b lood  la c tic  acid w ere e s tim a te d  co lorim etrica lly  b y  th e  m ethod  
o f B a rk e r  (1961). B lo o d  glucose w as e s tim a te d  using H a d e n ’s m od ifica tion  
o f  th e  Folin-W u m e th o d  as described b y  F ra n k e l e t al. (1970). T he sam e 
p a ra m e te rs  w ere assessed  a t  24-h in te rv a ls  on  th e  n e x t fiv e  days. O f th e  fo u r 
an im als  of G roup 1 a n d  th e  five of G roup  2 one (72 h) and  tw o  an im als (96 h  
a n d  120 h), re sp ec tiv e ly , d ied. One an im a l o f  G roup 1 w as k illed  72 h  post 
feed in g . T he p a ra m e te rs  o f  these an im als  a re  show n in  T ab le  I . T he o th e r 
a n im a ls  su rv iv ed  th e  f iv e -d a y  period  a n d  la te r  on resp o n d ed  to  tre a tm e n t 

Tissues w ere co llec ted  in  10%  bu ffe red  n e u tra l  fo rm alin , Z enker fo rm alin  
a n d  alcoholic fo rm a lin  so lu tions im m ed ia te ly  a f te r  d ea th  o f th e  fou r an im als. 
T h e  tissues w ere p ro cessed  ro u tine ly  a n d  p a ra ff in  sections 5 fim  in  th ickness 
w ere  c u t. The fo llow ing  s ta in in g  tech n iq u es w ere em ployed: h aem a to x y lin  an d  
eosin  (L una, 1968); P A S —  alcian b lue (p H  1.0, L una, 1968), B est’s carm ine 
fo r g lvcoeen (L u n a , 1968) and d iam ine  s ilv e r for en te ro ch ro m affin  cells 
(L illie , 1965).

Results

T he oral feed ing  o f  m olasses in d u ced  acidosis in  th e  ru m en  m ore qu ick ly  
th a n  in tra ru m in a l feed in g  o f crushed w h e a t g ra in s. In  th e  m olasses-fed anim als 
th e re  w as a su d d en  d ro p  in  th e  pH  of ru m in a l f lu id , w hich, how ever, im proved  
g ra d u a lly , w hereas in  th e  grain-fed an im als  th e re  was a g rad u a l increase in  
acidosis th ro u g h o u t th e  en tire  period. A  s im ila r tre n d  was observed  in  th e  
la c tic  acid c o n te n t o f  ru m in a l flu id  an d  b lo o d , and  also in  th e  blood glucose 
c o n c e n tra tio n  (T ab le  I ) .

Table I

Biochemical changes observed in acidotic buffaloes fed with molasses 
(Group 1) and grains (Group 2)

Time of 
sampling

h

Rumen fluid pH Urine pH
Lactic acid, mmol/1 Blood glucose, 

mmol/1
Rumen fluid Blood

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

0 6.80 6.83 8.05 7.95 0.12 0.12 2.02 1.98 3.18 3.32

24 4.76 5.21 6.55 6.43 9.39 7.94 6.83 5.47 4.18 4.66

48 4.84 4.57 5.60 5.85 9.10 10.75 7.11 7.65 3.80 4.92

72 5.00 4.19 5.73 5.70 8.39 13.50 6.43 9.49 2.64 5.56

96 5.35 4.03 5.95 5.40 7.93 14.80 5.58 11.33 2.52 6.35

120 5.68 3.93 6.60 5.48 6.80 16.14 4.64 12.68 2.92 6.94
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In  th e  ru m en  o f m olasses-fed  an im als th e  cells o f  c e r ta in  lay e rs  o f th e  
s tra tif ie d  ep ithe lium  ex h ib ite d  ch ro m ato lysis  an d  nucleo lysis . T he nucle i o f 
th e  m a jo rity  o f  th e  cells ap p e a re d  as la rg e  e m p ty  vacuo les. T h e  cy to p lasm  
w as co m p ara tiv e ly  dense. T here  w as severe congestion  o f  th e  b lood vessels 
in  all layers o f  th e  o rgan . T he tu n ic a  in tim a  o f cap illa ries an d  a rte rio lae  w as 
h y p erp lastic . C erta in  p a r ts  o f  th e  la m in a  p ro p ria  w ith in  th e  p ap illae  ex h ib ited  
a lc ian  b lue-positive  fib res  an d  g ro u n d  sub stan ce , in d ic a tin g  an  increase in  acid 
m ucopo lysaccharides. U lcera tio n , ex fo lia tion  an d  necrosis o f  th e  surface ep i
th e liu m  so p ro m in en t in  th e  g ra in -fed  an im als (F ig . 1) w ere n o t observed  
in  these.

In  th e  re ticu lu m  an d  om asu m  of m olasses-fed an im als  a lm o st id en tica l 
changes w ere observed . T he la m in a  p ro p ria  w as o ed em ato u s an d  rich  in  acid 
m ucopo lysaccharides. I n  th e  seco n d ary  pap illae , th e  co n c e n tra tio n  o f  th e

Fig. 1. Rumen showing exfoliation and ulceration in grain-fed animals. H. and E. X75

Fig. 2. Reticular papilla showing oedematous separation of the epithelium and vacuolation 
of epithelial cells in molasses-fed animals. H. and E. X75
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a lc ian  b lue-positive m a te r ia l  w as e levated . T he deeper cell lay e rs  o f th e  ep i
th e liu m  exh ib ited  cy to p la sm ic  vacu o la tio n  (F ig . 2). T he ep ith e liu m  appeared  
se p a ra te d  from  th e  b a se m e n t m em brane, w ith  a c lear oedem ato u s space in  
b e tw een . T here w as g en e ra l congestion  in  all th e  lay e rs  w ith  h y p erp lastic  
changes of th e  tu n ic a  in tim a  in  arterio les. P e riv a sc u la r  oedem a w as also 
conspicuous. In  a d d itio n , u lce ra tio n  o f surface ep ithe lium  w as ev id en t in  grain - 
fed  anim als.

T he abom asum , sm all in te s tin e  an d  large  in te s tin e  w ere  congested  an d  
o edem atous. The g o b le t cells in  th e  in te s tin e  w ere m ore n u m ero u s . T he en tero - 
ch ro m affin  cells a p p e a re d  m ore num erous and  were p a ck ed  w ith  secretion  
g ran u les  (Fig. 3).

T he liver in  m olasses-fed  an im als ex h ib ited  ch a ra c te ris tic  changes. T here  
w as general congestion  in  all vessels, and  oedem a. H aem o rrh ag e  v e ry  p ro 

f i g .  3. Duodenum showing enterochromaffin cells laden with secretion granules in molasses-fed
animals. Diamine Silver X 400

Fig. 4. Liver showing coagulative necrosis of hepatic lobules and pycnotic changes in molasses-
fed animals. H. and E. X 400
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Fig. 5. Liver showing microabscess formation in grain-fed animals. H. and E. X400

Fig. 6. Cerebral cortex showing perineuronal and perivascular oedema in molasses-fed animals.
H. and E. X 400

nounced  in  g ra in -fed  an im als w as ev id en t in  som e p a r ts  o f  th e  organ. In  som e 
of th e  h ep a tic  cells, th e  nucleus was p y cn o tic  (F ig . 4). M any hyp ertro p h ic  cells 
w ith  en larged nucle i w ere p resen t in  th e  organs o f m olasses-fed  anim als. I n  
general, th e  cy to p lasm  con ta ined  l i t t le  glycogen an d  ap p ea red  foam y. In  m a n y  
lobules th e  cell co rds, som etim es even e n tire  lobules h a d  undergone co agu la tive  
necrosis. M icroabscess fo rm atio n  an d  ex tensive  d eg en era tio n  o f th e  p a re n 
ch ym atous lobules occurred  only  in  g ra in -fed  an im als (F ig . 5).

In  th e  lungs, th e re  w as severe congestion  w ith  oedem a, an d  h aem orrhage 
in to  th e  a lveo lar w all, in  b o th  groups o f  an im als. T he se p ta l cells were h y p e r
tro p h ic  and  th e  a lv eo la r m ass w as r ich  in  ly m p h o cy tes . E m p h y sem a, w hich  
w as p red o m in an t in  grain-fed  an im als, w as n o t observed  in  th e  o th e r g roup .

T he cereb ra l c o rtex  m an ifested  severe lesions o n ly  in  th e  m olasses-fed 
an im als. T here  w as m ark ed  congestion  an d  p e rin eu ro n a l an d  p e rivascu la r
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o ed em a (F ig . 6). T h ere  w as tig ro lysis  o f  cells in  m any  p a r ts  o f  th e  co rtex , 
a lo n g  w ith  sa te llito sis .

T h e  spleen w as congested  an d  th e  su b cap su la r sinus w as n a rro w . T he 
g e rm in a l cen tres o f  sp len ic  corpuscles w ere  conspicuous. T h e  p an c reas  show ed 
g e n e ra l congestion , h y p e r tro p h y  o f th e  p a ren ch y m al cells w ith  en la rg em en t 
o f  th e ir  basa l zones, a n d  d eg ran u la tio n . T here  w as h y p e rp la s ia  o f th e  isle t 
cells. T h e  ep ithe lia l lin in g  o f  in te r lo b u la r  d u c ts  was denuded  a t  p laces. I n  th e  
g ra in -fed  an im als, th e  is le t cells w ere h y p e rtro p h ic  w ith  v a c u o la te d  cy top lasm . 
H y p e rp la s ia  w as n o t e v id e n t in  th ese  cells. T he exocrine p a n c re a tic  cells w ere 
a tro p h ic  and , due to  congestion  an d  oedem a, appeared  to  h a v e  lo s t th e ir  
ty p ic a l  ac in ar a rra n g e m en t.

T h e  k idn ey s show ed  genera l co n g estio n , th ick en in g  o f  th e  b a se m e n t 
m e m b ra n e  a round  th e  g lo m eru la r cap illa rie s  and  h y p e r tro p h y  o f th e  m acu la  
d e n sa  cells. D egen era tiv e  changes in  th e  tu b u la r  ep ithe lium , e v id e n t in  grain - 
fed  an im als, w ere n o t p re se n t in  th e  o th e r  group . In  th e  a d re n a l g land , h is to - 
m orpho log ica l changes w ere ev id en t in  th e  zona fasc icu la ta  o f  th e  co rtex , an d  
in  th e  m edu lla ry  cells. T h e  zona fa sc ic u la ta  cells o f g ra in -fed  an im als w ere 
h y p e rtro p h ic  w ith  a la rg e  n u m b er o f  cy top lasm ic  vacuoles; m a n y  cells w ere 
b in u c le a te d , an d  p o ly h e d ra l in  o u tlin e . T h e  m edu llary  cells, p a r tic u la r ly  th e  
ep in ep h rin e  cells o f  th e  o u te r  m ed u lla ry  zone, w ere s trik in g ly  en larged . T hese 
ch an g es w ere m ild  in  th e  m olasses-fed an im als . O th er organs show ed general 
h y p e ra e m ia  w ith o u t a n y  s ig n ifican t cy to log ica l change.

D iscussion

T he biochem ical analysis p re se n te d  in  T able  I c learly  in d ica te s  th e  d if
fe ren ces betw een  th e  tw o  groups o f  an im als. W hile th e  g ra in -fed  an im als 
dev e lo p ed  severe acidosis due to  a s te a d y  increase in  th e  la c tic  acid co n 
c e n tra tio n  o f b o th  th e  ru m in a l f lu id  a n d  blood as a re su lt o f  slow  b u t  co n 
tin u o u s  fe rm e n ta tio n  b y  am ylo ly tic  b a c te r ia , th e  an im als o f th e  o th e r group 
so o n  show ed an  im p ro v em en t. A m a rk e d  decrease in  th e  ru m e n  p H  to  4.76 
(m in im um ) a fte r  24 h  o f  in d u c tio n  m a y  be  due to  com plete  an d  fa s te r  fe r
m e n ta tio n  of sim ple c a rb o h y d ra te s  b y  ru m e n  m icrobes, th e re b y  lead ing  to  an  
a b r u p t  increase in  ru m e n  lac tic  acid  c o n te n t and su b seq u en tly  lead ing  to  an  
in c rea se  in  b lood  la c tic  acid  c o n te n t as a re su lt o f la c tic  ac id  ab so rp tio n  
th ro u g h  th e  ru m en  w all (D unlop , 1972). T he blood levels w ere  m a in ta in ed  
su b se q u e n tly  b y  c o n s ta n t ab so rp tio n  fro m  th e  rum en  an d  in a b ility  of liv er 
to  c o n v e rt lac tic  acid  in to  glucose a n d  also  due to  decreased  tissu e  o x id a tio n  
o f  la c tic  acid . T h is is in  acco rdance  w ith  th e  observations reco rd ed  in  lac tic  
acidosis induced  in  sheep  w ith  sim ple  su g ars  (Ju h ász  an d  Szegedi, 1968) an d  
m olasses (L osada e t  a l., 1971).
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In  th e  g ra in -fed  group , blood glucose c o n c e n tra tio n  increased  s te a d ily , 
lead ing  to  hyp erg ly caem ia  while in  th e  o th e r  g roup  th e  in itia l h y p erg ly caem ia  
w as follow ed b y  hypog lycaem ia , w h ich  is a m ore serious cond ition . T h is is 
s im ila r to  th e  o b se rv a tio n s  o f D irksen  (1970); L osada  e t al. (1971) an d  V est- 
w eber an d  L eipold  (1974). T he h y p erg ly caem ia  in  w h ea t-in d u ced  acidosis 
m ig h t be  due to  an  increase  in  glycogenolysis or glyconeogenesis or to  red u ced  
u tiliz a tio n  o f glucose b y  p e riphera l tissu es  (D irksen , 1970); K aneko  an d  C or
ne liu s, 1970), o r i t  m ig h t be a consequence  of decreased  level o f c ircu la tin g  
im m u n o -reac tiv e  in su lin . T he h y p o g ly caem ia  observed  in  m olasses-induced  
ru m in a l acidosis m ig h t have  been caused  b y  a deficiency in  vo la tile  f a t ty  acids, 
p a rtic u la r ly  in  p rop ion ic  acid, w hich  is  th e  m ain  glucose p recu rso r (L o sad a  
e t  a l., 1971), o r i t  m ig h t he due  to  a decreased  glyconeogenesis and  an  in 
creased  tissue  o x id a tio n  o f th e  rem ain in g  b lood  glucose in  th e  acido tic  an im als .

In  general, th e  h istopa th o lo g ica l changes w ere sim ilar to  those  re p o rte d  
b y  D unlop  an d  H am m o n d  (1965), H a r tig  an d  H ebo id  (1973), V estw eber an d  
L eipold  (1974) an d  N au riy a l e t al. (1978). Q u a lita tiv e  d iffe ren tia tio n  o f th e  
lesions p roduced  b y  feeding of gra ins a n d  m olasses h as  n o t been re p o rte d  in  
an y  o f th e  w orks, a p a r t  from  th e  fa c t t h a t  N au riy a l e t al. (1978) rep o rted  m ore  
severe patho lo g ica l lesions in  ac ido tic  an im als a f te r  m olasses feed ing . T h e  
p re se n t fin d in g  th a t  acidosis appears ea rlie r  a f te r  feed ing  of m olasses is in  
ag reem en t w ith  th e  observa tions o f N a u riy a l e t al. (1978).

H ow ever, in  th e  p re sen t s tu d y  d iffe re n t o rgans w ere affected  to  v a ria b le  
degrees in  th e  tw o  g roups o f anim als. T h e  ru m in a l m ucosa w as severely  a ffec ted  
in  g rain-fed  an im als w ith  exfo lia tive chan g es lead in g  to  u lcera tion  in  m a n y  
p a r ts  o f  th e  o rg an . T h e  sam e w as o bserved  b y  N a u riy a l e t al. (1978) in  b u f
faloes, b y  D sh u ro v  (1976) in  sheep a n d  b y  A hrens (1967) an d  D irksen  (1970) 
in  c a tt le . B u t in  th e  an im als fed  w ith  m olasses ex fo lia tio n  and  u lce ra tio n  o f 
th e  m ucosa w as n o t  ev id en t in  an y  c o m p a rtm e n t o f th e  fo restom ach .

T he o b serv a tio n s o f  A hrens (1967), suggesting  t h a t  subm ucosal co n 
gestion  m ay  be caused  b y  an  increased  o sm o la rity  o f  th e  acido tic  ru m e n  co n 
te n ts , a re  su p p o rte d  b y  th e  p resen t re su lts , v iz. h y p e raem ia  in  genera l fo rm  
w as observed  in  th e  s to m ach  as well as o th e r  organs o f th e  b o d y  in  b o th  fo rm s 
o f acidosis. T oxaem ic  fac to rs  m igh t also be  responsib le  fo r  th is , w hich w ill also  
acco u n t fo r th e  h y p e rp la s tic  changes o f  sm all a rterio les.

I n  th e  an im als fed  w ith  m olasses, th e  sev e rity  o f lesions was o f  a lesser 
degree in  th e  liv e r  an d  p ancreas th a n  in  an im als o f th e  o th e r group . T he b io 
chem ical changes are  con sis ten t w ith  th e se  h is to p a th o lo g ica l find ings. D irk sen  
(1970) re p o rte d  congestion  and  necrosis o f  th e  liv e r as an  early  sign o f  liv e r  
dam age in  ac ido tic  c a ttle , and  i t  h as  also been  suggested  th a t  in v asio n  o f  
c e r ta in  b ac te ria l g roups th ro u g h  th e  d am ag ed  ru m in a l m ucosa m ay  c o n tr ib u te  
to  th is . T he ru m en itis - liv e r  abscess com plex  as observed  in  w h ea t-in d u ced  
acidosis m ig h t be  d u e  to  these  b a c te ria  as suggested  b y  Je n se n  e t al. (1954).
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I n  th e  ce reb ru m , th e  lesions o f  m olasses-fed  an im als a re  id e n tic a l to  th o se  
o b serv ed  b y  L o sad a  an d  P resto n  (1973) an d  V estw eber a n d  L eipold  (1974). 
T h e  sev e rity  o f lesions in  th is  o rgan  m a y  be  a ttr ib u te d  to  h y pog lycaem ia  
as w as suggested  b y  L osada an d  P re s to n  (1973) an d /o r to  an  increased  
level o f h is tam in e  (A hrens, 1967). As w as o b served  b y  th e  fo rm er a u th o rs , 
th e  m olasses-induced  acidosis also rev ea led  a fall in  b lood glucose a f te r  an  
in it ia l  increase. T h is  m a y  also be a c o n tr ib u tin g  fac to r  for th e  h y p e rtro p h ic  
co n d itio n  of som e o f th e  hepa tic  cells.

T he en te ro ch ro m affin  cells o f th e  g a s tro in te s tin a l t r a c t  secrete severa l 
ho rm ones for n o rm a l function ing  o f th e  s to m ach  and  in te s tin e s . T he sta s is  
o b serv ed  in  th ese  cells m ay  be th e  reaso n  fo r a to n ic ity  o f th e  re ticu lo -ru m en  
a n d  sm all in te s tin e .

A cknow ledgem ent

We are thankful to Dr. B. S. Gill, Dean, College of Veterinary Science, Punjab Agri 
cultural University, Ludhiana for providing necessary facilities.

R eferences

Ahrens, F. A. (1967): Histamine, lactic acid, and hypertonicity as factors in the development 
of rumenitis in cattle. Am. J. Vet. Res. 28, 1335.

Barker, S. B. (1961): Standard Methods of Clinical Chemistry. Academic Press, New York.
Delak, M. and Adamic, S. (1959): Prilog poznavanju intoksikacije kod ovaca uzrocene sacha- 

rozu. Vet. Arhiv. 29, 214.
Dirksen, G. (1970): Physiology of Digestion and Metabolism in Ruminants. Ed. by: A. T. Phil- 

lipson, Oriel Press, U . K.
Dshurov, A. (1976): Pathomorphological changes caused by rumen acidosis of sheep (in Ger

man). Arch. Exp. Vet. Med. 30, 881—887.
Dunlop, R. H. (1972): Pathogenesis of ruminant lactic acidosis. Adv. Vet. Sei. Comp. Med. 

16, 259.
Dunlop, R. H. and Hammond, P. B. (1965): D-lactic acidosis of ruminants. Ann. N. Y. Acad. 

Sei. 119, 1109.
Frankel, S., Reitman, S. and Sonnewirth, A. C. (1970): Gradwohl’s Clinical Laboratory 

Methods and Diagnosis. Mosby Company, St. Louis, USA.
Hartig, F. and Heboid, G. (1973): Disseminierte intravasale Gerinnung bei akuter experi

menteller Pansenacidose der Schafe. B. M. T. Wschr. 86, 244.
Jensen, R., Deane, H. M., Cooper, L. I., Miller, V. A. and Graham, W. R. (1954): The rume- 

nitis-liver abscess complex of beef cattle. Am. J. Vet. Res. 15, 202.
Juhász, В. and Szegedi, В. (1968): Pathogenesis of rumen overload in sheep. Acta Vet. 

Hung. 18, 63.
Kaneko, J. J. and Cornelius, С. E. (1970): Clinical Biochemistry of Domestic Animals. Academic 

Press, New York.
Lillie, R. D. (1965): Histopathologic Technic and Practical Histochemistry. McGraw-Hill Book 

Company, New York.
Losada, H ., Dixon, F. and Preston, T. R. (1971): Thiamine and molasses toxicity. 1. Effect 

with roughage-free diets. Rev. Cub. Giencia Agric. 5, 369.
Losada, H. and Preston, T. R. (1973): Rev. Cub. Ciencia Agric. 7, 360.
Luna, L. G. (1968): Manual of Histologic Staining Methods of the Armed Forces Institute of 

Pathology. McGraw-Hill Book Company, New York.
Nauriyal, D. C., Gupta, P. P. and Baxi, К. K. (1978): Pathological changes due to rumen 

lactic acidosis in buffaloes and cattle. Zbl. Vet. Med. 25, 383.
Vestweber, J. G. E. and Leipold, H. W. (1974): Ovine ruminal acidosis: clinical studies. Am. 

J. Vet. Res. 35, 1587.

A c ta  Veterinaria A cadem iae  Sc ien tiarum  Hungaricae 30 , 1982



Acta Veterinaria Academiae Scienliarum Hungaricae, Volume 30(4), pp. 265—269 (1982)

HAEMONCHUS CONTORTUS: THE IN VITRO 
EFFECTS OF ANTHELMINTICS ON TOTAL 

GLUCOSE AND GLYCOGEN CONTENTS,
AND TOTAL VOLATILE FATTY ACIDS
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Department of Zoology, Punjab Agricultural University, Ludhiana-141004, India 

(Received September 29, 1982)

Effects of dl-tetramisole and rafoxanide at 50 /tg/ml were studied on adult Haemonchus 
contenus in vitro after 8 and 12 h of incubation, respectively. Upon in vitro incubation in 
drug-free Tyrode solution, glucose levels increased and glycogen content and the amount of 
total volatile fatty acids (TYFA) decreased. The decrease in glycogen levels might be due to 
initial expulsion of eggs or to higher rate of glycogen degradation than that of glucose 
utilization.

Tetramisole inhibited glucose uptake and increased glycogen utilization and TVFA. 
With rafoxanide no effects were observed. The effects of the drug are explained on the basis 
of inhibition of ATP synthesis and the inhibition of metabolic flow  along the phosphoenol- 
pyruvate-succinate branch of the respiratory pathway.

F o r h e lm in th s , c a rb o h y d ra te s  are  th e  m ain , i f  n o t  th e  only, source of 
energy , and  p ro d u c tio n  o f a v a r ie ty  o f  reduced  o rgan ic  ac ids as end p ro d u c ts  
is an  im p o r ta n t fea tu re  in  th e  ca rb o h y d ra te  m e tab o lism . A ny  d ifference in  
th e  c a rb o h y d ra te  m etab o lism  o f h e lm in th s  and  th e ir  h o s ts  m igh t he usefu lly  
ex p lo ited  in  h e lm in th  co n tro l (W ard , 1982). P rev ious s tu d ie s  on th e  energy  
m etabo lism  o f a d u lt  Haemonchus contortus (R ud ., 1803), th e  m ost p a th o g en ic  
g a s tro in te s tin a l n em ato d e  p a ra s ite  o f  sheep, goats an d  o th e r  ru m in a n ts , h av e  
show n th a t  th e  w orm  read ily  u tilizes  glucose and  fixes C 0 2, p ro duc ing  p ro p an - 
l-o l an d  p ro p io n a te  as th e  m a jo r  ex c re to ry  p ro d u c ts  (W a rd , 1974; W ard  and  
H usk isson , 1978, 1980).

To th e  b es t know ledge o f  ours, th e  m ode of ac tio n  o f  an th e lm in tic s  a ffec t
ing  biochem ical co n s titu e n ts  re la te d  w ith  c a rb o h y d ra te  u tiliz a tio n  an d  m e ta 
bolism  has n o t been exam ined  in  H . contortus. The p re se n t s tud ies w ere u n d e r
ta k e n  to  s tu d y  th e  effect o f  d l- te tra m is o le  (TMS) a n d  ra fo x an id e  (R F X ) on 
to ta l  glucose an d  glycogen c o n te n ts , an d  to ta l  v o la tile  f a t t y  acids in  H . con
tortus u n d er in  v itro  cond itions.

* Address reprint requests to Dr. M. L. Sood, Dept, of Zoology, Punjab Agricultural 
University, Ludhiana-141004, India.
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Table I

Glucose content, glycogen content and amount of total volatile fatty acids

Biochemical constituent
Normal worms 

collected 
from goats

Control I 
Worms

incubated for 8 h 
in Tyrode’s solution 

in vitro

% change 
from 

normal

Glucose, mg glucose/g fresh weight 2.32 ±  0.02 3.08 ±  0.02 + 24  (S.)
Glycogen, mg glycogen/g fresh weight 11.33 +  0.12 5.68 ±  0.12 - 5 0  (S.)
Total volatile fatty acids, /шш1 total volatile 

fatty  acids/50 ml medium — 3.52 +  0.12 —

Values are expressed as mean +  SE; n =  4

M aterials and  m ethods

A d u lt worm s o f H . contortus w ere co llected  from  th e  abom asum s of in 
fe c te d  goats (Capra hircus)  s lau g h te red  locally . T he p a ra s ite s  w ere tho ro u g h ly  
w a sh e d  in  0 .9%  saline a n d  processed fo r fu r th e r  ex p e rim en ta tio n .

In  vitro anthelmintic studies

C oncentrations o f  TM S ran g in g  from  0 to  50 ^g /m l w ere  m easured  in to  
co n ica l flasks each c o n ta in in g  15 w orm s in  25 m l of T y ro d e ’s so lu tio n  (W ard,
1974). T he flasks w ere in c u b a te d  a t  37 °C in  a ir -C 0 2 (95 : 5). A hu n d red  per 
c e n t m o rta lity  w as ach iev ed  w ith  th e  h ig h est c o n c e n tra tio n  (50 /rg/ml) a fte r 
10 h . This co n cen tra tio n  w as, therefo re , chosen  for s u b se q u e n t studies. F o r 
c o m p a ra tiv e  stu d ies , th e  sam e co n cen tra tio n  (50 /tg/m l) o f  R F X  was used; 
1 0 0 %  m o rta lity  w as ach iev ed  a fte r  14 h . T h e  w orm s w ere f ix e d  a t  8 and  a t  
12 h  w ith  TMS an d  R F X  tr e a tm e n t, re spec tive ly , i.e. b efo re  th e ir  expected  
d e a th .  C ontrol I  an d  c o n tro l I I  w orm s w ere in cu b a ted  in  T y ro d e ’s so lu tion  
fo r  8 an d  12 h , re sp e c tiv e ly , an d  th e n  fix ed .

Chemical assays

Glucose c o n te n t w as  d e te rm in ed  b y  th e  m ethod  o f N elso n  (1944), glyco
g en  c o n te n t by  th e  m e th o d  o f K rism an  (1962), an d  th e  a m o u n t o f  to ta l  vo latile  
f a t t y  acids (TVFA) b y  th e  m e th o d  o f K ro m a n n  e t al. (1967).

R esults

T h e  m ean an d  s ta n d a rd  e rro r (SE) fo r glucose, g lycogen  an d  TV FA  in  
n o rm a l, contro l an d  d ru g - tre a te d  H . contortus u n d er in  v i t ro  conditions are 
p re se n te d  in  Table I .
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in normal, control and drug-treated Haemonchus contortus (Rud., 1803)

Worms incubated 
for 8 h in the 

presence of TMS

% change 
from control 

I

Control II  
Worms

incubated for 12 h 
in Tyrode’s solution 

in vitro

% change 
from normal

Worms incubated 
for 12 h in the 

presence of 
RFX

% change 
from control 

II

2.75 ±  0.02 - 1 0  (S.) 3.10 +  0.02 +  25 (S.) 3.12 ±  0.02 + 0 .6  (N.S.)
3.90 ±  0.12 - 3 1  (S.) 5.65 ±  0.12 - 5 0  (S.) 5.62 +  0.12 - 0 . 5  (N.S.)

1.30 +  0.16 — 63 (S.) 3.81 +  0.15 — 3.84 ±  0.16 + 0 .7  (N.S.)

S. =  significantly different at P <  0.05; N.S. =  Non-significant.

A fte r in c u b a tio n  fo r  8 an d  12 h  in  T y ro d e ’s so lu tio n , th e  glucose c o n te n t 
increased  b y  24 %  a n d  2 5 % , and  th e  g lycogen  c o n te n t d ro p p ed  b y  50%  an d  
50% , resp ec tiv e ly . A fte r  tre a tm e n t w ith  TM S, th e  g lucose c o n te n t w as red u ced  
b y  10% , th e  g lycogen  c o n te n t b y  31%  an d  th e  a m o u n t o f ex c re ted  T V F A  
b y  63% . A ll th e  th re e  d ifferences are  sig n ifican t. A fte r  R F X  tre a tm e n t ,  no 
sign ifican t ch an g e  w as observed.

D iscussion

A du lts  o f H . contortus have  a read ily  av a ilab le  an d  c o n s ta n t source o f 
glucose from  th e  b lo o d  and  th e  w all o f ab o m asu m  o f sheep  (W ard , 1974). 
P rev ious s tu d ies  on  th e  c a rb o h y d ra te  m e tab o lism  o f a d u lt  H . contortus (W ard  
an d  H usk isson , 1978, 1980) and  th e  p resence  o f m o st o f th e  enzym es o f th e  
g lycolytic  p a th w a y  (K a u r  an d  Sood, 1982) h av e  show n th a t  th e  energy  d em an d  
o f th e  w orm  d ep en d s a lm o st en tire ly  on glucose ca tab o lism .

I t  is g en era lly  accep ted  th a t  th e  glucose pool is re la tiv e ly  low  w hen  th e  
pa rasite s  are  rem o v ed  from  th e  h o st, an d  d u rin g  th e ir  in  v itro  in c u b a tio n  in  
th e  presence o f  glucose, in te rn a l glucose co n c e n tra tio n s  increase s ig n ifican tly  
as th e  p a ra s ite  eq u ilib ra te s  w ith  th e  m ed ium  (C orn ish  an d  B ry a n t, 1976). 
T hese f in d in g s accord  well w ith  th e  re su lts  d raw n  from  th e  p resen t s tu d y  th a t  
u p o n  in  v itro  in c u b a tio n  in  th e  p resence o f glucose, glucose c o n c e n tra tio n  
increases. T h e  in c re a se d  glucose pool in  i ts e lf  does n o t  m ean  an  increased  f lu x  
th ro u g h  th e  sy stem  (C ornish  an d  B ry a n t, 1976). H o w ev er, in  th e  p re sen t w ork , 
an  increased  glucose c o n te n t w as associa ted  w ith  a s ig n ifican tly  decreased  
glycogen c o n te n t. T hese find ings are  sim ilar to  th o se  observed  in  Fasciola 
hepatica (T h readgo ld  a n d  A rm e, 1974). T he d rop  in  g lycogen levels m a y  
p ro b ab ly  be due to  in itia l expulsion  o f  eggs o r, possib ly , to  th e  h ig h er ra te  
o f glycogen d e g ra d a tio n  th a n  th a t  o f glucose u tiliz a tio n .
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A ll these  changes do n o t follow  a n  increased  f lu x  th ro u g h  th e  system  
a n d  th is  im balance is m o st like ly  a sso c ia ted  w ith  th e  increase  in  th e  am o u n t 
o f  T Y F A  excreted . A s im ila r s i tu a tio n  w as observed  in  Ascaris  in c u b a te d  in  
a b a c te ria -fre e  glucose m ed ium  (E p p s  e t  a l., 1950).

V an  den B ossche (1972) h as  show n th a t  in  Ascaris an d  in  som e o th e r 
n e m a to d e s , m ebendazole  in h ib its  g lucose u p ta k e  an d  dep le tes  glycogen re 
se rv es . T hese effects, he  suggests, are u lt im a te ly  responsib le  fo r  low ering  A T P 
lev e ls  w ith in  th e  p a ra s ite s . O u r s tu d ie s  h a v e  show n sim ila r o b serv a tio n s in 
H . contortus a fte r TM S tre a tm e n t. T h erefo re , as in  Ascaris (B eam es, 1971), 
g lucose u p ta k e  in  H . contortus is an  ac tiv e  process. R aj an d  K u ru p  (1967) 
o b se rv ed  decreased g lucose an d  g lycogen  c o n ten ts  a fte r  t r e a tm e n t  o f Ascaris 
w ith  p a lason in . H ow ever, no s ig n ifican t effect on th e  g lycogen c o n te n t was 
o b se rv ed  w hen Ascaridia galli w as exposed  to  TMS tre a tm e n ts  (C h ak rab o rty  
e t  a l.,  1976). E v en  th o u g h  u p ta k e  o f  glucose is in h ib ited  in  th e  presence of 
T M S , th e  carbon  f lu x  is m a in ta in ed  an d  p ro d u c tio n  o f T Y F A  declines. V an 
d en  B ossche and  J a n s se n  (1967) observed  a sim ilar s itu a tio n  in  Ascaris.

A naerob ically , th e  p h o sp h o en o lp y ru v a te -su cc in a te  p a th w a y  is th e  m a jo r 
sou rce  o f A TP. T he effec ts o f th e  d ru g  can , th ere fo re , be ex p la in ed  in  te rm s 
o f in h ib itio n  of A T P  sy n th esis . T h e  d ru g  m ig h t im p a ir th e  en erg y  s ta tu s  of 
th e  p a ra s ite , and A T P  levels as w ell as to ta l  nucleo tides decrease. As A TP 
levels fa ll, there  w ill be  a ba lance  b e tw een  th e  s tim u la tio n  o f  m etabo lic  flu x  
d u e  to  th e  rem oval o f  a llosteric  in h ib itio n  o f reg u la to ry  enzym es such  as 
h ex o k in ase , p h o sp h o fru c to k in ase , p y ru v a te  k in ase  an d  p h o sp h o en o lp y ru v a te - 
c a rb o x y k in ase  (R a h m a n  an d  B ry a n t, 1977).

T h e  p resen t s tu d y  has in d ic a te d  effects o f TMS on som e biochem ical 
c o n s titu e n ts  re la ted  w ith  c a rb o h y d ra te  u tiliz a tio n  an d  m etab o lism . I t  is, 
h o w ev er, d ifficu lt to  te ll  w h e th e r th e  effects in itia te  one a n o th e r , or w h e th e r 
th e y  are  exerted  s im u ltan eo u sly . T h u s , th e  in h ib itio n  o f  glucose u p ta k e  m ay  
b e  a  consequence o f d im in ished  A T P  levels o r m ay  be a d ire c t effect o f th e  
d ru g . I t  is, therefo re , p robab le  th a t  an  e a rly  effect of th e  d ru g  is on th e  phos
p h o ry la tio n  of A D P  a n d  on th e  tu rn o v e r  o f  nucleoside p h o sp h a tes .

A cknow ledgem ents

We acknowledge Professor S. S. Guraya, Head of the laboratory facilities. Ranbir Kaur 
is also thankful to the authorities of C.S.I.R., New Delhi, for the grant of Junior/Senior Research 
Fellowships to her.

R eferences

Beam es, C. G. (1971): Movement of hexoses across the midgut of Ascaris. J. Parasit. 57, 
97-102.

Chakraborty, A. K., Mehta, R. K. and D atta, I. C. (1976): Effect of tetramisole upon some 
biochemical constituents of Ascaridia galli. Indian J. Exp. Biol. 14, 585-587.

A c ta  Veterinaria Academ iae Sc ien tia ru m  H ungaricae 30 , 1982



IN VITRO EFFECTS OF ANTHELMINTICS ON HAEMONCHUS CONTCHTUS 269

Cornish, R. A. and Bryant, C. (1976): The metabolic integrity of Fasciola hepatica during in 
vitro maintenance. Int. J. Parasit. 6, 387-392.

Epps, W., Weiner, M. and Bueding, E. (1950): Production of steam volatile acids by bacteria- 
free Ascaris lumbricoides. J. Infect. Dis. 87, 149-156.

Kaur, R. and Sood, M. L. (1982): Haemonchus confortas: The in vitro effects of dl-tetramisole 
and rafoxanide on glycolytic enzymes. Int. J. Parasit, (in press).

Krisman, C. R. (1962): A method for the calorimetric estimation of glycogen with iodine. Anal. 
Biochem. 4, 17-23.

Kromann, R. P., Meyer, J. H. and Steilau, W. J. (1967): Steam distillation of volatile fatty  
acids in rumen ingesta. Dairy Sei. 50, 73-76.

Nelson, N. (1944): A photometric adaptation of the Somogyi method for the determination of 
glycogen. J. Biol. Chem. 193, 375-380.

Rahman, M. S. and Bryant, C. (1977): Studies on the regulatory metabolism in Moniezia 
expansa: effects of cambendazole and mebendazole. Int. J. Parasit. 7, 403—409.

Raj, R. K. and Kurup, P. A. (1967): Mode of action of palasonin, Part 1: Effect of palasonin 
on total glycogen and reducing sugar contents and glycogen synthetase activity of 
Ascaris lumbricoides (human). Indian J. Biochem. 4, 90—93.

Threadgold, L. T. and Arme, C. (1974): Electron microscopic studies of Fasciola hepatica XI. 
Autophagy and parenchyma cell function. Exp. Parasit. 35, 389-405.

Van den Bossche, H. (1972): Biochemical effects of the anthelmintic drug mebendazole. In: 
Comparative Biochemistry of Parasites. Ed. Van den Bossche, H ., Academic Press, 
New York-London. pp. 139-157.

Van den Bossche, H. and Janssen, P. A. J. (1967): The biochemical mechanism of action of the 
anthelmintic drug tetramisole. Life Sei. 6, 1781-1792.

Ward, P. F. V. (1974): The metabolism of glucose by Haemonchus contortus, in vitro. Parasito
logy 69, 175-190.

Ward, P. F. V. (1982): Aspects of helminth metabolism. Parasitology 84, 177—194.
Ward, P. F. V. and Huskisson, N. S. (1978): The energy metabolism of adult Haemonchus 

contortus in vitro. Parasitology 77, 255-271.
Ward, P. F. V. and Huskisson, N. S. (1980): The role of carbon dioxide in the metabolism of 

adult Haemonchus contortus, in vitro. Parasitology 80, 72—82.

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982





A cta Veterinaria Academ iae Scien tiarum  H ungaricae ,  V olum e 3 0 (4 ) , p p . 271— 276 (1982)
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The effect of the anthelmintics diethylcarbamazine citrate (DEC), tetramisole and Ieva- 
misole on the enzymatic activity of Setaria cervi was demonstrated histochemically. Glucose-6- 
phosphatase, malic dehydrogenase, and adenosine triphosphatase were found to be normally 
localized in the cuticle, subcuticle, fibrillar part of muscles, oesophagus, intestine, boundary 
walls of vagina and uteri, developing embryos, chords and microfilariae parasitizing untreated 
control rats. The activities of these enzymes were found to be appreciably decreased in the 
worms parasitizing drug-treated rats.

G lucose-6 -phosphatase  (G -6-Pase), adenosine  tr ip h o sp h a ta se  (A TPase) 
and  m alic dehydrogenase  are  im p o r ta n t enzym es o f  p a ra s itic  n em atodes. T he 
biological significance o f th e se  enzym es in  th e  fu n c tio n a l in te g rity  o f th e  w orm s 
h as  been  estab lish ed  b ey o n d  d o u b t. T he n o rm a l ac tiv itie s  o f th ese  enzym es 
have  been  rep o rted  to  be in te r ru p te d  by  th e  use o f  c e r ta in  an th e lm in tic s  such 
as d ith iazan in e , su ram in  an d  levam isole (B ueding  e t  a l., 1961; V an  den  B ossche, 
1972; A nw ar e t ah , 1978). H ow ever, i t  is n o t c lear w h e th e r th e  observed  b io 
chem ical or h istochem ica l changes are th e  p r im a ry  cause or re su lt from  th e  
fu n c tio n a l d am age p ro d u ced  b y  th e  drugs.

T he p re se n t p a p e r  deals w ith  th e  h is to ch em ica l a lte ra tio n s  in  G -6-Pase, 
A T P ase  an d  m alic d eh y d ro g en ase  in  Setaria cervi follow ing tre a tm e n t w ith  
d ie th y lca rb am az in e  c i tr a te  (D E C ), te tram iso le  o r levam iso le . T he chem o
th e ra p e u tic  e fficacy  o f th ese  d rugs has earlie r b een  p roved  aga in st Setaria 
cervi (B a q u i an d  A n sari, 1976).

M aterials and m ethods

T w en ty  la b o ra to ry -b re d  w h ite  ra ts  (Rattus norvegicus) , w eighing 10 0 - 
125 g, w ere used. L ive Setaria cervi w orm s, co llec ted  fro m  th e  fre sh ly  s la u g h te r
ed b u ffa loes a t  th e  local a b a tto ir ,  were tra n s p la n te d  in tra p e rito n e a lly  in to  
w h ite  ra ts  (K h a to o n  an d  B aq u i, 1981). T he in fe c te d  ra ts  w ere d iv ided  in to  
fo u r g roups. G roups I ,  I I  an d  I I I  were t r e a te d  w ith  levam isole, te tram iso le  
and  D E C , re sp ec tiv e ly , fro m  th e  second d ay  fo llow ing  in fec tion . Levam isole
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a n d  te tram iso le  w ere g iven  o ra lly  a t  th e  dosage o f 15 m g /k g /d ay , w hereas 
D E C  a t  th e  dosage o f 100 m g /k g /d ay , on  5 consecu tive  days. G roup  IV  served 
as u n tre a te d  con tro l. R a ts  o f all th e  fo u r groups w ere au to p sied  on  th e  6 th  
d a y  w hen  th e  t r e a tm e n t w as over. T re a te d  and  u n tre a te d  w orm s, recovered  
o n  a u to p sy , were fix ed  in  v a rio u s f ix a tiv e s  and  processed h is to ch em ica lly  for 
th e  localiza tion  o f G -6-Pase, A T P ase  an d  m alic dehydrogenase  acco rd ing  to  
th e  m e th o d s o f P earse  (1960).

R esu lts

A ll th e  drugs used  in  th e  p re se n t ex p erim en t w ere found  to  be  effective 
a n d  show ed in h ib ito ry  effect in  re sp e c t o f these  enzym es (G -6-P ase , A T Pase 
an d  m alic dehydrogenase) o f Setaria cervi. H ow ever, te tram iso le  a n d  levam isole

Fig. 2. Section of a female worm showing decreased G-6-Pase activity in the subcuticle, 
uterine wall and developing embryos, following tetramisole treatment. X 400
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Fig. 3. Section of the control worm. Malic dehydrogenase activity in the fibrillar part of
muscle and uterine wall. X 400

Fig. 4. Section of a worm showing decreased malic dehydrogenase activity in the subcuticle, 
musculature and uterine wall following levamisole treatment. X 400

w ere fo u n d  to  be m ore effective th a n  D E C . Figs 1-6 show  th e  loca liza tion  o f  
th e se  enzym es in  th e  u n tre a te d  co n tro l w orm s and  th e  in h ib ito ry  effects o f 
th e  d ru g s in  resp ec t o f  th ese  enzym es.

G -6-Pase a c tiv ity  w as n o ted  in  th e  subcutic le , oesophagus, in te s tin e , 
b o u n d a ry  w all of v ag in a  and  u te r i, developing  em bryos, m icro filariae  and  
ch o rd s in  th e  u n tre a te d  w orm s (F ig . 1). A ppreciab le  decrease in  its  a c tiv ity  
w as n o ticed  in  th e  te tra m iso le - tre a te d  w orm s. T he oesophagus, in te s tin e , 
b o u n d a ry  walls o f  v ag in a  and  u te r i, developing  em bryos an d  m icro filariae  
show ed  m ark ed  red u c tio n  o f G -6-Pase a c tiv ity . H ow ever, no change in  th e  
en zy m e a c tiv ity  w as n o te d  in  th e  su b cu tic le  (F ig . 2).
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Fig. 5. Section of the control worm. ATPase activity in the subcuticle, muscle tails, intestine
and uterine wall. X 400

Fig. 6. Section of a worm showing decreased ATPase activity in the subcuticle, musculature 
and uterine wall following DEC treatment. X 400

Malic deh y d ro g en ase  a c tiv ity  w as localized in  th e  subcu tic le , th e  fib rilla r 
p a r t  o f  th e  m uscles, oesophagus, b o u n d a ry  w alls o f u te r i an d  vag in a  (F ig . 3). 
T h e  enzym e a c tiv ity  w as reduced  in  th e  w orm s tre a te d  w ith  levam isole (F ig . 4).

A T P ase a c tiv i ty  w as found  to  be n o rm ally  localized  in  th e  subcu tic le , 
m uscle  ta ils , cho rds, b o u n d a ry  walls o f  th e  v ag in a  an d  u te ri, developing em 
b ry o s  an d  m icro filariae  (Fig. 5). T he a c tiv ity  o f th is  enzym e w as found  to  be 
decreased  in  all th e se  organs of th e  w orm s (F ig . 6) follow ing D EC tre a tm e n t.
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D iscussion

E a rlie r  stud ies h av e  show n th a t  te tram iso le , levam iso le  an d  D E C  cause 
adverse  effects on th e  a d u lt  w orm s a n d  m icrofilariae  o f  Setaria cervi, w hich 
are  ch a rac te rized  b y  th e  com plete  d isap p earan ce  o f m ic ro fila riae , an d  im 
m o b ility , early  d egenera tion  and  irreversib le  para ly sis  o f  th e  w orm  (B aq u i and  
A nsari, 1976; K h a to o n  an d  B aq u i, 1981).

E v idence  is ava ilab le  w hich in d ica tes  th a t  sev era l a n tip a ra s itic  d rugs 
e x e rt th e ir  p rim ary  ac tio n  b y  in te rfe rin g  w ith  th e  n o rm al m e tab o lic  ac tiv ities  
o f p a ra s ite s , especially w ith  som e p h ase  o f  th e  g lyco ly tic  a n d /o r ox id a tiv e  
m etabo lism  o f pa rasite s  (V an den  B ossche, 1976).

A ctive  a n th e lm in tic  com pounds h av e  been  re p o rte d  to  in te rfe re  w ith  
th e  c a rb o h y d ra te  m etab o lism  a t  d iffe ren t levels, especially  w ith  th e  ab so rp tio n  
of c a rb o h y d ra tes  and  th e ir  in tra c e llu la r  u tiliz a tio n  (Von B ra n d , 1966). A ccord
in g  to  V on B ran d  (1966), in te rfe ren ce  w ith  th e  c a rb o h y d ra te  m etab o lism  by  
an tip a ra s itic  drugs is n o t su rp ris in g  in  v iew  o f th e  enorm ous im p o rta n c e  of 
ca rb o h y d ra tes  in  th e  m e tab o lism  o f th e  p a ras ite s . I n  v itro  s tu d ies  o f A nw ar 
e t al. (1978) have  rev ea led  th a t  glucose u p ta k e  and  glycogen sy n th es is  are  con
siderab ly  decreased in  Litomosoides carinii and  Setaria cervi fo llow ing t r e a t 
m en t w ith  levam isole an d  D E C . H ow ever, W a lte r  (1979), W a lte r  an d  Schulz- 
K ey  (1980) and  K h a to o n  e t al. (1982) h av e  re p o rte d  a decrease in  la c ta te , 
m a la te  an d  succinate dehydrogenase  ac tiv itie s  in  Dirofilaria im m itis, Oncho
cerca volvulus and  Setaria cervi fo llow ing tre a tm e n t w ith  su ram in , D EC , 
te tram iso le  and  levam iso le . In  our in v estig a tio n s th e  a c tiv itie s  o f  th e  th ree  
ex am in ed  enzym es h av e  been  found  to  he decreased  in  tre a te d  w orm s.

V on B ran d  (1966) has co n ten d ed  th a t  m an y  a n th e lm in tic s  are  n o t 
specific in  th e  sense t h a t  th e y  ju s t  in h ib it a single enzym e sy stem  b u t  a tta c k  
a n u m b er o f o th e r com ponen ts also . A som ew hat sim ilar line  o f  reason ing  can  
be em ployed  to  prove th e  co rrespond ing  m echanism  in  th e  case of th e  a n th e l
m in tic  ac tiv ities  o f D E C , levam iso le  an d  te tram iso le  a g a in s t Setaria cervi. 
T h e earlie r in v estig a tio n s h av e  rev ea led  th a t  th e  drugs also in h ib it th e  acid 
an d  a lkaline p h o sp h a tase  an d  cholinesterase  ac tiv ities o f Setaria cervi, a fila riid  
o f  buffa loes (K h a to o n  an d  B aq u i, 1982; B aq u i an d  K h a to o n , 1982).
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Р Е З Ю М Е

ВТОРИЧНЫЙ АМИЛОИДОЗ ПОЧЕК У СОБАКИ И ЕГО ПОСЛЕДСТВИЯ

М . Д О Б О Ш -К О В А Ч , Д Ь .  Д Е А К  и Л И Л И Я Н А  Б А Р Т А Л И Ч

На основании патологоанатомических исследований авторами докладывается о 
спонтанном амилоидозе почек у 5 собак. У двух собак амилоидоз почек сопровождался 
нефрозом, у двух собак в качестве осложнения к нефрозу присоединились тромбоз легочной 
артерии, легочных вен и задней полой вены, в одном случае цирроз почек при осложнении 
продолжительной уремии. Гистологическими исследованиями доказано, что во всех пяти 
случаях налицевствовал вторичный амилоидоз почек.

В дискуссии обсуждают возможный патомеханизм возникновения склонности к 
тромбозу, присоединяющегося в качестве осложнения к синдрому нефроза.

ЧИСТКА И ЧАСТИЧНАЯ ХАРАКТЕРИСТИКА ИНГИБИТОРА ПРОТЕАЗЫ

Ш . Ю Х А С

Автором изучен в клеточном экстракте из P ro te u s  v u lg a r is  фактор, тормозящий ак
тивность трипсина и химотрипсина. Ингибитор очищался аффинитет-хроматографическим 
путем. Энзимной предварительной обработкой доказано, что тормозящий эффект двух энзи
мов обусловливается тем же (или очень близкими друг другу) центром(ами). Молекуляр
ный вес ингибитора, определенный хроматографией на геле, равняется 30 000— 32 000.

ИЗМЕНЕНИЯ КОНЦЕНТРАЦИИ ГОРМОНОВ ЩИТОВИДНОЙ ЖЕЛЕЗЫ И 
ПОЛОВЫХ СТЕРОИДОВ В СЫВОРОТКЕ ПЕТУХОВ И КУР ПРИ ФОРСИРОВАННОЙ

ЛИНЬКЕ

Д Ь . П Е Т Е Ш , 3 .  С Е Л Е Н И  и  П . П Е Ц Е Л И

Изучались изменения функции щитовидной железы и половых желез во время фор
сированной линьки, вызванной путем ограничения корма, питьевой воды и света, дальше, 
при помощи понижения температуры. У куры концентрация прогестерона в сыворотке во 
время линьки математически достоверно повышается, потом беспрерывно понижается, 
тогда как 17-/?-эстрадиол во время данного процесса находится на низком уровне. Тирок
син у куры сначала вместе с прогестероном повышается, во время линьки остается на вы
соком уровне, а уже у оперившихся животных показывает снова низкий уровень в сыво
ротке. Трийодтиронин в начальном периоде понижается, а у оперившихся животных 
снова повышается.

У петухов в начале линьки концентрация тестостерона понижается и в течение всего 
периода остается на низком уровне. Параллельно с падением уровня тестостерона повыша
ется уровень тироксина. Трийодтиронин подобно описанию у кур — но математически не 
достоверно — изменяется.

Согласно полученным данным у куры и петуха в условиях форсированной линьки 
смена регулируется изменением взаимодействия щитовидной железы и половых желез.

Повышение концентраций прогестерона и тироксина у куры, действуя на филлику- 
лы, вызывает потерю перьев. У петуха повышение концентрации тироксина и его действие 
на перьевые фолликулы обеспечивается низким уровнем тестостерона.



Во время роста новых перьев у животных обоих полов как тироксин, так и трийод- 
тиронин показывают высокую концентрацию в сыворотке, тогда как таковая стероидов 
половых желез является низкой.

МЕТАБОЛИЗМ ВОДЫ И ЭЛЕКТРОЛИТОВ У ОВЦЫ

Б .  Ю Х А С , Б .  С Е Г Е Д И  и  М . К Е Р Е С Т Е Ш

В трех сериях экспериментов авторами изучалось действие нагрузки повареной солью 
и водой на метаболизм электролитов и воды у овец, снабженных фистулой в рубец и ка
тетерами в околоушную слюнную железу, в мочевод и яремную вену. Животных заранее 
снабжали разным количеством повореной соли и воды. В исследованиях применялся 
изотоп 24Na.

Обнаружено, что при недостаточном снабжении повареной солью концентрация в 
слюне Na+ существенно понизилась, а таковая К+ резко повысилась. Это и было причиной 
резкого понижения частного Na+/K+- При достаточном снабжении повареной солью 24Na 
появлялся в четыре раза быстрее, чем при недостаточном снабжении ею.

Обнаружена тесная взаимосвязь между выделением слюны и таковым мочи. При 
понижении снабжения повареной солью наступило уменьшение диуреза и выделения 
слюны и, подобно этому, понижение выделения Na+ и К+ слюной и мочей. При нагрузке 
повареной солью повысилось выделение мочи, но не было изменения в выделении слюны. 
Большое количество Na+ и К+ выделялось мочей. Соответственно этому нагрузка водой 
изменила объем жидкости рубца и ее осмотического давления. Это вело к изменению в диу
резе и выделении слюны и в количестве выделяемых мочей и слюной Na+ и К+. На осно
вании полученных данных можно заключить, что изменение осмотического давления жид
кости рубца очень быстро и резко сказывается на метаболизме воды и электролитов у 
жвачных.

ДЕЙСТВИЕ ПОЛОВЫХ СТЕРОИДОВ НА ТРАНСПОРТ ЛИПИДОВ И В ЛИПИДАХ 
РАСТВОРЯЮЩИХСЯ ВИТАМИНОВ У КУРЫ

Д Ь .  Л Е Н Ч Е Ш  и  М . М Е З Е Ш

Действие половых стероидов — 17-/3-эстрадиола и его комбинаций с прогестероном 
и/или тестостероном — изучено на уровень всего липида, каротина и растворяющихся в 
липидах витаминов А и Е в крови кур мимо сезона яйцекладки. Во время четырех недель 
обработки животных стероидами уровень этих препаратов в сыворотке определяли еже
недельно.

Обнаружено, что количество всего липида систематически повышалось в группах 
кур, обработанных эстрадиолем и эстрадиол +  прогестероном. Уровень каротина не пока
зывал математически достоверных изменений. Содержание витамина Е в сыворотке мате
матически достоверно повысилось в группах кур, получавших эстрадиол, на первой неделе 
обработки. Ретиниловый эстер наивысшую концентрацию показывал на второй неделе 
обработки эстрадиолем. Изменения уровня ретинола были подобными таковым витамина Е.

ОПРЕДЕЛЕНИЕ НЕКОТОРЫХ НОРМАЛЬНЫХ ПАРАМЕТРОВ В КРОВИ 
ЭМБРИОНОВ КУРЫ, ФАЗАНА И ПЕРЕПЕЛА

Л . В А Р Н А Д Ь

В работе представлены показатели щелочной фосфатазы, неорганического Са и Р, 
гематокрита и количества эритроцитов в крови эмбрионов куры, фазана и перепела не
посредственно перед вылуплением. При помощи описанного простого способа получения 
крови и соответствующих лабораторно-диагностических и биохимических методов есть 
возможность определения ряда параметров крови и сыворотки эмбриона.

На основании многочисленных исследований в данной работе автор приводит основ
ные показатели, которые до сих пор в литературе нигде не были представлены. Некоторые 
нормальные показатели могут быть полезными для тех, кто занимаются вопросами эмбри
ологии, тератологии на эмбрионах птиц.



ДЕЙСТВИЕ НАРУЖНЫХ ФАКТОРОВ ПЕРЕД УБОЕМ НА АКТИВНОСТЬ ЭНЗИМОВ 
КРЕАТИНИН-ФОСФОКИНАЗЫ (КФК) И ЛАКТАЗА-ДЕГИДРОГЕНАЗЫ (ЛДГ)

У СВИНЬИ

М . С И Л А Д И , М . В И Т Т М А Н Н , Ф . Г У Б А  и  Л .  В И Г

Авторами изучалась активность энзимов КФК и ЛДГ после бережного транспорта 
из малого расстояния траспортированных (35 км) и убитых свиней и таковых подвергав
шихся после транспорта моциону на расстоянии 350 м. Животные были гибридными или 
простого скрещевания. Исследования проводились в летнюю, осеннюю и зимнюю поры 
года.

Обнаружено, что разные поры года по разному сказывались на указанных парамет
рах крови. Наименьшая активность, то есть наиболее приятные параметры крови получе
ны осенью именно в октябре месяце, а наиболее плохие, то есть наиболее высокие, в янва
ре-феврале месяцах.

На неблагоприятное действие в группе показывали не только средние показатели, 
но оно проявлялось и в том, что энзимная активность у некоторых особей была особенно 
высокой.

Моцион между транспортом и убоем, как добавочная нагрузка, не отразилась на 
изученных параметрах.

Параметры крови свиней, полученные в те же поры года и при таких же условиях 
не отличались друг от друга, таким образом разницу в чувствительности к данному стрес
сору не удалось выявить.

ИССЛЕДОВАНИЯ ПО ЭНЗИМНОЙ АКТИВНОСТИ ПЛАЗМЫ СЕМЕНИ БЫКОВ ДЛЯ 
КОНТРОЛЯ ПОДВИЖНОСТИ, ОПЛОДОТВОРЯЮЩЕЙ СПОСОБНОСТИ И 

ЗАМОРАЖИВАЕМОСТИ ЖИВЧИКОВ

М . А . Р . И Б Р А Г И М

Сорок четыре быка венгерской пестрой породы, использующихся в искусственном 
осемении, разделены в две группы, согласно их воспроизводительных данных (картина 
семени, ее замораживаемость, оплодотворяющая способность). Изучалась активность 
энзимов семени, как то, глутамин-пируват трансаминазы (ГПТ), глутамин-щавелевокислой 
трансаминазы (ГЩТ) и гиалуронидазы и данные сравнены с картиной семени. Активности 
ГЩТ и ГПТ измерялись, тогда как гиалуронидаза определялась иммунодиффузионным 
методом при помощи анти-гиолуронидазной сыворотки от кролика. Показатели всех трех 
энзимов плазмы семени были более высокими у быков слабшей воспроизодительной спо
собности.

МОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ЖИВЧИКОВ БЫКА ПРИ ЗАМОРОЖЕНИИ
И РАСТАЯНИИ

М . А . Р . И Б Р А Г И М , Л .  К О В А Ч  и Б .  Л .  Т О Т

Лучшее понимание физиологии, патофизиологии и морфологии полового тракта и 
структуры живчиков обеспечивает лучшие шансы на диагносцпрование и лечение дисфунк
ций этого органа и рациональное основание на изучение новых подходов лечения бесплодия 
самцов.

Данному исследованию подвержено сто быков производителей венгерской пестрой 
породы. Изучение картины акросомы осуществлялось бальным методом 0 - 3  при разном 
состоянии семени: А) свежее семя без обработки; Б) разбавленное и уравновешенное семя 
на 3,5 часа; В) замороженное при — 196°С и растаянное семя в течение часа при +46°С; 
Д) замороженное при -  196°С, хранившееся в таком состоянии в течение одних суток и 
потом растаянное семя.

Обнаружено, что количество дефектных живчиков и таковых с дисфункцией акро
сомы в состоянии заморожения повышается. Соотношение между картиной акросомы, 
подвижностью и оплодотворяющей способностью как незамороженных, так и заморожен



ных живчиков, было положительным. Структура акросомы, это новый, световым микрос
копом получаемый критерий, при помощи которого просто и быстро, балльным методом 
можно оценить в рутинной работе семя, поведение живчиков, их замораживаемость и 
оплодотворяющую способность. Это аккуратный и чувствительный параметр надежного 
определения нормального состояния клеток.

ДЕЙСТВИЕ ГЛУБОКОГО ЗАМОРОЖЕНИЯ НА СПЕРМУ ХРЯКА

М . А . Р . И Б Р А Г И М  и  Л .  К О В А Ч

Действие глубокого заморожения изучено на сперме 50 хряков производителей 
пород дюрок, эстонской, низменной ГДР и германской поясничной. Сперму получали 
ручным методом. В племенный период 1979-ого года из 190 эякулятов приготовлено 1218 доз 
глубоко-замороженной спермы хряков в специальных резиновых тюбиках (искусственных 
соломинках). При глубоком заморожении в качестве разбавителя пользовались 11%-ным 
раствором лактозы к которому добавляли 0,1% порошка снятого молока и криопротектив- 
ные вещества, как то, глицерин и паста Орвус Ес. Глубоко-замороженную сперму растаяли 
на водяной бане температуры 52°С в течение 52 секунд. Потом сперму нагревали до 20°С и 
разбавляли тающей жидкостью (Beltsville или OLEP Liquid и проводили осеменение 
свиноматок. Супоросность свиноматок определяли ультразвуком 40 дней спустя после 
осеменения. Среди 397 осемененных глубоко-замороженной спермой свиноматок 184 
(46,3%) опоросилось при средней величине пометов в 9 поросят. Морфология головки жив
чиков до и после глубоко заморожения изучалась световым и электронным микроскопом. 
Математически достоверные разницы в морфологии обнаружены согласно возрасту и по
роды быков.

СРАВНИТЕЛЬНЫЕ БИОХИМИЧЕСКИЕ И ПАТОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ 
ПО ОСТРОМУ АЦИДОЗУ У БУЙВОЛЯТ ОТ КОРМЛЕНИЯ МЕЛАССОЙ И ЗЕРНОМ

С. С . Р А Н Д А В А , Л .  Н . Д А С  и  С. К . М И С Р А

Буйволятам раз скормили мелассу (группа 1) или пшеничную крупу (группа 2). 
У животных группы 1 наступило временное повышение концентрации молочной кислоты в 
содержимом рубца и в крови, тогда как у буйволят, получивших пшеничную крупу, 
2—3-хкратное повышение концентрации молочной кислоты было продолжительным. 
Скормление мелассы вызвало гипогликемию, а пшеница - гипергликемию. С этими изме
нениями биохимических параметров совпадали отклонения в интенсивности и качестве 
патогистологических изменений мозга, экзокринной и эндокринной частей поджелудочной 
железы, рубца, сетки и печени. Патогистологические изменения были в корреляции с био
химическими таковыми.

H A E M O N C H U S  C O N T O R T U S  :
ДЕЙСТВИЕ АНТГЕЛЬМИНТИКОВ НА ОБЩЕЕ СОДЕРЖАНИЕ ГЛЮКОЗЫ, 

ГЛИКОГЕНА И СИВУЧИХ ЖИРНЫХ КИСЛОТ

Р А Н Б И Р  К А У Р  и М . Л . С О О Д

Изучалось действие 50 /ír/мл DL-тетрамизола и рафоксанида на половозрелых 
особей H a em o n ch u s  c o n to r tu s  in vitro после инкубации 8 и 12 часов соответственно. 
При инкубации в растворе Тайрода без антгельминтиков содержание глюкозы и гликогена 
повысились, а таковое сивучих жирных кислот понизилось. Причиной понижения уровня 
гликогена может быть начальное выделение яиц или более энергичное расщепление его, а 
не степень использования глюкозы.

Тетрамизол тормозил прием глюкозы и повысил использование гликогена и сивучих 
жирных кислот. От рафоксанида не получено этого эффекта. Эффект действия антегель- 
минтика объясняется на базе торможения синтеза АТР и торможения метаболических 
отправлений в направлении фосфоэнолпируват-сукцинатной ветви.



АНТГЕЛЬМИНТОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ НА S E T  A R I  A  C E R V I  : 
ГИСТОХИМИЧЕСКИЕ ИЗМЕНЕНИЯ ГЛЮКОЗА-6-ФОСФАТАЗЫ, АДЕНОЗИН 

ТРИФОСФАТАЗЫ И ЯБЛОЧНОКИСЛОЙ ДЕГИДРОГЕНАЗЫ

X . К А Т О Н , В А Й И Х У Л Л А Х , А . Б А К И  и Я .  А . А Н С А Р И

Гистохимически изучено действие нескольких антгельминтиков, как то, лимонно
кислого диэтилкарбамазина (ЛДЭК), тетрамизола и левамизола на активность некоторых 
энзимов у S e ta r ia  c e r v i . В нормальных условиях глюкоза-6-фосфатаза, аденозин 
трифосфатаза и яблочнокислая дегидрогеназа локализуются в кутикуле, субкутикуле, 
фибриллярной части мышц, пищеводе, кишечнике, стенке вагины на переходе в матку, 
развивающихся эмбрионах, хордах и микрофиляриях. Активность перечисленных энзи
мов после обработки нематоды указанными антгельминтиками заметно ослабла.
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