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FEEDING ANIMAL FATS TO SHEEP

M e lin d a  M a g d u s 1, Cs . S z e g l e t i 3, F .  H u s v é t h 3 and S . F e k e t e 2

d e p a r tm en t of V eterinary Medicine and Clinic and2 D epartm ent o f Animal Nutrition, U n i
versity  o f Veterinary Science, H-1400 B udapest, P .0 .  B ox  2; d e p a r tm e n t  of Animal P hysio logy  
and Hygiene, “ Georgikon” Faculty o f  Agriculture, PA N N O N  U niversity  of Agricultural 

Sciences, H -8361 K eszthely , Deák F. u. 16, H ungary

(R eceived February 1, 1991)

In  an experim ent lasting 7 weeks, 18%  of the calculated energy requirem ent o f 5 
nonpregnant ew es was met b y  giving natural fats of anim al origin mixed in  the ration  
(at a level o f  6.6% ).

Changes in  certain blood and blood plasm a parameters o f lipid and energy m etab 
olism were m onitored at 5 tim e-points during the experim ent. Samples o f rum en flu id  
were taken three tim es for determ ining the concentrations o f vo latile  fa tty  acids (V FA ). 
Rumen ferm entation was studied by in  sacco m ethod. T otal lip id (TL) content o f the  
liver and fa t ty  acid com position of the liver tissue and subcutaneous adipose tissue  
(from the ta ilhead) were analyzed at the beginning and at th e  end of the experim ent.

A t th e  concentration used in  this experim ent, fat supplem entation caused neither  
digestive disturbances nor any other adverse changes in the anim als’ health statu s. It  
did, how ever, exert a significant influence on blood plasm a lip id composition. TL and  
total cholesterol (TCh) concentration increased and blood glucose level decreased. A  
rise in triglyceride (TG) content was accom panied by a drop in  free fa tty  acid (F F A )  
concentration.

The in  sacco experim ents and volatile  fa tty  acid (V FA ) levels in the rum en flu id  
suggested an  impaired crude fibre digestion in  the rumen. A t the same tim e, fa t sup
plem entation enhanced rum en proteolysis.

The T L  content of liver sam ples did not exceed the physiological lim it. The liver  
biopsy sam ples had decreased m yristic acid and increased stearic and oleic acid con
centrations.

No change occurred in  the fa tty  acid com position o f the fa t depots.

K ey words: Fat supplem entation , anim al fat, lipid m etabolism , sheep, rum inal 
digestion and/or ferm entation

The need  to  m eet th e  en o rm ously  in c reased  en erg y  dem and o f h igh - 
p roducing  d a iry  cows has called  fo r new  so lu tions e n tire ly  d ifferent from  th e  
feed ing  p rac tice s  used  earlier. S tud ies h av e  been done to  te s t  w hether d ie ta ry  
fa ts  of an im al o rig in  could be u sed  fo r t h a t  purpose.

Most m ono g astric  an im als are  know n  to  u tilize  fa t ,  th e  n u tr ie n t r ic h e s t 
in  energy, v e ry  well. On th e  o th e r  h a n d , th e  d igestive physiological c h a ra c 
te ris tic s  of h e rb iv o ro u s an im als, p a r tic u la r ly  ru m in a n ts , re s tr ic t the  u tiliz a tio n  
o f  th a t  n u tr ie n t . F a t  is n o t a n a tu ra l  feed  for ru m in a n ts .

A lthough  fa ts  are e ffic ien tly  ab so rb ed  from  th e  in te s tin e  of ru m in a n ts  
(A ndrew s an d  Lew is, 1970; S teele an d  M oore, 1968), th e ir  presence in  th e  
ru m en  m ay im p a ir  th e  effic iency  of fe rm en ta tio n . T he d igestib ility  o f c ru d e  
fib re  decreases as n a tu ra l fa ts  “ en w rap ”  (coat) th e  feed  partic les p re se n t in  
th e  rum en  flu id  a n d  m ake th e m  h a rd ly  accessible to  b a c te r ia  (R ohr e t al., 1978).
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4 MAGDUS et al.

T h e  sh if t occurring  in  vo la tile  fa t ty  acid  (Y FA ) p ro duc tion  to w ard s prop ion ic  
ac id  seem s to  be en e rg e tica lly  fav o u rab le  (H agem eiste r an d  K au fm an n , 1979; 
M a tto s  an d  P a lm q u is t, 1974; R o h r e t a l., 1978). A t th e  sam e tim e , th e  presence 
o f  fa ts  in  th e  ru m en  invo lv es  some ad v erse  effects, e.g. p o ly u n sa tu ra te d  f a t ty  
ac id s in h ib it th e  a c t iv i ty  o f cellu lo ly tic  m icroorganism s (H enderson , 1973; 
M aczu lak  e t al., 1981), an d  crude p ro te in  d eg rad ab ility  in  th e  ru m en  m ay  
decrease  (R o h r e t al., 1978).

In  view  of th e  ab o v e  fac ts , d ie ta ry  fa ts  are recom m ended  for ru m in a n ts  
b e tw een  2 and  5%  o f th e  d ry  m a tte r  o f  th e  feed (K irchgessner, 1982; N .C .R .,
1978). C erta in  ex p e rim en ta l d a ta , how ever, seem  to  in d ic a te  th a t  a lth o u g h  
d ie ta ry  fa t  given a t  levels  h igher th a n  5 %  m ay  positively  a ffec t th e  m e ta b 
o lism  o f ru m in an ts , i t  is favourab le  in  re sp e c t o f th e ir  energy  su p p ly  (P a lm q u is t 
a n d  C onrad , 1978; S m ith  e t  al., 1978; K ro n fe ld  e t al., 1980; M agdus e t al., 1988).

T h e  im p o rtan ce  o f  fa t  su p p le m e n ta tio n  an d  th e  c o n tra d ic to ry  e x p e ri
m e n ta l resu lts  o b ta in ed  in  th is  su b jec t h a v e  p ro m p ted  us to  co n d u c t fu r th e r  
e x p e rim e n ts  on feed ing  an im al fa ts  to  sheep  as a model an im a l. T he ob jec tiv e  
o f  th e se  experim en ts w as to  de te rm ine  th e  effect of an im al fa ts  on ru m en  
fe rm e n ta tio n , on c e r ta in  p a ram e te rs  o f lip id  m etabolism , p a r tic u la r ly  th e  lip id  
fra c tio n s  o f th e  b lood  p lasm a, and  on th e  f a t ty  acid com position  o f th e  liv e r 
a n d  th e  sub cu tan eo u s ad ipose tissue.

M aterials an d  m ethods

F ive  n o n p reg n an t M erino ewes (b o d y  m ass: 48-50 kg) w ere used  in  th e  
e x p e rim e n t. The an im als  w ere k ep t in  in d iv id u a l pens an d  th e ir  ra tio n  con
s is te d  o f co n cen tra te  feed  m ix tu re  an d  a lfa lfa  h a y  according to  th e ir  ca lcu la ted  
re q u ire m e n t. The d a ily  r a tio n  was g iven in  tw o  p a rts . T h ree  w eeks before th e  
b eg in n in g  o f th e  ex p e rim en t th e  ewes w ere f i t te d  w ith  a p e rm a n e n t ru m en  
f is tu la  w hich p e rm itte d  con tinuous sam p lin g  o f rum en  c o n te n ts  an d  fe rm e n ta 
tio n  experim en ts.

T h e  exp erim en t w as self-contro lled  a n d  consisted  of th re e  phases (F ig. 1). 
I n  th e  f irs t  phase (prelim inary phase, w h ich  la s ted  7 d ay s, th e  sheep w ere 
g iven  a no rm al ru m in a n t b asa l ra tio n  w ith o u t a n y  fa t su p p lem en ta tio n  (T able 
1). T h e  resu lts  o b ta in ed  fo r sam ples ta k e n  in  th a t  phase (co n tro l sam ples) 
se rv ed  as a basis fo r com parison .

In  th e  second p h ase  ( adaptation phase, w hich lasted  14 day s and  se rved  
fo r a d a p tin g  th e  an im als to  th e  ex p e rim en ta l d ie t, a ra tio n  m eeting  th e  a n i
m a ls ’ ca lcu la ted  req u irem en ts  was fed. In  t h a t  ra tio n , 6 .6%  o f th e  energy con
te n t  w as m et b y  fa t  o f an im al origin (F a v o rit-4 0 , a feed a d d itiv e  con ta in in g  
4 0 %  an im al fa t  an d  6 0 %  flaked  corn ; p ro d u ced  by  M onor S ta te  F a rm , 
H u n g a ry ).

Acta Velerinaria Hungarica 40, 1992



FEEDING ANIMAL FATS TO SHEEP 5

Table 1

Com position and nutrient contents o f the experim ental d iet

C o nstituen ts
B asal A d a p ta tio n E x p e r im e n ta l

d ie t

Fodder m ix  (g) 1000 1000 1000
Corn m eal 768 686 603
Extr. sunflower meal 190 190 190
Favorit-40 — 82 165
Mineral and vitamin premix 42 42 42
Alfalfa hay  (g) 300 300 300

Dry m atter  (g) 885 889 894
Crude protein  (g) 136 135 134
Ether extract (g) 33 60 86
Crude fibre (g) 45 47 51

Energy (M J N E m) 12,624

Table 2

F a tty  acid composition o f  the dietary fat supplem ent (Favorit-40) expressed in per cent o f
total fa tty  acids

Fatty acid Designation %

Laurie acid Ci2:o 0.09
Myristic acid Cu:o 1.40
Palm itic acid Cie:o 25.83
Palmitoleic acid Ci6:i 2.83
Margaric acid t-i7:o 0.58
Stearic acid *-rs:o 10.17
Oleic acid ^18 :i 43.52
Linoleic acid Cis:2 13.17
Linolenic acid Cis:3 1.04
Arachic acid ^ 2 0  :o 0 .20
Behenic acid Czo:i 1.11
Other fatty acids 0.06

Saturated fatty  acids/unsaturated fa tty  
acids =  40 : 60

I n  th e  th ird  p h a se  ( experimental phase)  th e  f a t  co n te n t o f  th e  ra tio n  w as 
in creased  in  such a w a y  th a t  18.0%  o f th e  ca lcu la ted  energy  c o n te n t w as m et 
b y  g iv ing  d ie ta ry  f a t  o f  anim al o rig in  (F av o rit-4 0 ). T he ex p erim en ta l ph ase  
la s te d  49 days.

Acta Velerinaria Hungarica 40, 1992



6 MAGDUS et at.

T h e com position  o f  ra tio n s  fed  in  th e  d iffe ren t phases o f th e  ex p erim en t 
is show n  in T able 1. T he f a t ty  acid  com position  of f a t  g iven  as su p p lem en ta tio n  
is p re se n te d  in  T able 2.

T he types and  tim es  of sam pling  th ro u g h o u t th e  ex p erim en t are  given 
in  F ig . 1.

B asal ra t io n  A d a p ta tio n  
p h a se

E x p erim en ta l
feed

P re lim in ary  A d a p ta tio n
p hase  p h a se

E x p e r im e n ta l
p hase

0 7 14 21 35 70 dayi

1 2 3 4 5

B R L A I IB IB R IB BRLA I

F ig . 1. Design of the experim ent and sam pling tim es. 1-5: sam pling tim es; В =  blood sam ple; 
R  =  rum en content; L =  liver biopsy; A =  adipose tissue biopsy; I =  in  sacco experim ent

B lood sam ples w ere collected  on fiv e  occasions: a con tro l sam ple  was 
ta k e n  a t  th e  end o f th e  p re lim in a ry  stag e  (tim e-p o in t 1), an d  fu r th e r  blood 
sam p lin g s took  place in  th e  m iddle (tim e-p o in t 2) and  a t  th e  end (tim e-p o in t 3) 
o f  th e  tra n s itio n  phase , a n d  th e n  in  th e  m iddle (tim e-p o in t 4) an d  a t  th e  end  
( tim e -p o in t 5) of th e  e x p e rim e n ta l phase . B lood sam pling  was done im m ed ia te ly  
b e fo re  th e  m orning feed ing  in  all cases.

B lood sam ples w ere assayed  fo r glucose (G) co n cen tra tio n  (T rinder, 1969), 
a n d  blood  plasm a sam ples for to ta l  lip id  (TL; F rings an d  D u n n , 1970), t r i 
g lyceride  (TG; Biggs e t a l., 1975), free f a t ty  acid (F F A ; D uncom be, 1964), to ta l  
cho leste ro l (TCh; W a tso n , 1960) an d  u rea  (U ; F a w c e tt an d  S co tt, 1960) con
c e n tra tio n  as well as a s p a r ta te  am in o tran sfe rase  (AST; H aschen , 1969) a c tiv ity .

F o r determ in ing  th e  vo la tile  f a t ty  acid (VFA) co n te n t o f th e  ru m en  flu id , 
50 m l sam ples were co llec ted  th ro u g h  th e  p e rm an en t ru m en  f is tu la , alw ays 
fro m  th e  sam e place, a t  sam p lin g  tim es 1, 3 an d  5, before th e  m orn ing  feeding. 
T h e  Y F A  con ten t o f th e  sam ples w as dete rm in ed  b y  gas ch ro m a to g rap h y  
(H u s v é th  and  G aál, 1988).

R um en  fe rm e n ta tiv e  a c tiv ity  w as s tu d ied  b y  an  in  sacco m eth o d  (M ehrez 
a n d  O rskov , 1977; D e B oever e t ah , 1984). F o r th is  m eth o d , 1 7 x 1 9  cm  p o ly 
e s te r  sacs of 50 fi po re  size, co n ta in in g  2500 pores p e r cm 2, w ere p rep a red . 
T h re e  g fine ly  chopped , hom ogeneous alfalfa  h ay  was m easu red  in to  th e  sacs, 
th e n  th e  sacs were tie d  dow n w ith  a s tro n g  ny lon  s trin g  th e  end  of w hich w as 
fa s te n e d  to  th e  o u te r en d  of th e  f is tu la  a fte r  i t  h ad  been  in tro d u ced  in to  th e  
ru m e n . F o r each te s t, 3 sacs co n ta in in g  th e  sam e sam ple w ere p laced  in to  th e  
ru m e n  an d  in cu b a ted  in  situ  for 48 h. E ach  te s t  was rep ea ted  on tw o  successive 
d ay s . A fter incu b a tio n , th e  sacs w ere rem oved  from  th e  ru m en  an d  w ashed  
in  ru n n in g  ta p  w a te r u n ti l  th e  e fflu en t becam e clear. S u b seq u en tly , th e  sacs 
w ere  dried  in  a d ry ing  o ven  a t  60 °C, w eighed an d  th e  residues co n ta in ed  b y

Acta Veterinaria Hungarica 40, 1992



FEEDING ANIMAL FATS TO SHEEP 7

th e m  were te s te d  fo r crude p ro te in  an d  c rude  fib re  co n te n t (MSz-6830, 1983). 
T h e  d eg rad a tio n  o f  th e  tw o n u tr ie n ts  in  th e  ru m en  w as ca lcu la ted  as th e  
d ifference betw een  th e  orig inal a lfa lfa  sam ple an d  th e  residues in  crude p ro te in  
a n d  crude fib re  c o n te n t.

To d e tec t possib le  changes in  th e  f a t ty  ac id  com position  o f th e  fa t d ep o ts , 
ad ipose tissue sam p les  were ta k e n  from  th e  an im als a t  th e  beginning an d  a t  
th e  end  of th e  e x p e rim en t (a t tim e -p o in ts  1 a n d  5). Sam ples were tak en  fro m  
th e  su b cu tan eo u s adipose tissu e  a ro u n d  th e  ta ilh e a d , from  an  abou t p a lm 
sized area  a t th e  m id -p o in t o f  th e  line co n n ec tin g  th e  p o in t of hip an d  th e  
ta ilh ead . A bou t 1 g adipose tissu e  was excised  from  th a t  a rea (Johnson  e t  
ah , 1977).

S im u ltan eo u sly  w ith  co llecting  th e  ad ipose tissue  sam ples, 150 to  200 m g 
sam ples were ta k e n  from  th e  liv e r  b y  p e rcu tan eo u s needle b iopsy  to  d e te rm in e  
to ta l  lip id  c o n te n t an d  fa t ty  ac id  com position  o f lip ids.

The lip id  c o n te n t of ad ipose tissue  an d  liv e r sam ples w as e x trac ted  b y  
th e  m ethod  of F o lch  (1957). A fte r e x tra c tio n , th e  lip id  c o n te n t o f th e  liv e r 
sam ples was m easu red  g rav im etrica lly . T he f a t ty  acid  com position  o f  th e  
e x tra c te d  lip ids w as d e te rm in ed  b y  gas c h ro m a to g ra p h y  (H u sv é th  e t al., 1982).

T he resu lts  w ere analyzed  b y  s ta tis tic a l m ethods (S váb , 1981). B esides 
ca lcu la ting  m eans a n d  s ta n d a rd  d ev ia tions, a tw o-sam ple  t te s t  was perfo rm ed .

Results

Analysis o f blood samples

The G, T L , T C h, F F A , TG  an d  U co n cen tra tio n s  an d  AST a c tiv ity  o f  
th e  b lood sam ples in  th e  d iffe ren t phases o f  th e  ex p erim en t are p re sen ted  
in  T ab le  3.

Blood glucose level w as physio logical a t  th e  beg inn ing  of fa t feed ing  
(2.69 mmol/1), th e n  show ed a tra n s ie n t  25%  decrease (p <  0.05). S u b seq u en tly  
i t  again  cam e close to  th e  base line  v alue  (2.96 mmol/1) an d  decreased ag a in  
b y  th e  end o f th e  ex p erim en t (2.06 mmol/1).

A n opposite  ten d en cy  could  be observed  in  blood plasma TL content. I t s  
in itia l value (1.52 g/1) rose a lm o st to  double b y  th e  end  of th e  a d ap ta tio n  p h ase  
(p <  0.05), th e n , a f te r  a tra n s ie n t sligh t decrease, by  th e  end  of th e  ex p erim en t 
i t  reached  a v a lu e  (2.75 mmol/1) sig n ifican tly  (p <  0.001) higher th a n  th e  
baseline value.

Blood plasm a  11Ch concentration u n d e rw e n t a sign if ic a n t rise (p 0.01) 
a lread y  during  th e  tra n s itio n  phase . B y  th e  en d  o f th e  a d a p ta tio n  phase (3 rd  
sam pling) p lasm a  T C h level (2.19 mmol/1) w as tw ice th e  basic  value. B y  th e  
4 th  blood sam p lin g  p lasm a T C h decreased  to  1.39 mmol/1, b u t  a t  th e  en d  o f  
th e  exp erim en t i t  w as m ore th a n  tw ice th e  co n tro l v a lue  (2.26 mmol/1).

Acta Velerinaria Hungarica 40, 1992
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Table 3

Changes in blood glucose (G), blood plasma total lipid (TL), total cholesterol (TCh), free fa tty  acid (FFA ), triglyceride (Tg) and urea (U)
concentrations and AST activ ity  in  different phases o f the experiment

1 2 3 4 5

G, mmol/1 X 2.69a>»>» 1.86a 1.96» 2.96 2.06» a ,  b p <  0.01
± 8 0.08 0.29 0.28 0.37 0.44 c p <  0.001

TL, g/1 X 1.52a,b 1.78 2.84» 2.42 2.75a a p <  0.001
± S D 0.34 0.22 0.55 0.45 0.62 b p <  0.05

TCh, mmol/1 X 1.08a,b,c 1.79» 2.19» 1.39 2.26a a ,  c p <  0.001
± S D 0.18 0.15 0.36 0.41 0.68 b p <  0.01

FFA , mmol/1 X 0.184a 0.216» 0.188» 0.140d’» 0.060a a p <  0.01
± S D 0.070 0.003 0.016 0.040 0.030 b ,  c p <  0.05

Tg, mmol/1 X 0.53a>b 0.49» 0.45d>» 0.78»,o,d 1.03a-» a p <  0.001
± S D 0.09 0.08 0.07 0.18 0.17 b ,  c, d p <  0.05

e p <  0.01
U , mmol/1 X 5.86 5.4 4.88 6.1 5.7 NS

± S D 0.79 0.99 1.58 1.15 1.5
AST, NE/1 X 60.2 62.4 33.2 87.8 101.8 NS

± S D 29.8 20.8 15.6 20.9 21.4

Significant difference (SD p <  5%): The same letters in superscript denote significant differences between the mean values

M
A

G
D

U
S

 et al.



FEEDING ANIMAL FATS TO SHEEP 9

Blood plasm a F F  A  concentration rem ain ed  below  0.35 mmol/1, a v a lue  
considered  physio logical fo r ru m in a n ts , th ro u g h o u t th e  ex p erim en t. A t th e  
2nd  sam pling  F F A  c o n cen tra tio n  w as p rac tica lly  u n ch an g ed  (0.18 mmol/1) as 
com pared  to  th e  co n tro l sam ples. F ro m  th a t  tim e  u p  to  th e  end  o f th e  ex p eri
m en t F F A  level u n d erw en t a s ig n ifican t decrease (p <  0.05), f in a lly  d ropp ing  
to  o n e-th ird  o f th e  basic  v a lu e .

Blood plasm a TG concentrations m easu red  a t  th e  2nd  an d  3 rd  sam plings 
(0.49 an d  0.45 mmol/1, resp ec tiv e ly ) w ere n o t m ark ed ly  d iffe ren t from  th e  
con tro l va lu e  (0.528 mmol/1). B y  th e  m iddle  o f  th e  ex p erim en ta l period , 
p lasm a TG  co n cen tra tio n  in creased  s ig n ifican tly  (0.78 mmol/1, p  <  0.05), while 
b y  th e  end  o f th e  exp erim en t i t  h a d  doub led  (1.03 mmol/1) as co m p ared  to  
th e  con tro l va lue .

Blood plasm a U concentration m easured  a t  d iffe ren t sam pling  tim es d id  
n o t differ s ig n ifican tly  from  th e  basic  v a lue  (5.86 mmol/1).

A S T  activity w as a ro u n d  th e  u p p e r lim it o f th e  physio logical ran g e  d u rin g  
th e  ex p erim en t. N o sign ifican t d ifferences w ere n o te d  a t  d iffe ren t sam pling  
tim es.

Analysis o f liver biopsy and adipose tissue samples

T o ta l lip id  co n te n t an d  f a t ty  ac id  com position  o f th e  liv er b iop sy  sam ples 
are show n in  T ab le  4. M ean to ta l  lip id  co n ten t o f co n tro l liv e r sam ples w as 
56.6 g/kg. T h is v a lu e  d id  n o t ch an g e  s ig n ifican tly  b y  th e  end  o f fa t  feeding 
(67.4 g/kg).

As reg a rd s th e  f a t ty  ac id  com position  o f  h e p a tic  lip ids, th e  p ro p o rtio n  
o f m yristic  ac id  (C14 0) an d  lino len ic  acid  (C18:3) s ig n ifican tly  decreased  (p <  0.01 
an d  p  <  0.001, respectively) b y  th e  end o f th e  ex p e rim en t. A t th e  sam e tim e , 
th e  p ro p o rtio n  o f stea ric  acid (C1S:0) an d  oleic acid  (C18:i) s ig n ifican tly  increased  
(p <  0.05 an d  p  <  0.001, re sp ec tiv e ly ).

No sig n ifican t difference o ccu rred  in  th e  f a t ty  acid  com position  o f adipose 
tissue  lip ids d u rin g  feeding o f th e  fa t-su p p lem en ted  d ie t (Table 5).

Volatile fa tty  acid content o f the rumen liquor

Y F A  co n cen tra tio n s m easu red  in  th e  ru m en  flu id  a t  d iffe ren t sam pling  
tim es are  show n in  T able 6. O n ly  sligh t f lu c tu a tio n s  occurred  in  to ta l  vo la tile  
fa t ty  acid  (TY FA ) co n cen tra tio n  a n d  co n cen tra tio n s o f in d iv id u a l f a t ty  acids 
during  fa t  feeding. S ign ifican t changes were fo u n d  o n ly  fo r acetic  acid  (C2:0; 
p <  0.05) an d , o f th e  b ran ch ed -ch a in  f a t ty  acids, isovaleric  acid  (Cs:0; p  <  0.1) 
co n cen tra tio n  rose para lle l to  th e  decrease o f ace tic  acid  co n cen tra tio n .
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Table 4

T otal lip id content (g/kg) and fa tty  acid com position of the liver of the experim ental sheep, 
expressed in per cent o f  total fa tty  acids

S am pling  t im e  1 S am p lin g  tim e  5

T o ta l  lip id  co n te n t (g /kg) 58.62 + 17.13 
£ + SD

67.36 + 20.69 
X ±  SD

Ci2:o 0.64 ±  0.38 1.00 ±  0.04 p <  0.01
Сц:о 7.82 ±  1.02 2.63 ±  0.99 p <  0.01
Ch :i 1.67 ±  0.04 2.02 ±  0.28 p <  0.1
Ci6:o 0.68 ±  0.08 0.74 ±  0.32 NS
Ci6:o 18.79 ±  1.29 19.02 ±  4.51 NS
Cieu 1.71 ±  0.77 2.54 ±  0.38 NS
Ci7:o 2.41 ±  0.35 2.34 ±  0.28 NS
Ci8:o 21.27 ±  1.28 23.74 ±  1.57 p <  0.05
Ci8:i 20.77 ±  1.72 26.22 ±  3.56 p <  0.001
Cie:2 7.96 ±  1.54 8.03 ±  1.12 N S
Cis:3 1.06 ±  0.20 0.45 ±  0.18 p <  0.001
2̂o:o 0.36 ±  0.11 0.23 ±  0.07 p <  0.01

C“2o:i 0.52 ±  0.41 0.40 ±  0.88 p <  0.05
^ 2 0 :3 2.09 ±  0.44 0.17 ±  0.11 p <  0.01

C2 0 :« 5.13 ±  0.79 6.09 ±  2.13 NS
■̂2 2 :5 2.36 ±  0.32 1.13 ±  0.93 p <  0.01
2̂216 1.91 ±  0.41 2.22 ±  0.26 p <  0.01

Other fatty acids 2.87 ±  1.17 1.03 ±  0.13 p <  0.05

Table 5

F a tty  acid composition of the adipose tissue of experim ental sheep, expressed in  per cent o f
total fa tty  acids

S am p lin g  tim e  1 
£ ± S D

S am p lin g  tim e  5 
£ ±  SD

1̂2:0 0.09 ±  0.03 0.11 ±  0.06

Сц:о 2.37 ±  0.16 2.39 ±  0.28
C,4:i 0.61 ±  0.49 0.78 ±  0.79
Ci5:o 0.75 ±  0.20 0.74 ±  0.24
t-i6to 24.03 ±  1.29 24.66 ±  1.29
Cie:i 2.26 ±  0.38 2.20 ±  0.41
Ck :o 2.92 ±  0.66 2.52 ±  0.69

Ci8:o 19.90 ±  4.12 19.07 ±  4.48
1̂8:1 40.96 ±  2.16 40.12 ±  2.75

^ 1 8 :2 4.02 ±  0.87 3.59 ±  0.85
Cig:3 0.57 ±  0.21 0.39 ±  0.11
С2 0 Ю 0.60 ±  0.21 0.64 ±  0.25
Other fatty  acids 0.90 ±  0.24 0.99 ±  0.66

Saturated/unsaturated
fatty  acids: 52 : 48 53 : 47
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C harac te ristic  changes w ere n o te d  in  th e  ra tio s  o f th e  th ree  m ost im p o r
t a n t  vo la tile  f a t ty  acids. A cetic  acid /p rop ion ic  acid  a n d  acetic  ac id /b u ty ric  
acid  ra tio s  decreased  d u rin g  fa t  feeding.

Table 6

Volatile fa tty  acid content (mmol/l) o f the rumen fluid and ratios o f the different volatile fa tty
acids

V ola tile  f a t ty  acids 
(m m o l/l) S am p lin g  t im e  1 Sam pling  tim e  3 S am p lin g  tim e  5

X ±  SD X i  SD X ±  SD
Total volatile fatty  

acids 122.9 ±  28.4 123.4 ±  51.9 122.7 ±  15.7

f“2:* 72.6“ ±  19.4 67.6 ±  30.6 65.4“ ±  17.7

Сз:о 37.5 ±  6.2 37.1 ±  14.5 40.5 ±  8.8

^4:o 6.5 ±  2.6 11.9 ±  2.9 7.6 ±  3.0

*С4:о 1.7 ±  0.8 1.9 ±  0.4 2.1 ±  0.4

^5:о 2.4 ±  1.2 3.0 ±  1.6 2.9 ±  0.9

*С5:„ 2.1b ±  0.9 2.0 ±  0.9 4.2» ±  1.1
C2 : C3 ratio 1.9 : 1 1.8 : 1 1.6 : 1
C2 : C3 : C4 ratio 62.3 : 32.1 : 5.6 58.0 : 31.8 : 10.2 57.6 : 35.7 : 6.7

SD (p5%): The same letters in superscript denote significant differences between the mean values: 
a: p <  0.05; b: p <  0.1

In  sacco rumen fermentation experiments

T he resu lts  o f in  sacco ru m e n  fe rm e n ta tio n  ex p erim en ts  are  sum m arized  
in  T ab le  7. D ry  m a tte r  d e g ra d a b ility  decreased  tra n s ie n tly  b u t  nonsig n ifican tly  
during  fa t  feeding; how ever, a t  th e  la s t  sam pling  i t  w as id en tica l w ith  th a t

Table 7

In sacco study of rumen degradability

S am pling  tim e 
F a t  su p p le m e n ta tio n , %

D ry  m a t te r  
“ d ig es tib ili ty ”  %

P ro te in
“ d ig es tib ility ”  %

C ru d e  f ib re  
“ d ig e s tib ili ty ”  %

Time 1 
Basal ration 79.29 ±  2.93 “69.55 ±  11.73 d59.08 ±  4.55

Time 2
A daptation phase 77.08 ±  5.55 b80.72 ±  24.06 58.48 ±  24.90

Time 3
A daptation phase 73.76 ±  4.90 “75.73 ±  8.51 52.45 ±  14.27

Time 4
Experim ental feed 74.79 ±  5.48 77.57 ±  8.47 54.30 ±  22.92

Time 5
Experimental feed 77.33 ±  2.20 “’h-'SS.OOi 1.54 d51.97 ±  12.12

Significance (SD, 5%): The same letters in superscript denote significant differences between the 
mean values: a: p <  0.01; b, c, d: p <  0.05
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12 MAGDUS et al.

o b ta in e d  for th e  co n tro l sam ple. N o su b s ta n tia l d ifferences w ere found  in  th e  
c ru d e  p ro te in  “ d ig es tib ility ”  o f a lfa lfa  h a y  sam ples a t  th e  f i r s t  fo u r sam pling 
tim e s ; a t  th e  5 th  sam pling , how ever, s ig n ifican tly  (p <  0.05) e leva ted  values 
w ere o b ta ined . On th e  o th e r  h a n d , in  sheep fed th e  fa t-su p p lem en ted  d ie t, 
ru m e n  deg rad ab ility  o f  c rude  f ib re  w as poorer b o th  in  th e  a d a p ta tio n  an d  in  
th e  experim en ta l p h ase  th a n  fo r th e  baseline sam ples.

D iscussion

In  th is  ex p erim en t, 18%  o f th e  ca lcu la ted  energy  re q u ire m e n t o f sheep 
w as m e t by  feeding n a tu ra l  fa t  o f  an im a l origin (fa t su p p le m e n ta tio n  con sti
tu te d  6 .6%  of th e  m ixed  feed). T h e  resu lts  were com pared  to  corresponding  
d a ta  o b ta in ed  for th e  sam e an im als  p rio r  to  fa t  feeding an d  in  th e  a d a p ta tio n  
p h ase .

A t th e  c o n cen tra tio n  used  in  th e  ex p erim en t, fa t  su p p lem en ta tio n  caused 
n o  d is tu rb an ces in  th e  h e a lth  s ta tu s  o f  ewes, s im ilarly  to  w h a t w as rep o rted  by  us 
fo r  d a iry  cows earlie r (M agdus e t a l., 1988). H ow ever, blood p la sm a  variab les 
in d ic a tiv e  of lip id  m e tab o lism  u n d e rw e n t su b s ta n tia l changes.

A t th e  beg inning  o f  th e  ex p e rim e n t all th e  p a ram e te rs  w ere in  th e  physio 
log ica l range.

T he m ost s trik in g  changes w ere found  fo r T L  c o n cen tra tio n  w hich m a rk 
ed ly  rose a lready  in  th e  a d a p ta tio n  ph ase  of fa t  feeding. A s tru p  e t al. (1976) 
a n d  P a lm q u is t and  C onrad  (1978) re p o rte d  sim ilar changes in  b lood  p lasm a 
T L  co n cen tra tio n  fo r cows fed  a fa t-su p p le m e n te d  d ie t. I n  o u r ex p erim en t, 
T C h level rose p ara lle l w ith  T L  co n cen tra tio n . T his is in  h a rm o n y  w ith  th e  
o b se rv a tio n s  of S h a rm a  e t al. (1978). T he co n cen tra tio n s o f b o th  T L  and  TCh 
d ecreased  tra n s ie n tly  a t  th e  4 th  sam p lin g ; th e  cause o f th is  decrease is n o t 
k n o w n . Blood glucose c o n c e n tra tio n  changed  in  opposite  d irec tion . These 
o p p o site  changes in  th e  co n c e n tra tio n s  o f th e  th re e  m e tab o lite s  can  p ro b ab ly  
be  a t tr ib u te d  to  th e  c o n tra s tin g  e ffec t o f horm ones (insu lin , catecho lam ines, 
e tc .)  w hich p lay  a ro le in  th e  reg u la tio n  o f b o th  lip id  an d  c a rb o h y d ra te  m e ta b 
o lism . In  our ex p e rim en t w ith  d a iry  cows, fa t  feeding in d u ced  no changes 
in  b lood  plasm a in su lin  c o n c e n tra tio n  (M agdus e t a l., 1988).

S im ilarly  to  th e  T L  level, b lood  p lasm a TG  c o n cen tra tio n  increased  con
s id e rab ly  b y  th e  en d  o f  th e  e x p e rim en t. This lip id  frac tio n  d id  n o t follow th e  
cyclic  changes o f T L  a n d  TC h: i t  u n d e rw en t a con tin u o u s increase  during  
f a t  feeding.

P ara lle l w ith  th e  tim e  o f feed ing  fa t-su p p lem en ted  d ie ts , b lood p lasm a 
F F A  co n cen tra tion  decreased  co n tin u o u sly . This m ay  be a t t r ib u te d  to  th e  fac t 
t h a t  f a t  m obilization  from  th e  d ep o ts  decreased para lle l to  th e  ew es’ a d a p ta 
tio n  to  fa t  feeding. T he d iffe ren t lip id  frac tions o f th e  b lood  p lasm a  und erw en t
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dissim ilar changes during  f a t  feed ing . P resu m ab ly  th e  exp erim en ta l an im als 
g radually  becam e ad ap ted  to  f a t  feed ing . A d ap ta tio n  to  f a t  feeding m an ifests  
itse lf  n o t on ly  in  a lte red  fe rm e n ta tiv e  a c tiv ity  of th e  ru m e n  (N icholson, 1971) 
b u t  also in  changes of blood p la sm a  com position .

The re su lts  ind ica te  th a t  f a t  su p p lem en ta tio n  u sed  in  th is  ex p erim en t d id  
h o t co n stitu te  a pa tho log ica l lo ad  on th e  fu n c tio n  of h ep a to cy te s . A ST a c tiv ity  
increased o n ly  slig h tly  an d  n o n sig n ifican tly  (p >  0.01). T he T L  c o n te n t of 
liver b iopsy  sam ples rem ain ed  in  th e  range considered  physio logical for 
ru m in an ts .

L iver b io p sy  sam ples ta k e n  a t  th e  end  of th e  ex p e rim en t show ed a sig
n ifican tly  (p <  0.01) low er ra tio  o f  m y ris tic  acid, w hich  can  be a t t r ib u te d  to  
reduced  endogenous syn thesis  o f  sh o rt-ch a in  f a t ty  ac ids. S im ilar changes in  
m ilk  fa t com position  in  d a iry  cows h av e  been re p o rte d  (S to rry  e t a l., 1974; 
W renn  e t a l., 1978). T he in crease  in  th e  stearic  ac id  ra tio  of h ep a tic  lip ids 
e ith e r m ay be  due  to  fa t  feed ing  or, th eo re tica lly , i t  m ay  o rig inate  from  fa t 
m obilization  from  th e  depo ts. N am ely , a ce rta in  p a r t  o f  th e  C:18 u n s a tu ra te d  
f a t ty  acids o f th e  n a tu ra l f a t  fed  undergoes h y d ro g en a tio n  in  th e  ru m en , 
th e reb y  increasing  th e  q u a n ti ty  o f  abso rbed  stearic  ac id  (K ep ler e t a l., 1966). 
T hree possible ex p lan a tio n s m ay  be offered  for th e  rise  in  oleic acid ra tio . T he 
f irs t  is th a t  th e  ru m en  m icro flo ra  can  sa tu ra te  on ly  a frag m en t o f th e  h igh 
oleic acid c o n te n t of d ie ta ry  c ru d e  fa t. T he second possib ility  is th a t  p o ly 
u n sa tu ra te d  C:18 f a t ty  acids un d erg o  on ly  p a r tia l h y d ro g en a tio n  a n d  give 
rise to  oleic ac id . The th ird  possib le e x p lan a tio n  is th a t ,  due to  th e  h igh  oleic 
acid  co n ten t o f  th e  fa t  depo t (40% ), a lread y  a m inor endogenous lip id  m ob iliza
tio n  m ay su b s ta n tia lly  increase th e  oleic acid c o n te n t o f hepa tic  lip id s. In  
th is  experim en t, th e  th ird  p o ss ib ility  w as excluded b y  th e  fa c t th a t  no rise  in  
blood p lasm a F F A  co n cen tra tio n , a fin d in g  w hich w ould p o in t to  lip id  m ob iliza
tio n , was observed .

Possible changes in  d ep o sited  fa ts  were s tu d ie d  in  th e  su b cu tan eo u s 
adipose tissue , as in  sheep th is  is th e  la rg es t fa t d epo t w hich  co n stitu tes  ab o u t 
50%  of th e  m obilizable fa t  re se rv e  (W ood, 1984). N o appreciab le  changes 
w ere found in  th e  fa t ty  acid co m position  o f th e  fa t  d ep o ts  during  th e  ex p e ri
m en t. On th e  o th e r  h an d , W ren n  e t al. (1978) rep o rted  th a t  th e  p ro p o rtio n  of 
m yristic  acid (C14:o) and  p a lm itic  acid  (C16:o) decreased  in  th e  adipose tissue  
o f  sucking ca lves given fa t-en rich ed  m ilk . As co m p ared  to  th e  f a t ty  acid 
com position o f  th e  d ie ta ry  fa t  u sed  in  th is  ex p erim en t, th e  adipose tissu e  of 
sheep co n ta in ed  m uch (1.8, 4.0 a n d  1.9 tim es) h igher levels of m y ris tic  acid , 
m argaric  acid  a n d  stearic  acid . T he p ro p o rtio n  o f oleic acid  was n ea rly  th e  
sam e and  th a t  o f linoleic acid w as less (one-th ird ). In  th e  d ie ta ry  fa t su p p lem en t 
th e  ra tio  of s a tu ra te d /u n s a tu ra te d  f a t ty  acids was 40:60, while in  th e  adipose 
tissue  of ewes i t  rem ained  p ra c tic a lly  u n a lte re d  d u ring  f a t  feeding (52:48 an d  
53:47 a t th e  beg inn ing  and  a t  th e  end  o f th e  ex p erim en t, respective ly ). T he
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re su lts  suggest th a t  in  ru m in a n ts  th e  f a t ty  acid  com position  o f d ie ta ry  fa t  
e x e r ts  a less p ro n o u n ced  in fluence  on th e  f a t ty  acid  com position  of fa t  depo ts 
th a n  i t  does in  m o n o g astric  an im als. T h is phenom enon  c a n n o t he exp lained  
b y  th e  a c tiv ity  o f ru m e n  m icroorganism s alone. N am ely , in  c o n tra s t to  th e  
ad ipose  tissue, th e  f a t ty  acid  com position  o f h ep a tic  lip ids u n d e rw en t su b 
s ta n tia l  changes d u rin g  f a t  feeding.

T he resu lts  o f in  sacco ru m en  fe rm e n ta tio n  experim en ts a n d  th e  decrease 
in  th e  acetic  acid c o n te n t o f th e  ru m en  flu id  u nam biguously  p ro v e  th a t  crude 
f ib re  d igestib ility  decreased  d u rin g  fa t  feed ing . These re su lts  a re  co nsisten t 
w ith  th e  find ings o f  sev era l researchers in c lu d in g  S to rry  an d  B ru m b y  (1974), 
D ew en d ra  and  Lew is (1974) an d  R o h r e t al. (1978), who re p o rte d  a red u c tio n  
in  f ib re  fem en ta tio n  in  ru m in a n ts  fed  fa t-su p p lem en ted  d ie ts . As propionic 
ac id  an d  b u ty ric  ac id  co n cen tra tio n s , th o u g h  n o t sign ifican tly , rose, fa t  feeding 
decreased  th e  ra tio s  o f  ace tic  ac id /propionic  acid  an d  acetic  ac id /b u ty ric  acid , 
a phenom enon  o b served  also b y  o thers (H ag em eiste r an d  K au fm an n , 1979; 
M a tto s  and  P a lm q u is t, 1974; Z inn, 1989).

In  co n tra s t to  f ib re  fe rm en ta tio n , p ro teo ly sis  increased  d u rin g  fa t feeding, 
suggesting  th a t  th e  a c t iv i ty  o f p ro teo ly tic  m icroorganism s increased  in  th e  
ru m e n  co n ten t. T h is m u s t h av e  been accom pan ied  by  en h an ced  a c tiv ity  o f 
p ro te in -sy n th esiz in g  b a c te r ia , as b lood p lasm a  u rea  co n cen tra tio n , w hich is 
considered  to  be a re liab le  in d ic a to r  o f energy  an d  p ro te in  su p p ly  in  th e  ru m en , 
d id  n o t change (O ltn e r  an d  W ik to rsson , 1983).

I n  su m m ary : fro m  th e  resu lts  i t  ap p ears  th a t  fa t  feed ing  exerted  a 
fav o u rab le  in fluence  on  th e  a c tiv ity  o f m icroorganism s in v o lv ed  in  ru m en  
p ro te in  m etabo lism ; how ever, fu ll e lu c id a tio n  an d  v erifica tio n  o f th is  find ing  
req u ire  fu r th e r  ex p e rim en ts .
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FAILURE TO DETECT A PUTATIVE 
OESTRUS-INDICATING PHEROMONE IN THE URINE 

OR VAGINAL SECRETIONS OF FEMALE SHEEP

K. P. B l a n d , B .  M. J u b i l a n * , C. W. L a n g  and M. N i z a m l io 6 l u **

D epartm ent o f Preclinical Veterinary Sciences, R oyal (D ick) School o f  Veterinary Studies, 
U niversity o f Edinburgh, Edinburgh, E H 9 1QH, U nited K ingdom

(R eceived June 20, 1991)

E xtensive use o f gas chrom atographic analysis of the vo la tile  and non-volatile  
com ponents o f  sheep urine and sheep vu lvovaginal secretions at different stages o f the  
oestrous cycle has not succeeded in  identify in g  the putative oestrus-indicating phero
mone produced by the ewe. H owever the putative pherom one is probably not a low  
molecular w eight alcohol, diol, phenol, am ine, am ide, aldehyde, ketone, fa tty  acid or 
steroid.

Key words: Pherom one, fem ale, sheep, urine, vaginal secretions, oestrus

F lehm en  b y  th e  ra m  is u sua lly  o b serv ed  in  a sexual c o n te x t an d  in  r e 
sponse to  u rin e  vo ided  b y  th e  ewe. T h u s fleh m en  appears to  be invo lved  in  th e  
d e tec tio n  o f odours (pherom ones), in  th e  u rin e , w hich in d ica te  th e  rep ro d u c tiv e  
s ta tu s  o f th e  fem ale (B lan d  an d  Ju b ila n , 1987). T he p re se n t series o f experi
m en ts  was an  a t te m p t  to  e luc ida te  th e  n a tu re  o f th is  o estru s-in d ica tin g  p h e ro 
m one b y  gas ch ro m a to g rap h y . T he a ttra c tiv e n e ss  of using  th e  gas ch ro m a to 
g ram  (GC) as th e  a n a ly tic a l to o l is th e  p o te n tia l  to  progress to  gas ch rom atog- 
rap h y /m ass  sp ec tro m e try  to  id en tify  u n k n o w n  peaks.

General m ethods

U rine w as co llec ted  from  in ta c t  cycling  ewes, w hich  w ere teased  da ily  
w ith  a v asectom ised  ra m . O estrous u rin e  w as collected b y  clipp ing  a sm all 
po ly e th y len e  bag , w ith  a lig h t p lastic  j a r  in se t in to  one co rn e r, over th e  v u lv a . 
T h e  bag  w as rem o v ed  im m ed ia te ly  a f te r  u r in a tio n  o ccu rred  in  o rder to  avo id  
a n y  risk  o f co n ta m in a tio n  w ith  faeces. O n o th e r  days of th e  oestrous cycle th e  
u rin e  w as co llected  m an u a lly  in to  a glass o r in e r t p lastic  c o n ta in e r  b y  h a b i tu a t
in g  th e  ewe to  h u m a n  presence an d  ta k in g  ad v an tag e  o f  h e r  re flex  u r in a tio n  
w hen  app ro ach ed . B o th  th ese  m eth o d s caused  m in im al s tre ss  to  th e  an im al.
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Table 1

Column packings used in  the gas chromatograph

C olum n p a c k in g S e p a ra tio n s  possib le

TENAX-GC Alcohols, diols, phenols, mono and diam ines, amides, 
aldehydes and ketones

SP1 200 Volatile fa tty  acids but also a wide range of other 
organic compounds

CARBOW AX Volatile fa tty  acids

OV-17 W ide range of steroids

V ag in a l secretions w ere o b ta in ed  b y  sw abb ing  th e  v u lv a  a n d  vag in a l e n tra n c e  
w ith  cotton-w ool b u d s . T he buds w ere th e n  sealed in  c lean  tu b es to  p re v e n t 
loss o f vo latile  su b stan ces  an d  to  avo id  co n tam in a tio n . B o th  u rine  an d  v a g in a l 
sam p les  were e ith e r  s to red  a t  — 10 °C or used  im m ed ia te ly . B o th  s ta te s  w ere 
u sed  in  m ost o f th e  exp erim en ts .

A nalysis o f all sam ples w as b y  gas-liqu id  c h ro m a to g ra p h y  as th is  w ould  
allow  even tual id e n tif ic a tio n  o f an y  pherom onal com pound  found b y  m ass 
spectroscopy . T he m ach ine  used  w as a H e w le tt-P a c k a rd  5700A gas ch ro 
m a to g ra p h , f i t te d  w ith  a flam e-ion isa tion  de tec to r, and  a H ew le tt-P a c k a rd  7123B 
c h a r t  recorder. I n  som e in stances an  in te g ra to r  was in te rp o sed  in  th e  c ircu it. 
T h e  m am m alian  pherom ones th a t  h av e  a lread y  been in d en tif ied  belong to  a 
w ide  range of o rgan ic  com pounds. T h u s fou r d ifferen t co lum n  packings h a v e  
b e e n  used in  th e  gas ch ro m a to g rap h  (GC) to  t r y  to  em brace  as w ide a ran g e  o f  
p o te n tia l com pounds as possible (see T ab le  1). D etails o f e x tra c tio n  m eth o d s 
a n d  tem p e ra tu re  co n d itions are  g iven u n d e r th e  d iffe ren t exp erim en ts . A v a r ie ty  
o f  s ta tis tic a l te s ts  w ere used.

P rocedures an d  results

Experim ent 1: A na lysis  o f the volatile components in  sheep urine

This ex p e rim en ta l p rocedure  w as based  on th e  m e th o d  o f Z latk is e t al. 
(1973). The urine  sam p le  was h e a te d  u p  to  release th e  v o la tile  com ponents w hich  
w ere  th en  tra p p e d  in  a sam pling  tu b e . T he sam pling tu b e  co n ta in in g  th e  v o la 
tile s  was th en  p u rg ed  to  tra n sfe r  th ese  vo la tiles in to  th e  GC fo r analysis.

Method. T h e  sam pling  tu b e  consisted  of a 7 "  s ta in less steel tu b e  (I. D . 
1 /4 ") packed w ith  T E N A X -G C  35/60 m esh (A pplied Science L abora to ries In c ., 
P en n sy lv an ia ). F iv e  m l a liquo ts o f fresh  or frozen u rine  w ere h ea ted  in  a ro u n d - 
b o tto m e d  flask  over a boiling w a te r-b a th . T he sam pling  tu b e  w as connected  to
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th e  fla sk  v ia  a re f lu x  condenser (to  p re v e n t w a te r v a p o u r  en te rin g  th e  sam pling  
tu b e ) an d  th e  u rin e  re fluxed  fo r 1 h . A con tinual s tre a m  o f carrie r gas (N2, 
10 m l/m in) passed  over th e  h e a te d  u rin e  and  o u t th ro u g h  th e  sam pling  tube .

The sam p lin g  tu b e  was th e n  qu ick ly  connected  to  th e  GC in jec tion  p o r t . 
A  c o n s tan t flow  o f ca rrie r gas (N2, 20 m l/m in) was m a in ta in e d  th ro u g h  th e  tu b e  
w hile i t  w as p u rg ed  fo r 10 m in  a t  200-210  °C b y  m eans o f an  in su la ted  resis
tance-w ire  ja c k e t. T h is drove th e  vo la tiles in to  a 2' glass co lum n (I. D. 1 /8"), 
pack ed  w ith  T E N A X —GC, in  th e  GC oven a t room  te m p e ra tu re . A fter allow 
in g  th e  sam pling  tu b e  to  cool h u t  w ith o u t in te rru p tin g  ca rr ie r  gas flow , th e  GC 
oven  p rog ram m e (30 °C fo r 3 m in , th e n  8 °C/m in to  200 °C) w as s ta rted . T h e  
flam e-ion isa tion  d e te c to r  te m p e ra tu re  was 250 °C.

Results. T h is m eth o d  show ed good rep ro d u c ib ility  on a liquo ts o f th e  
sam e sam ple. Also fresh  u rine  a n d  frozen  sam ples o f th e  sam e u rin e  gave v e ry  
sim ilar ch ro m ato g ram s (F ig. 1). A  to ta l  of 64 d iffe ren t u rin e  sam ples from  
4 n o rm ally  cycling  ewes w ere an a ly zed  an d  th e  p eak  areas re su ltin g  m easu red  
a n d  com pared  (F ig . 2). Some 10 to  20 peaks were p re sen t in  th e  ch ro m ato g ram s 
a n d  9 of th ese  p eak s occurred  in  a ll sam ples. E x h a u s tiv e  s ta tis tic a l analysis 
failed  to  reveal a n y  p eak  co n sis ten tly  ab sen t or less a t  o estru s  th a n  a t  o th e r  
stages o f th e  cycle or vice versa .

This in a b ility  to  id en tify  a specific  peak  th a t  could  be a  can d id a te  fo r th e  
p u ta tiv e  o estru s-in d ica tin g  phero m o n e  could be due to  a n u m b e r of fac to rs :

Fig. 1. Gas chrom atogram s showing the peaks representing the vo latile  com pounds released  
from  5 ml of ewe urine, a)  urine sam ple in itia lly  frozen; b)  fresh urine sam ple. The peaks are 

identified by letters to ease comparison w ith  F ig. 2
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F ig. 2 . H istogram s showing the m ean values ( ±  SEM ) of 9 constituents o f ewe urine on differ
en t days of the oestrous cycle. A ll values have been pooled from the different ewes (n =  64). 

T he values are expressed as percentage o f the total of these constituents for each day

(a) A m o u n t of p u ta tiv e  pherom one p re se n t below  d e tec tio n  level o f GC; (b) GC 
co lu m n  n o t su itab le  fo r chem ical n a tu re  o f  p u ta tiv e  phero m o n e; (c) P u ta tiv e  
phero m o n e  n o t vo la tile .
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B eh av io u ra l observa tions b y  th is  la b o ra to ry  (B land  an d  Ju b ila n , 1987) 
h av e  show n th a t  flehm en  response b y  th e  ra m  was of g rea te r  d u ra tio n  to  u rin e  
th a n  to  v ag in a l secretions. This w as ta k e n  to  in d ica te  th a t  th e  p u ta tiv e  p h e ro 
m one m u st be  m ore co n cen tra ted  in  th e  la t te r  location  th a n  in  th e  u rin e ; th e  
prem ise b e ing  th a t  th e  m ore c o n c e n tra ted  th e  odour th e  less tim e  n eed ed  to  
a c tiv a te  th e  sensory  resep to rs. T he analy sis  o f vag in a l secretions w ould  th u s  
im prove chances o f de tec tio n  an d  th e  use o f a w ider range  o f co lum n pack in g s 
w ould fu r th e r  increase th is .

Experim ent 2 : A nalysis o f the volatile components o f sheep vaginal secretions

T hree  p rocedures using  a sim ilar p rinc ip le  to  E x p e rim en t 1 w ere used .
(a) V ag ina l sw abs w ere h e a te d  o v er a boiling w a te rb a th  such t h a t  th e  

vo la tile  co m p o n en ts  w ere carried  in to  a m e ta l sam pling  tu b e  p ack ed  w ith  
T E N A X -G C  b y  a s tream  of carrie r gas (H e, 10 m l-m in). T he sam pling  tu b e  w as 
th e n  a tta c h e d  to  th e  in jec tio n  p o rt o f th e  GC an d  tre a te d  as in  E x p e rim e n t 1.

(b) V ag ina l sw abs w ere h e a te d  o v er a boiling w a te r-b a th  such  t h a t  th e  
vo la tile  co m p o n en ts  w ere carried  in to  a 6 "  glass p reco lum n (I. D . 1 /4") p ack ed  
w ith  10%  SP-1200 w ith  1%  H 3P 0 4 on 80/ 100 Chrom osorb W  (carrier gas: H e, 
10 m l/m in). T h e  preco lum n was th e n  in se rte d  betw een  th e  in jec tion  p o r t  an d  
a 6 ' stee l co lum n  (I . D . 1 /8") pack ed  w ith  SP-1200. T he oven w as te m p e ra tu re  
p ro g ram m ed  fo r  2 m in  a t  40 °C, th e n  2 °C /m in up  to  150 °C. The flam e-io n isa 
tio n  d e te c to r  w as se t a t  200 °C.

(c) V ag in a l sw abs were h e a te d  over a boiling  w a te r -b a th  such th a t  th e  
vo la tile  co m p o n en ts  in  th e  carrie r gas (H e, 10 m l/m in) passed  in to  a S -shaped  
“ fe rm e n ta tio n  t r a p ”  con ta in in g  5 m l ace to n e  or e th y l a ce ta te . T he v o la tile s  
d issolved in  th e  so lven t in  th e  “ t r a p ”  a n d  1 pi a liquo ts o f th is  so lven t w ere th e n  
in jec ted  o n to  a 2' glass co lum n (I. D . 1 /8") packed  w ith  3 %  OV-17 on 80/90 
D ia to m ite  CLQ an d  ru n n in g  iso th e rm a lly  a t  275 °C. T he in jec to r an d  d e te c to r  
te m p e ra tu re s  w ere 300 °C.

Results. T he  m eth o d  u s in g T E N A X  colum ns gave fa ir  sep a ra tio n  w ith  7 to  10 
peaks m ak in g  u p  th e  ch ro m ato g ram ; o f  th e se  peaks 6 o ccu rred  in  all 25 sam ples 
processed . SP-1200 gave th e  b est s e p a ra tio n  o f vo la tile  com ponen ts p ro d u c in g  
15-24  p eak s p e r  ch ro m ato g ram  a lth o u g h  o n ly  8 of th ese  ap p eared  to  be  co m 
m on to  all th e  58 sam ples analyzed . T he use of th e  OV-17 colum ns b y  th is  
m e th o d  w as n o t  successful, y ie ld ing  o n ly  a single peak  on th e  p rin t-o u t. I t  w as 
th u s  a b a n d o n e d  a f te r  on ly  8 sam ples. A gain  no p eak  (or peaks) could be  fo u n d  
w hich  w as c o n sis ten tly  p re sen t a t  o e s tru s  an d  ab sen t o r reduced  a t  o th e r  s tages 
o f th e  cycle o r vice v ersa .

A  re c e n t w ork  has suggested  t h a t  p h ero m o n al substances do n o t n eed  to b e  
v e ry  v o la tile  (W ysock i e t al., 1985). D irec t e x trac tio n  of u rine  or p re fe rab ly  
v ag in a l secre tions w ith  so lven ts w ould  be needed  to  reveal such n o n -v o la tile  
co m ponen ts.
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Experim ent 3: A na lysis o f  the non-volatile components o f sheep urine

Methods, (a) Tw o m l u rine  was ac id ified  w ith  2N  H 2S 0 4 u n til  p H  betw een  
2 a n d  3 and  th e n  e x tra c te d  w ith  6 m l d ie th y l e th e r. Tw o /Л e x tra c t in jec ted  
o n to  10' m etal co lu m n  (I . D . 1/8") p ack ed  w ith  3 .5%  C A R B O W A X  4000 
m o n o s te a ra te  w ith  0 .3 5 %  H 3P 0 4 C hrom osorb  G 70/80 m esh (carrier gas: H e, 
30 m l/m in ; in jec to r: 150 °C; oven iso th e rm a l: 125 °C; d e tec to r: 200 °C).

(b) Two /d  u rin e  in je c te d  d irec tly  in to  2' m e ta l co lum n (I . D . 1/8") p acked  
w ith  T E N A X -G C . O ven  p rog ram m ed  fo r 2 m in  a t  40 °C th e n  8 °C /m in to  250 °C 
(c a rr ie r  gas: N2, 10 m l/m in ; in jec to r an d  d e te c to r : 270 °C). T his m eth o d  w as also 
u se d  w ith  dual co lum n  com pensation .

•/•A

Cycle.d

C yc l e . d

F ig . 3. a )  Histogram show ing the total am ount of the 6 “ fa tty  acids” from 1 m l sheep urine, 
for each  day of the cycle expressed as a percentage o f  the to ta l “fa tty  acid” concentration for 
th e  w hole cycle, b)  H istogram  showing the total am ount o f the 6 “fa tty  acids” from a single 
ov in e  vaginal swab, for each d a y  of the cycle expressed as a percentage of the to ta l “ fa tty  acid”

concentration for the whole cycle
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(c) F o u r p a r ts  u rine  w ere e x tra c te d  w ith  one p a r t  h ex an e ; th e  h ex an e  was 
th e n  co n c e n tra ted  40 tim es an d  1 [A in jec ted  on to  a 6 ' g lass co lum n (I. D . 1/8") 
p ack ed  w ith  3 %  OV-17 on 80/90 D ia to m ite  GLQ (ca rrie r gas: N2, 60 m l/m in ; 
in jec to r: 300 °C; oven  iso th e rm al: 230 °C; d e tec to r: 300 °C).

Results. T h e  ru n n in g  o f  ac id ified  urine  e x tra c ts  on C A R B O W A X  rev ea l
ed th a t  m ost o f th e  20 u rine  sam ples processed co n ta in ed  sub stan ces th a t  h a d  th e  
sam e re te n tio n  tim es  as ace tic , prop ion ic , iso b u ty ric , b u ty r ic , isovaleric  an d  v a le 
ric acids. H ow ever none o f  th e se  in d iv id u a l “ f a t ty  ac id ”  co n cen tra tio n s  show ed a 
sig n ifican t re la tio n sh ip  w ith  th e  oestrous cycle. T he n u m b e r o f “ f a t ty  ac ids” 
v a ried  betw een  th e  d iffe ren t days an d  so d id  th e  re la tiv e  p ro p o rtio n s o f each. 
T he to ta l  a m o u n t o f all th e  “ f a t ty  acids”  fo r a p a r tic u la r  d ay  increased  g ra 
d u a lly  from  8 day s before  oestru s to  p eak  a t  oestru s (r — 0.8868; P  <  0.05; 
F ig . 3). H ow ever w hen  all va lues from  all th e  days o f th e  cycle w ere considered, 
th e  re la tio n sh ip  w ith  th e  o estrous cycle was n o t s ig n ifican t (r =  0.4314). N one 
o f th e  u n id en tif ied  peaks show ed a co rre la tion  w ith  th e  oestrous cycle.

D irec t in jec tio n  o n to  T E N A X  gave ch ro m ato g ram s w ith  from  15 to  30 
peaks each. E v en  using  d u a l co lum n com pensation  rep ro d u c ib ility  was poor an d  a 
good baseline w as v e ry  d ifficu lt to  o b ta in . H ow ever som e 60 ch rom atog ram s 
from  8 u rine  sam ples (e ith e r  oestru s or d ay  9) failed  to  h ig h lig h t a n y  p eak  th a t  
could  be associa ted  w ith  th e  p u ta tiv e  oestru s-in d ica tin g  pherom one.

T he resu lts  o f  th e  h e x a n e -e x tra c te d  u rine  w ill be discussed a fte r  E x p e ri
m en t 4.

Experim ent 4: A nalysis o f  the non-volatile components o f sheep vaginal secretions

T he aim  in  th is  ex p erim en t w as to  look a t  th e  suppo sed ly  m ost c o n c e n tra t
ed source o f th e  pherom one  b y  d irec t ex trac tio n .

Methods, (a) V ag inal sw abs w ere acid ified  w ith  2N  H 2S 0 4 an d  e x tra c te d  
w ith  25 m l d ie th y l e th e r. T h e  e x tra c t  was co n c e n tra ted  b y  e x tra c tin g  th e  e th e r  
w ith  2 m l N N aO H ; a fte r  reac id ify ing  w ith  2N  H 2S 0 4 to  p H  2 -3 , th e  soda was 
e x tra c te d  w ith  6 m l d ie th y l e th er. One /А o f th is  f in a l e th e r  e x tra c t was in 
tro d u c e d  on to  a 10 ' m e ta l co lum n (I . D. 1/8") p ack ed  w ith  3 .5%  C A R B O W A X  
4000 m o n o stea ra te  w ith  0 .35%  H 3P 0 4on C hrom osorb G, 70/80 m esh (carrie r gas: 
H e, 30 m l/m in ; in jec to r: 150 °C; oven  iso th e rm al a t  125 °C; d e tec to r: 200 °C). 
Sim ple e x tra c ts  o f  v ag in a l sw abs w ith  m e th an o l w ere also tr ie d  w ith  th is  
co lum n b u t  th e y  gave p o o r re su lts .

(b) Single v ag in a l sw abs w ere e x tra c te d  w ith  1 m l h ex an e  w hich w as th e n  
c o n cen tra ted  four-fo ld . O ne (A o f th is  e x tra c t w as in je c te d  on to  a 6' glass 
co lum n (I. D . 1/8") p ack ed  w ith  3%  OV-17 on D ia to m ite  CLQ 80/90 m esh 
(carrie r gas: N 2. 80 m l/m in ; in je c to r  an d  d e tec to r: 300 °C; oven iso th e rm al a t  
230 °C).
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Results. As w ith  th e  ac id ified  e x tra c ts  o f u rin e  th e  20 e x tra c ts  o f v ag in a l 
sw a b s  ru n  on G A R B O W A X  4000 all co n ta in ed  peaks w ith  sim ilar re te n tio n  tim es 
t o  th e  low m olecular w eig h t v o la tile  f a t ty  acids. T he to ta l  “ f a t ty  ac id”  con
c e n tra tio n  of v ag in a l sw abs v a ried  l i t t le  from  d a y  to  d ay , also no  in d iv id u a l 
“ f a t t y  acid”  or u n k n o w n  peak  show ed co n sis ten t co rre la tion  w ith  th e  stage  of 
th e  oestrous cycle.

T he results o f  h e x a n e -e x tra c te d  u rin e  an d  vag in a l sw abs ru n  on OV-17 
w e re  analyzed to g e th e r  on  th e  p rem ise th a t  on ly  peak s occurring  in  th e  ch ro m a
to g ra m s  of b o th  u r in e  an d  v ag in a l sam ples w ere likely  c a n d id a te s  fo r th e  
p h ero m o n e .

A lthough som e 11 peaks w ere p re sen t in  th e  e x tra c ts  o f  v ag in a l sw abs an d  
8 in  ex trac ts  of u rin e  a n d  severa l o f th ese  peaks w ere com m on to  e x tra c ts  from  
b o th  sources, none o f th e se  com m on peaks occurred  on ly  in  oestrous sam ples, 
a s  opposed  to  n o n -o es tro u s  sam ples, or vice versa . One o f th e  com m on peaks 
h a d  th e  same re te n tio n  tim e  as th e  s te ro id , 5a-androst-16-ene-3 -one, one o f  th e  
a c t iv e  ingredients o f  th e  b o a r phero m o n e  th a t  p o te n tia te s  o estrous b eh av io u r 
in  th e  sow (Melrose e t  a l., 1971), b u t  th e  size o f th is  peak  d id  n o t v a ry  consis
t e n t ly  w ith  th e  stag e  o f  th e  cycle.

D iscussion

In  spite of th e  in co m ple teness o f  th e  scope o f th e  p re se n t s tu d y  and  th e  
d isap p o in tin g  re su lts  o b ta in e d , i t  has effectively  e lim in a ted  ap p ro x im ate ly  
20—30 volatile an d  a s im ila r  n u m b e r o f  non -vo la tile  com ponen ts o f u rine  and  
v u lv o v ag in a l secre tions as ca n d id a te s  fo r th e  p u ta tiv e  o es tru s-in d ica tin g  
p h ero m o n e . The o n ly  po sitiv e  co rre la tio n  o b ta in ed  w as th e  increasing  to ta l  
v o la t i le  fa tty  acid c o n te n t  o f u rin e  in  th e  w eek p rio r to  o estru s , b u t  th e  absence 
o f  a  sim ilar tre n d  in  v a g in a l secre tions m akes th e  co rre la tio n  un lik e ly  to  be 
re la te d  to  the  p u ta t iv e  pherom one. T he h igh co n cen tra tio n s o f vo la tile  f a t ty  
a c id s  in  the  e ru c ta te d  gases o f sheep also m itig a tes  ag a in s t th is  p ro b ab ility . 
H o w ev e r i t  is conce ivab le  th a t  fleh m en  could be invo lved  in  th e  rem oval of 
v o la ti le  fa tty  acids f ro m  th e  nasa l c a v ity  so th a t  th ese  co m p o u n d s can  be m o
n i to re d  w ithou t h ig h  ind igenous b ack g ro u n d  levels. T here  is c u rre n tly  no 
ev id en ce  in su p p o rt o f  th is , a lth o u g h  fleh m en  is v e ry  p ro n o u n ced  in  ru m in an ts  
as  com pared  to  o th e r  g ro u p s w ith  th e  excep tion  o f th e  E q u id ae  -  th e  n o n -p a
te n c y  of the  n a so p a la tin e  du c t m a y  acco u n t fo r i ts  ex ag g era ted  n a tu re  in  th is  
l a t t e r  group. The p re s e n t  ex p erim en ts  suggest th a t  th e  p u ta t iv e  oestru s-in 
d ic a tin g  pherom one in  sheep is p ro b ab ly  n o t a vo la tile  or n o n -v o la tile  low 
m o lecu la r  w eight a lco h o l, diol, p heno l, am ine, am ide, a ld eh y d e , k e to n e , f a t ty  
a c id  o r steroid. T he p re se n t m e th o d s u n fo rtu n a te ly  do n o t allow  firm  conclu
s io n s unless a po sitiv e  co rre la tio n  o f one or m ore com pounds w ith  th e  stage  of
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th e  oestrous cycle is ob ta ined . I n  o rd e r to  optim ize resu lts  fu r th e r  use o f  th e  
p resen t a p p ro a c h  b y  v a ry in g  th e  ty p e  o f  colum n p ack in g  should  be b a se d  on  
E x p e rim e n t 3(c) versus E x p e rim en t 4(b). F u tu re  w ork  also needs to  c o n c e n tra te  
on th e  d ev e lo p m en t o f a b ioassay , w hich  w ill allow p a r tia l  p u rif ic a tio n  o f  th e  
p u ta tiv e  p h ero m o n e  p rio r to  chem ical analysis. Such an  assay  can n o t he  b ased  
on fleh m en  b eh av io u r as m ost o f th e  availab le  ev idence now  in d ica tes  th a t  
flehm en  m a y  on ly  he involved  in  g e ttin g  th e  pherom one to  th e  recep to rs  w here 
i t  can  be assessed  (B land  an d  J u b ila n , 1987). T hus flehm en  occurs before 
pherom one  assessm en t an d  n o t as a re su lt of it.
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IMMUNOREACTIVE PROLACTIN, 
PROGESTERONE AND LUTEINIZING HORMONE IN 

THE SEMINAL PLASMA OF BUFFALO 
( B U B  ALUS BU BALIS)

K . S. S iD H u  and H . K . G i l l

D epartm ent of Zoology, Punjab Agricultural U niversity, L udhiana-141004, India  

(R eceived  January 17, 1991)

The presence of im m unoreactive prolactin, luteinizing hormone (L H ) and pro
gesterone in  buffalo sem inal plasm a is reported for the first tim e. Correlations were 
obtained betw een various sem en attributes and the levels o f the above im m unoreactive  
hormones. Statistically  significant (P  <  0.01) negative correlations were found betw een  
the levels o f im m unoreactive prolactin in sem en and sperm m otility  and v iab ility . The 
coefficient o f m ultiple linear correlation (R 2) betw een the levels o f im m unoreactive  
progesterone, prolactin and LH  in the sem inal plasm a and the various attributes o f 
sem en revealed that im m unoreactive progesterone and prolactin showed stronger inter
actions than did LH. The biological significance of these im m unoreactive horm ones 
in  sem en is discussed.

K ey words: Prolactin, progesterone, luteinizing horm one, sem en attributes

Sem inal p lasm a is a h igh ly  com plex  biological f lu id  th a t  co n s titu te s  th e  
v a s t  m a jo r ity  of buffalo  sem en. I t s  physio logical fu n c tions, how ever, a re  n o t 
v e ry  well u n d ers to o d  (S idhu an d  G u ray a , 1985, 1989). A lthough  a w ide v a r ie ty  
o f  biom olecules such as en zy m atic  an d  n o n enzym atic  p ro te in s , lip id  d e riv a tiv es , 
ions, sugars, adenine nucleo tic , m o tility  an d  d ecap ac ita tio n  fac to rs h av e  been  
re p o rte d , we do n o t know  m uch  a b o u t th e ir  effect on th e  fe r tility  o f  sem en 
(Seigal e t ah , 1987). In te re s tin g ly , horm ones such as p ro lac tin , insu lin , te s to 
s te ro n e , d ih y d ro tes to s te ro n e , lu te in iz in g  horm one (L H ), follicle s tim u la tin g  
ho rm one  (F S H ) an d  p ro s tag lan d in s  h av e  also been re p o rte d  to  occur in  th e  
sem en of som e m am m alian  species (A bbaticch io  an d  G iorgino, 1983; H y n e  an d  
B o e ttch e r, 1977; Iosefi an d  L ew in, 1984; S heth  e t ah , 1975, 1976, 1977; S luss 
e t  ah , 1987; Sueldo e t ah , 1985). Som e p re lim in ary  a tte m p ts  h av e  been m ade to  
co rre la te  th e  level o f these  horm ones w ith  th e  q u a lity  an d  fe r tility  o f sem en  
(S h e th  e t ah , 1977; Sueldo e t ah , 1985). In  buffa lo , s tud ies o f th e  im p a c t o f  som e 
s te ro id  an d  p ro te in  horm ones on th e  physio logy  o f sp erm ato zo a  h av e  b een  re 
p o rte d  (S idhu  an d  G uraya , 1985), an d  these  horm ones are  also ex p lo ited  for 
effective p rese rv a tio n  of th e  sem en (S idhu  an d  G uraya , 19796; 1985). T here  is no 
re p o r t  in  th e  l ite ra tu re  ab o u t th e  levels of various horm ones in  buffalo  sem en 
a n d  th e  re la tio n sh ip s  of th ese  horm ones w ith  th e  q u a lity  o f sem en. T h is fa c t 
p ro m p te d  us to  ca rry  ou t th e  p re sen t in v estig a tio n . T he presence o f p ro lac tin , 
L H  an d  progesterone  in  buffalo  sem en is rep o rted  here  for th e  f irs t  tim e.
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M aterials an d  m ethods

Semen collection. S em en sam ples w ere co llected  using  a rtific ia l vag ina  
from  each  of four 5- to  6- y e a r  old bulls tw ice  a week. T he sam ples w ere m a in 
ta in e d  a t  37 °C in  th e  la b o ra to ry . All sem en  sam ples w ere an a ly zed  w ith in  30 
m in  o f  collection fo r vo lu m e , p H , sperm  c o n cen tra tio n , m ass m o tility , p e r
cen tag e  m o tility , p e rc e n ta g e  v iab ility  a n d  p ercen tag e  o f sperm  a b n o rm a lity  
acco rd ing  to  th e  p ro ced u res  described b y  S idhu  an d  G u ray a  (1985).

Separation o f sem inal plasma from  the semen. T he e jacu la ted  sem en sam ples 
w ere lay e red  on 1 M sucrose  conta in ing  0 .02%  sodium  azide an d  50 m M benzam i- 
d ine, a n d  w ere cen trifu g ed  a t  2000 g for 30 m in  a t  room  te m p e ra tu re . T he su p er
n a ta n t  sem inal p lasm a w as collected using  P a s te u r  p ip e tte s  a n d  p reserved  a t 
—20 °C u n til used fo r h o rm o n e  d e te rm in a tio n s. Care w as ta k e n  to  avoid  co n tam 
in a tio n  o f th e  sem inal p la sm a  w ith  th e  cy to p lasm ic  d ro p le ts  w hich are usually  
co llected  a t  th e  sem inal p la s m a —sucrose in te rface  a fte r  cen trifu g a tio n .

Determination o f  hormones by radioimmunoassay ( R I A ) .  P ro lac tin , L H  
an d  p rogesterone  w ere d e te rm in ed  in  50 /А a liq u o ts  o f th e  sem inal p lasm a 
d irec tly , w ith o u t e x tra c tio n , using com m ercia l R IA  k its  o b ta in ed  from  th e  
D iagnostic  P ro d u c ts  C o rp o ra tio n  (U. S. A .) an d  B h ab a  A tom ic R esearch  
C entre , T rom bay , B o m b a y  (Ind ia). P ro g este ro n e  w as assayed  using  an tib o d y - 
co a ted  tu b es . S ta n d a rd  cu rv es were p rep a red  fo r each  horm one.

Statistical methods. T h e  re la tionsh ip  b e tw een  horm ones an d  various sem en 
ch a rac te ris tic s  was d e riv ed  b y  calcu la ting  coeffic ien ts  of co rre la tio n  (r). I n  order 
to  f in d  o u t how  m uch  o f th e  v a ria tio n  in  ho rm one  levels c o n tr ib u te d  to  v a r ia 
tio n s in  th e  sem en p a ra m e te rs , a coefficient o f  m u ltip le  lin ear co rre la tion  (R 2) 
w as ca lcu la ted  be tw een  th e  levels of ho rm ones (x), sem en volum e (xx), p H  
(x2), m o tility  (x3), v ia b ili ty  (x4), abn o rm al fo rm s (x5) an d  sperm  co n cen tra 
tio n  (xe). The d a ta  o b ta in e d  for sam ples w ere com p u ted  using  th e  following 
eq u a tio n :

x  =  a +  bjX x +  b2x2 - f  b 3x 3 +  b4x 4 +  b 5x 5 +  b6x e.

R esults and  discussion

Im m u n o reac tiv e  p rogesterone , L H  a n d  p ro lac tin  w ere dete rm in ed  by  
rad io im m u n o assay  in  sem en  sam ples ta k e n  fro m  24 buffalo  bu lls. T he levels of 
th ese  horm ones were ca lcu la ted  from  s ta n d a rd  curves p rep a red  sim ultaneously . 
T he m ean  values o f  im m u n o reac tiv e  p rog este ro n e , p ro la c tin  an d  L H , and  
v a rio u s ch a rac teris tic s  o f  buffalo  bu ll sem en  a re  g iven in  T ab le  1. These h o r
m ones w ere p resen t p re d o m in a n tly  in  th e  sem inal p lasm a b u t  w ere also d e tec ted  
(d a ta  n o t  shown) in  sp e rm  hom ogenates, in d ic a tin g  th e  b in d in g  of th ese  h o r
m ones to  sperm  surface. T h e  levels o f im m u n o reac tiv e  p rogeste rone  an d  p ro lac
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t in  horm ones in  b u ffa lo  sem inal p la sm a  are w ith in  th e  n o rm a l range rep o rted  
fo r th e  serum , w hereas tho se  o f L H  a re  o f higher range.

T he presence o f  v a rio u s im m u n o reac tiv e  horm ones, i.e. p ro lac tin , F S H , 
L H , insu lin , te s to s te ro n e , 17ß -oestrad io l etc. has been  d o cu m en ted  in  th e  se
m in a l p lasm a o f hu m an s, bu lls an d  b o ars  (Sheth  et al., 1976, 1977; A bbaticch io  
an d  G iorgino, 1983; Io sefi an d  L ew in, 1984; Sueldo e t  a l., 1985; Sairam  e t al., 
1980; R am ash arm a  e t al., 1986; F e c c h in e tti  e t al., 1987). T h e  presence o f im 
m u n o reac tiv e  p rog este ro n e , L H  a n d  p ro lac tin  in  buffalo  b u ll sem en is rep o rted  
here  fo r th e  f irs t  tim e .

Table 1

Levels o f immunoreactive progesterone, prolactin and LH and various parameters of buffalo
bull semen

L evels

P a ra m e te rs
*M ean i  S .E . Range

A. Hormones

Progesterone (ng/ml) 0.51 ±  0.39 0 .2 1 - 1.50
Prolactin (ng/ml) 39.23 ±  20.26 3 0 .0 - 100.0
LH (m IU/m l) 51.53 ±  49.90 0 .0 - 130.0

B. Semen parameters

Volume (ml) 3.11 ±  0.53 2 .0 - 4.3
pH 6.71 ±  0.43 6 .0 - 7.5
M otility (% ) 52.12 ±  2.40 1 0 .0 - 80.0
Viability (% ) 62.53 ±  1.72 1 2 .0 - 85.0
Sperm abnorm ality (% ) 15.68 ±  4.42 8 .0 - 25.0
Sperm concentration (x  107/m l) 83.25 ± 1 3 .1 3 7 0 .0 - 111.0

* Means of 24 sem en samples from four buffalo bulls

Table 2

Correlation coefficients (r) betw een the levels o f progesterone, prolactin and LH and various
parameters o f  buffalo bull semen

S em en  p a ra m e te rs
C orrela tion  coeffic ien ts (r)

P ro g este ro n e P ro lac tin L H

Volume 0.30 0.06 - 0 . 0 1

pH -0 .1 7 0.05 -0 .3 5
M otility -0 .35 -0.52 -0 .0 3
V iability -0 .41 -0.052 -0 .0 6
Abnormals forms 0.31 0.18 0.09
Concentration -0 .06 0.24 0.25
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In  th e  p resen t s tu d y , a t te m p ts  w ere also m ade to  co rre la te  th e  levels o f 
im m u n o reac tiv e  p rog este ro n e , p ro la c tin  an d  L H  w ith  v a rio u s  charac teristics 
o f  b u ffa lo  bull sem en such  as vo lum e, p H , p ercen tage  o f ab n o rm a l form s, and  
sp e rm  co n cen tra tio n  (T ab le  2).

Im m u n o reac tiv e  L H  w as in  a n eg a tiv e  co rre la tion  w ith  a ll th e  p aram eters  
e x c e p t abnorm al form s a n d  sperm  co n cen tra tio n  as also re p o r te d  for bulls b y  
R a z d a n  e t al. (1976). H ow ever, a p o sitiv e  co rre la tion  be tw een  sem en L H  levels 
a n d  sp e rm  counts has b een  re p o rte d  b y  o th e r  w orkers (S h e th  e t a l., 1975, 1976; 
B isw as e t al., 1978). Im m u n o re a c tiv e  p ro la c tin  show ed a n eg a tiv e  correlation  
w ith  sperm  m o tility  a n d  v ia b ility . In  c o n tra s t, S heth  e t al. (1975) observed 
h ig h e r  p ro lac tin  levels in  h u m a n  sem en sam ples w ith  a sp e rm  m o tility  h igher 
th a n  3 0 % . H ow ever, Sueldo e t al. (10) re p o rte d  th a t  m en h av in g  h igh p ro lac tin  
lev e ls  in  th e  sem en show ed low er sperm  m o tility  as was also observed  b y  Seigal 
e t  a l. (1987). P ositive  co rre la tio n s fo u n d  betw een  im m u n o reac tiv e  p ro lac tin  
a n d  sem en  volum e, sem en  p H , p ercen tag e  o f abn o rm al sp erm  an d  sperm  con
c e n tra tio n  are sim ilar to  th o se  rep o rted  fo r bu ll sem en b y  o th e rs  (R azd an  et al., 
1976; B isw as et al., 1978). P ro la c tin  is considered  to  be a “ s tre ss  horm one”  an d  
v a r io u s  stressors (e.g. ad v erse  seasonal effects) tr ig g e r its  release w hich, in  
tu r n ,  m ig h t in fluence th e  physio logy  o f th e  accessory rep ro d u c tiv e  g lands. 
P ro la c tin  has physio logical s ign ificance as i t  increases cAM P levels, fructose u tili
z a tio n , glucose ox id a tio n  an d  A T Pase a c tiv ity , decreases th e  te tra c y c lin e  b inding  
o f  h u m a n  sperm atozoa a n d  also a lte rs  th e  ionic s ta te  o f sp erm ato zo a .

Im m u n o reac tiv e  p rogeste rone  show ed a positive co rre la tio n  betw een  
sem en  volum e and  ab n o rm a l form s of sperm , an d  n egative  co rre la tions betw een 
sem en  p H , sperm  m o tility , sperm  v ia b ility  and  sperm  c o u n t (Table 2). I ts  
b io log ica l significance is obscure. A m ann  an d  H a m m e rs te d t (1976) showed th a t  
p ro g este ro n e  binds to  in ta c t  bov ine  sperm atozoa  w ith  g re a t a ff in ity , followed 
b y  es trad io l, d ih y d ro tes to s te ro n e , an d ro s te ro n e  and  an d ro sten ed io l. W arikoo 
e t a l. (1986) proposed  th a t  th e  d is tr ib u tio n  o f te s to s te ro n e  b ind ing  sites on 
m o n k e y  sperm  d e te rm in ed  th e  m o tility  an d  fe r tility  of sem en. S idhu  and  G uraya  
(1980) show ed th a t  bu ffa lo  sp erm ato zo a  h av e  a cap ac ity  fo r s te ro id  in te rconver
sions t h a t  m ay be im p o r ta n t  fo r c rea tin g  an  androgenic en v iro n m en t for sp er
m a to z o a , as androgens h av e  been  show n to  affect sp erm  a n d  m etabolism  
(B eck  e t  al., 1976; S id h u  a n d  G u ray a , 1979a, 1985).

T h e  coefficients o f m u ltip le  lin ea r  co rre la tion  (R 2) b e tw een  th e  levels o f 
v a r io u s  horm ones a n d  sem en ch a rac te ris tic s  (sem en v o lum e, p H , per cen t 
m o til i ty , p er cent v ia b ility , p e r cen t a b n o rm a lity  and  sperm  concen tra tio n ) also 
c a lc u la ted  in  th is  s tu d y  rev ea led  an  in te ra c tio n  betw een  th e  levels of horm ones 
a n d  v a rio u s  sem en c h a rac te ris tic s . Im m u n o reac tiv e  p rogeste rone  and  p ro lac tin  
show ed  stronger in te ra c tio n s  th a n  d id  im m u n o reac tiv e  L H . M ore th a n  32%  of 
th e  v a r ia tio n  in  th e  levels o f p rogesterone  an d  m ore th a n  3 5%  o f th e  v a ria tio n  
in  p ro la c tin  levels could  be exp la ined  b y , or were due to , v a ria tio n s  in  these
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sem en ch a rac te ris tic s , w hereas o n ly  23%  of th e  v a r ia tio n  in  th e  levels o f im - 
m u n o reac tiv e  L H  was acco u n ted  fo r b y  th e  v a r ia tio n s  in  th ese  sem en ch a 
rac te ris tic s .

T h e  presence of im m u n o reac tiv e  p rogeste rone , p ro lec tin  an d  L H  in  
bu ffa lo  b u ll sem en an d  th e ir  re la tio n sh ip s  w ith  v a rio u s sem en a ttr ib u te s  propose 
th e  q u es tio n  o f th e ir  biological s ign ificance an d  m ode o f ac tion , i f  an y , in  
sp e rm ato zo a . W ith  th e  excep tion  o f  tr iio d o th y ro n in e  a n d  calm odulin , no o th e r 
p ro te in  horm ones elicit an y  physio logical response in  m am m alian  sperm  (S idhu  
a n d  G u ra y a , 1985, 1989). S im ilarly , A m an n  an d  H a m m e rs te d t (1976) show ed 
th a t  on ly  few  sa tu rab le , h ig h -a ff in ity  ste ro id  b in d in g  sites ex is t in  bu ll sp e rm a 
to zo a . W e propose th a t  these  ho rm o n es nonspecifica lly  in te ra c t w ith  th e  sp erm  
p lasm a  m em b ran e  an d  change its  p e rm eab ility  to  v a rio u s  m etabo lic  su b s tra te s , 
as F S H , L H , p ro lac tin  an d  te s to s te ro n e  have  been  show n to  affect th e  m e ta b 
olism  o f bu ffa lo  sperm  (S idhu an d  G u ray a , 1979a; B hela  e t a l., 1981).
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EFFECT OF DIETARY AMINO ACIDS ON I N  V I T R O  
RUMEN BACTERIAL PROTEIN SYNTHESIS 

IN BUFFALOES

G agandeep  K a u r , S u d a rsh an  S i n g h  and V. K . S a r e e n *

D epartm en t o f B iochem istry, Punjab Agricultural U niversity, Ludhiana -  141 004, India

(R eceived M ay 30, 1991)

The effect o f different ratios o f  urea to amino acid N at a fix ed  concentration of  
soluble sugars as energy source and varying levels o f soluble sugars a t optim um  urea 
cell suspension was obtained from the rum en fluid of buffalo ( Bubalus bubalis)  calves  
fed on a growth ration. Under glucose ferm entation, the bacterial protein conten t o f  
the incubation m ixture (I. M.) w as increased to 3.91, 6.31 and 5.08 tim es the control 
value (urea alone) when 25, 50 and 75%  o f urea-N was replaced w ith amino acid N , 
respectively. W ith  cellobiose, the corresponding increase was 4.06, 5.29 and 5.63 tim es. 
A t 50% urea-N  replacem ent w ith am ino acid N  (a ratio for m axim um  protein synthesis), 
the bacterial content was m axim um  w hen 1 g glucose or cellobiose per 100 ml o f I. M. 
was added. Per cent incorporation o f rad ioactiv ity  from am ino acids into bacterial 
protein was m axim um  at 25%  am ino acid N level w ith both the soluble sugar sources. 
The total am ino acids incorporated in to  bacterial protein were, how ever, more at 50%  
than at 25%  am ino acid N level.

K ey words: Dietary amino acids, urea, protein synthesis, rum en bacteria, rum i
nants

D ie ta ry  p ro te in s  are ca tabo lized  to  p ep tides an d  am ino acids in  th e  ru m e n  
a n d  m o st o f  th e  am ino  acids pass th ro u g h  th e  am m onia  pool p rio r  to  in c o rp o ra 
t io n  in to  m icrob ia l p ro te in  (W righ t an d  H u n g a te , 1967a, b). H ow ever, d u rin g  
th is  process a ll th e  am m onia p ro d u ced , especially  during  th e  f ir s t  hou rs  a f te r  
feed ing , is n o t u tilized  for m icrobial p ro te in  syn thesis (C halupa, 1975) a n d  th e  
excess is lost as u re a  in  th e  urine  (N o lan  an d  Leng, 1972). M axim izing th e  d irec t 
in c o rp o ra tio n  o f am ino  acids o f d ie ta ry  origin in to  m icrobial p ro te in  in  th e  
ru m e n , th ere fo re , w ould be an  im p o r ta n t  app ro ach  to  increasing  th e  effic iency  
o f u tiliz a tio n  o f  d ie ta ry  p ro te in s. T h is in  vitro s tu d y  deals w ith  th e  e ffec t o f 
d iffe re n t ra tio s  o f  u rea  to  am ino ac id  N  a t  a fix ed  co n cen tra tio n  o f so luble 
su g ars  and , converse ly , of v a ry in g  levels o f soluble sugars a t  a fix ed  u rea  to  a m i
no  ac id  N  ra tio  on  in  vitro rum en  b a c te r ia l p ro te in  syn thesis  an d  re la ted  p a ra m 
e te rs .

* to whom  reprint requests should be addressed
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T he procedure  u sed  fo r th e  w ith d raw al o f  ru m en  flu id , th e  buffalo  ( Buba- 
lus bubalis)  calves a n d  th e ir  feeding w ere th e  sam e as described  earlier (Sood e t 
al., 1991). B ac te ria  w ere sep ara ted  from  th e  ru m en  f lu id  b y  th e  procedure an d  
using  th e  rum en  b u ffe r  so lu tion  (R B S) described  b y  M aeng e t al. (1976). T he 
w ashed  b ac te ria l cells w ere suspended in  a vo lum e o f C 0 2-sa tu ra ted  R B S , 
m a in ta in ed  a t 39 °C, e q u iv a len t to  o n e-h a lf o f  th e  orig inal volum e of ru m en  
flu id .

Experiment 1. F o r  s tu d y in g  th e  e ffec t o f d iffe ren t ra tio s  o f u rea  to  am ino 
acid  N  (AAN) on v a rio u s  rum en  p a ra m e te rs , each fe rm en ta tio n  flask  f i t te d  
w ith  a s to p p er an d  b u n se n  valve (Jo h n so n , 1966) con ta in ed , in  20 m l f in a l 
vo lum e of C 02-sa tu ra te d  P B S , 200 m g glucose o r cellobiose, 23.4 mg u rea  
(10.8 m g N) or 17.4 m g u re a  (8.1 mg N) -f- 17 m g m ixed  am ino  acids (18 am ino 
acids m ixed on eq u im o la r basis) (2.7 m g N) o r 11.6 m g u rea  (5.4 m g N) - f  34 m g 
m ixed  am ino acids (5 .4  m g  N) or 5.8 m g u re a  (2.7 m g N) -f- 51 m g m ixed am ino 
acids (8.1 m g N) a n d  6.8 m l w ashed b a c te r ia l cell suspension . The flasks w ere 
in c u b a te d  a t 39 °C in  a n  atm osphere  o f C 0 2 fo r 20 m in  before th e  a d d itio n  of 
w ashed  b ac te ria l cell suspension  and  th e n  fo r 2, 4, 6 an d  8 h  for am m onia an d  
to ta l  vo la tile  f a t ty  ac ids (TYFA) estim a tio n s an d  for 10 h  fo r m easu rem en t of 
b a c te r ia l p ro te in  sy n th es is  in  a tem p era tu re -co n tro lled  w a te r  b a th  w ith  shak ing  
p la tfo rm . Z ero-hour co n tro ls  were ru n  sim u ltan eo u sly . A t th e  end  of th e  in 
cu b a tio n  period, th e  fe rm en ta tio n  was s to p p e d  b y  ad d in g  1 m l o f sa tu ra te d  
m ercuric  chloride so lu tio n  to  each flask . 10.8 m g u rea-N  (U N ), 8.1 m g UN +  2.7 
m g A A N , 5.4 m g U N  +  5.4 m g AAN a n d  2.7 m g U N  -f- 8.1 m g AAN were 
desig n a ted  as 0, 25, 50 a n d  75%  AAN levels, respective ly .

Experiment 2. F o r  s tu d y in g  th e  effect o f  d iffe ren t con cen tra tio n s of g lu 
cose o r cellobiose a t  f ix e d  u rea  to  AAN ra tio  on  b ac te ria l p ro te in  synthesis, each  
fla sk  con ta ined , in  20 m l f in a l volum e o f C 0 2-sa tu ra te d  R B S , 5.4 mg U N  -f- 
-|- 5.4 m g AAN, 50, 100, 150, 200 or 250 m g o f e ith e r glucose or cellobiose an d  
6.8 m l w ashed b a c te r ia l cell suspension. T h e  fla sk s  w ere in c u b a te d  as in  ex p e
r im e n t 1 for 10 h.

Experiment 3. E x p e rim e n t 1 was re p e a te d  b u t  4, 8 an d  12 /xd  of chlorella 
p ro te in  h y d ro ly sa te  — C14 (U) was also ad d e d  to  fla sk s  con ta in in g  25, 50 an d  
75%  A A N , respec tive ly , to  exam ine th e  effect o f d iffe ren t ra tio s  of u rea  to  
A A N  on th e  in c o rp o ra tio n  of ra d io a c tiv ity  from  am ino  acids in to  b ac te ria l 
p ro te in .

A m m onia-N  a n d  T Y F A  in the  in c u b a tio n  m ix tu re  (IM ) was de te rm ined  
b y  th e  procedure d esc rib ed  b y  Conw ay (1950) an d  K ro m an n  e t al. (1967), 
respective ly . P ro te in s  w ere p rec ip ita ted  from  th e  IM  w ith  e thano l (M cLaren 
e t a l., 1976), dissolved in  0.1N  N aO H  b y  h e a tin g  a t  70 °C fo r 30 m in, th e  cell 
debris w as rem oved b y  cen trifu g a tio n  a n d  th e  p ro te in  c o n te n t of th e  su p er

M aterials an d  m ethods
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n a ta n t  w as e s tim a ted  b y  th e  L ow ry  m eth o d  (Low ry e t ah , 1951). R ad io ac tiv ity  
w as m easured  in  a liq u id  sc in tilla tio n  sp ec tro m ete r u sin g  th e  sc in tilla tio n  flu id  
described  b y  B ray  (1960).

Results

Experiment 1. A A N  su b s titu tio n  a t  various levels fo r U N  m ark ed ly  in 
creased  b ac te ria l p ro te in  c o n te n t in  th e  IM  (Table 1). W ith  glucose as th e  source 
o f energy , th e  n e t b a c te r ia l p ro te in  c o n te n t w as 9.69, 37.85, 61.10 an d  49.18 
m g/100 m l IM  w hen 0,25, 50 an d  75 %  o f U N  w as rep laced  w ith  A A N , respective ly . 
T he corresponding  va lu es  w ith  cellobiose were 9.48, 38.49, 50.16 an d  53.39. 
B ac te ria l p ro te in  c o n te n t w as, th e re fo re , m ax im um  a t  5 0 %  an d  50 an d  75%  
A A N  w hen  glucose a n d  cellobiose w as th e  source o f energy , respective ly .

H ig h er accu m u la tio n  o f am m onia  occurred  in  th e  IM  w hen u p  to  50%  o f 
U N  w as rep laced  w ith  A A N  a t  a lm o st all th e  in cu b a tio n  tim es  an d  u n d e r b o th

Table 1

Effect o f different urea to am ino acid N  (A A N ) ratios upon rum en bacterial protein synthesis 
during glucose or cellobiose fermentation (n =  4)

In c u b a tio n
tim e

(h)
A A N , %

B a c te r ia l p ro te in  (m g/100 m l IM ) 
d u r in g  fe rm en ta tio n  of

Glucose Cellobiose

0 11.88 11.88
10 0 21.57 21.36

25 49.73 50.37
50 72.98 62.04
75 61.06 65.27

Table 2

Effect o f different urea to  amino acid N  (A A N ) ratios on the content o f ammonia-N during 
glucose or cellobiose ferm entation (n =  2)

S u b s tra te
In c u b a tio n

(h)

A m m onia-N  (m g/100 m l IM )

0 %  A A N 25%  A A N 5 0 %  A A N 75%  A A N

Glucose 2 2.21 3.71 4.55 3.71
4 7.18 8.51 7.32 5.81
6 6.90 9.21 8.30 6.34
8 5.36 5.01 5.43 4.34

Cellobiose 2 3.74 3.97 2.88 2.49
4 6.80 9.60 6.95 3.67
6 7.90 11.03 9.79 6.31
8 6.88 13.53 8.54 6.01
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glucose and  cellobiose fe rm e n ta tio n  as com pared  to  w hen  u re a  alone was th e  
so u rce  o f n itro g en  (T able  2). A ccu m u la tio n  o f am m onia  w as m ax im u m  a t  25%  
A A N . U nder glucose o r cellobiose fe rm en ta tio n , th e  to ta l  v o la tile  f a t ty  acid 
(T V FA ) co n ten t o f  th e  IM  w as decreased  a t  all th e  levels o f  A A N  su b s titu tio n  
a n d  incub a tio n  tim e s  (Table 3). T h e  decrease w as p a ra lle l w ith  increasing  levels 
o f  A A N .

Experiment 2. A t 50%  A A N  (o p tim u m  u rea  to  A A N  ra tio  fo r b ac te ria l 
p ro te in  synthesis, T ab le  1), th e  b a c te r ia l co n te n t in  th e  IM  w as m ax im um  w hen 
1 g/100 ml IM o f g lucose or cellobiose w as added  (T able 4). In c reas in g  th e  con
c e n tra tio n  of glucose o r cellobiose from  0.25 to  1.0 g/100 m l IM  p ro p o rtio n a te ly  
in c rea sed  th e  b a c te r ia l  p ro te in  c o n te n t.

Experiment 3. P e r  cen t in co rp o ra tio n  o f ra d io a c tiv ity  from  labelled  
am in o  acids in to  b a c te r ia l p ro te in  w as m ax im um  a t  2 5%  A A N  level u n d er b o th  
g lucose and  cellobiose fe rm e n ta tio n  (T able 5). T o ta l am ino  ac ids in co rp o ra ted

Table 3

E ffect o f different urea to  amino acid N  (A A N ) ratios on the content o f to ta l volatile fa tty  acids 
during glucose or cellobiose ferm entation (n — 2)

S u b s tra te s
In cu b a tio n  

tim e  (h)

T o ta l v o la tile  f a t ty  acids (m m o l/100 m l IM )

0.1 A A N 25%  A A N 50%  A A N 7 5 %  A A N

Glucose 2 5.85 4.35 4.65 4.40
4 6.00 5.14 4.47 4.30
6 5.39 4.95 4.25 4.20
8 4.10 3.25 2.25 1.95

Cellobiose 2 5.37 5.02 5.16 5.09
4 5.79 4.81 4.88 3.56
6 6.28 5.58 4.12 3.91
8 5.86 5.60 4.53 3.28

Table 4

E ffect o f different concentrations of glucose or cellobiose on rumen bacterial protein synthesis at 
a fixed urea to amino acid nitrogen (AAN) ratio (50% AA N; n  =  4)

In cu b a - 
tion  

tim e (h)

Glucose c o n cen tra tio n  
used  (g/100 m l IM )

B a c te r ia l p ro te in  
(m g /100 m l IM )

Cellobiose concen
tra t io n  (g/100 m l IM )

B a c te r ia l p ro te in  
(m g/100 m l IM )

0 12.13 12.13
10 0.25 40.92 0.25 41.44

0.50 53.53 0.50 49.67
0.75 66.91 0.75 58.16
1.00 88.04 1.00 66.91
1.25 72.32 1.25 56.88
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Table 5

Effect of different urea to amino acid N (AA N) ratios on the incorporation of radioactivity from  
14C-labelled amino acids into rumen bacterial protein during glucose or cellobiose fermentation

In c u b a 
tio n
tim e
<h)

A A N  %

D u rin g  glucose fe rm en ta tio n D u rin g  cellobiose fe rm en ta tio n

T o ta l am in o  acids 
in co rp o ra te d  in to  
b a c te r ia l p ro te in  

<m g)

R a d io a c tiv ity  
in co rp o ra te d  
in to  b a c te r ia l 
p ro te in  (% )

T o ta l am ino acids 
in co rp o ra ted  in to  
b ac te ria l p ro te in

(m g)

R a d io a c tiv ity  
in co rp o ra ted  
in to  b ac te ria l 

(% )

10 25 23.11 27.19 22.21 26.13
50 44.27 26.04 29.53 17.37
75 40.49 15.88 35.79 14.03

in to  b a c te r ia l p ro te in  increased  as th e  a m o u n t of AAN in  th e  IM  w as increased  
up  to  50%  an d  75%  in  th e  case o f  glucose an d  cellobiose, re spec tive ly .

F ro m  th e  re su lts  o f th ese  ex p e rim en ts  i t  can  be in fe rre d  th a t  m ax im um  
ru m en  b a c te r ia l p ro te in  syn thesis  o ccu rred  w hen 50%  o f th e  to ta l  n itrogen  
w as supp lied  in  th e  fo rm  of am ino ac id  in  th e  IM . H ow ever, considering  
th e  cost fac to r , a t  le a s t 25%  of th e  to ta l  n itrogen  sh o u ld  be supp lied  as 
am ino ac id /p ro te in  as p e r  cen t in co rp o ra tio n  o f am ino acids in to  b ac te ria l p ro 
te in  w as m ax im u m  a n d  p ro te in  sy n th esis  w as also considerab le  a t  th is  level.

D iscussion

I t  has been  suggested  th a t  N P N  to  am ino  acid ra tio  m a y  be an  im p o r ta n t 
fac to r  in flu en c in g  ru m e n  m icrobial p ro te in  synthesis. T h e  re su lts  o f th e  p re 
sen t s tu d y , i.e. th a t  m ore b ac te ria l p ro te in  syn thesis o ccu rred  w hen u rea-N  
w as rep laced  w ith  v a rio u s  levels o f am ino  ac id  N (Table 1), co n firm ed  th e  above 
suggestion  an d  su p p o rte d  th e  su m m ary  rem ark s  b y  M orris e t  al. (1975) th a t  
d ie ts  w ith  a h igh  p ro p o rtio n  of n itro g en  as N P N  do n o t su p p o rt ru m en  m icro
b ial g ro w th  ra te s  or efficiencies of en erg y  u tiliz a tio n  for m icrob ia l syn thesis  due 
to  th e  lack  o f th e  re q u ire d  am o u n t o f  am ino  acids. T he h ig h er accu m u la tio n  
o f am m o n ia  in  th e  IM  w ith  AAN s u b s titu tio n , p a rtic u la rly  a t  25%  A A N  level, 
as co m p ared  to  u rea  alone (Table 2) also in d ica ted  p re fe ren tia l u p ta k e  o f am ino 
acids to  am m onia  fo r increased  p ro te in  syn thesis  b y  ru m e n  b ac te ria . T he 
decreased  c o n c e n tra tio n  o f am m onia in  th e  IM  con ta in ing  50 a n d  75%  as com 
p a re d  to  th a t  co n ta in in g  25 %  AAN, how ever, m ay  be due to  th e  low er am o u n t 
of u re a  ad d ed . T he ra d io tra c e r  e x p e rim en t (Table 5) fu r th e r  confirm ed  th e  
possib ility  th a t  th e  increase  in  b a c te r ia l p ro te in  syn th esis  w ith  am ino acids 
s u b s titu tio n  fo r u rea  w as due to  th e  in co rp o ra tio n  of ad d ed  am ino acids in to  
b a c te ria l p ro te in . T he increased  b a c te ria l p ro te in  syn thesis  o b ta in ed  w ith  h igher 
levels o f  glucose o r cellobiose ad d itio n  (T able  4) show ed th a t  th e  am o u n t of
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c a rb o h y d ra tes  can  in flu en ce  th e  u p ta k e  o f am ino acids b y  rum en  m icroor
gan ism s to  be in c o rp o ra te d  in to  th e ir  b o d y  p ro te in s . S im ilar were th e  view s o f  
S te rn  e t al. (1978), B a ld w in  an d  A llison (1983) an d  W in d sch itl an d  Schingoethe 
(1984).
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COMPARATIVE STUDIES ON I N  V I T R O  
MITOGEN-INDUCED PROLIFERATION OF PERIPHERAL 
RLOOD LYMPHOCYTES IN DOG AND BREEDING FOX

K .  K O S T R O 1 a n d  K .  W lK T O R O W IC Z 2

1Clinic o f In fectious D iseases o f Anim als, Veterinary F aculty , Agricultural Academ y, 20-612  
Lublin, A l. P K W N  30; and 2Cellular Im m unology Laboratory, D epartm ent of Im m unology  
and R heum atology, U n iversity  School o f M edicine, W inogrady 144, 61-626, Poznan, P oland

(R eceived January 9, 1991)

In  vitro  blastogenesis o f dog and fox  lym phocytes was compared by a m icrocul- 
ture technique. The highest 3H -thym idine incorporation in  cultures o f dog lym phocytes  
was observed a t day 3, while in those o f fox  at day 2, incubated either at 37 °C or 
at 39 °C. L ym phocytes cultured at 39 °C incorporated more tritiated thym idine th an  
did cells cultured at 37 °C. The stim ulation  index (SI) o f dog peripheral blood ly m p h o 
cytes to  both  m itogens concanavalin A (Con A) and leucoagglutinin (LA) was in  a sim i
lar range, w hile pokeweed mitogen (PW M ) showed a weaker but significant stim ulatory  
action. The b lastogenesis o f fox  lym phocytes was the greatest in Con A stim ulated cu l
tures. The m itogenic potency of LA and PW M was about half o f that o f Con A , w ith  
no essential difference between them . M axim um  lym phocyte  proliferation of dog and  
fo x  w as observed when culture m edia were supplem ented w ith  10% fetal calf serum  
(FCS).

K ey words: D og, fox , lym phocyte, stim ulation test, m itogens

L y m p h o c te  réponse  to  m itogens is a m eth o d  w idely app lied  for e s tim a tin g  
cellu lar im m u n e  fu n c tio n  in  various species o f dom estic  an d  lab o ra to ry  a n i
m als (B a r ta , 1984; K ok-M un T h am  e t a l., 1982; M uscop la t e t a l., 1974; K ris- 
ten sen  e t a l., 1982). One o f th e  b e s t k n o w n  tech n iq u es invo lves in co rp o ra tio n  
o f t r i t ia te d  th y m id in e  (3H -T dr), a rad io ac tiv e ly  labelled  D N A  p recu rso r. 
H ow ever, th e  a m o u n t o f 3H -T d r  in co rp o ra ted  in  cu ltu re d  lym phocy tes in  vitro 
depends on  m a n y  fac to rs  inc lud ing  biological, e.g. v a r ia tio n  in  in d iv id u a l 
re a c tiv ity , c irc a n n u a l rh y th m , age o f b lood  donors (H um e an d  W  eidem ann, 1980; 
Ling an d  K a y , 1974; A ngus an d  Y ang , 1978; G erber an d  B row n, 1974), c h e m 
ical, e.g. m ed iu m  com position  (M ain e t  a l., 1967) an d  physical ones, e .g . 
te m p e ra tu re  o f  cell cu ltu rin g  an d  tim e  o f blood co llection  (A shm an and  N a la - 
m as, 1977; B ijn en  e t  a l., 1979; S chu ltz  an d  A dam s, 1978; P ak in , 1977; S h ifrin e  
e t al., 1978).

In  th is  p a p e r  th e  in fluence o f c u ltu re  cond itions on th e  reac tiv ity  o f dog  
an d  fox ly m p h o c y te s  is repo rted .

Materials and methods

A nim als. S ilv er foxes used as b lood  donors w ere housed  on a b reed in g  
farm  an d  w ere m a in ta in e d  on a s ta n d a rd  d ie t accord ing  to  S cand inav ian  ru le s .
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B lo o d h o u n d  dogs w ere o b ta in e d  from  a p r iv a te  dogbreeder. B efore beg inn ing  th e  
e x p e rim en t, faecal e x am in a tio n  for p a ra s ite s  an d  haem ato logical an d  physica l 
e x am in a tio n s  w ere p erfo rm ed  on 10 b reed in g  foxes (2 -3  y ea rs  old) an d  10 
B lo o d h o u n d  dogs (3 -5  y ea rs  old). T he an im als  used for th is  s tu d y  ap p eared  
c lin ica lly  norm al.

Lymphocyte separation. A p p ro x im a te ly  10 ml of b lood  w as collected in  
a sy rin g e  con ta in in g  250 u n its  of free h e p a rin  as p rese rv a tiv e . H eparin ized  
b lo o d  w as d ilu ted  1 : 1 w ith  H a n k s’ so lu tio n  a n d  cen trifuged  fo r 30 m in  a t  400 g 
a n d  22 °C in  F ico ll/U ropo linum  (Polfa) g ra d ie n t (d =  1.075 g /cm 3) accord ing  
to  B o y u m  (1976). M ononuclear cells fro m  th e  in te rp h ase  w ere co llected , w ashed  
tw ice  w ith  H an k s’ so lu tio n  and  resu sp en d ed  in  E agle’s m ed ium . T his p o p u la 
t io n  co n ta in ed  m ore th a n  90%  ly m p h o cy te s , as checked on th e  basis of M ay- 
G riin w ald -G iem sa  s ta in in g . T he ca lcu la ted  recovery  of ly m p h o cy tes  was ab o u t 
8 0 % . Cell v iab ility  w as 9 5 %  as assessed b y  th e  try p a n  blue exclusion  te s t.

Lymphocyte stimulation test (L S T ) .  2 X 105 cells per well w ere c u ltu red  on 
96-w ell ro u n d -b o tto m  tissu e  cu ltu re  m ic ro p la tes  (S terilin , G rea t B rita in ) in  
a to ta l  vo lum e o f 0.2 m l o f E ag le’s m ed iu m , su pp lem en ted  w ith  gen tam y cin  
(20 /tg/m l), 2 .5 -2 0 %  h e a t- in a c tiv a te d  fe ta l c a lf  serum  (FCS) a n d  dog hom olo
gous serum  (D H S) or fo x  hom ologous se ru m  (FH S). H om ologous serum  w as 
poo led  serum  o b ta in ed  from  10 c lin ically  h e a lth y  dogs an d  10 h e a lth y  foxes. 
I t  w as in a c tiv a te d  a t  56 °C for 30 m in a n d  k e p t in  1 ml vo lum es a t  20 °C u n til  
u sed . L eucoagg lu tin in  (LA , P h arm ac ia ), pokew eed m itogen  (PW M , Gibco) 
a n d  co n canavalin  A (Con A, P harm ac ia ) w ere  used as m itogen . T he ex trem e 
v a lu es  o f m itogens in  foxes and  dogs w ere  as follow: Con A : 80,650-238,456 
c p m ; LA : 20,385-41,680 cpm ; PW M : 21,456-39,860 cpm  (foxes); Con A: 
85 ,467-186 ,759  cpm ; L A : 74,486-156,641 cpm ; PW M : 23,450-49,860 cpm  
(dogs). All m icro cu ltu res  w ere perfo rm ed  in  tr ip lic a te . Cells w ere cu ltu red  e ith e r  
a t  37 °C or a t  39 °C in  h u m id ified  a tm o sp h e re  conta in ing  5 %  C 0 2. Six h  before 
h a rv e s t 1 ,uCi (37 kB q) o f 3H -T d r (U V V R , Czechoslovakia) p e r well was added . 
Cells w ere collected on glass fib re  f ilte rs  a n d  w ashed  3 tim es w ith  w a te r. R ad io 
a c tiv i ty  w as q u a n ti ta te d  in  a liqu id  sc in tilla tio n  coun ter. T he resu lts  w ere 
ex p ressed  as coun t p e r m in u te  (CPM) a n d  th e  stim u la tio n  in d e x  (SI) was c a l
c u la te d  b y  d iv id ing  th e  m ean  CPM o f tr ip lic a te  cells b y  th e  m ean  CPM of 
tr ip lic a te  contro ls. CPM  w as ca lcu la ted  acco rd in g  to  B a rta  (1984).

Results

T h e effect of v a ry in g  co n cen tra tio n s  o f  Con A, LA  an d  PW M  on th e  
b lastogenesis  o f dog ly m p h o cy tes  was te s te d  using  a 3-day  in c u b a tio n  period  
(F ig . la )  an d  a 2 -d ay  c u ltu re  of fox ly m p h o c y te s  (Fig. lb ) . In  dogs, th e  o p tim al 
doses o f m itogens w ere 10 /ig/m l for Con A , 5 /xg/ml for LA a n d  1:25 d ilu tion
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Fig. 1. Stim ulation  indices (SI) in dog peripheral blood lym phocytes cultured for 3 days (a) 
and in  fox  peripheral blood lym phocytes cultured for 2 days (b) w ith  various doses o f conca- 
navalin  A  (Con A), leucoagglutinin (LA) or pokew eed m itogen (PW M ). Each bar represents 
m ean values i  S.D . from  10 experim ents. Num bers adjacent to the bars are the m ean values

of CPM +  S.D .

F ig. 2. S tim ulation  indices (SI) in dog peripheral blood lym phocytes cultured for 3 days (a) 
and in  fo x  peripheral blood lym phocytes cultured for 2 days (b) w ith  optim al doses o f con- 
canavalin  A  (Con A) in  m edia supplem ented w ith  various concentrations of feta l ca lf serum  
(FCS) and dog hom ologous serum (D H S) or fox  hom ologous serum (F H S). B oth  lym phocyte  
cultures were incubated at 39 °C. Each point represents the m ean values o f  stim ulation  indices

(SI) ±  S.D . from  10 experim ents
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F ig . 3. K inetics o f proliferation o f dog and fo x  peripheral blood lym phocytes stim ulated w ith  
optim al doses o f concanavalin A (Con A). L ym phocyte cultures were incubated at 37 °C (a) 
and at 39 °C (b). Each poin t represents m ean values o f  stim ulation  indices (SI) ±  S.D . from

10 experim ents

fo r P W M , while in  foxes th e  op tim a l doses w ere 5 [лg /m l fo r Con A, 5 /tg /m l fo r 
L A  a n d  1:100 d ilu tio n  fo r PW M . I t  is n o te w o rth y  th a t  we observed  som e in 
d iv id u a l v a ria tio n  in  th e  op tim a l doses.

T h e  effect o f 2.5, 5, 10 an d  20 %  o f in a c tiv a te d  fe ta l ca lf  serum  (FCS) 
a n d  dog  or fox hom ologous serum  (D H S  a n d  F H S , respec tive ly ) on th e  S I 
is p re se n te d  in  F ig . 2a an d  2b. M axim um  dog ly m p h o cy te  p ro life ra tio n  w as 
o b se rv ed  w hen cu ltu re  m ed ia  w ere su p p lem en ted  w ith  10%  FCS, w hile su p p le 
m e n ta t io n  w ith  D H S  w as less effective (F ig . 2a). O n th e  c o n tra ry , only  s ligh t 
d iffe rences were observed  in  th e  p ro life ra tio n  o f  fox  ly m p h o cy tes  c u ltu red  in  
th e  p resence of FCS o r F H S  (F ig . 2b). T he o p tim a l co n cen tra tio n  of b o th  
FC S a n d  F H S  fo r foxes w as 10% . S tim u la tio n  ind ices in  cu ltu res  sup p lem en ted  
w ith  5 %  FCS w ere com parab le  to  th o se  o b ta in e d  fo r 10%  FCS in  b o th  dog 
a n d  fox .

M axim um  3H -T d r in co rp o ra tio n  in  cu ltu re s  o f dog lym p h o cy tes  w as 
o b se rv ed  a t d ay  3 (F ig . 3a), w hile in  th o se  o f  fox  ly m p h o cy tes  on d ay  2 
(F ig . 3b). This w as observed  w hen cells w ere c u ltu re d  e ith e r  a t  37 °C or a t  
39 °C . H ow ever, cells c u ltu red  a t  39 °C in c o rp o ra te d  m ore tr i t ia te d  th y m i
d in e  in  th e  m a jo rity  o f an im als te s te d  th a n  d id  cells cu ltu red  a t  37 °C for th e  
sam e  tim e .
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Discussion

The resu lts  show  th a t  dog a n d  fo x  lym phocy tes h av e  d issim ilar req u ire 
m en ts  for c u ltu re  conditions, a lth o u g h  b o th  species belong to  th e  sam e fam ily  
o f  C arn ivora . I n  dogs, th e  h ig h est ly m p h o cy te  p ro life ra tio n  w as observed  in  
m o s t cases a t  d ay  3 fo r all m itogens, b u t  in  some in d iv id u a ls  h igh  th y m i
d ine  in co rp o ra tio n  w as observed  also a t  d ay  2. T hus, th e  p la te a u  o f response 
cou ld  reach  24 h . T his m ay  ex p la in  som e differences in  th e  k in e tic s  o f ly m p h o 
c y te  p ro life ra tio n  e s tim a ted  b y  o th e r  au th o rs . B e tto n  e t al. (1980) observed  
m ax im u m  p ro life ra tio n  o f cu ltu re  on d ay s  3—4 an d  days 4 -5  fo r Con A  a n d  P H A , 
respec tive ly . B a r ta  e t al. (1983) o b se rv ed  th e  h ighest 3H -T d r in co rp o ra tio n  a t  
d a y  3 for Con A, P H A  an d  PW M  as w ell. The k inetics o f  in  vitro ly m p h o cy te  
p ro life ra tio n  m ay  be affec ted  b y  n u m ero u s  factors inc lu d in g  th e  tim e  o f blood 
collection , c ircan n u a l rh y th m , th e  age o f  anim als an d  th e  c u ltu re  cond itions 
(Shifrine e t  a l., 1978; G erber a n d  B row n, 1974; M ain e t  a l., 1967). D irec t 
com parison  b e tw een  resu lts  o b ta in e d  in  d ifferen t lab o ra to rie s  is d ifficu lt. The 
genetic  v a r ia tio n  in  ly m p h o cy te  re sponse  am ong d iffe ren t b reeds shou ld  be 
also  ta k e n  in to  considera tion . In  th e  p resen t ex p erim en ts , on ly  B loodhound  
dogs were used , so th e  re su lts  are  p a r tia lly  com parable w ith  th o se  re p o rte d  b y  
o th e rs .

T he h ig h est 3H -T d r in c o rp o ra tio n  in  cu ltures o f fo x  ly m p h o cy tes  was 
observed  a t  d ay  2, an d  i t  u su a lly  cam e dow n to  a t  le a s t h a lf  b y  d ay  3. O ur 
re su lts  differ from  those  of J a n ó t  e t  a l. (1982) who re p o rte d  v e ry  low  S I for 
c u ltu re s  o f red  fox  ly m p h o cy tes . T h is  d iscrepancy  m ay  be a t t r ib u te d  to  th e  
fa c t th a t  th e  la t te r  au th o rs  m easu red  3H -T d r in co rp o ra tio n  a t  d a y  4 or 5.

T he S I o f dog p e rip h era l ly m p h o cy te s  to  th e  m itogens Con A a n d  LA 
w as in  s im ila r range  an d  w as u su a lly  h igher for Con A th a n  fo r LA. O n th e  
o th e r  h an d , a s ligh t response w as o b serv ed  to  PW M , sim ila rly  to  d a ta  rep o rted  
b y  o th ers  (B a r ta  e t a l., 1983; Sh ifrine  e t  a l., 1978).

T he b lastogenesis o f fox ly m p h o cy te s  was g rea te r in  Con A s tim u la ted  
cu ltu res . LA  an d  PW M  show ed w eak e r b lastogenesis th a n  Con A , b u t  still 
h a d  a sign ifican t s tim u la to ry  ac tio n  w ith  no essential d ifference betw een  th em . 
I t  is w o rth  n o tin g  th a t  only  one p a p e r  d iscussing th is  p ro b lem  has been  found  
(J a n ó t  e t a l., 1982). T im e differences in  q u a n tity  m easu rem en ts  o f in co rp o ra ted  
th y m id in e  do n o t allow  a com parison  o f our resu lts w ith  th o se  o b ta in ed  b y  
o th e rs .

T he im p o rtan ce  of serum  in  in  vitro cu ltu res of v a rio u s  species has been 
re p o rte d  b y  m an y  au th o rs  (B a r ta  e t  a l., 1982; B a rta , 1984; K ris ten sen  e t  al., 
1982; K ok-M un T h a n  e t al., 1982). B loo d h o u n d  dogs show ed a m ark ed ly  b e tte r  
p ro life ra tiv e  response in  th e  presence  o f  fe ta l calf serum  (FC S), w hile th e  p ro 
life ra tio n  o f fox  lym p h o cy tes  in  m ed ia  supp lem ented  w ith  FCS w as co m p ara 
b le  to  th a t  seen in  m ed ia  su p p lem en ted  w ith  hom ologous se ru m  (F H S ). T his
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su p p o rts  th e  conclusion  d raw n  b y  B a r ta  (1984) on th e  necessity  of te s tin g  
su p p lem en tin g  sera  o f  v a rio u s  origin in  each  ex p e rim en ta l m odel to  o b ta in  
a m ax im u m  ly m p h o cy te  response . FCS is m o st com m only  em ployed  fo r th e  
su p p lem en ta tio n  o f ly m p h o c y te  cu ltu res  (B a r ta , 1984; K ok-M un T h an  e t a l., 
1982; K ristensen  e t a l., 1982). H o lt e t al. (1966), H a y ry  an d  D efendi (1970) an d  
B a r ta  e t al. (1982) r e p o r te d  th a t  ly m p h o cy te  responsiveness varies  by  species 
fro m  w hich  th e  serum  su p p le m e n t is derived .

Som e au th o rs  re p o r te d  b e tte r  responsiveness to  m itogens o f whole blood 
th a n  o f  p u rified  ly m p h o c y te  cu ltu res  (K ok-M un T h a n  e t a l., 1982; K ristensen  
e t a l., 1982; Shifrine e t  a l.,  1978). In  o u r ex p erim en ts , th e  s tim u la tio n  indices 
o b ta in e d  for cu ltu res o f  p u rif ie d  lym p h o cy tes  w ere fu lly  com parab le  to  indices 
re p o rte d  by  o th e r a u th o rs  fo r w hole b lood  cu ltu res .

T h e  resu lts  p re se n te d  in  th is  p ap e r in d ica te  th a t  e s tim a tio n  o f lym phocy te  
p ro life ra tio n  in  an im als o f  va rio u s, even closely re la ted , species alw ays requ ires 
a ca re fu l checking o f  c u ltu re  cond itions w hich s tro n g ly  in flu en ce  th e  range o f 
response . T hus, th e  o p tim iz a tio n  o f cu ltu re  cond itions shou ld  be th e  f irs t step  o f 
an y  investig a tio n .
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EFFECT OF T-2 TOXIN ON EGG PRODUCTION AND 
HATCHABILITY IN LAYING HENS

S. Tobias1, I . R ajic2 and A. Vá n y i3*

V eter inary  In stitu te , Subotica, Y ugoslavia; 2F acu lty  of Veterinary Science, U n iversity  of 
Beograd, Beograd, Y ugoslavia; d e p a r tm e n t o f Anim al H ygiene, U niversity  o f Veterinary  

Science, H -1400  B udapest, P . O. B ox 2, H ungary

(R eceived April 22, 1991)

The effect o f  diets containing different levels o f T-2 to x in  on egg production and  
hatchab ility  was studied in  a four-week experim ent using 100 laying hens of th e  SSL  
hybrid line and 10 cocks divided into  10 groups. Another aim  o f the experim ent w as to  
investigate how  effectively  the increased dietary v itam in  E  content neutralized the  
adverse effects o f T-2 toxin .

The diet o f the control group (C) contained no m ycotoxin , while those o f the  
experim ental groups included the follow ing levels o f T-2 tox in : groups 1, 2 and 3: 1 
m g/kg, groups 4, 5 and 6: 5 m g/kg; groups 7, 8 and 9: 10 m g/kg. V itam in E  w as added  
to the diet o f groups C, 1, 4 and 7 at a rate o f 50 m g/kg w hile to  that o f groups 2, 5 
and 8 at a rate o f 100 m g/kg. To the diet o f  groups 3, 6 and 9 no v itam in E  was added.

C ontam ination of the diet w ith  T-2 tox in  m arkedly decreased egg production  
and im paired hatchability . The production decrease was proportional to the T-2 tox in  
concentration of the diet.

Increased dietary vitam in  E  concentration exerted no influence on egg produc
tion. H ow ever, during the first week o f the experim ent it  significantly (P  <  0.01) 
decreased the num ber of infertile eggs and significantly (P  <  0.01) im proved the hatch
ing percentage. D ietary v itam in E  concentration was in  positive correlation w ith  
the hatching percentage; this correlation was rather close (r =  0.74) in  the first w eek  
of the experim ent.

K ey words: T-2 tox in , diet, chicken, egg production, hatchability , vitam in  E

The c o n ta m in a tio n  o f an im al feeds b y  m yco tox ins h as  enorm ous econom 
ic, scientific  a n d  p ub lic  h e a lth  sign ificance. M ycotoxins increase  th e  m o rta lity  
r a te , reduce th e  b o d y  m ass gain  an d  th e  egg y ie ld , an d  su b s ta n tia lly  im p a ir  th e  
feed  conversion  r a te ,  to o . F ro m  th e  p u b lic  h e a lth  p o in t o f v iew , i t  is th e  c u m u 
la tiv e  c h a ra c te r  o f  m yco tox ins w hich  is o f  g rea t concern , i.e . th a t  th e y  accu 
m u la te  in  th e  in n e r  organs o f an im als, becom e in co rp o ra ted  in  eggs or ex c re ted  
w ith  th e  m ilk . I f  we ad d  m oreover t h a t  som e m yco to x in s  (e.g. a fla to x in s) 
h av e  a carcinogenic  effect, we can  see how  big  h u m a n  h e a lth  risks th e ir  p re s 
ence in  an im al feeds involves.

D a ta  av a ilab le  in  th e  special l i te ra tu re  suggest t h a t  th e  n u m b er of 
ex isting  fu n g u s species is a ro u n d  100,000. O f th em , 200-300  are know n to  
p ro d u ce  m y co to x in s . U p to  th is  d ay , m ore th a n  300 m yco tox ins h av e  been 
iso la ted  an d  th e ir  chem ical com position  h as  been de te rm in ed .

As a re su lt o f  th e  geographical s itu a tio n  and  c lim atic  cond itions c h a ra c 
te ris tic  o f ou r reg ion , th e  to x in s  p ro d u ced  b y  Fusarium  species have  g rea t
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s a n ita ry  an d  econom ic im p o rtan ce . M aize o ften  becom es c o n ta m in a te d  b y  
fu sa r ia  before i t  is g a th e red  in . I f  th e  e ssen tia l cond itions (h u m id ity , su itab le  
te m p e ra tu re , oxygen) a re  p resen t, th e se  fu sa ria  w ill con tinue  to  grow , m u ltip ly  
a n d  p ro d u ce  m yco tox ins in  th e  b a rn s , silos an d  storehouses.

I t  is generally  accep ted  th a t  fu sa rio to x in s  can  he d iv ided  in to  tw o groups. 
T h e  f i r s t  group com prises zeara lenone, a to x in  o f oestrogenic  effect, an d  its  
m e ta b o lite s  like a lp h a- an d  b e ta -zeara len o l, w hile th e  second g roup  inc ludes 
th e  tr ich o th ecen e  m yco tox ins. A b o u t 8 0%  o f th e  fu sa rio to x in s  know n a t p re 
se n t belong  to  th e  second group . D ue to  th e  g rea t h e a lth  h az a rd s  associa ted  
w ith  th e m , th e  m ost im p o r ta n t m em bers o f  th e  group are  T-2 to x in  an d  its  
m e ta b o lite s , DAS, D O N , n ivaleno l an d  fu sa ren o n -X .

As th e re  is a sca rc ity  o f d a ta  on  th e  effects o f T-2 to x in  in  th e  Y ugoslav  
l i te ra tu re , th is  ex p erim en t w as designed  to  rev ea l th e  n eg a tiv e  effects, if  an y , 
e x e r te d  b y  T-2 to x in  on egg p ro d u c tio n  an d  h a tc h a b ility  in  lay in g  hens, an d  
to  d e te rm in e  how  effec tively  v ita m in  E  su p p lem en ta tio n  o f  th e  d ie t n eu tra lizes 
th e  ad v erse  effects o f T-2 to x in .

Materials and m ethods

O ne h u n d red  lay ing  hens o f  th e  h y b rid  line SSL (age: 28 w eeks) an d  10 
cocks w ere d iv ided  in to  10 groups. T he hens o f  a ll groups w ere given th e  sam e 
la y e r ’s d ie t th ro u g h o u t th e  4-w eek ex p e rim en ta l period, w ith  th e  d ifference 
t h a t  th e  d ie t o f th e  co n tro l g roup  (C) w as free from  m y co to x in  w hile to  th a t  
o f  th e  ex p erim en ta l g roups T-2 to x in  w as ad d ed  a t  th e  follow ing dose ra te s : 
1 m g /k g  (groups 1, 2 an d  3), 5 m g/kg  (g roups 4, 5 an d  6), an d  10 m g/kg (groups 
7, 8 a n d  9).

T-2 to x in  w as p roduced  in  o u r la b o ra to ry , using Fusarium  tricinctum  
sy n . sporotrichioides (B a ta  e t a l., 1983) an d  w as id en tified  an d  q u a n ti ta te d  
b y  th e  cap illa ry  ch ro m ato g rap h ic  m e th o d  described  earlier (V ányi e t al., 1982; 
B a ta  e t  a l., 1983).

A s th e  m inera l an d  v ita m in  su p p lem en t d id  n o t co n ta in  v ita m in  E , th e  
v i ta m in  E  co n ten t o f  th e  d ie t equ a lled  t h a t  o f  th e  basic m a te ria ls  (11 m g/kg). 
T h e  d ie t o f th e  co n tro l group (C) an d  o f g roups 1, 4 an d  7 w as su p p lem en ted  
w ith  50 m g/kg w hile th a t  o f g roups 2, 5 a n d  8 w ith  100 m g/kg  v ita m in  E . N o 
v ita m in  E  was ad d ed  to  th e  d ie t o f g roups 3, 6 an d  9.

T he egg p ro d u c tio n  of th e  d iffe ren t g roups was m o n ito red  d a ily  th ro u g h 
o u t th e  ex p erim en t. Eggs su itab le  fo r h a tc h in g  w ere p laced  in  a “ P as 
R e fo rm ”  ty p e  in c u b a to r  (eggs p ro d u ced  b y  th e  d ifferen t g roups w ere in c u b a te d  
se p a ra te ly ) . In fe rtile  eggs w ere so rted  o u t b y  cand ling  on d a y  8 of in cu b a tio n . 
T h e  n u m b e r of v iab le  chicks th a t  h a d  h a tc h e d  ou t was reco rded  a t th e  end  
o f  th e  in cu b a tio n  period .
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R esu lts

T h e  w eekly  egg p ro d u c tio n  o f  th e  d ifferen t g roups o f lay in g  hens is 
p re se n te d  in  T ab le  1. F o r th e  e n tire  perio d  of ex p erim en t, av erag e  egg y ie ld  
o f  th e  con tro l g roup  w as 91.43% . C o n tam in a tio n  o f th e  ex p e rim en ta l g ro u p s’ 
d ie t b y  T-2 to x in  m ark ed ly  decreased  th e  egg yield : th is  drop in  egg p ro d u c tio n  
w as p ro p o rtio n a l to  th e  d ie ta ry  c o n c e n tra tio n  of T-2 to x in . W hile in  groups 
1, 2 a n d  3 fed  1 m g/kg  T-2 to x in  egg p ro d u c tio n  d ropped  to  74.29, 79.64 an d  
8 0 .00% , resp ec tiv e ly , in  groups 4, 5 a n d  6, in  w hich th e  d ie ta ry  c o n c e n tra tio n  
o f th e  to x in  was 5 m g/kg, egg p ro d u c tio n  decreased to  27.87, 36.43 a n d  2 9 .29% , 
resp ec tiv e ly . A dd itio n  of T-2 to x in  to  th e  d iet a t  a dose ra te  o f 10 m g/kg 
(g roups 7, 8 an d  9) re su lted  in  egg p ro d u c tio n  drops to  levels as low  as 18.57, 
21.79 a n d  19.29% , respectively .

T h e  w eekly  egg yield  show ed th e  sam e ten d en cy  as d id  th e  av e rag e  egg 
y ie ld  ca lcu la ted  fo r th e  en tire  perio d  o f  ex p erim en t, i.e. th a t  th e  egg p ro d u c tio n  
d ro p  w as p ro p o rtio n a l to  th e  T-2 co n c e n tra tio n  o f th e  la y e r’s d ie t. T h e  decrease 
in  egg p ro d u c tio n  w as th e  m ost ex p ressed  in  th e  th ird  and  fo u r th  w eek  an d  
th e  le a s t expressed  in  th e  f irs t w eek.

A ccord ing  to  th e  s ta tis tic a l c a lcu la tio n s (T able 2), a d d itio n  o f T-2 to x in  
to  th e  d ie t re su lted  in  a sig n ifican t (P  <  0.05; g roups 4 an d  6) an d  h ig h ly  
s ig n ifican t (P  <  0.01; groups 5, 7, 8 a n d  9) egg p ro d u c tio n  d ro p  a lre a d y  in  
th e  f ir s t  w eek o f th e  experim en t. I n  th e  fo u rth  w eek o f th e  ex p e rim en t, th e  
p ro d u c tio n  d rop  w as h igh ly  s ig n ifican t (P  <  0.01) in  all ex p erim en ta l g roups 
w ith  re sp ec t to  th e  con tro l group.

A close n eg a tiv e  co rre la tion  (r =  —0.93) w as found  to  ex is t be tw een  
egg p ro d u c tio n  an d  d ie ta ry  T-2 to x in  co n cen tra tio n . In  c o n tra s t to  th is , a 
v e ry  low  positive  co rre la tion  (r =  0.04) w as estab lished  betw een  d ie ta ry  v i ta 
m in  E  co n cen tra tio n  an d  egg p ro d u c tio n .

T h e  deleterious effect o f T -2 to x in  is c learly  re flec ted  b y  th e  h a tc h in g  
re su lts  as well (Tables 3 an d  4). T h e  m o st p ronounced  adverse effect w as d e 
m o n strab le  in  th e  period  betw een  d a y  15 an d  28, w hen  a sign ifican t (P  <  0.01) 
n eg a tiv e  co rre la tion  (r =  —0.86) e x is ted  betw een  d ie ta ry  T-2 c o n c e n tra tio n  
a n d  th e  h a tch in g  percen tage. In  a ll o th e r  periods s tu d ied  as w ell as fo r th e  
e n tire  ex p erim en t ta k e n  as a w hole, th is  nega tive  co rre la tion  w as low  an d  
n o n sig n ifican t (P  >  0.05).

F ro m  T ab le  3 i t  appears t h a t  v ita m in  E  su p p lem en ta tio n  o f  th e  d ie t 
o f  g roups 1, 4 an d  7 (50 m g/kg) a n d  g roups 2, 5 an d  8 (100 m g/kg) con sid erab ly  
in creased  th e  h a tc h in g  ra te  as co m p ared  to  groups 3, 6 an d  9 w hich  received  
a d ie t n o t su p p lem en ted  w ith  v i ta m in  E . This increase w as th e  b iggest in  th e  
perio d  betw een  days 1 and  9 an d  th e  sm allest in  th a t  betw een  d a y  15 an d  28.

B o th  th e  T-2 to x in  and  th e  v i ta m in  E co n cen tra tio n  of th e  d ie t m ark ed ly  
in flu en ced  th e  p ercen tage  o f in fe rtile  eggs (Table 4). P ara lle l w ith  increasing
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Table 1

Egg production of the different groups of laying hens during the experim ent

СЛо

G roups
T-2 to x in , m g /k g  

V itam in  E , m g/kg

c
50

I
1

50

I I
1

100

I I I
1

IV
5

50

V
5

100

V I
5

V I I
10
50

V I I I
10

100

I X
10

Days 1-7

E ggs, pcs 65 62 65 58 51 50 51 40 47 50
Egg yield, % 92.86 88.57 92.86 82.86 72.86 71.43 72.86 57.14 67.14 71.43
Index 100 95.38 100 89.23 78.46 76.92 78.46 61.54 72.30 76.92

Days 8-14
Eggs, pcs 64 54 55 59 22 29 21 10 10 3
Egg yield, % 91.43 77.14 78.57 84.29 31.43 41.43 30.00 14.29 14.29 4.29
Index 100 84.38 85.94 92.19 34.37 45.31 32.81 15.63 15.63 4.69

Days 15-21
Eggs, pcs 59 42 51 51 0 13 6 2 2 2
Egg yield, % 84.29 60.00 72.87 72.87 0 18.57 8.57 2.86 2.86 0
Index 100 71.86 86.44 86.44 0 22.03 10.17 3.39 3.39 0

Days 22-28
Eggs, pcs 68 50 52 56 5 10 4 0 2 1
Egg yield, % 97.14 71.43 74.29 80.00 7.14 14.29 5.71 0 2.86 1.43
Index 100 73.53 76.48 82.35 7.35 14.71 5.88 0 2.94 1.47

Days 1-28

Eggs, pcs 256 208 223 224 78 102 82 52 61 54
Egg yield, % 91.43 74.29 79.64 80.00 27.87 36.43 29.29 18.57 21.79 19.29
Index 100 81.25 87.10 87.50 30.48 39.84 32.04 20.32 23.83 21.10
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Table 2

Statistical evaluation o f the daily egg yield

G roup 2 X ±sx SD CV IV

1 2 3 4 5 6 7

Days 1--7

c 10 9.28 0.221 0.70 7.53 8-10
I 10 8.85 0.313 0.99 11.17 8-10
и 10 9.28 0.221 0.70 7.53 8-10
h i 10 8.28 0.405 1.28 15.42 6-10
IV 10 7.28* 0.525 1.66 22.87 4-9
V 10 7.14** 0.573 1.81 25.29 4-9
VI 10 7.28* 0.468 1.48 20.38 5-10
V II 10 5.71** 0.788 2.49 43.61 2-9
V III 10 6.71** 0.579 1.83 27.26 4-9
IX 10 7.14** 0.687 2.17 30.34 4-10

D ays 8-14

c 10 9.14 0.313 0.99 10.83 7-10
I 10 7.71 0.424 1.34 17.38 5-10
II 10 7.85 0.490 1.55 19.74 6-9
III 10 8.42 0.373 1.18 14.01 6-10
IV 10 3.14** 0.573 1.81 57.64 1-6
V 10 4.14** 0.427 1.35 32.61 3-7
VI 10 3.00** 0.446 1.41 47.00 1-5
V II 10 1.42** 0.285 0.90 63.38 0-3
V III 10 1.42** 0.474 1.50 105.63 0-4
IX 10 0.42** 0.155 0.49 116.67 0-1

Days 15-21

c 10 8.42 0.598 1.89 22.45 4-10
I 10 6.00** 0.237 0.75 12.50 5-7
II 10 7.28* 0.405 1.28 17.58 6-9
III 10 7.28* 0.278 0.88 12.09 6-8
IV 10 0.00** 0.000 0.00 0.00 0-0
V 10 1.85** 0.392 1.24 67.65 0-2
VI 10 0.85** 0.263 0.83 97.65 0-2
V II 10 0.28** 0.142 0.45 160.71 0-1
V III 10 0.28** 0.142 0.45 160.71 0-1
IX 10 0.00** 0.000 0.00 0.00 0-0

D ays 22-28

c 10 9.71 0.142 0.45 4.63 9-10
I 10 7.14** 0.313 0.99 13.86 6-9
II 10 7.42** 0.332 1.05 14.15 6-9
III 10 8.00** 0.237 0.75 9.37 7-9
IV 10 0.71** 0.221 0.70 98.59 0-2
V 10 1.42** 0.231 0.73 51.41 0-2
VI 10 0.57** 0.231 0.73 128.07 0-2
V II 10 0.00* 0.000 0.00 0.00 0-0
V III 10 0.28** 0.452 1.43 510.71 0-2
IX 10 0.14** 0.111 0.35 250.00 0-1
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Table 2 continued

G roup  п1 X ± s x SD cv IV

1 2 3 4 5 6 7

D ays 1-2 8
С 10 9.14 0.392 1.24 13.57 4-10
I 10 7.43** 0.465 1.47 19.07 5-10
II 10 7.96 0.427 1.35 1.69 5-10
III  10 8.00 0.358 1.13 14.12 6-10
IV 10 2.79** 0.987 3.12 111.83 0 -9
У  10 3.64** 0.832 2.63 72.75 0 -9
V I 10 2.93** 0.927 2.93 100.00 0-10
V II 10 1.86** 0.839 2.65 142.47 0 -9
V III 10 2.18** 0.930 2.94 134.86 0-9
IX  10 1.93** 1.019 3.22 166.84 0-10

* significant difference ( p <  0.05); ** highly significant difference (p <  0.01)

Table 3

H atching percentages

G roup
P e rio d s

D ay s  1—7 D ay s 8 -14 D ay s  15-28 D ays 1-28 In d e x

c 87.5 92.5 80.0 86.6 100
I 87.5 86.6 40.0 70.0 80.83
II 87.5 80.0 52.0 66.4 76.67
III 77.5 53.3 35.0 55.5 64.09
IV 90.0 52.4 0 71.2 82.22
V 92.5 82.8 26.0 72.8 84.06
VI 77.5 66.7 10.0 64.8 74.83
VII 80.0 80.0 0 76.9 88.80
V III 82.5 55.5 0 71.7 82.80
IX 72.5 33.3 0 45.5 52.54

Table 4

Infertile eggs, %

G roup
P e rio d

D ay s 1—7 D ay s 8-14 D a y s  15-28 D ay s 1-28 In d e x

c 5.0 2.5 7.5 5.00 100
I 7.5 6.7 50.0 22.73 454.6
II 5.0 13.3 45.0 21.82 436.4
III 17.5 23.3 55.0 32.73 654.6
IV 2.5 33.3 80.0 18.18 363.6
V 2.5 13.8 60.9 20.65 413.0
VI 15.0 23.8 80.0 26.76 535.2
VII 15.0 10.0 100.0 17.31 346.2
V III 10.0 22.2 100.0 18.87 377.4
IX 17.5 33.3 100.0 20.45 409.0

Acta Veterinaria Hungarica 40, 1992



EFFECT OF T-2 TOXIN ON EGG PRODUCTION 53

d ie ta ry  T-2 to x in  c o n c e n tra tio n , th e  n u m b er o f in fe rtile  eggs su b stan tia lly  
increased . This ten d e n c y  w as m ost expressed  in  th e  p e rio d  betw een  days 15 
a n d  28 an d  least expressed  in  th a t  betw een  day s 1 an d  7.

T h e  om ission o f v i ta m in  E  su p p lem en ta tio n  o f th e  d ie t (groups 3, 6 an d  
9) re su lted  in  increased  p e rcen tag es  of in fertile  eggs. T h is increase  was h igh ly  
s ig n ifican t (P  <  0.01) in  th e  period  betw een  days 1 a n d  7.

D iscussion

T he resu lts o f th e  4-w eek ex perim en t c learly  in d ic a te  t h a t  th e  a d d itio n  of 
T -2 to x in  to  th e  d ie t o f lay in g  hens su b s ta n tia lly  decreased  th e  egg y ield  an d  
im p a ire d  th e  h a tch in g  re su lts .

C on tam in a tio n  o f th e  d ie t w ith  T-2 to x in  a t  a dose level as low  as 1 
m g /kg  decreased th e  av e rag e  egg yield  in  groups 1, 2 a n d  3 b y  18.75, 12.90 
a n d  12.50% , respective ly , w ith  resp ec t to  th e  co n tro l g ro u p . T he egg y ield  o f 
g roups 4, 5 and  6, fed  a d ie t co n ta in in g  5 m g/kg T-2 to x in , decreased  b y  69.52, 
60.16 an d  67.96% , resp ec tiv e ly . T he low est egg y ield  w as reco rded  in  groups 
7, 8 a n d  9 fed 10 m g/kg  T-2 to x in  in  th e  d ie t: th e  decrease  w as 79.69, 76.17 
a n d  78 .90% , respec tive ly , as com pared  to  th e  egg p ro d u c tio n  o f group C.

T h e  resu lts  o b ta in e d  in  th is  s tu d y  are  co n sis ten t w ith  th o se  pub lished  in  
th e  lite ra tu re . S everal a u th o rs  rep o rted  th a t  T-2 to x in  causes an  egg p ro d u c tio n  
d ro p  in  lay ing  hens (Speers e t  a l., 1971; W y a tt  e t a l., 1975; H am ilto n , 1984; 
H o facre  e t al., 1985; V án y i, 1986; K ra lj et al., 1987).

T he egg p ro d u c tio n  d ro p  occurring  in  T-2 tox icosis  can  p ro b ab ly  be 
acco u n ted  for b y  feed re fu sa l an d  low daily  feed in ta k e . N am ely , low ered  feed 
in ta k e  resu lts  in  th e  in g es tio n  o f  less p ro te in  an d  o th e r  n u tr ie n ts  essen tia l for 
egg p rod u c tio n . T-2 to x in  is know n to  in h ib it D N A  a n d  p ro te in  syn thesis  in  
th e  cells. I f  we ad d  m o reo v er th a t  th e  to x in  can  ind u ce  severe a tro p h y  o f th e  
liv e r an d  th e  gen ita l o rg an s in  a sh o rt tim e  (P a ly u sik  e t a l., 1981; T obias, 
1990), its  role in  th e  ae tio lo g y  o f  d ropped  egg p ro d u c tio n  can  easily  be u n d e r
s to o d .

T h e  poor h a tc h a b ili ty  caused  b y  T-2 to x in  can  p rim a rily  be a t tr ib u te d  to  
th e  increased  n u m b er o f in fe rtile  eggs. S everal a u th o rs  (P a ly u s ik  e t al., 1971; 
W olf, 1987; V ányi, 1989) re p o rte d  th e  adverse effect e x e r te d  b y  T-2 to x in  on 
th e  fe rtiliza tio n  of h a tc h in g  eggs.

T he p ro p o rtio n  o f in fe rtile  eggs was th e  h ig h est a n d  th e  h a tch in g  p e r
cen tag e  was th e  low est b e tw een  days 15 an d  28 of th e  ex p erim en t, a fin d in g  
w hich  ind ica tes th e  cu m u la tiv e  p ro p e rty  of T-2 to x in .

E lev a ted  v ita m in  E  co n cen tra tio n s  of th e  d ie t d id  n o t  affect egg p ro 
d u c tio n  b u t m ark ed ly  d ecreased  th e  n u m b er o f in fe rtile  eggs an d , consequen tly , 
caused  a pronounced  im p ro v em en t in  th e  h a tc h in g  p e rcen tag e . This effect

Acta Veterinaria Hungarica 40, 1992



54 TOBIAS et al.

w as th e  m ost p ro n o u n ced  in  th e  f ir s t  w eek o f  th e  e x p e rim en t w hen  v ita m in  E  
s ig n ifican tly  (P  <  0.01) im p ro v ed  th e  h a tch in g  resu lts . L a te r  on, a f te r  T-2 
to x in  had  cu m u la ted , i t  la rg e ly  n eu tra lized  th e  g ro w th -p ro m o tin g  effect o f 
v i ta m in  E . T hus, in  th e se  p e riods th e  red u c tio n  in  th e  n u m b e r o f  in fe rtile  eggs 
a n d  th e  increase in  th e  h a tc h in g  p e rcen tag e  caused  b y  v ita m in  E  w as no longer 
s ig n ifican t (P  >  0.05).
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FURTHER MONOGENEANS FROM IRANIAN 
FRESHWATER FISHES
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Fish Disease Control Service Tehran, Iran

(R eceived  August 1, 1991)

Thirteen Dactylogyrus, 1 Dogelius and 1 Tetraonchus species are first recorded on  
Iranian fishes. Of them , tw elve Dactylogyrus species and Tetraonchus monenteron are 
identified w ith  known species. Dogelius persicus sp. n. from  Barbus sharpeyi, Barbus 
grypus  and Carassobarbus luteus, as well as Dactylogyrus holciki from Chalcalburnus 
mossulensis and C. chalcoides are described as new species. Besides the first record of 
the above m onogeneans, new host records are given to  som e known species.

Key words: M onogenea, freshwater fishes, Dactylogyrus, Dogelius, Tetraonchus, host, Iran

M onogeneans from  Ira n ia n  fishes w ere f ir s t  described  b y  B ychow sky  
(1949) who re p o rte d  on th e  occurrence o f th ree  Dactylogyrus an d  an  Ancyro- 
cephalus species on  th e  gills o f  fishes in  R iver K a rk h eh . F u r th e r  m onogeneans 
w ere reco rded  b y  Ja la li an d  M olnár (1990о, b) w ho fo u n d  24 species on fishes 
fro m  n a tu ra l w ate rs  an d  14 species on fishes cu ltu red  in  p o n d  farm s. A m ong 
th e  species fo u n d  th e y  id en tif ied  22 know n Dactylogyrus spp . an d  described  a 
new  Dogelius sp .

The d e tec tio n  o f fu r th e r  Dactylogyrus spp. new  fo r I ra n  is rep o rted  an d  
a new  Dactylogyrus sp . an d  Dogelius sp . are  described  in  th is  paper.

Materials and methods

Fishes w ere collected  in  th re e  d ifferen t geograph ica l regions o f I ra n , 
n am ely  from  th e  rivers Sefid , T o n ek ab o n  an d  T a ja n  ru n n in g  to  th e  C aspian  
Sea, th e  riv ers  D ez, K a ru n  a n d  B esh ar belonging to  th e  P e rs ian  G ulf sy stem , 
a n d  from  th e  rivers Z ayandeh , K o r an d  J a j  flow ing in to  sodium  lakes in  C en tra l 
I r a n . In  a d d itio n , som e fish  w ere collected  from  L ak e  Sam a in  th e  E lb u rz  
M o u n ta in  (T able 1).

More th a n  600 fish  specim ens were exam ined . H ow ever, on ly  tho se  fish  
were recorded  w hich on th e ir  gills an d  fins h a rb o u re d  m onogeneans w hich  
were id en tified  to  species (T ables 1 an d  2).
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Table 1

First record of known monogenean parasites on Iranian fishes

СЛо

N o. N am e  o f  p a ra s ite
L o ca lity

N am e o f h o s t ' In la n d  w a te rsh e d s
P o n to -C asp ian  reg io n  P e rs ia n  G u lf  reg ion

1. Dactylogyrus affinis 
B ychow sky, 1933

Barbus brachycephalus River Sefid

2. D. chramulii 
K ojava, 1966

Capoela capoeta River Sefid River Beshar

3. D. carpathicus 
Zachvatkin, 1951

Barbus plebeius River Sefid

4. D . gracilis 
Mikailov, 1974

Capoeta capoeta River Sefid River Zayandeh

5. D . intermedius 
Wegener, 1910

Carassius auratus Petfish farm  
close to Tehran

6. D . lenkorani 
Mikailov, 1967

Capoeta capoeta River Sefid 
Tajan 
Tonekabon

River Beshar River Zayandeh, 
Kor

7. D . linstowi
Bychowsky, 1936

Barbus plebeius 
Barbus capito

River Sefid 
River Sefid

8. D. minor 
Wagener, 1857

Chalcalburnus chalcoides River Ghasemlu

9. D . parvus 
Wegener, 1910

 ̂0. D. suecicus 
Nybelin, 1937

Alburnus charusini River Sefid

Rutilus firisii kutum River Sefid

11. D. tuba Linstow, 1878 A spiu s aspius River Sefid
12. D. vistulae Prost, 1957 Ch. chalcoides River Sefid River Ghasemljj
13. Tetraonchus monenteron 

Wagener, 1857
E sox lucius Lake Sama
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R esults

T he m a jo rity  o f  f ish  exam ined  in  th is  s tu d y  h ad  m onogenean  in fe s ta tio n  
o f th e  gills. O f th e  m onogeneans, tw e lv e  Dactylogyrus sp p . an d  a Tetraonchus 
sp. p ro v ed  to  be kn o w n  species an d  w ere id en tified  w ith  m onogeneans o f th e  
P on to -C asp ian  fau n a  reg io n  (T able 1). T hese  p a rasites h a d  been  collected  from  
19 h o st species. B esides m onogeneans d e tec ted  for th e  f i r s t  tim e  d u rin g  th is  
su rv ey , Dactylogyrus sp p . reco rded  ea rlie r (B ychow sky, 1949; Ja la li  and  M olnár, 
1990a) w ere fre q u e n tly  en co u n te red . O f th e m , those  w hich  w ere found  in  new  
hosts  are  p resen ted  in  T ab le  2.

Table 2

Monogenean species know n from Iran but found in hosts other than previously recorded

N o. N am e  o f p a ra s ite N ew  h o s ts L ocality
H o s ts  b y  Ja la l i  a n d  M olnár 

(1990a)

1. Dactylogyrus alatus 
Linstow, 1878

Chalcalburnus chalcoi
des

Alburnus charusini

River Ghasemlu 

River Sefid

Alburnoides bipuncta- 
tus

2. D. chalcalburni Chalcalburnus chalcoi- River Sefid Alburnoides bipuncla-
Dogiel and Bychowsky, 
1934

des

Alburnus charusini

River Zayandeh 

River Sefid

tus
Alburnus alburnus

3. D. haplogonus 
Bychow sky, 1933

R utilus f r is i i  kutum River Sefid Vimba vimba persa

4. D. pulcher
Bychow sky, 1957

Capoeta capoeta 

Capoeta trutta

River Ghasemlu 
River Jaj

Tonekabon 
Sefid 
Tajan 

River Dez

A sp iu s vorax

5. D. turaliensis
Aligadzhiev, Gussev, 
K azieva, 1984

R utilus f r is i i  kutum River Sefid Rutilus rutilus caspicus

I n  ad d itio n  to  th e  kn o w n  species, several undescribed  new  m onogeneans 
w ere found  on fishes o f  th e  P e rsian  G u lf basin  and  o f riv e rs  ru n n in g  in to  th e  
sodium  lakes of C en tra l I ra n . M ost o f  th e  la t te r  species req u ire  fu r th e r  stud ies 
for a d e ta iled  d esc rip tio n . T herefo re , on ly  a Dactylogyrus sp . an d  a Dogelius 
sp. is described  he re . B o th  p a ra s ite s  occurred  exclusively  on th e  gills. A ll 
m easu rem en ts  are  g iv en  in  fim.

Dactylogyrus holciki n . sp . (F ig . 1)
H osts : Chalcalburnus mossulensis (H eckel) and  C. chalcoides G ü ld en stad t 
L o ca lity : R iver B esh a r
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10pm

Fig. 1. Sclerotizcd organs o f D actylogyrus holciki. a) anchors; b) dorsal bar; c) ventral bar; 
d) hooks; e) copulatory organ; f)  vagina

S pecim ens stud ied : 9. T y p e  specim en from  C. mossulensis h as  been  deposited  
in  th e  collection o f  th e  Zoological D e p a rtm e n t, H u n g a ria n  N a tu ra l 
H is to ry  M useum , B u d a p e s t.

M edium -sized Dactylogyrus. B ody  850 (720-950) long a n d  110 (90-126) 
w ide. H ooks of d iffe ren t size w ith  m assive hand le  an d  w ith  w ell-p ro jected  heel 
o f  b lad es . T heir len g th  16.5—21.5 ( th e  sm allest), 23—28 (th e  b iggest). A nchors 
slen d er. V en troap ical le n g th  of anchors 34 (28-36.5), do rsoap ica l leng th  35
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F ig. 2. Sclerotized organs o f Dogelius persicus. a) anchors; b) bar; c)hooks; d) copulatory organ

(3 0 -3 6 .5 ), m ain  p a r t  29 (26 .5-31 .5), t ip  9 (8 .3-11). In n e r  ro o t 10 (8 .3 -12), 
o u te r  ro o t 5.3 (4 .4 -5 .8 ). D orsa l b a r  th in , e longa ted  and  s lig h tly  b e n t b a c k 
w ards, 3.4  (2.5-4.2) long  an d  26.5 (20-31.5) w ide. V en tra l b a r  tr ia n g u la r , w ith  
an  a n te r io r ly  and  tw o  la te ra lly  d irec ted  processes. The la t te r  en la rg ed  a t  th e  
end . L e n g th  11.3 (10 -13 ), w id th  21.5 (16 .5-26 .5). C opu la to ry  o rg an  com posed 
o f a sh o r t  th ick  tu b e , a s tro n g  in itia l p a r t  an d  a tr ia n g u la r  accessory  piece. 
O ne o f  th e  processes o f th e  accessory  piece su rro u n d s th e  tu b e  as a p incers. 
L e n g th  37.5 (33-40). S clero tized  v ag in a  com posed o f tw o  ro u n d  discs w ith  a 
sh o rt tu b e  betw een th e m . I t  m easures 19.5 (15-25).

T h is species d iffers from  all know n Dactylogyrus species b y  th e  shape  o f 
its  c o p u la to ry  o rgan . T h e  species is n am ed  in  th e  honour o f D r. J u ra j  H olcik , 
a w ell-know n S lovak  ich th y o lo g is t an d  ecozoologist.

Dogelius persicus n . sp . (F ig . 2)
H o sts : Barbus grypus H eckei, B . sharpeyi G iin te r an d  Carassobarbus luteus 

(H eckel)
L o c a lity : R ivers Dez a n d  K a ru n
S pecim ens s tud ied : 6. T y p e  specim en from  Barbus grypus h as  been  deposited  

in  th e  collection o f th e  Zoological D e p a rtm e n t, H u n g a ria n  N a tu ra l 
H is to ry  M useum , B u d ap est.
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B ody  m o d era te ly  e longated . H a p to r  su b q u a d ra te . F o u r eyespots p resen t. 
H o o k s sim ilar in  le n g th , w ith  a h an d le  w ell se p a ra te d  fro m  th e  p iv o t an d  w ith  
w ell-p ro jec ted  heel o f  b lad e . L eng th  o f th e  hooks 23.5 (23-25). A nchors w ith  
re la tiv e ly  w ell-developed  inner an d  less developed  o u te r  roo ts. P o in t o f th e  
an ch o rs  w ith o u t special b lades. Y en tro ap ica l len g th  o f  th e  anchors 52 (50-60), 
d o rsoap ica l len g th  40 (35-51), in n e r ro o t 12 (11 .5 -13 ), o u te r  roo t 5 . O nly  one 
b a r  is p resen t. I t  is en la rg ed  a t  th e  ends, th ick en ed  in  th e  cen tre  an d  slig h tly  
b e n t  an te rio rly . L e n g th  o f  th e  b a r  a t  th e  en la rged  p o rtio n  9.5 (8 -11 ), a t  th e  
m id d le  5.5 (5-6 .5 ). W id th  49 (46-53). C o p u la to ry  o rg an  com posed o f an  
e lo n g a te d  tu b e , an  e lo n g a ted  basa l p a r t  w hich  ends in  a b lade an d  o f an  
accesso ry  piece h av in g  th re e  processes, one o f  w hich su rro u n d s  th e  tu b e . L en g th  
o f  th e  co p u la to ry  o rg an  60 (43-72). S clero tized  v ag in a  is b u ilt o f a sphaerica l 
d isc a n d  a sho rt b e n t  tu b e . The d ia m e te r  o f  th e  disc 21 (17-26), th e  len g th  o f 
th e  tu b e  23 (17-35).

Specim ens fo u n d  in  d ifferen t b a rb o id  fishes h a d  id en tica l m orphological 
c h a rac te ris tic s  b u t  d iffe red  sligh tly  in  size. T he b ig g est specim ens w ere found  
in  Barbus sharpeyi, w hile  th e  sm allest ones in  Carassobarbus luteus.

T his species d iffers  from  th e  know n  Dogelius species b y  th e  co n stru c tio n  
o f  th e  copu la to ry  o rg an  and  by  lack in g  th e  special b lad e  on th e  t ip  o f th e  
an ch o rs .

Discussion

D a ta  o b ta in ed  in  th is  su rv ey  a n d  tho se  o b ta in e d  in  earlie r s tud ies 
(B ychow sky , 1949; J a la l i  an d  M olnár, 1990a, b) in d ic a te  th a t ,  s im ilarly  to  th e  
co m position  of fish  species (Berg, 1940; Coad, 1979), th e  m onogenean  fau n a  
o f I r a n ia n  fishes v a rie s  b y  h a b ita t . Dactylogyrus spp . in fec ting  fishes o f th e  
P o n to -C asp ian  reg ion  correspond  to  species know n  fro m  th e  P a laea rc tic s ; 
h o w ev er, those in fec tin g  fishes endem ic in  th e  M esopo tam ian  region rep re sen t 
m o s tly  unknow n species. In  th e  la t te r  h a b i ta t  know n  Dactylogyrus spp . w ere 
fo u n d  on ly  on in tro d u c e d  fishes an d  on som e v e ry  com m on  fishes like Capoeta 
capoeta, w hich are w id esp read  in  th is  reg ion  b u t  c a n n o t be  reg a rd ed  as orig i
n a l in h a b ita n ts  of th e se  w ate rs .

T h e  species com po sitio n  of b o th  fishes an d  m onogeneans suggests th a t  
th e  fa u n a  of rivers ru n n in g  in to  sodium  lakes in  C en tra l I r a n  belongs to , o r is 
v e ry  close to , th e  P o n to -C asp ian  region.

Dactylogyrus sp p . o f  E u ro p ean  a n d  E ast-A frican  fishes show  v e ry  s tr ic t  
h o s t specific ity  an d  m o s tly  in fect on ly  one fish  species (G ussev, 1985; M olnár 
e t a l., 1984). Dactylogyrus species fo u n d  on I ra n ia n  cyprin ids ex h ib it less 
p ro n o u n ced  host sp ec ific ity  an d  in fec t som e closely re la te d  fish  species. In  
th is  w ay , D. alatus w as d e tec ted  on Chalcalburnus, A lburnus  and  Alburnoides 
sp p ., a n d  D. haplogonus on  Vimba an d  R utilus  spp .
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B ecause of th e  re la tiv e ly  loose host sp ec ific ity  an d  th e  ac tive  or passive  
in tro d u c tio n  o f fish es  to  o th e r  fau n a  regions, th e  orig inal m onogenean fa u n a  
o f  d iffe ren t h a b ita ts  c a n n o t be m onito red  prec ise ly . S till, i t  is suggested  th a t  
D. pulcher, D. chramuli an d  D. lenkorani, w hich  are ty p ic a l P on to -C asp ian  
species, have on ly  re c e n tly  been  in tro d u ced  to  th e  M esopo tam ian  region, w hile 
D . holciki n . sp. m u s t h av e  f ir s t  been a p a ra s ite  o f Chalcalburnus mossulensis an d  
o n ly  la te r  on d id  i t  becom e an  in h a b ita n t o f th e  gills o f C. chalcoides.

A m ong species in fec tin g  goldfish, J a la li  an d  M olnár (19906) reco rd ed  4 
Dactylogyrus sp p ., am ong  th e m  D. vastator form a minor. T h is la t te r  species 
w as m isiden tified  a n d  its  co rrec t d e te rm in a tio n  is g iven in  th is  w ork as D. 
intermedius W egener, 1910.
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HISTOENZYMIC EFFECTS OF THIOPHENATE AND 
FENBENDAZOLE ON THE ABSORPTIVE SURFACES 

OF H A E M O N C H U S  C O N T O R T U S

M. K a u R and M. L. SOOD*

Departm ent of Zoology, Punjab Agricultural U niversity, L udhiana -  141 004, India  

(R eceived  February 6, 1991)

I n  v itro  alterations induced by a 10 /ig/rnl and 50 f ig /m l dose each of th iophenate  
and fenbendazole on the absorptive surfaces o f  H a e m o n c h u s  con tortus  (N em atoda: 
Trichostrongylidae) were studied . The m ost significant changes were induced in  the  
gut epithelium . Alkaline phosphatase and adenosine triphosphatase activ ities were 
decreased, succinic dehydrogenase activ ity  was increased, w hile acid phosphatase and  
glucose-6-phosphatase were com pletely lost from  the in testina l epithelium  after trea t
m ent w ith  either o f the drugs. A  stim ulatory effect o f these  tw o anthelm intics was 
observe on lactic dehydrogenase and reduced nicotinam ide adenine dinucleotide diapho- 
rase distribution. T hiophenate caused an increase in  the ac tiv ities  o f glutam ate dehyd
rogenase (G DH ), glucose-6-phosphate dehydrogenase (G -6-PD ) and nonspecific ester
ases and a decrease in  reduced nicotinam ide adenine dinucleotide phosphate diapho- 
rase (N A D P H -D ) a c tiv ity . Fenbendazole treatm ent led to  the inhibition of G D H , 
while G -6-PD, N A D P H -D , cytochrom e oxidase, m onoam ine oxidase and nonspecific  
esterase a c tiv ity  rem ained unaltered in  the epithelium .

♦
Key words: H a e m o n c h u s  con tortus, thiophenate, fenbendazole, absorptive sur

faces

Haemonchus contortus (R u d ., 1803) is one o f th e  m o s t pa th o g en ic  species 
p a ra s itiz in g  th e  ab o m asu m  o f ru m in a n ts . I t  has a t t r a c te d  considerab le  a t 
te n t io n  b y  in v estig a to rs  in  d iffe ren t p a r ts  o f th e  w orld  (see Sood an d  K a p u r ,
1982). D uring  th e ir  a b so rp tio n , an th e lm in tic s  m ay  a ffec t an d /o r m odify  th e  
enzym e a c tiv ity  an d  m ay  also a lte r  th e  n o rm al m e tab o lism  o f th e  p a ra s ite ’s 
a b so rp tiv e  surfaces. T he e x te rn a l surface an d  th e  g u t a re  th e  tw o m ajo r areas 
th ro u g h  w hich ab so rp tio n  o f  th e  drugs can  occur. T he in  vivo actions o f  a n 
th e lm in tic s  regard ing  th e ir  e fficacy  have  a t tra c te d  considerab le  a tte n tio n , b u t  
th e  m echanism s b y  w hich  th e  d rugs a c t on th ese  tw o  ab so rp tiv e  surfaces of 
th e  p a ra s ite s  are q u ite  obscure . T he biochem ical d ifferences betw een  th e  h o st 
a n d  th e  p a ra s ite  form  a basis  fo r th e  selective to x ic ity  o f  an th e lm in tic s  (Saz 
a n d  B ued ing , 1966). T he p re se n t s tu d y  is an  a tte m p t to  e lu c id a te  th e  d is tr ib u 
t io n  o f  p h o sp h a tases , ox ido -red u c tases  an d  esterases a n d  also to  in v es tig a te  
th e  h istoenzym ic changes in d u ced  in  th e  b o d y  w all a n d  in te s tin e  b y  th e  in  
vitro ap p lica tio n  o f tw o  co m m o n ly  used an th e lm in tic s , th io p h e n a te  a n d  fen-

* Present address: Professor of Parasitology, Departm ent o f Zoology, Panjab U n iv er  
gity, Chandigarh-161 014, India
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bendazo le . P rev iously , s im ila r  s tud ies u sing  n ilzan  an d  a lbendazo le  (K a u r an d  
Sood, 1990a) as well as n ilv e rm  and  n ilv erm  fo rte  (K a u r a n d  Sood, 19906) have  
b een  done.

M ateria ls an d  m ethods

Worms and drugs. M atu re , m otile  w orm s of e ith e r  sex  were collected 
fro m  th e  abom asa o f  g o a ts  ( Capra hircus)  s lau g h te red  a t  local a b a tto irs . 
T h e  w orm s were w ash ed  th o ro u g h ly  w ith  saline an d  freed  fro m  adhering  host 
m a te r ia l. The co llected  w orm s were m a in ta in e d  in  T y ro d e ’s so lu tion  (W ard ,
1974) a t  37 °C. Two d iffe re n t co n cen tra tio n s (10 /xg/ml a n d  50 p g/ml) each of 
th io p h e n a te  e th y l ( th io p h e n a te , w e ttab le  pow der 70%  w /w , M ay an d  B aker, 
I n d ia  L td .)  and  fen b en d azo le  (P an acu r 2 5 %  pow der, P fize r, In d ia ) w ere p re 
p a re d  in  T yrode’s so lu tio n .

Incubations. A b o u t 10 m otile  w orm s w ere in c u b a te d  a t  37 °C in  25 m l 
o f  T y ro d e ’s so lu tion  (con tro l) an d  each o f  th e  ab o v e-m en tio n ed  d rug  d ilu tions. 
A b o u t 50%  m o rta lity  w as ach ieved  a fte r  10 h  o f in c u b a tio n  in  10 pg/m l con
c e n tra tio n s  of e ith e r o f  th e  drugs, while all th e  pa rasite s  d ied  w ith in  6 -8  h  in  
50 ;Ug/ml of th io p h e n a te  as well as fenbendazo le.

Histoenzymology. F o r  h istochem ical loca liza tion  o f p h o sp h a tases , de
hydrogenases, oxidases a n d  esterases, c ry o s ta t  sections o f 10 p  th ickness of 
n o n in c u b a te d  (norm al, T y ro d e -in cu b a ted ) a n d  d ru g -tre a te d  p a rasite s  w ere c u t 
a n d  s to red  a t —20 °C. T hese  sections w ere in c u b a te d  fo r a lka line  (A kPase), 
ac id  (A cPase), glucose-6 (G -6-Pase) p h o sp h a tases  (B ark a  a n d  A nderson , 1963), 
adenosine  tr ip h o sp h a ta se  (A TPase), cy to ch ro m e (CYO) a n d  m onoam ine 
(M AO) oxidases an d  n o n spec ific  esterases (N S E , C hayen e t  a l., 1969), ace ty l
cho linesterase  (A C hE ase; E l-B ad aw i an d  S ch an k , 1967), succin ic  (SD H ), lac tic  
(L D H ), g lu tam ate  (G D H ) a n d  g lucose-6-phosphate  (G -6-PD ) dehydrogenases, 
a n d  reduced  n ico tin am id e  adenine d inuc leo tid e  p h o sp h a te  (N A D P H -D ) 
d iap h o rases  (P earse , 1972). T h e  observa tions w ere reco rd ed  in  d iffe ren t layers 
o f  th e  p a rasite s  an d  scored  from  neg a tiv e  (—) to  v e ry  s tro n g  ( +  +  +  + )•

R esults

Phosphatases (P la te  I) . T he com plete  loss of a c tiv ity  w as d e tec ted  in  th e  
c o n tra c tile  p a r t  o f m uscles a fte r  tre a tm e n t w ith  10 /xg/ml each  of th io p h en a te  
a n d  fenbendazole an d  in  th e  sub -bac illa ry  la y e r  of p a ra s ite s  in c u b a te d  in  10 
jUg/ml o f th io p h en a te . A  s lig h tly  decreased  a c tiv ity  was reco rd ed  in  th e  e p ith e 
liu m  o f th io p h en a te - a n d  fen b en d azo le -trea ted  w orm s, a n d  a considerab ly  
dec reased  a c tiv ity  w as o b se rv ed  in  th e  su b -b ac illa ry  lay e r o f  p a ra s ite s  in c u b â t-
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2

Fig. 1. AkPase activ ity  in thiophenate-incubated (50 ^g/m l) Haem onchus contortus showing  
decreased activ ity  in the sub-bacillary (S) layer and epithelium  (E ). Azo dye m ethod, X 500 
Fig. 2. AcPase a c tiv ity  in thiophenate-incubated (50 ^g/m l) H . contortus showing com plete  
loss o f reaction in the muscles (M) and epithelium  (E ), and weak activ ity  in the sub-bacillary  

layer (S) and brush border (B). Azo dye m ethod, X500 
Fig. 3. AcPase a ctiv ity  in fenbendazole-treated (50 ^g/ml) treated H . contortus. N ote  the 
com plete loss o f activ ity  from the m uscles (M), epithelium  (E ) and sub-bacillary layer (S).

Azo dye m ethod, X 500
Fig. 4. ATPase a ctiv ity  in thiophenate-treated (10 //g/m l) H . contortus showing decreased ac
tiv ity  in the m uscles (M) and reduced num ber of A TPase-reactive vacuoles in the epithelium  

(E). Calcium -activated ATPase m ethod, X 1,000 
Fig. 5. ATPase a ctiv ity  in fenbendazole-incubated (50 /íg/m l) JT. contortus showing a further 
decrease in the number of ATPase-reactive vacuoles in the epithelium  (E). Calcium -activated

ATPase m ethod, X 1,000
Fig. 6. G-6-Pase in thiophenate-treated (10 ^g/m l) H . contortus showing loss of reaction from  
the epithelium  (E ). N ote doubtful to weak reaction in the brush border (B). Lead nitrate

m ethod, X 800
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F ig. 7. SD H  activ ity  in th iophenate-incubated (10 //g/m l) H . contortus. N ote large vacuoles 
(arrow) in the epithelium . Standard m ethod for bound enzym es, X 250 

F ig. 8. SD H  in fenbendazole-treated (50 //g/m l) H . contortus showing m oderate activ ity  in the 
non-contractile part of m uscle (NM ) and large vacuoles (arrow) in the epithelium . Standard

m ethod for hound enzym es, X 250
F ig . 9. LD H  activity in th iophenate-incubated (10 //g/m l) H . contortus. N ote very strong ac
t iv ity  in the non-contractile part o f muscles (NM) and epithelium  (E ). A lso, observe two large 

vacuoles (arrow) in the epithelium . Standard m ethod for bound enzym es, X500 
F ig . 10. LDH  activity in  fenbendazole-treated (50 fig /m l) H . contortus showing very strong 
a c tiv ity  in the non-contractile part of the muscles (NM ) and epithelium  (E). Standard method

for bound enzym es, X 500
F ig . 11. GDH activ ity  in th iophenate-treated  (10 //g/m l) H . contortus showing very strong 
a c tiv ity  in the non-contractile part o f the muscles (NM) and epithelium  (E ). Standard method

for bound enzym es, X 200
F ig . 12. GDH activity in fenbendazole-treated (10 //g/m l) H . contortus. N ote com plete loss of 
a c tiv ity  from the muscles (M) and only doubtful reaction in the epithelium  (E). Standard

m ethod  for bound enzym es, X 200
Fig. 13. G-6-PD activ ity  in  th iophenate-treated  (50 //g/m l) H . contortus. N ote strong activ ity  
in  the epithelium  (E) and m uscles lying underneath the oval body (arrow). Standard method

for bound enzym es, x 2 5 0
F ig . 14. G-6-PD activ ity  o f fenbendazole-treated (10 //g/m l) H . contortus, showing loss of 
a c tiv ity  from the muscles (M) and only weak reaction in the epithelium  (E). Standard method

for bound enzym es, X 1,000
F ig . 15. N A D H -D  activ ity  in  thiophenate-incubated (50 //g/m l) H . contortus showing very  
strong activ ity  in the non-contractile part o f the muscles (NM) and epithelium  (E). Standard

m ethod for bound enzym es, X 250
F ig . 16. N A D H -D  activ ity  in  fenbendazole-treated (10 //g/m l) I I . contortus showing strong 
reaction in the non-contractile part o f the muscles (NM) and epithelium  (E). Standard method

for bound enzym es, X 250
F ig. 17. N A D P H -D  a ctiv ity  in thiophenate-treated (10 //g/m l) H . contortus showing weak 
a c tiv ity  in the non-contractile part of muscles (NM) and m oderate reaction in the epithelium  
(E ), located closer to the lum inal border. Standard m ethod for bound enzym es, X250 
F ig. 18. N A D P H -D  activ ity  in  fenbendazole-treated (50/zg/ml) H . contortus. N ote strong activ ity  
in  the non-contractile part o f the muscles (NM) and epithelium  (E ). Standard method for

bound enzym es, X 250
F ig . 19. CYO activity in th iophenate-treated  (50 //g/m l) H. contortus showing coarse granular 

reaction in  th e  epithelium  (E). Butcher’s m ethod, X 800 
F ig. 20. AChEase activ ity  in thiophenate-treated (10 //g/m l) H . contortus showing reaction in the 

epithelium  (E ). K arnovsky and Roots m ethod, X 500 
F ig . 21. N SE  activity in th iophenate-treated  (10 //g/m l) I I . contortus showing moderate activit y 

in the muscles (M) and epithelium  (E). Indoxyl acetate m ethod, X 200 
F ig . 22. N SE activ ity  in th iophenate-treated  (50 //g/m l) H . contortus. N ote strong activ tiy  

in the epithelium  (E). Indoxyl acetate m ethod, X 200
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ed  in  b o th  drugs (F ig . 1). A fte r t re a tm e n t w ith  10 /ig/m l th io p h e n a te , 
th e  g ran u les  were m ore co n c e n tra ted  n e a r  th e  su b -b ac illa ry  lay e r, w hereas th e  
ep ith e liu m  co n ta in ed  som e vacuoles.

A  com plete  loss o f A cPase a c tiv ity  w as reco rded  in  th e  m uscles, while 
a g re a tly  red u ced  re a c tio n  w as observed  in  th e  su b -b ac illa ry  lay e r an d  b ru sh  
bo rders o f  in te s tin e  o f  th e  p a ras ite s  tre a te d  w ith  e ith e r  d ru g  (F igs 2 an d  3). 
A fte r t r e a tm e n t  w ith  10 /xg/ml fenbendazo le, th e  ep ith e liu m  ex h ib ited  a  w eak  
reac tio n , lo ca ted  closer to  th e  b ru sh  b o rd e r side, w hereas 50 цg/m l o f  th e  sam e 
d ru g  cau sed  a com ple te  loss of A cPase from  all th e  lay e rs  (F ig . 3).

T h e  ep ith e liu m  o f n o n -in cu b a ted  an d  T y ro d e -in cu b a ted  w orm s ex h ib ited  
v e ry  la rg e  vacuoles w ith  A T P ase-positive  boundaries w hich  w ere lo ca ted  closer 
to  th e  b ru sh  b o rd e r side o f th e  in te s tin e . O nly  a few sm all vacuoles w ere ob 
served  in  th e  ep ith e liu m  o f p a ras ite s  t r e a te d  w ith  10 a n d  50 g g/m l th io p h e n a te  
(F ig . 3) a n d  10 /ig /m l fenbendazo le. T h e  n u m b er o f  vacuoles fu r th e r  decreased  
a fte r  t r e a tm e n t w ith  50 /xg/ml fenbendazole  (F ig . 4). D ecreased  A T Pase a c tiv 
i ty  w as observed  in  th e  co n trac tile  p a r t  o f  th e  m uscles o f th io p h e n a te -  a n d  
fen b en d azo le -trea ted  (F ig . 5) p a ras ite s , w hereas a slig h tin  crease o f such  a c tiv 
i ty  w as reco rded  in  th e  hypoderm is o f fen b en d azo le-in cu b a ted  w orm s.

T h io p h en a te  cau sed  th e  com plete  loss of reac tiv e  vacuoles o f G -6-Pase 
from  th e  h y p oderm is, m uscles, ep ith e liu m  an d  su b -b ac illa ry  lay e r, th e  
b ru sh  b o rd ers  be ing  o n ly  d o u b tfu l to  w eak ly  reac tiv e  (F ig . 6). T he effects o f 
fenbendazo le  w ere even  m ore d rastic , lead in g  to  th e  com plete  loss o f enzym ic 
re a c tio n  o f G -6-Pase fro m  all layers o f th e  pa rasite s .

Dehydrogenases (P la te  I I ) .  S D H  decreased  to  a m o d e ra te  reac tio n  in  th e  
hy p o d erm is  of th io p h e n a te -  an d  fen b en d azo le-in cu b a ted  p a ra s ite s  an d  in  th e  
n o n -co n trac tile  p a r t  o f m uscles of fen b en d azo le -trea ted  w orm s (Figs 7 an d  8). 
S D H  re a c tio n  w as s tro n g  in  th e  ep ith e liu m  an d  su b -b ac illa ry  layers. V ery  large 
vacuoles w ere o b serv ed  in  th e  ep ith e liu m  o f th io p h e n a te -  an d  fenbendazole- 
in c u b a te d  w orm s.

L D H  ex h ib ited  a h ig h ly  increased  a c tiv ity  in  th e  n o n -co n trac tile  p a r t  o f 
m uscles, ep ith e liu m  a n d  su b -b ac illa ry  layers of p a ra s ite s  in c u b a te d  in  e ith e r  of 
th e  tw o  drugs (F igs 9 a n d  10). A s tro n g  L D H  a c tiv ity  w as observed  in  th e  h y 
poderm is of th io p h e n a te -  an d  fen b en d azo le -trea ted  p a ra s ite s . I n  th e  b ru sh  
bo rders o f  th io p h e n a te - in c u b a te d  w orm s, a w eak  a c tiv ity  w as observed  in  
som e places, w hereas a t  o th e r locations L D H  a c tiv ity  w as n il. V ery  large 
vacuoles w ere o bserved  in  th e  ep ithe lium  of th io p h e n a te - tre a te d  pa rasite s , th e  
reac tio n  being  s tro n g e r to w ard s th e  lu m in a l side (F ig . 9). T he reac tio n  to o k  
th e  fo rm  o f coarse g ran u les  in  th e  fen b en d azo le -trea ted  p a ra s ite s . I n  th is  case 
also, th e  reac tio n  w as lo c a te d  closer to  th e  lu m in a l side (F ig . 10).

T h e  w orm s show ed increased  G D I! a c tiv ity  in  th e  ep ithe lium , non- 
co n trac tile  p a r t  o f th e  m uscles an d  hypoderm is of th e  th io p h e n a te - tre a te d  
p a ra s ite s  (F ig . 11), w hile a m arked  decrease in  a c tiv ity  w as reco rded  in  th e
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h y p o d erm is  and  ep ith e liu m  a n d  a com plete  loss o f a c tiv ity  in  th e  non- 
c o n tra c tile  p a r t  a n d  su b -b ac illa ry  lay e r o f fen b en d azo le-in cu b a ted  w orm s 
(F ig . 12).

As com pared  to  th e  T y ro d e -tre a te d  w orm s, th io p h e n a te - tre a te d  p a ras ite s  
d isp lay ed  an  in c reased  a m o u n t o f  G -6-PD  in  th e  hy p o d erm is  a n d  ep ithe lia l 
la y e r  (Fig. 13). M uscles ly ing  u n d e rn e a th  th e  oval bodies w ere s tro n g ly  posi
t iv e .  A  com plete loss o f  G -6-PD  a c tiv ity  w as observed  in  all th e  lay ers  excep t 
th e  ep ithe lium  w here  th e  re a c tio n  w as diffuse in  th e  fen b en d azo le-in cu b a ted  
p a ra s ite s  (Fig. 14).

Diaphorases (P la te  I I I ) .  A  s lig h tly  increased  a c tiv ity  w as reco rded  in  
th e  ep ithelium  o f th io p h e n a te -  a n d  fen b en d azo le -trea ted  p a ra s ite s  (F igs 15 
a n d  16), while a s lig h tly  decreased  a c tiv ity  w as reco rded  in  th e  hypoderm is of 
p a ra s ite s  tre a te d  w ith  e ith e r  d rug .

As com pared  to  th e  T y ro d e -in c u b a ted  p a ras ite s , N A D P H -D  a c tiv ity  
w as reduced  to  m o d e ra te  in  th e  ep ith e liu m  of th e  th io p h e n a te - tre a te d  p a ras ite s , 
w h ereas  a w eak re a c tio n  w as observed  in  th e  n o n -co n trac tile  p a r t  o f th e  m uscles 
(F ig . 17). The ep ith e liu m  show ed s tro n g  b u t  diffuse a c tiv ity  in  th e  fenben 
d azo le -trea ted  p a ra s ite s  (F ig . 18) a n d  th e  reac tio n  w as lo ca ted  closer to  th e  
lu m in a l side.

Oxidases (P la te  I I I ) .  CYO a c tiv ity  in  p a ra s ite s  tr e a te d  w ith  e ith e r  d rug  
w as sim ilar to  th a t  o f  th e  T y ro d e -in cu b a ted  pa rasite s . Coarse g ran u la r  a c tiv ity  
w as observed in  th e  ep ith e liu m  a n d  th e  reac tio n  w as o f diffuse ty p e  in  th e  
b ru s h  borders of th e  in te s tin e  (F ig . 19).

MAO also show ed th e  sam e a c tiv ity  as th a t  o f T y ro d e -tre a te d  p a ras ite s  
in  a ll layers of w orm s in c u b a te d  in  th io p h e n a te  an d  fenbendazo le.

Esterases (P la te  I I I ) .  T he ep ith e liu m  co n ta in ed  v e ry  large  A C hEase- 
re a c tiv e  vacuoles w h ich  rem ain ed  u n a ffec ted  a fte r  d ru g  t r e a tm e n t (F ig . 20). 
A  s lig h tly  increased  M SE a c tiv ity  w as observed  in  th e  ep ith e liu m  an d  c o n tra c 
t i le  p a r t  of m uscles in  p a ra s ite s  tr e a te d  w ith  10 jug/ml th io p h e n a te  (F ig . 21). 
T h e  a c tiv ity  increased  to  h igh  in te n s ity  in  th e  ep ith e liu m  a f te r  tre a tm e n t w ith  
50 p g/m l of th e  sam e d ru g  (F ig . 22). T here  w as no change in  th e  enzym e a c tiv 
i t y  p a tte rn s  of fen b en d azo le -in cu b a ted  pa rasite s .

D iscussion

F rom  th e  re su lts  o f th e  p re se n t s tu d y  i t  ap p ears  t h a t  th e  en zy m atic  
in te n s itie s  and  th e  a lte ra tio n s  in d u ced  in  H . contortus b y  d rugs are  s tro n g er 
in  th e  in testine  th a n  in  th e  b o d y  w all. T his is in  c o n tra s t to  th e  find ings of 
H o b so n  et al. (1952a, b), w ho fo u n d  th e  cu tic le  of som e ascarid s perm issib le 
for inorganic  ions. O u r conclusion  is s im ilar to  th a t  deriv ed  b y  P ap p as  an d  
R e a d  (1975).
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T he decreased  a c tiv ity  of A k P ase  a fte r  t r e a tm e n t w ith  th io p h e n a te  a n d  
fenbendazo le  is in d ic a tiv e  of an  im p a irm e n t o f th e  tra n sm e m b ra n e  ac tiv e  
tr a n s p o r t  o f m e tab o lite s . T he effect o f th e se  d rugs is, how ever, in  c o n tra s t to  
t h a t  ex e rted  b y  ra fo x an id e  on H . contortus (K a u r  a n d  Sood, 1990a). K a u r  a n d  
Sood (1990a, 6) fo u n d  sim ilar A kP ase  ac tiv itie s  a f te r  tre a t in g  th e  p a ra s ite s  
w ith  n ilzan , th iab en d azo le , n ilverm  an d  n ilv erm  fo rte .

T he effect o f th e se  tw o d rugs on A cP ase w as m ore  d rastic  th a n  th e ir  
in fluence  on A k P ase  a c tiv ity . T h is enzym e has also been  show n to  be in h ib ite d  
b y  d l-te tram iso le  (C h a k ra b o rty  e t ah , 1976; K a u r  a n d  Sood, 1982a). T he p re 
se n t find ings su g g est th a t  th e  in tra c e llu la r  d igestion  o f d rugs m ay  invo lve  
lysosom es (Colam , 1971). C hopta  an d  P re m v a ti (1982) also concluded th a t  
A cP ase  p lays a ro le in  th e  p h o sp h o ry la tio n  m echanism s o f ca rb o h y d  ra te  m e ta b 
olism  of a d u lt H . contortus.

A denosine tr ip h o sp h a ta se  d e tec ted  in  a d u lt H. contortus is invo lved  in  
th e  abso rp tio n  o f n u tr ie n ts  and  ac tive  tr a n s p o r t  (K a u r an d  Sood, 1982c). T h is 
enzym e is also asso c ia ted  w ith  m uscle c o n tra c tio n  (Jen k in s , 1970). A decreased  
a c tiv ity  in  th e  c o n tra c tile  p a r t  o f m uscles a f te r  t r e a tm e n t w ith  e ith er d rug  is 
suggestive of an  im p a irm e n t of m uscle c o n trac tio n . T hese fin d in g s are in  ag ree
m e n t w ith  th o se  o f  K a u r  an d  Sood (1990a, 6), w here a decreased  a c tiv ity  
w as found  in  th e  c o n tra c tile  p a r t  o f m uscles.

T he im p a ired  a c tiv i ty  of G -6-Pase in  all th e  layers a fte r  th io p h en a te  a n d  
fenbendazo le  t r e a tm e n t  m ay  he re la te d  to  th e  in h ib ito n  of glucose u p ta k e  an d  
tra n s p o r t .  S im ilarly , d ith iaz in e  (B ued ing  e t al., 1966), th iab en d azo le , m o ran te l 
ta r t r a te ,  te tram iso le  h y d ro ch lo rid e  (Sood an d  K a u r, 1982), n ilzan  (K au r an d  
Sood (1990a), n ilv e rm  an d  n ilverm  fo rte  (K a u r  an d  Sood, 19906) also caused  
th e  in h ib itio n  o f  th is  enzym e in  th e  in te s tin e  o f H . contortus an d  o th e r h e l
m in th s . H ow ever, ra fo x an id e  (K a u r  an d  Sood, 1982a) in creased  th e  a c tiv ity  
o f th is  enzym e.

SD H  a c tiv ity  rem ain ed  u n a ffec ted  ex cep t in  th e  ep ith e liu m  an d  sub- 
b ac illa ry  layers o f th e  in te s tin e  o f th io p h en a te -  an d  fen b en d azo le-in cu b a ted  
p a ra s ite s , w here i t  increased . S D H  is an  enzym e o f th e  TCA  cycle w hich h as  
a m in o r fu n c tio n  in  th e  energy m etab o lism  o f th e  p a ra s ite  (K a u r  and  Sood,
1983). O ur f in d in g s  a re  in  c o n tra s t to  th o se  o f  Com ley an d  W rig h t (1981) an d  
K a u r  an d  Sood (1990a, 6), who fo u n d  th is  enzym e to  be in h ib ite d  by  v a rio u s 
d rugs.

L D H  c a ta ly se s  th e  conversion  o f p y ru v a te  to  la c ta te  u n d e r anaerob iasis 
an d  is p resen t in  sev e ra l nem ato d es (A nw ar e t a l., 1977; K a u r  an d  Sood, 19826; 
W a lte r  and  Schulz, 1980). T he afo re -c ited  find ings in d ica te  th a t  th e  anaerobic  
p a th w a y  of C 0 2 p ro d u c tio n  from  glucose is considerab ly  s tim u la ted  b y  th e  
d ru g s as also re p o r te d  b y  W ard  (1974). O ur fin d in g s a re  in  c o n tra s t to  th o se  
of D oong e t al. (1987), w ho show ed L D H  a c tiv ity  to  be in h ib ite d  b y  h y can th o n e  
in  d rug-sensitive  s tra in s  of Schistosoma mansoni. H ow ever, th e  p resen t re su lts
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a re  in  ag reem ent w ith  ou r earlier f in d in g s  (K au r an d  Sood, 1990a, b) in  th a t  
a c t iv i ty  shows an  increase  in  all th e  p o s itiv e  layers.

G D H  show ed increased  a c tiv i ty  in  th e  th io p h e n a te - tre a te d  p a ra s ite s . 
T h is  is sim ilar to  t h a t  d e tec ted  b y  u s  earlie r (K au r a n d  Sood, 1990a) a f te r  
t r e a t in g  th e  p a ra s ite s  w ith  n ilzan  a n d  a lbendazole. H ow ever, G D H  a c tiv ity  
show ed  a decrease in  th e  fe n b e n d a z o le -tre a te d  w orm s. T h e  enzym e p lay s a 
c e n tra l  role in  am ino  ac id  d eam in a tio n  a n d  in  th e  f ix a tio n  o f  th e  a -am in o n itro - 
gen  g roup  from  am m o n ia  (K a p u r e t a l., 1984).

T he h igher a c t iv i ty  o f G -6-PD  in  th e  hypoderm is an d  ep ith e liu m  of 
th io p h e n a te - tre a te d  p a ra s ite s  is sugg estiv e  o f a s tim u la tio n  o f  th e  p en tose  
p h o sp h a te  p a th w ay . T he enzym e h as b een  show n to  be re la te d  to  req u irem en ts  
o f  la rg e  am oun ts o f  ribose  or reducing  pow ers (N A D P H ) req u ired  fo r b io sy n th e t
ic  pu rposes (K a p u r  a n d  Sood, 1986; K o rtin g  and  B a r re t t ,  1977). B iochem i
ca lly , th e re  is no ev idence  th a t  th e  p a th w a y  has an y  re la tio n  w ith  th e  energy  
m e tab o lism  in  n em a to d es  (Croll, 1976). T h e  p resen t f in d in g s are  sim ilar to  ou r 
e a r lie r  resu lts  (K a u r  a n d  Sood, 1990a, b). T his enzym e h as been  show n to  be 
d ecreased  in  all th e  lay e rs  excep t th e  ep ith e liu m  w here th e  reac tio n  w as o f 
d iffu se  ty p e . T hese observa tions fu lly  agree w ith  th e  re su lts  o f  P o m p o ri an d  
S r iv a s ta v a  (1987) w ho found  th e  en zy m e to  be in h ib ited  in  in ta c t  Cotugnia 
digonopora.

N A D H -D  a c tiv i ty  show ed a s lig h t increase in  th e  ep ith e liu m  o f th io p h e- 
n a te -  an d  fen b en d azo le -trea ted  p a ra s ite s , w hile th e  enzym e rem ain ed  u n a lte re d  
b y  albendazo le  t r e a tm e n t  (K au r an d  Sood, 1990a), an d  a m ark ed  decrease o f 
a c t iv i ty  was observed  in  th e  in te s tin e  a f te r  tre a tm e n t w ith  50 /rg/m l o f n ilzan .

N A D P H -D  a c tiv i ty  was show n to  be reduced  to  m o d era te  in te n s ity  in  
th e  ep ithe lium  o f th io p h e n a te - tre a te d  parasites . F en b en d azo le -in cu b a ted  
p a ra s ite s  show ed a d iffuse a c tiv ity  in  th e  ep ithe lium . T h is is in  c o n tra s t to  
o u r  ea rlie r resu lts  (K a u r  an d  Sood, 1990a) according to  w hich  th is  enzym e 
w as u n a lte re d  by  t r e a tm e n t  w ith  a lb en d azo le .

A n the lm in tics  such  as n ilverm  a n d  n ilv e rm  fo rte  (K a u r  an d  Sood, 1990&) 
h a v e  been d e m o n s tra te d  to  in h ib it a  decrease in  th e  CYO as well as MAO 
a c t iv i ty  in  various lay e rs  o f th e  p a ra s ite . H ow ever, th e  a n th e lm in tic s  te s te d  
in  th e  p resen t s tu d y , th io p h e n a te  a n d  fenbendazo le, d id  n o t cause a n y  a p 
p rec iab le  change in  th e  a c tiv ity  o f th e se  oxidases.

O nly  th e  50 /rg/m l dose o f th io p h e n a te  could s tim u la te  N S E  in  th e  g u t 
ep ith e liu m . H ow ever, fenbendazo le  d id  n o t induce a n y  a lte ra tio n s  in  th e ir  
d is tr ib u tio n  p a tte rn . E a rlie r  find ings o n  H . contenus show ed th a t  a lbendazo le  
(K a u r  an d  Sood, 1990a) an d  n ilv erm  fo r te  (K au r an d  Sood, 1990&) also a lte r  
th e  d is tr ib u tio n  o f N S E .
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DEMONSTRATION OF C L O S T R I D I U M  S E P T I C U M  
INFECTION IN A GOOSE FLOCK

É v a  I v a n ic s 1, R . G l á v it s 1, T . B ó d i2 and E rzséb e t T ó t h 1

1Central V eterinary In stitu te , H -1581 B udapest, P . O. B ox  2; 2State Farm  of Tata, H -2890
T ata, H ungary

(R eceived May 21, 1991)

C lo s tr id iu m  se p tic u m  infection causing 5.0 to  5.2%  m ortality  is reported for the  
first tim e in  the literature from  six-w eek-old growing geese in  three flocks com prising  
5,200, 5,500 and 5,900 geese, respectively. The affected birds exhibited w eakness, 
incoordinated m ovem ent, ataxia and, frequently , oblique position of the head and neck  
(torticollis) as w ell as signs ind icative o f dysequilibrium . The affected birds died w ith in  
18-24 h.

Gross pathological exam ination revealed anaem ia, hepatitis w ith m ap-like  
necroses o f irregular outline (F ig. 1), acute enteritis, pulm onary oedema and cardiac  
dilatation . Light and electron-m icroscopic exam ination showed th a t the sinusoids o f  
the liver were m arkedly dilated (F ig. 2) and filled  w ith  serous exudate and gas (F igs 2 
and 3), and the hepatocytes surrounding them  exhibited  severe oedem a (Fig. 4). A m ong  
the hepatocytes, ciliated bacteria 7 -10  ß  in  len gth  and 1-3  ß  in  width, bounded b y  a 
w ell-defined cell wall and often  showing signs o f spore form ation were observed (F igs  
5 and 6).

B y  bacteriological exam ination the pathogen was isolated , its  properties were 
studied , and the clinical en tity  o f m alignant oedem a was experim entally reproduced b y  
intram uscular injection o f guinea-pigs and rabbits.

The applied antibiotic (oxytetracycline) and furazolidone therapy proved effec
tive.

Key words: C lo s tr id iu m  se p tic u m , infection , goose, m ortality, clinical signs, 
pathology, first report

Clostridium septicum  is know n to  be one o f  th e  causa tive  ag en ts  o f 
m a lig n an t o ed em a in  m am m als. In  p o u ltry  species i t  ra re ly  causes d isease : 
so fa r  i t  h as  b een  re p o rte d  to  do so o n ly  in  chickens an d  tu rk e y s  (H o fs tad  e t  
ab , 1988).

S aunders a n d  B ickford  (1965) an d  H eife r e t al. (1969) observed d isease  
cases an d  d e a th s  due  to  Cl. septicum  in  flocks o f  6 -12  w eeks old broilers. M or
b id ity  an d  m o rta li ty  ran g ed  be tw een  5 a n d  6 0 % . T he clin ical signs in c lu d ed  
ano rex ia , depression , in co o rd in a ted  m o v em en t an d  a ta x ia . D ea th  u su a lly  
occurred  18-24  h  a fte r  th e  onse t o f th e  c lin ica l signs. A t necropsy, serosan - 
guineous in f il tra tio n  an d  gas bubb les w ere observed  in  th e  skin of th e  legs 
an d  v e n tra l  w all o f  th e  abdom en , in  th e  su b cu tan eo u s  connective tissu e  a n d  
th e  a d ja c e n t m uscle tissue . A reas show ing  sk in  lesions an d  c ircum scribed  
fea th e r loss, w ith  no  path o lo g ica l lesions in  th e  in n e r o rgans, were also co m 
m on. These sites m ay  have se rved  as p o r t  o f e n try  for th e  pa thogen . Cl. sep ti
cum  w as m icroscopically  dem o n strab le  in , a n d  could  be  cu ltu red  from , th e
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serosangu ineous e x u d a te . G uinea-pigs a n d  bro iler chickens in tra m u sc u la rly  
in o c u la te d  w ith  th e  iso la te  developed  lesions ty p ica l o f Cl. septicum  a n d  d ied  
w ith in  14-24 h .

H ofacre e t al. (1986) observed  a s im ila r  disease in  b ro ile r flocks, to o . 
B esides serosanguineous in f iltra tio n  o f th e  su bcu taneous connective  tissu e  an d  
m u sc u la tu re  o f th e  a b d o m in a l w all an d  th e  th ig h s , severe en te ritis  an d  in f la m 
m a tio n  of th e  b u rsa  o f F ab ric iu s , c h a ra c te r is tic  of in fec tious b u rsa l d isease, 
w ere  also seen a t  n ec ro p sy . A t th e  sam e tim e , no ou tw ard  signs o f in ju ry  w ere 
seen  on  th e  skin  su rface . T he a u th o rs  sugg ested  th a t  c lo strid ia  m ay  h av e  e n 
te re d  th e  organism  th ro u g h  th e  in te s tin a l w all as a resu lt o f th e  b ird s’ im p a ired  
g en e ra l resistance  an d  en te ritis .

In  th e  case p re se n te d  here , Cl. septicum  infection  w as d iagnosed  in  a 
goose flock. As no d esc rip tio n  of such a case is availab le in  th e  li te ra tu re  e ith e r  
in  H u n g a ry  or ab ro ad , we fe lt th a t  o u r f in d in g s  would be w o rth  rep o rtin g .

M aterials a n d  m ethods

Case history

In  th ree  large goose flocks com p ris in g  5,200, 5,500 an d  5,900 geese, 
re sp ec tiv e ly , a disease ch a rac te rized  b y  w eakness, in co o rd in a ted  m o v em en t, 
a ta x ia  and , often , o th e r  n ervous signs (o b liq u e  position  o f th e  head , to rtico llis , 
d y sequ ilib rium ) w as observed  am ong th e  6 weeks (39-43 days) old grow ing 
b ird s  over a period  o f  13-15 days. T h e  a ffec ted  b irds u su a lly  d ied  in  one 
d a y ’s tim e . The m o rta lity  ra te  was ab o u t 5 .0 -5 .2 % .

T he affected  b ird s  o ften  ex h ib ited  severe  d iarrhoea  an d  ex cre ted  b lo o d 
s ta in e d  faeces.

T he geese w ere k e p t  in  a ha lf-open  goose shed hav in g  a la rge , sloping, 
sandy -so iled  o u td o o r ru n . T hey  w ere fed  a n  ow n-m ade s ta r te r  th e n  g row er 
d ie t. W a te r  p u m p ed  o u t o f a b rook , d is in fec ted  w ith  ch loride o f lim e a n d  col
le c te d  in  concrete ta n k s  w as used as d rin k in g  w ater.

Gross and histopathological examination

Gross pathology. B ird s  th a t  h ad  d ied  o f  th e  infection  w ere fo u n d  re ta rd e d  
in  g ro w th  and  m a rk e d ly  anaem ic a t  n ecro p sy . Body p a r ts  n o t covered  b y  
fe a th e rs , m ain ly  th e  b eak  an d  th e  fee t, w ere pale  yellow or orange-co loured  in 
s te a d  o f th e  n o rm al b rick -red  colour. T h e  co n ju n c tiv a  an d  th e  v isib le m ucous 
m em b ran es were also pale . T he liver w as sw ollen  and h ad  sm all, g ray ish -w h ite , 
som etim es con flu en t foci o f irreg u la r sh ap e  o r large necro tic  areas of m ap-like  
o u tlin e  on b o th  its  su rface  an d  cu t su rface  (F ig . 1). F rom  th e  path o lo g ica lly  
ch an g ed  areas a serous e x u d a te  c o n ta in in g  gas bubbles could  be squeezed
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Fig. 1. Grayish-white, here and there confluent necroses o f irregular shape in the liver

Fig. 2. The sinusoids of the liver are m arkedly dilated and only in a few  places is there a little  
content in their lum en. H aem atoxylin and eosin (H .-E .) , x 6 3



Fig.  3. The sinusoids of the liver are m arkedly dilated and only in a few places is there a little  
content in their lum en. H aem atoxylin  and eosin (H .-E .), X l6 0

Fig. 4. Oedema in the cytoplasm  of hepatocytes and in the intercellular spaces, w ith  lysis of the 
cell organelles and karyopycnosis. Electron micrograph, X 8,000



Fig. 5. Masses of rod-shaped bacteria am ong the hepatocytes. Gram stain ing, X 400

Fig. 6. Cilia on the thick cell wall o f the bacteria. E lectron micrograph, negative contrast
preparation, X  29,200



F ig .  7. Accum ulation of serous exudate in the air passages of the lungs. I I .-E ., X 6 .

Fig.  8. Serous exudation in the Purkinje’s ganglion cell layer of the cerebellum . II .-E .,
X 63
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o u t. T he in te s tin a l m ucosa w as rose-red , sw ollen an d  h a d  c a ta r rh a l m ucus 
on  its  surface. In  th e  c a v ity  o f th e  g izzard  grains o f san d  cou ld  be recognized . 
T h e  lungs w ere hyperaem ic  a n d  th e ir  c u t surface w as v e ry  succu len t. T he 
h e a r t  was d ila ted , th e  m y o card iu m  w as pale  an d  easy  to  te a r , an d  in  th e  p e r i
ca rd iu m  a serous e x u d a te  h ad  accu m u la ted . The k id n ey s w ere sw ollen an d  
h y p eraem ic . The spleen w as no rm al. N e ith e r th e  su b cu tan eo u s  connective  
tissu e  n o r th e  m uscles show ed a n y  path o lo g ica l changes.

Light and electron microscopic histopathological examination. T he  s in u 
soids of th e  liver w ere m ark e d ly  d ila ted  in  som e p laces (F ig . 2) an d  serous 
e x u d a te  an d  gas h ad  accu m u la ted  in  th e ir  lum en  (F ig . 3). A ccu m u la tio n  o f 
serous ex u d a te  an d  gas in  th e  cy to p lasm  o f th e  neighb o u rin g  h ep a to cy te s  h ad  
led  to  s tru c tu ra l d is in teg ra tio n  o f tho se  cells, lysis o f m o st o f  th e ir  cell o rg an 
elles, an d  karyopycnosis (F ig . 4). L arge n u m b ers  o f ro d -sh ap ed  b a c te ria  7—10/1 
in  len g th  an d  1-2 /г in  w id th , b o u n d ed  b y  a w ell-defined  cell w all a n d  oc
casionally  show ing signs o f spore fo rm a tio n , were seen in  th e  in te rc e llu la r  spaces 
(F ig . 5). T he b ac te ria  h ad  cilia (F ig . 6) on  th e ir  cell w all. I n  th e  h y p eraem ic  
lungs, serous ex u d a te  h a d  a ccu m u la ted  in  th e  lu m en  o f som e o f th e  a ir  p a s 
sages (F ig. 7). Signs o f serous e x u d a tio n  w ere observed  also in  th e  P u rk in je ’s 
ganglion  cell lay e r of th e  cerebellum  (F ig . 8).

Bacteriological examination and inoculation o f experimental animals

T he p a th o g en  was successfully  iso la ted  from  th e  liv e r  u n d e r anaerob ic  
cond itions a t  37 °C b o th  in  T aro zz i’s liv e r  b ro th  w ith  gas fo rm a tio n  a n d  on 
b lood  agar. I t  lysed  red  b lood  cells on b lood  agar, show ed  m o tility  a n d  sp lit 
glucose, m altose  an d  lac tose  b u t  n o t saccharose an d  m a n n ito l in  sem i-solid  
m ed ium . T h e  b ac te riu m  w as u rease , indole , lec ith inase  a n d  lipase  n eg a tiv e  b u t  
p ositive  fo r aesculin  as well as g e la tin  hydro lysis.

G uinea-pigs and  ra b b its  in tra m u sc u la r ly  in o cu la ted  w ith  th e  hom ogenate  
o f  pa tho log ica lly  a lte red  goose liv e r an d  its  24-h cu ltu res  in  T aro zz i’s liv e r b ro th  
d ied  w ith in  24 h . A t th e  s ite  o f in jec tio n  th e  m uscles show ed  serosangu ineous 
in f il tra tio n  an d  con ta ined  gas b u b b les . T he p a th o g en  w as d em o n strab le  in  
im pression  sm ears m ade from  th e  p e rito n eu m  an d  m uscles show ing p a th o lo g 
ica l lesions.

Medication

O n th e  basis of its  m orpho log ical as well as b iochem ical p ro p ertie s  an d  
i ts  p a th o g en ic ity , th e  iso la te  w as id e n tif ie d  as Cl. septicum. In  vitro th e  iso la te  
w as sensitive  to  penicillin , e ry th ro m y c in , T e tran , fu razo lidone , L inco-S pectin  
a n d  Im equ il, m od era te ly  sen sitive  to  Sum etro lim , an d  re s is ta n t  to  neom ycin , 
o leandom ycin  and  p o ly m y x in  B.
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T re a tm e n t w ith  E rra -6  (an  o x y te tracy c lin e -co n ta in in g  m ed ica ted  p re 
m ix ) a n d  furazolidone 3 %  m ed ica ted  p rem ix  p re v e n te d  fu r th e r  disease cases 
a n d  d e a th s  in  a few d ay s.

D iscussion

I n  th e  case p re se n te d  in  th is  p ap e r, Cl. septicum  cau sed  m o rb id ity  an d  
m o r ta l i ty  in  a goose flo ck . N o such d a ta  h av e  been  re p o r te d  in  th e  special 
l i te r a tu r e  e ither in  H u n g a ry  or ab ro ad . I n  ea rlie r cases re p o r te d  from  b ro iler 
flo ck s (Saunders e t a l., 1965; H elfer e t a l., 1969), Cl. septicum  caused  a disease 
e n t i ty  m an ifesting  i ts e lf  as gangrenous d e rm a titis  in  w hich  th e  p ro b ab le  p o rts  
o f  e n try  were skin in ju rie s . H ofacre e t al. (1986) also re p o rte d  gangrenous 
d e rm a tit is  from  b ro iler ch ickens in fec ted  b y  Cl. septicum; how ever, th e y  d id  
n o t  observe skin in ju rie s  a n d  assum ed th a t  th e  p a th o g e n ’s p o r t  o f e n try  m u st 
h a v e  b een  th e  in te s tin a l m ucosa  th e  resis tan ce  o f w hich  h a d  been  im paired  by  
in fla m m a tio n . In  ou r case, to o , th e  p a th o g en s m ay  h av e  e n te re d  th e  organism  
th ro u g h  th e  in fla m m a to ry  in te s tin a l m ucosa. N am ely , th e  b ird s  exam ined  b y  
us h a d  no  lesions in  th e  sk in , su b cu tan eo u s co nnec tive  tissu e  a n d  m u scu la tu re , 
a n d  th e  pathological p ic tu re  was d o m in a ted  b y  h e p a tit is  accom pan ied  b y  
o ed em a, gas fo rm atio n  a n d  necrosis. A lso, i t  w as th e  liv e r  from  w hich th e  
p a th o g e n ic  bac te ria  cou ld  be  iso la ted . C linical m a n ife s ta tio n  o f  th e  disease m ay  
h a v e  been  fac ilita ted  b y  th e  im p aired  g enera l re s is tan ce  o f  th e  flock  w hich 
h a d  b een  affected  by  D erz sy ’s disease a t  2 -3  w eeks o f age a n d  b y  salm onellosis 
a t  4 -5  weeks of age.

T h e  applied  an tib io tic  (o x y te tracy clin e) an d  fu razo lidone t re a tm e n t p roved  
e ffec tiv e .
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STUDIES ON CANINE MAMMARY TUMOURS 
I. AGE, SEASONAL AND BREED DISTRIBUTION

H . B oldizsár1, O. Szenci2, T . Muray1 and J . Csenk i3

D epartm ent o f P h y sio lo g y , 20bstetr ics, and 30 u tp a tien t Clinic, University o f  Veterinary  
Science, H-1400 B udapest, P. 0 .  B ox  2, H ungary

(R eceived  June 17, 1991)

The incidence as well as age, seasonal and breed distribution of canine m am m ary  
tum ours (n =  521) were studied a t the Clinic o f O bstetrics and G ynaecology o f  the  
U n iversity  o f Veterinary Science, B udapest, betw een 1985 and 1989. In 39 cases o f 
m am m ary tum our, blood plasm a oestradiol (E 2) and progesterone (P) concentrations  
were also determ ined. Of all dogs referred to the clinics o f  the U niversity  in  1985, 
0.7%  had m am m ary tumour. On the average, 104 i  9.3 cases of m am m ary tum our  
were recorded at the Clinic o f O bstetrics per year. This num ber did not increase after 
the Chernobyl atom ic reactor catastrophe o f 1986. The age distribution o f  canine  
m am m ary tum our found in th is stu d y  shows good agreem ent w ith  earlier data o f  the  
literature: m am m ary tumour show ed the highest incidence in  10 years old dogs. The 
incidence o f m am m ary tum our k ep t increasing w ith  age until the 14th year o f  life  
(as expressed in per cent o f anim als o f identical age). The num ber of m am m ary tum ours 
was m arkedly higher in the spring (A pril-M ay) and autum n (Septem ber). This season
ality  w as dem onstrable in 11 to  16 years old bitches, too . On the basis o f the blood  
plasm a Е г and P  profiles, 61.5%  of the clinically anoestrous animals were found to  be 
cycling. The strikingly high ratio o f pulis am ong dogs w ith  m am m ary cancer w as sug
gestive o f a breed disposition.

Key words: Canine m am m ary tum our, dog, seasonal distribution, age, breed  
disposition

T h e h ig h  incidence of can ine m a m m a ry  tu m o u rs  in  th e  v e te r in a ry  p r a c 
tic e  shou ld  c e rta in ly  deserve m ore  a t te n tio n  th a n  i t  h as  received so fa r . B . 
K o v ács an d  S om ogyvári (1968) a n a ly z e d  th e  s ta t is t ic a l  d a ta  availab le  on  th e  
occu rrence  o f  neoplasm s in  d o m estic  an im als h o sp ita liz ed  a t  th e  C linic o f  
S u rg e ry , U n iv e rs ity  of V e te rin a ry  Science, B u d a p e s t, be tw een  1914 a n d  1964. 
T h e  overa ll incidence  o f tu m o rs  in  th e  p a tie n ts  ex am in ed  was 4 .5 % ; w ith in  
th is , th e  inc idence  o f  tu m o u rs  in  dogs w as fo u n d  to  be 9 .1 % . T he inc idence  o f 
m a m m a ry  tu m o u rs  in  dogs a t  th e  sam e clinic d u rin g  th e  su b seq u en t 10 y ea rs  
w as re p o r te d  b y  Szokolóczy (1974). W e found  th a t  9 .5 %  o f th e  dogs t r e a te d  
a t  th e  Clinic o f  O b ste trics in  1985 h a d  som e k in d  o f  tu m o u r.

O ur d a ta  show  th a t  in  th e  1980’s th e  incidence o f  can ine tu m o u rs  in  dogs 
t r e a te d  a t  th e  O u tp a tie n t Clinic o f  th e  U n iv e rs ity  o f  V e te rin a ry  Science w as 
a ro u n d  0 .4 % , w hich  is a lm ost tw ice  t h a t  re p o rte d  from  th e  U n ited  S ta te s  
(H a m ilto n  e t  a l., 1977). I t  is in te re s tin g  th a t  th e  inc idence  of h u m an  tu m o u rs  in  
H u n g a ry  is also  tw ice th a t  occu rring  in  th e  U . S. A. (E c k h a rd t, 1977). T h e  speci
al l i te ra tu re  u n an im ously  s ta te s  t h a t  m am m ary  tu m o u r  is th e  co m m o n est 
n eo p lastic  disease o f th e  dog (M oulton  e t a l., 1970).
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I n  H u n g ary , C senki a n d  T o ry  (1983) w ere th e  f irs t  w ho a tte m p te d  h o r
m one  th e ra p y  of m a m m a ry  tu m o u rs  in  e ld e rly  dogs. A lth o u g h  tu m o u r  cell 
s te ro id  horm one re c e p to r  a n d  p lasm a s te ro id  level d e te rm in a tio n s  w ere a lread y  
k n o w n  a t  th a t  tim e , n o  v e te r in a ry  s tu d y  h as  y e t  been u n d e r ta k e n  to  id en tify  
fa c to rs  th a t  m ay  in flu en ce  th e  success o f u sin g  horm one p re p a ra tio n s  for th e  
th e r a p y  o f  m am m ary  tu m o u rs .

T h e  significance o f  s tu d ies  on can ine  m am m ary  tu m o u r  is fu r th e r  in 
c rea sed  b y  its  su ita b ility  fo r  use as a m odel in  s tu d y in g  th e  ae tio logy , p a th o 
genesis a n d  th e ra p y  o f  h u m a n  m am m ary  ca rc in o m a. This is re n d e re d  possible 
b y  s im ila ritie s  in  b io logical p ro p erties , sp o n tan eo u s  occurrence, age an d  h o r
m o n a l dependence, p a th o g en esis  and , la s t  b u t  n o t least, sex u a l s te ro id  ch a r
a c te r is tic s , as well as para lle lism s reg a rd in g  th e  use of o ra l co n tracep tiv es . 
H o w ev e r, th e re  are  s ig n if ic a n t d ifferences b e tw een  th e  m a m m a ry  tu m o u rs  of 
dogs a n d  hum ans. T hese differences m ay  be d u e  p rim arily  to  th e  fa c t th a t  dogs 
u su a lly  com e in to  o es tru s  tw ice  a y e a r w hile w om en have 2 8 -d ay  cycles.

I n  th is  w ork, p re v io u s ly  n o t s tu d ied  asp ec ts  of canine m a m m a ry  tu m o u r 
in c id en ce  an d  its  d is tr ib u tio n  b y  age, season  a n d  b reed  were in v e s tig a te d , w ith  
sp ec ia l resp ec t to  th e  s ta g e  o f cycle d e te rm in ed  from  th e  sex u a l s te ro id  h o r
m o n e  co n cen tra tio n s o f th e  blood p lasm a.

M aterials and  m ethods

T h e  p a tie n t m a te r ia l used  in  th is  s tu d y  w as co n stitu ted  b y  a ll tu m o u ro u s 
dogs tr e a te d  a t th e  Clinic o f  O bste trics b e tw een  1985 and  1989 e ith e r  as o u td o o r 
or as h o sp ita lized  p a tie n ts  (n  == 521). T h e  age of th e  an im als w as betw een  4 
a n d  13 years. F u rth e rm o re , we co m p ared  th e  n u m b er of all can ine  p a tie n ts  
(n  =  26,202) tre a te d  a t  th e  clinics o f th e  U n iv e rs ity  of V e te rin a ry  Science in  
1985 w ith  th a t  of dogs a ffec ted  w ith  m a m m a ry  tu m o u rs  (n  =  188) in  th e  
sam e y ea r.

R esu lts  of th e  h isto log ica l ex am in a tio n  o f  m am m ary  tissu e  sam ples are 
re p o r te d  in  th e  acco m p an y in g  p ap er (B o ld izsár e t al., 1992). I n  39 cases, th e  
1 7 ß -o estrad io l (E 2) a n d  p rogeste rone  (P) co n cen tra tio n s  of th e  b lood  p lasm a 
w ere a lso  de term ined  b y  rad io im m u n o assay  (A braham  e t a l., 1971; M ikhail 
e t a l., 1970) a t  th e  tim e  o f th e  opera tion , in  m o st cases a t  9 a. m . P  was ex 
t r a c te d  w ith  pe tro leum  e th e r  while E 2 w ith  d ie th y l e ther. T he ra d io a c tiv ity  of 
sam p les  labelled  w ith  3H  w as m easured  b y  a liq u id  sc in tilla tio n  m eth o d .

O n th e  basis o f th e  17ß-oestrad io l an d  p rogesterone  co n cen tra tio n s  of th e  
b lo o d  p lasm a, th e  dogs w ere  assigned to  d iffe ren t phases of th e  cycle. T he lim it 
fo r a n o e s tru s  was 18 p g /m l a n d  10 ng/m l fo r E 2 a n d  P , respective ly .
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R esults

The d a ta  p re sen ted  in  T ab le  1 show  th a t  0 .7 %  o f all dogs tre a te d  a t  th e  
clinics of th e  U n iv e rs ity  o f V e te rin a ry  Science in  1985 h a d  m am m ary  tu m o u rs .

T he b reed , age a n d  seasonal (m o n th ) d is tr ib u tio n  o f dogs t r e a te d  fo r 
m am m ary  tu m o u r  a t  th e  Clinic of O b ste tric s  be tw een  1985 an d  1989 w as 
d e te rm in ed . D u rin g  th a t  period , a to ta l  o f 521 dogs (104 ^  9 .3 /year) w ere 
t re a te d  fo r m a m m a ry  tu m o u r  a t  th e  clinic. O f th e m , 348 w ere pedigree dogs. 
N o s ign ifican t d ifferences w ere found  in  m a m m a ry  tu m o u r  incidence by  y ea r. T h e  
n u m b e r o f cases w as n o t s ig n ifican tly  h ig h er in  th e  y e a r  o f th e  C hernobyl 
n u c lea r  re a c to r  c a ta s tro p h e  (1986): in  t h a t  y e a r  103 dogs w ere t re a te d  fo r 
m am m ary  tu m o u r  a t  th e  clinic (Table 2). F o r com parison , th e  tab le  gives th e  
h u m a n  m o rta litie s  caused  b y  m am m ary  carc inom a in  th e  period  of s tu d y  
(H u n g a rian  A nnals o f S ta tis tic s , 1985-1989).

Table 1

The total numbers o f canine patients and those of dogs treated for mammary tumour at the  
clinics o f the U niversity of Veterinary Science in  1985

Clinic
T o ta l n u m b er  o f 

can ine  p a tie n ts
P a t ie n ts  w ith  

m a m m a ry  tu m o u r

Clinic o f Veterinary
Medicine 8,386 14

Clinic o f Surgery 7,376 25
Clinic o f Obstetrics 1,197 114
O utpatient Clinic 9,243 35

Total: 26,202 188
(100% ) (0.7% )

Table 2

Incidence of canine m am m ary tum ours and m ortalities from  hum an breast cancer in the years
1985 through 1989

Species
Y ears

1985 1986 1987 1988 1989

Cases o f canine m am m ary tumour* 114 103 96 94 114
Mortalities

from human breast cancer** 1,999 2,015 2,119 2,021 2,112

* at the Clinic o f Obstetrics, U niversity of Veterinary Science; 
** data from the Hungarian Annals o f Statistics (1985-1989)
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Fig. 1. Age distribution of canine m am m ary tum ours (n =  521) in  a 5-year period, in  %

T he age d is tr ib u tio n  of can ine m a m m a ry  tu m o u r p a tie n ts  t r e a te d  a t  th e  
C linic o f O bste trics is show n in  F ig . 1. T he n u m b e r of cases s ta r ts  to  rise  s teep ly  
fro m  8 years of age, reaches th e  p eak  a t  th e  age of 10 y ea rs , a n d  a m a rk e d  
decrease  occurs only from  13 years  of age onw ard .

T h e  age d is tr ib u tio n  found  b y  us w as com pared  w ith  th e  s ta tis t ic a l  d a ta  
o f  Szokolóczy (1974) re la tin g  to  can ine m am m ary  tu m o u r incidence in  a ten - 
y e a r  perio d  and  w ith  th e  d a ta  of B . K o v ács an d  Som ogyvári (1968) on overall 
tu m o u r  incidence in  dom estic  an im als (F ig . 2). O ur d a ta  show  good ag reem en t 
w ith  th o se  of Szokolóczy (1974) b u t, as w as expected , d iffer from  age d is tr i
b u tio n  d a ta  of tu m o u rs  in  all animals t r e a te d  a t  th e  u n iv e rs ity  clinics (B . K ovács 
a n d  Som ogyvári, 1968). T he m ode o f th e  curve describ ing  o vera ll tu m o u r  
in c id en ce  in  dom estic an im als is sh ifted  fo rw ards an d  tu m o u r  incidence a t  an  
e a r ly  age is high.

I f  th e  ra tio  of tu m o u r  p a tie n ts  is expressed  as p er cen t of all dogs tre a te d  
a t  th e  Clinic of O b ste trics d u ring  a p e rio d  of 5 years (F ig . 3), i t  ap p ears  th a t  
th e  n u m b e r of disease cases s trik in g ly  rises a fte r  th e  5 th  y e a r  o f life, con tin u es 
to  increase  u n til 14 years  o f age an d  on ly  th e n  does i t  s ta r t  to  decline rap id ly .

T he seasonal d is tr ib u tio n  of dogs w ith  suspected  m am m ary  tu m o u r  (n =  
=  521) was ch a rac te ris tic . Two peaks w ere observed: one in  th e  sp ring , in  
A p ril (or M ay) an d  a n o th e r  in  th e  a u tu m n , in  S ep tem ber (F ig . 4). Dogs o lder 
th a n  9 years  show ed a m ino r peak  of m a m m a ry  tu m o u r incidence in  N ovem ber.
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Fig. 2. Tum our incidence (% ) in  dom estic anim als according to B . K ovács and Som ogyvár1 
(1968) and incidence of canine m am m ary tum ours (% ) as found b y  Szokolóczy (1974) and in  
our study, as a function of age [ •  =  incidence of canine m am m ary tum ours at the Clinic of 
Obstetrics in the years 1985 through 1989 (our own results); О =  incidence of canine m am m ary  
tum ours at the Clinic o f Surgery between 1964 and 1974 (Szokolóczy, 1974); x  =  overall 
incidence o f tum ours in  dom estic anim als at the Clinic o f Surgery betw een 1914 and 1964 

(B . K ovács and Som ogyvári, 1968)]

S tu d y in g  th e  p a tie n t  m a te ria l b y  age, i t  can  be  estab lish ed  th a t  th e  
ab ove-m en tioned  tw o  seasonal peaks in  m am m ary  tu m o u r  incidence are  con
s is ten tly  d em o n strab le  in  dogs m ore th a n  6 years o ld  (F ig . 5a an d  5b). T hese 
tw o  peaks w ere d e te c ta b le  also in  11-16  years old, sex u a lly  in ac tiv e  b itches 
(F ig . 5c), especially  in  th o se  aged 14-15 years. T h e  seasona l d is tr ib u tio n  of 
can ine m am m a ry  tu m o u rs  w as s tu d ied  in  1986, th e  y e a r  o f  th e  C hernobyl ca 
ta s tro p h e , an d  in  th e  su b se q u e n t years. T he seasonal d is tr ib u tio n  curve o b ta in 
ed for a p a tie n t  m a te ria l th e  average  age o f w hich was 10 y ea rs  d id  n o t m ark ed ly  
differ from  th a t  found  fo r dogs of sim ilar age in  o th e r y ea rs .

T he b reed  d is r ib u tio n  o f dogs t r e a te d  for m a m m a ry  tu m o u r  a t  th e  Clinic 
o f O b ste trics  in  th e  perio d  o f s tu d y  is p resen ted  in  T ab le  3. T he percen tile  p ro 
p o rtio n  o f th e  d ifferen t b reed s in  th e  p a tie n t m a te ria l a n d  th e  p ercen tage  of 
dogs ped ig reed  in  B u d a p e s t w ith in  th e  in d iv id u a l b reeds a re  also given. (P ra c 
tica lly  all dogs tre a te d  a t  th e  Clinic o f O bste trics com e fro m  B u d ap est). W hen  
com paring  th e  num bers o f tu m o u ro u s  dogs w ith  th o se  o f all dogs tre a te d , i t  is 
s trik in g  to  n o te  th a t  c e r ta in  dogs of large body  size (kom ondor, N ew found-
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Fig. 3. Incidence of m am m ary tum our (% ) am ong canine patients treated  at the Clinic of
O bstetrics (n =  521)

la n d ) an d  te rrie rs  o f sm all or m ed ium  b o d y  size show  sig n ifican tly  (by  an  o rder 
o f  m agn itude) low er inc idence  o f tu m o u rs  th a n  th e  puli, a dog  o f  sm all body  size. 
T h e  follow ing b reeds show ed a b reed  d isposition  for m a m m a ry  tu m o u r (as 
ev id en ced  b y  th e ir  h ig h e r p ercen tag e  am ong  dogs w ith  m a m m a ry  tu m o u r th a n  
am o n g  all dogs t re a te d ) , in  d ecreasing  o rd er o f m am m ary  tu m o u r  inc idence: 
p u li, se tte rs , poodle, d ach sh u n d , fox  te rr ie r . T hese re su lts  show  th a t ,  besides 
b reed s  rep o rted  to  be  d isposed  to  m am m ary  tu m o u r (H ein en , 1976), th e  puli 
is also  h ighly  su scep tib le  to  th e  disease.

I n  39 dogs ra n d o m ly  selected  from  am ong  th e  521 p a tie n ts  (average age: 
9 (4 -13) years), b lo o d  p lasm a  17ß-oestrad io l an d  p ro g este ro n e  co ncen tra tions 
w ere  d e te rm ined  a t  th e  tim e  o f th e  su rg ica l rem oval of m a m m a ry  tu m o u r.

A t th e  tim e  of th e  o p era tio n , th e  E ,  co n cen tra tio n  o f th e  b lood  p lasm a 
ra n g e d  betw een 1.1 an d  84.4 pg /m l an d  its  P  c o n cen tra tio n  w as betw een  1.5 
a n d  36.7 ng/m l. T h e  m a jo r ity  o f th e  dogs seem ed to  be an o estro u s  a t  th e  tim e  
o f th e  clinical e x a m in a tio n . B lood p lasm a  sexual ste ro id  h o rm o n e  concentra-
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Months
Fig. 4. Seasonal d istribution of canine m am m ary tum ours (n =  521) at different ages in  the

years 1985 through 1989

tio n s , how ever, in d ic a te d  th a t  on ly  15 dogs (35% ) w ere a c tu a lly  anoestrous; 
th e  ream in in g  an im als  could be assigned  to  d ifferen t stages o f th e  cycle (6 dogs: 
p ro o estru s ; 8 dogs: oestru s; 10 dogs: m etoestru s) on th e  basis o f th e  k n o w n  
h o rm o n a l re la tio n sh ip s  (Table 4).

D iscussion

T h e  e v a lu a tio n  of v e te rin a ry  s ta tis tic s  concern ing  dogs w ith  m am m ary  
tu m o u r  is h am p ered  b y  several fa c to rs : e.g. th e  course o f disease is a lm o st 
im possib le  to  m o n ito r , th e  files a n d  pedigree records are o ften  incom plete , th e  
id e n tif ic a tio n  of b reed s is d ifficu lt as th e ir  nam es v a ry  b y  c o u n try , th e  b ir th  a n d  
m o r ta l i ty  records are  unreliab le , th e  liv ing  cond itions o f b a s ta rd  an im als are  
h ig h ly  varied , e tc .

I n  th e  p a s t, a ty p ic a l sh o rtco m in g  of v e te r in a ry  clin ical s ta tis tic s  w as 
t h a t  th e y  o ften  fa iled  to  classify tu m o u rs  b y  th e ir  s tage  (M isdorp and  H a r t ,  
1990). D ue to  th is  deficiency, th e  m o rta li ty  ra te  caused  in  carn ivores b y  n eo 
p la s tic  diseases c a n n o t he d e te rm in ed  accu ra te ly . T hese shortcom ings o f th e  
s ta tis t ic s  do n o t a l te r  th e  fac t th a t  w orks dealing  w ith  th is  sub jec t deserve
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8 2 B O L D IZ S Á R  e t  al.

Table 3
B reed distribution of dogs w ith  mammary tum our and of all canine patients treated at the Clinic 
o f  Obstetrics in the years 1985 through 1989, and the percentage o f pedigreed dogs within the

individual breeds*

B re e d
D ogs w ith  
m a m m a ry  
tu m o u r , %

A ll canine 
p a tie n ts , %

P ed ig reed  
d ogs, %

Greyhound 0.8 0.9 6.6
Boxer 2.3 2.4 1.6
Dobermann 1.8 2.9 5.8
Dog 1.5 2.6 3.7
Fox terriers 2.5 2.1 2.1
Komondor 0.3 1.5 2.1
Kuvasz 2.5 2.9 14.0
Foxhound 1.0 3.7 0.8
German shepherd 31.2 27.5 14.1
Puli 11.3 4.2 5.1
Pointer 0.3 0.4 6.7
Pinscher 1.8 6.6 5.7
Schnauzer 1.5 4.4 6.8
Spaniel 4.8 5.4 6.6
Setters 4.0 2.8 3.2
Dachshund 19.1 15.5 3.3
Terrier 0.5 2.5 4.2
Newfoundland 0.3 1.5 2.4
Poodle 7.8 6.0 4.4
Retriever 5.8 4.1 7.0

Total: 100.0 100.0 100.0
(n =  398) (n =  5.164) (n =  38.212)

* Pedigree data supplied by the Hungarian Association of Dog Breeders (1989)

Table 4
A ssignm ent of dogs (n =  39) to  individual stages o f the cycle on the basis o f blood plasma E 2

and P  concentrations (x  vz SD)*

Stage o f cycle
N u m b e r  (an d  % ) 

o f  an im als

H o rm o n e  co n cen tratio n  o f th e  b lo o d  p lasm a

E* (pg/m l) P  (ng/m l)

Anoestms 15 low low
(38.5) 7.4 ±  6.2 4.7 ±  2.9

Prooestrus 6 high (rising) low
(15.4) 60.3 ±  51.3 2.7 ±  1.3

Oestrus 8 high (declining) high (rising)
(20.5) 42.2 ±  20.5 21.0 ±  8.6

Metoestrus 10 low high (declining)
(25.6) 7.7 ±  4.9 20.2 ±  6.0

* criteria of classification: E 2 higher or lower than 18 pg/ml, P  higher or lower than 10 ng/ml
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Fig. 5. Seasonal distribution o f canine m am m ary tum ours (n =  521) in  different age groups 
in the years 1985 through 1989. a)  1-5 years old dogs (n =  50); b)  6 -1 0  years old dogs (n =  

=  282); c)  11-16 years old dogs (n =  189)

a tte n tio n  as th e y  su p p ly  baseline d a ta  on  th e  one h a n d  an d  call a tte n tio n  to  
ce rta in  co rre la tio n s on  th e  o ther.

T he d a ta  av a ilab le  on dogs p resen ted  a t  th e  clinics o f th e  U n iv ersity  o f 
V e te rin a ry  Science o f  B u d ap est in  1985 give in fo rm atio n , w ith  ce rta in  lim ita 
tio n s, on th e  p rev a len ce  of canine m a m m a ry  tu m o u r  in  H u n g a ry  (Table 1). 
A t th a t  tim e  0 .7 %  o f all canine p a tie n ts  h a d  m am m ary  tu m o u r. As an im als 
suspec ted  to  h av e  m a m m a ry  tu m o u r are  u su a lly  sen t to  th e  Clinic of O bste 
tr ic s , th e re  9 .5 %  o f a ll can ine p a tie n ts  w ere fo u n d  to  have  m am m a ry  tu m o u r.

A ccord ing  to  B . K ovács an d  S om ogyvári (1968), 9 .1%  o f th e  m ore th a n  
30 th o u sa n d  dogs tr e a te d  a t  Clinic of S u rg ery  o f  th e  U n iv e rs ity  of V ete rin a ry  
Science b e tw een  1914 an d  1964 h ad  tu m o u rs . Inc idences as h igh  as 16 .3%
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Fig. 6. M onthly distribution o f canine m am m ary tum ours in 1986 and 1987 (average age of
patients: 10 years)

h a v e  also been re p o rte d  in  th e  v e te r in a ry  lite ra tu re  (L echner, 1958). B . K ovács 
a n d  Som ogyvári (1968) rep o rted  t h a t  w ith in  all tu m o u ro u s  dogs th e  ra t io  of 
fem ales was 38.7% . M am m ary  cancer c o n s titu te d  13 .9%  of all can ine  tu m o u rs . 
Ü b e rre ite r  (1960) a n d  L echner (1958) fo u n d  m am m ary  tu m o u rs  in  35 .3%  an d  
4 0 % , respective ly , o f th e  dogs ex am in ed .

I t  is an  e s tab lish ed  fac t th a t  th e  r isk  of tu m o u r fo rm atio n  u su a lly  in 
creases w ith  age (S a lu ja  e t  al., 1974). S im ila rly  to  h u m an s, m am m ary  tu m o u r  
u su a lly  develops a t  a n  o ld  age in  th e  dog , to o : its  incidence ra te  increases a fte r  
th e  6 th  y ea r of life (D o rn  e t al., 1968). A ccord ing  to  D ie tzm an n  (1960), th e  p eak  
o f m am m a ry  tu m o u r incidence occurs a t  th e  age of 10 years. O th e r a u th o rs  
su g g est a som ew hat y o u n g er age fo r  th a t  (L echner, 1958). T he m ax im u m  
in c id en ce  of all can ine  tu m o u rs  is d em o n strab le  a ro u n d  th e  age of 8 y ea rs  (B . 
K o v ács  an d  S om ogyvári, 1968). O ur s ta tis tic s  m ade a t  th e  Clinic of O b ste tric s  
in  th e  years 1985 th ro u g h  1989 in d ic a te  th a t  th e  h ig h est incidence o f can ine  
m a m m a ry  tu m o u r occu rs in  10-year-o ld  dogs, a lth o u g h  th e  h ig h est re la tiv e  
f re q u e n c y  w ith  re sp ec t to  fem ale can in e  p a tie n ts  o f th e  sam e age w as fo u n d  
in  th e  15th  year of life.

T he age d is tr ib u tio n  of all tu m o u r  cases as g iven  b y  B. K ovács an d  
S o m o g y v ári (1968) d iffers  from  th a t  fo u n d  b y  Szokolóczy (1974) an d  b y  us fo r 
can in e  m am m ary  tu m o u rs  (Fig. 2). T h e  m ode of th e  cu rve  d ep ic ting  o vera ll 
tu m o u r  incidence in  dom estic  an im als  is sh ifted  fo rw ards b y  2 -2 .5  y ea rs  an d  
a  h ig h  n u m b er of tu m o u r  cases o ccu r in  anim als y o u n g e r th a n  3 y ea rs . T his 
d ifference can be a t t r ib u te d  to  ben ign  tu m o u rs  of v ira l origin, p rim a rily  p a p il
lo m as (skin  lesions) or, possibly, leucosis com plexes w hich  fre q u e n tly  occu r in  
y o u n g  anim als (T am ás, 1986).
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In  h u m an s, th e  size of m am m a ry  tu m o u r  is know n to  co rre la te  w ith  th e  
sexual cycle (E c k h a rd t, 1977). T h e  seasonal peaks co n sis ten tly  found  in  th e  
n u m b e r o f can ine  m am m ary  tu m o u rs  d u rin g  th e  sp ring  an d  th e  a u tu m n  cycle 
in  th e  f iv e -y e a r period  of s tu d y  m ay  be acco u n ted  fo r b y  th e  sam e p h en o m e
no n . A lth o u g h  th e  tim e  th e  an im al is p re sen ted  a t  th e  clinic does n o t n ecessarily  
coincide w ith  th e  in c ip ien t s tage  o f th e  disease, th e  above d a ta  in d ic a te  th a t  
in  th e  “ p e a k  p e rio d s”  th e  tu m o u rs  grew  an d  a t tra c te d  th e  ow ners’ a tte n tio n .

I n  10- to  13-year-old  dogs th e  n u m b e r of tu m o u r  cases show ed a  p ro 
no u n ced  rise a t  th e  tim e  of th e  tw o  oestruses occurring  d u rin g  a y ea r. B ased  
u p o n  th e  ho rm one  levels m easu red , old dogs w hich ap p ea red  sexually  in a c tiv e  
could  n o t  be considered  to  be in  a s ta te  o f sexual re s t, a lth o u g h  th e y  c o rre sp o n d 
ed to  5 6 -6 8  y ea rs  old w om en as show n b y  co m p ara tiv e  s tud ies (L ebeau , 1953). 
T h is is c o n s is ten t w ith  th e  find ings o f  A ngeli e t al. (1989) w ho d e m o n s tra te d  
th a t  o estrogen  recep to r (E R ) c o n c e n tra tio n  show ed a c ircannua l rh y th m , w ith  
a sp rin g  ac ro p h ase , in  a p o st-m en o p au sa l h u m an  p a tie n t betw een  1982 an d  
1988. N o c ircan n u a l rh y th m  w as d em o n strab le  in  th e  progesterone  re c e p to r  
(P R ) c o n cen tra tio n .

T h e  b lood  p lasm a horm one levels m easu red  by  us are  in  good ag reem en t 
w ith  th o se  p u b lish ed  in  th e  l i te ra tu re  (C oncannon, 1986) fo r E 2 (5-100  pg/m l) 
an d  P  (1 -85  ng /m l). As blood sex u a l s te ro id  levels depend  on th e  s tag e  of 
cycle, P  v a rie s  be tw een  ra th e r  w ide ranges (W ith row  an d  Susaneck , 1986). I t  is 
to  he h o p ed  th a t  in  th e  fu tu re  th e  know ledge o f th e  ho rm o n al s ta tu s  o f an im als  
d u rin g  d iffe ren t stages of th e  cycle w ill allow  m ore successful c o m p a ra tiv e  
s tu d ies  on  tu m o u r  fo rm atio n , d ev e lo p m en t an d  th e ra p y  in  an im als an d  h u m an s. 
F u r th e r  s tu d ies  are  needed in  th is  fie ld , as th e  d ioestrous n a tu re  o f dogs re 
s tr ic ts  th e ir  use as m odel an im als in  th e  research  of m am m ary  tu m o u r th e ra p y  
in  h u m an s.

T h e  differences found  in  th e  pe rcen tile  p ro p o rtio n  of in d iv id u a l b reeds 
w ith in  all can ine  p a tie n ts  an d  w ith in  th o se  w ith  tu m o u r  call a tte n tio n  to  p os
sible b reed  d ispositions. P u reb red  an im als  are  know n to  show  a h igher incidence 
o f tu m o u rs  (D o rn  e t a l., 1968). E . g. in  boxers and  te rr ie rs  m esenchym al t u 
m ours, m a in ly  m asto cy to m as, w ere re p o rte d  to  be m ore freq u en t (T am ás, 
1986). T h e  ex istence  o f such differences is in d ica ted  b y  th e  fa c t t h a t  th e  fox  
te rr ie rs  s tu d ie d  b y  M ialot (1982) in  low  n u m b ers  were oestrogen  and  p ro g e s te r
one re c e p to r  n eg a tiv e  w hereas th e  box ers  recep to r positive . O ur o b se rv a tio n s  
su p p o rt th e  d a ta  availab le  in  th e  l i te ra tu re  (H einen , 1976) an d  co m p lem en t 
th e m  w ith  new  find ings, e.g. th e  h ig h  su scep tib ility  o f pulis to  m a m m a ry  
tu m o u r . T he in tro d u c tio n  of reg u la r  screen ing  te s ts  o f th e  H u n g a rian  p u lis  fo r 
m a m m a ry  tu m o u r  is w o rth  considering .

T h e  re su lts  ach ieved  in  th e  d e m o n s tra tio n  of h u m a n  sexual s te ro id  r e 
cep to rs  h av e  been  in su ffic ien tly  u tiliz e d  in  th e  v e te rin a ry  p rac tice  (S an d e rs 
leben , 1968), th o u g h  dogs show  a re c e p to r  p o s itiv ity  w hich  rough ly  equals th a t
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o f  h u m an s (B old izsár e t a l., 1991). T his in su ffic iency  is due to  th e  fa c t th a t  
re c e p to r  d e te rm in a tio n  is n o t easily  accessible y e t an d  th e  effect o f an tio estro - 
g en ic  drugs has n o t b een  s tu d ied  in  dogs. T herefo re , in  h a rm o n y  w ith  th e  
H u n g a r ia n  and  in te rn a tio n a l p rac tice , th e  su rg ica l rem oval of can ine m am m ary  
tu m o u rs  is ab so lu te ly  ju s tif ie d . A ny  d elay  w ith  th e  surg ical in te rv e n tio n  m ay  
re s u l t  in  m e ta s ta s is  o r m ak es th e  tu m o u r  in o p e rab le  (W ith row  an d  Susaneck , 
1986). The ab o v e-m en tio n ed  resu lts  o f th e  d iffe ren t th e ra p e u tic  app roaches 
ju s t i f y  th e  effo rt to  pe rfo rm , w hen  needed  (e.g. in  th e  case o f va lu ab le  breed ing  
an im als), ho rm one re c e p to r  d e te rm in a tio n , h isto log ical ex am in a tio n  an d  th e  
b e s t  co n serv a tiv e  tr e a tm e n t  selec ted  on th e  basis  o f th e  form er.
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STUDIES ON CANINE MAMMARY TUMOURS 
II. OESTRADIOL AND PROGESTERONE RECEPTOR 

BINDING CAPACITY AND HISTOLOGICAL TYPE

H . B oldizsár1, T . Muray1, I . Számel2, 0 .  Szenci3 and J .  Cse n k i4

D epartm ent of P h y s io lo g y , 3Obstetrics and ‘O utpatient Clinic, U n iversity  o f V eterinary  
Science, H -1400 B udapest, P . O. B ox 2, H ungary;

2N ational Institu te o f O ncology, Budapest, H ungary

(R eceived Septem ber 5, 1991)

Tissue sam ples taken from  th e  m am m ary gland of 42 dogs (age: 6 to  12 years) 
■were exam ined. T hirty-eight sam ples show ed neoplasia: 36 were epithelial while the  
rem aining 2 proved to be connective tissue tumours. Thirty-four % of the neoplasm s 
were new benign tum ours (m ost frequently adenom a and fibroadenom a) and 66%  were 
m alignant ones (m ainly adenocarcinom a). The oestrogen receptor (E R ) and progesterone 
receptor (P R ) binding capacity w as determ ined on 21 tissue sam ples using the m ethod  
o f  EORTC (1980). The connective tissue tum ours and non-tum ourous tissues contained  
no sexual steroid receptor. 71.4%  of all tissue samples contained receptors. 61.9%  of 
the samples was E R +, 42.8%  w as P R + , 33.3%  contained both receptors, 28.6%  was 
only E R + and 9.5%  only P R + . The average E R  and PR  binding capacity was 120.3 
(5 .0-622.8) and 266.7 (92.3—475.0) fm ol/m g cytosol protein, ’respectively . No difference 
in  receptor p ositiv ity  was dem onstrable betw een the benign and the m alignant tum ours. 
P R  negativ ity  accom panied by E R  p o sitiv ity  was more com m on in  the case o f benign  
tum ours. E R  binding capacity tended to  be correlated w ith age: th is correlation could  
be described w ith  a hyperboloid regression curve (r =  —0.5931; 0.06 >  p >  0.05).

Key words: Dog, m am m ary tum our, blood plasma 17/3-oestradiol, progesterone, 
steroid receptors
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M am m ary  tu m o u r  is th e  co m m o n est neop lastic  d isease o f dogs. A c
co rd in g  to  M oulton e t al. (1970) a n d  S c h la tte re r  and  W iegner (1980), tu m o u r  
g ro w th  is oestrogen  d ep en d en t a lre a d y  a t  a cy toso l p ro te in  re c e p to r  c a p a c ity  
o f  3 fm ol/m g or m ore.

T h e  s tu d y  of oestrogen  recep to rs  (E R ) occurring  in  can in e  m am m a ry  
tu m o u rs  was s ta r te d  in  th e  m id -seven ties. T h is was la te r  fo llow ed b y  in v e s ti
g a tio n s  in to  th e  p rogesterone  recep to rs  (P R ). More recen tly , s tu d ies  on a n d ro 
gen  recep to rs  h av e  been  in it ia te d  (D ’A rville  an d  P ie rrep o in t, 1979; E lling  an d  
S ta im e r, 1981; E llin g  an d  U ngem ach , 1981 ,1983 ; E v an s a n d  P ie rre p o in t, 1975; 
H a m ilto n  e t al., 1977; M cEw en e t a l., 1982;M ialo t e t al., 1982a, b ;M onson  e t  a l., 
1977; S c h la tte re r  a n d  W iegner, 1980).

R ecen t d a ta  o f th e  li te ra tu re  suggest th a t  E R  and  P R  b in d in g  c a p ac ity  
d ep en d s  on th e  p lasm a  ste ro id  level an d , in d irec tly , also on  th e  cycle (C aselitz, 
1984; G eliy an d  P asq u a lin i, 1986; Szám el e t a l., 1983). T h e  a im  of th is  w ork  
w as to  de te rm ine  th e  E R  an d  P R  b in d in g  cap ac ity  of th e  tu m o u r  tissu e  a n d  th e  
h isto lo g ica l ty p e  o f th e  tu m o u rs . F u rth e rm o re , we looked fo r co rre la tio n s, if  
a n y , b e tw een  tu m o u r  incidence a n d  th e  above pa ram ete rs .
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Materials and methods

F o r  h isto logical e x a m in a tio n  th e  sam ples w ere f ix e d  in  form alin , em b ed 
ded  in  p a ra ff in  and  s ta in e d  w ith  h aem a to x y lin  and  eosin. T h e  tissues were clas
sified  accord ing  to  B u lle tin  50 of th e  W H O  (H am p e  an d M isd o rp , 1974). T he dogs 
u sed  in  th e  s tu d y  (n  =  42) belonged to  d iffe ren t b reed s a n d  th e ir  age w as 
b e tw een  6 and  12 y ea rs  (average  age: 8.5 years).

R ecep to r b in d in g  c a p a c ity  was d e te rm in ed  b y  th e  s tan d a rd ized  m eth o d  
o f th e  EO R T C  (1980), u s in g  tissue  sam ples (n  =  21) p u lverized  a t  — 196 °C 
te m p e ra tu re . The sam ples w ere hom ogenized  in  T R IS -E D T A  buffer c o n ta in 
ing  10 %  glycerol (p H  7.4) an d  th e  cy toso l fra c tio n  w as sep a ra ted  b y  u l t r a 
c e n tr ifu g a tio n  (100,000 g, 2 °C, 1 h). T h e  cy toso l w as in c u b a te d  w ith  3H -17ß- 
o e s trad io l or 3H -O R G -2058 (a sy n th e tic  gestagen) a t  2 °C fo r 18 h . A 1000-fold 
excess o f  d ie th y ls tilb o es tro l or non labelled  O R G -2058 w as used  as in h ib ito r. 
T h e  free  an d  th e  re c e p to r-b o u n d  labelled  ligands w ere s e p a ra te d  b y  a d e x tra n - 
c o a te d  carb o n  (DCC) te c h n iq u e . 3H  a c tiv ity  w as m easu red  w ith  a liqu id  sc in 
t i l la tio n  in s tru m e n t. T h e  n u m b e r o f specific re c e p to r b in d in g  sites was e v a lu a t
ed  b y  S ca tch a rd ’s an a ly s is  (1949). F ive  a n d  10 fm ol/m g  cy toso l p ro te in  was 
ta k e n  as th e  lim it v a lu e  o f  E R  a n d  P R  b in d in g  c a p a c ity , respective ly . T he 
p ro te in  co n te n t of th e  cy to so l was d e te rm in ed  acco rd ing  to  L ow ry  e t al. (1951).

T h e  m eans, s ta n d a rd  dev ia tions a n d  ex trem e  v a lu es  o f th e  resu lts  w ere 
g iven . T h e  m eans w ere co m p ared  b y  S tu d e n t’s tw o -ta ile d  t te s t .  T he co rre la tion  
o f  re c e p to r  b ind ing  c a p a c ity  w ith  age w as s tu d ied  b y  ca lcu la tin g  hyperbo lic  
reg ression .

R esults

T h irty -e ig h t o u t o f  th e  42 tissue  sam ples su b je c te d  to  h istopatho log ica l 
e x a m in a tio n  p roved  to  be  tu m o u ro u s: 34 .2%  w ere b en ig n  and  65.8%  w ere 
m a lig n a n t tu m o u rs . T h e  com m onest m a lig n an t tu m o u r  w as adenocarcinom a, 
w hile o f th e  ben ign  tu m o u rs  adenom a an d  f ib ro a d e n o m a  occurred  m ost fre 
q u e n tly  (Table 1).

T u m o u rs  of e p ith e lia l origin occurred  in  th e  la rg e s t n u m b er (in 36 cases). 
Tw o sam ples tu rn e d  o u t to  be connective tissu e  tu m o u rs , w hile th e  rem ain ing  
4 d id  n o t  prove to  be neo p lastic .

I n  th e  second p a r t  o f  th e  w ork  th e  oestrogen  a n d  progesterone  recep to r 
s ta tu s  o f th e  tu m o u r tissu es  was exam ined . T he co n n ec tiv e  tissue  tu m o u rs  an d  
n o n -tu m o u ro u s  tissues d id  n o t co n ta in  s te ro id  ho rm one  recep to rs . 28 .6%  of th e  
sam ples con ta ined  o n ly  E R , 9 .5%  only  P R , while 3 3 .3%  con ta ined  b o th  re 
cep to rs . C onsequently , 61 .9%  of th e  sam ples w as E R +, 42 .8%  was P R  + , an d  
7 1 .4%  co n ta in ed  e ith e r  E R  or P R . T he average  E R  a n d  P R  b ind ing  cap ac ity  
w as 120.7 (5.0-622.8) a n d  266.7 (92.3-475.0) fm ol/m g cy to so l p ro te in , resp ec
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tiv e ly , w hich are  values ty p ic a l o f tu m o u r  tissues (T able  2). (The K d values 
ind ica tiv e  of re c e p to r b ind ing  w ere in  th e  m agn itude  o f 1 0 “ 10 M). N o d iffe r
ence in  recep to r p o s itiv ity  w as d em o n strab le  be tw een  th e  ben ign  a n d  th e  
m a lig n an t tu m o u rs . As regards th e  e ffec t of age, b o th  E R  an d  P R  p o s itiv ity  
a n d  n e g a tiv ity  o ccu rred  am ong 7 -11  y e a rs  old anim als.

Table 1
Histological classification of mammary tum ours

H isto log ica l ty p e
N o. o f  

an im als

Malignant Solid carcinoma, sim ple type 3
Solid carcinoma, com plex type 3
Tubular adenocarcinoma, simple type, differentiated  
Tubular adenocarcinoma, simple type, not differen-

8

tiated 1
Tubular adenocarcinoma, complex type 1
Papillary cystic adenocarcinoma, simple type 7
Mucinous carcinoma 1
Fibrosarcoma 1

Benign Adenoma, simple type 1
Adenoma, com plex type 4
D uct papilloma 1
Pericanalicular fibroadenom a 5
Benign fibroadenom a, m ixed tumour 1
Fibroma 1

Non-tumourous Noninflam m atory lobular hyperplasia 1
Scar tissue 1
Lymph node 1
Necrotic tissue 1

Total: 42

Table 2
E R  and PR binding capacity of the tumour tissue (n =  21; protein content o f the cytosol fraction:

2 -8 .5  mg/ml)

R e c e p to r R ecep to r-positive  tis su e  (% )

E R + P R + 33.3
E R + P R “ 28.6
E R “ P R  + 9.5
E R “ P R “ 28.6

E R +, total 61.9 “ 5 =  120.3 (5 .0-622.8)
fmol/mg cytosol protein

P R + , total 42.8 X =  266.7 (92.3-475.0)
fmol/mg cytosol protein
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N o difference w as d em o n strab le  b e tw een  benign  an d  m a lig n a n t tu m o u rs  
in  E R  b inding  c a p a c ity . P R  n e g a tiv ity  accom pan ied  b y  E R  p o sitiv ity  w as 
m o re  com m on in  th e  case  o f ben ign  tu m o u rs .

C orrelations, i f  a n y , b e tw een  recep to r c o n te n t an d  age w ere also inves
t ig a te d . W hile no su ch  co rre la tio n  w as d em o n strab le  for P R , E R  binding ca 
p a c i ty  ten d ed  to  be c o rre la te d  w ith  age, show ing  a hyp erb o lo id  regression curve 
(r  =  — 0.5931; 0.06 >  p  >  0.05; Fig. 1).
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F ig. 2. Incidence of canine m am m ary tum ours (n =  521) in different m onths of the year
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Dogs p resen ted  a t  th e  Clinic of O bste trics , U n iv e rs ity  o f  V e te rin a ry  
Science, w ith  th e  susp icion  o f m a m m a ry  tu m o u r  in  th e  y ea rs  1986 th ro u g h  
1989 (n =  521) show ed a c h a ra c te r is tic  seasonal d is tr ib u tio n . Tw o peaks w ere 
o b serv ed : one in  th e  sp ring , in  A pril (M ay) a n d  an o th e r in  th e  a u tu m n , in  S ep 
te m b e r  (F ig. 2).

S tu d y in g  th e  p a tie n t m a te r ia l b y  age, th e  tw o  seasonal p eak s in  m am m ary  
tu m o u r  incidence are co n s is ten tly  d em o n strab le  in  dogs m ore th a n  6 years o ld. 
T hese  tw o  peaks w ere d e te c ta b le  also in  11- to  16-year-old, sex u a lly  in ac tiv e , 
a p p a re n tly  post-m en o p au sa l b itch es , especially  in  those  aged  14-15 y ears .

N o s ign ifican t differences cou ld  be observed  in  average m am m a ry  tu m o u r  
inc idence  b y  yea r. T he n u m b e r o f p a tie n ts  increased  n e ith e r  in  th e  y e a r o f th e  
C hernoby l c a ta s tro p h e  (1986) n o r  th e re a f te r . S ta tis tic a l d a ta  on  th e  incidence 
o f  h u m a n  b re a s t cancer in d ic a te  no  d irec t co rre la tio n  e ith e r  (C en tra l S ta tis tic a l 
O ffice , 1985-1989).

D iscussion

D iffe ren t au th o rs  ho ld  d iv e rg en t view s on th e  d is tr ib u tio n  of can ine  
m a m m a ry  tu m o u rs  b y  m alig n an cy . In  th is  s tu d y , tw o -th ird s  o f  th e  tu m o u rs  
ex am in ed  w ere m a lig n an t. M alig n an t tu m o u rs  occurred  m o st fre q u e n tly  in  
11-year-o ld  b itches. O f th e  360 h is to p a th o lo g ica lly  exam ined  tu m o u rs  described  
b y  B . K ovács an d  S om ogyvári (1968) from  b o th  sexes o f dogs, 67 .2%  w ere 
m a lig n a n t an d  32.8%  ben ign . I n  th e  s tud ies o f Caselitz (1984) as well as K n o ll 
a n d  U nger (1983), h a lf  o f th e  tu m o u rs  exam ined  p roved  to  be m a lig n an t. 
A ccord ing  to  M isdorp (1967), C o tch in  (1967), Sandersleben  (1968) an d  O w en 
(1986), tw o -th ird s  of can ine  m a m m a ry  tu m o u rs  are benign  a n d  m étastasés  a re  
less com m on th a n  in  h u m a n  b re a s t cancer. I n  th e  opinion o f D o b b erste in  an d  
M a tth ia s  (1959), only  10%  o f th e  cases are rea lly  m a lignan t.

In  ou r s tu d y , ad en o carc in o m a p ro v ed  to  be th e  co m m onest m a lig n an t 
tu m o u r , w hereas th e  m o st f re q u e n tly  occurring  ty p e  o f b en ig n  tu m o u r  w as 
ad en o m a. T his is co n sis ten t w ith  th e  fin d in g s o f m ost a u th o rs  (W ith row  a n d  
S usaneck , 1986).

T he h istopa th o lo g ica l ty p e  o f tu m o u rs  is s tu d ied  f irs t o f  all to  p ro g n o sti
c a te  su rv iv a l an d  th e  success o f su rg ical an d  o th e r th e ra p e u tic  in te rv e n tio n s  
o n  th e  one h a n d  an d  because o f its  p o s tu la te d  co rre la tion  w ith  th e  re c e p to r 
s ta tu s  on th e  o th e r.

E nd o crin e  th e ra p y  has a fa ir  chance of success in  th e  p resence  of sexual 
s te ro id  recep to rs . In  th e  case o f sim u ltan eo u s E R  and  P R  p o s itiv ity  ho rm o n al 
t r e a tm e n t  u su a lly  resu lts  in  rem ission . A ltho u g h  recep to rs m a y  occur in  n o rm al 
m a m m a ry  tissue , th e ir  q u a n t i ty  c an n o t be m easured  (C aselitz, 1984; E lling  
a n d  U ngem ach, 1983; M artin  e t  a l., 1978). E R  was re p o rte d  to  occur m ore 
f re q u e n tly  in  ben ign  tu m o u rs  (M onson e t al., 1977). C erta in  in v estig a to rs
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(E lling  an d  U ngem ach, 1981, 1983; M ialo t e t al., 1982a, b) failed  to  f in d  any 
d ifference in  recep to r p o s it iv ity  betw een  ben ign  an d  m a lig n a n t tu m o u rs , while 
o th e rs  (Caselitz, 1984) re p o r te d  th a t  re c e p to r  co n ten t decreased  para lle l w ith  
th e  increase  of m a lig n an cy . In  th is  s tu d y , no d ifference w as found  b e tw een  
ben ign  an d  m alig n an t tu m o u rs  in  re c e p to r  p o s itiv ity . T h e  connective tissu e  
tu m o u rs  an d  scar-tissues co n ta ined  no s te ro id  ho rm one recep to r. This is con
s is te n t w ith  d a ta  o f th e  l i te ra tu re  th a t  tu m o u r  tissues o f  m esenchym al orig in  
co n ta in  low  am o u n ts  o f  sexual ste ro id  recep to r a n d  a re  less suscep tib le  to  
ho rm onal influences th a n  are  those o f ep ith e lia l orig in . I n  m am m ary  adenom as 
an d  fib roadenom as th e  recep to rs  can  be fo u n d  p red o m in an tly  in  th e  ep ithe lium  
(C aselitz, 1984). N in e ty -tw o  p e r cent o f th e  canine m a m m a ry  tu m o u rs  exam ined  
b y  M cEw en (1982) w ere ep ithe lia l tu m o u rs  w hich show ed recep to r p o s itiv ity  
while th e  non-ep ithe lia l tu m o u rs  p roved  to  be recep to r n eg a tiv e . M ixed tu m o u rs  
were cha rac terized  b y  lo w er recep to r-b in d in g  cap ac ity  th a n  adenocarcinom as.

O f canine m a m m a ry  tu m o u rs  ex am in ed  by  M ialo t e t al. (1982a,), 48 .2%  
w ere E R  + P R + , 0 .8%  E R  + P R -  an d  7 .3 %  E R ~ P R  + . T h u s, 63 .5%  o f th e  dogs 
w ere found  to  have recep to rs . This is so m ew hat low er th a n  th e  freq u en cy  o f 
E R  or P R  occurrence (p rim arily  E R  + P R - ) o b ta in ed  b y  us (71.4% ) in  th e  
tu m o u r  tissues ex am in ed . P R  p o sitiv ity  can  be found  especially  in  w ell-d iffer
e n tia te d  tu m o u rs  o f low  m alignancy  (T u lusan  e t al., 1982). P R  n e g a tiv ity  
w ith  E R  p o sitiv ity  is com m on  in p o stm en o p au sa l w om en suffering  from  b re a s t 
cancer (Caselitz, 1984). T h e  incidence o f  P R  p o s itiv ity  in  canine m am m ary  
tu m o u r  has been re p o r te d  to  be 2 3 -6 2 %  (E lling  an d  U ngem ach, 1983). P R  
p o s itiv ity  w ith o u t E R  p o s itiv ity  is m ore  com m on in  dogs (20% ) th a n  in  
h u m an s.

T he values of re c e p to r  b ind ing  c a p a c ity  found  b y  us (Table 2) are  h igher 
th a n  th o se  rep o rted  in  th e  lite ra tu re  [E R : 62.7 (13-129) an d  P R : 30.6 (5-80.9) 
fm ol/m g cytosol p ro te in ]  b y  D ’A rville an d  P ie rrep o in t (1979); how ever, th e  
large  d istance  betw een  th e  ex trem e values suggests t h a t  ex trem ely  h igh  v a r ia 
tio n  m u st be reckoned  w ith .

A t th e  beginning o f  th e  19th c e n tu ry , Cooper fo u n d  th a t  tu m o u r size w as 
re la te d  to  th e  cycle (C aselitz , 1984). T he sam e co rre la tio n  m ay  accoun t fo r th e  
o b se rv a tio n  th a t  in  th e  fiv e-y ear period  of s tu d y  th e  n u m b er of tu m o u ro u s  
dogs w as consis ten tly  h ig h e r during  th e  sp ring  or a u tu m n  cycle th a n  in  o th e r 
m o n th s o f th e  yea r. P re se n ta tio n  of th e  affec ted  an im al a t  th e  clinic suggests 
th a t  th e  tu m o u r m ay  h a v e  considerab ly  increased  in  size in  those  periods.

In  benign m a m m a ry  tu m o u rs  of w om en, E R  c o n te n t is in  d irec t p ro p o r
tio n  to  th e  degree o f  h y p e rp la s ia  (Jacq u em ie r e t a l., 1982). O thers (M cEw en 
e t  a l., 1982; R osen e t a l., 1975) could n o t fin d  an y  re la tio n sh ip  betw een  E R  
c o n te n t an d  tu m o u r size. A ccording to  M ialot e t al. (1982a,), canine tu m o u rs  
exceeding 10 cm in  size a re  ch arac terized  b y  a low er incidence (% ) of E R  and 
P R  p o s itiv ity  th a n  th o se  m easuring  5 cm  or less. A lth o u g h  M ialot d id  n o t fin d
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th e se  re su lts  to  be conclusive, th e y  m ay  well ex p la in  Csenki an d  T o ry ’s (1983) 
o b se rv a tio n  t h a t  tam o x ifen  t r e a tm e n t w as successfu l against sm all tu m o u rs  
o f  old dogs, as th e  success o f  t re a tm e n t w ith  th e  an tio estro g en  ta m o x ife n  is 
kn o w n  to  be re la te d  to  recep to r p o s itiv ity .

I t  is a n  accep ted  fac t t h a t  th e  risk  of tu m o u r  fo rm atio n  increases w ith  age 
(S a lu ja  e t a l., 1974). T herefore, we supposed , b u t  cou ld  n o t prove, t h a t  re c e p to r 
p o s itiv ity  decreases w ith  age.

A lth o u g h  recep to r p o s itiv ity , ra th e r  th a n  re c e p to r  b ind ing  c a p a c ity , is of 
decisive im p o rta n c e  w ith  a v iew  to  th e  prognosis, oestrogen  recep to r c o n te n t an d  
age te n d e d  to  be co rre la ted . F ro m  th e  age o f 6 y e a rs  th e  degree o f th is  co rre la 
tio n  undergoes a hyperbolic  decrease. On th e  basis  o f  th is  co rre la tion , th e o re ti
ca lly  th e  tissu e  w ould  cease to  co n ta in  E R  a t  th e  age o f 13.5 y ea rs , w h en  th e  
n u m b e r o f m a m m a ry  tu m o u rs  show s a s tr ik in g  rise  (as expressed in  %  o f dogs 
o f th e  sam e age, exam ined  fo r o th e r  diseases). P R  p o s itiv ity  is n o t age d ep en d 
e n t (C aselitz, 1984). No co rre la tio n  betw een  P R  c o n te n t and  age w as d em o n 
s tra b le  in  th is  s tu d y  e ither. A ccord ing  to  th e  h istochem ical s tud ies o f  C aselitz 
(1984) a n d  s tu d ies  perfo rm ed  b y  o th ers  (K ard o s  a n d  G u id o tti, 1988), b lood  
p ro g este ro n e  an d  oestrone co n cen tra tio n s  m a rk e d ly  in fluence th e  re c e p to r  
c o n te n t. I n  p a r t  one of th is  p a p e r  (R old izsár e t  a l., 1992; see page 75 in  th is  
issue) we re p o r te d  th e  blood p la sm a  p rogesterone  an d  17 /1-oestradiol c o n c e n tra 
tio n s  o f th e  dogs exam ined . E ased  u p o n  d a ta  o f  th e  lite ra tu re  c ited  ab o v e , we 
assum ed  t h a t  p lasm a  ste ro id  level w as in  a n e g a tiv e  co rre la tion  w ith  re c e p to r 
b in d in g  c a p a c ity ; how ever, th e  d a ta  are  in su ffic ien t to  enable us to  ta k e  u p  a 
d e fin ite  p o s itio n  on th is  q uestion .

S evera l decades ago, th e  u n so lved  q u estions o f tu m o u r re search  e m p h a 
sized th e  im p o rta n c e  of c o m p ara tiv e  oncological s tu d ies  th e  o rg an iza tio n  o f 
w hich  has been  u rg ed  on b y  th e  W H O  since th e  1960s (C otchin, 1967). W h en  ev a l
u a tin g  ex perience  an d  d a ta  o b ta in e d  in  an im als, one has to  s ta r t  from  th e  p r in 
ciple th a t  th e  tu m o u rs  of an im als do n o t d iffer from  tho se  of h u m an s in  th e ir  
m orpho log ica l, histo log ical an d  bio logical p ro p ertie s  (m e tastasis , recu rren ce ) an d  
effects on th e  w hole organism . H ow ever, th e  ex is tin g  differences, an d  th e  fac t 
t h a t  th e  b e h a v io u r  of tu m o u rs  o f sim ilar tissu e  com position  m ay  d iffer b y  spe
cies, m u s t n o t be d isregarded . A ccord ing  to  E llin g  a n d  S ta im er (1981), can ine 
m a m m a ry  tu m o u rs  have  un iq u e  p ro p ertie s  in  t h a t  th e y  consist o f p ro life ra 
tio n s  o f ep ith e lia l an d  m yoep ith e lia l com ponen ts. R ecep to r profile  c a n n o t be 
lin k ed  w ith  a  g iven  histo log ical diagnosis. E v e n  m orphologically  u n ifo rm  t u 
m ours lack  a un ifo rm  receptoT pro file . A recep to r-p o sitiv e  tu m o u r tissu e  m ay  
c o n ta in  re c ep to r-n eg a tiv e  cells, a n d  conversely . I n  c o n tra s t to  th o se  o f h u m an s, 
th e  m a m m a ry  tu m o u r  cells o f dogs con ta in  P R  also  in  th e ir  nuclei. W hile  in  
h u m an s th e  m y oep ithe lium  c o n ta in s  little  or no  E R , in  dogs E R - a n d  P R - 
-d ep en d en t fluorescence  is a t  le a s t as s tro n g  in  th e  m yoep ithelium  as in  th e  
g lan d u la r  ep ith e liu m  (E lling  an d  S ta im er, 1981).
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T h e  facts m en tio n ed  above reg a rd in g  th e  success of d ifferen t th e ra p e u tic  
a p p ro ach es  ju s tify  th e  e ffo rt to  perfo rm , w hen  n eeded  (e.g. in  th e  case o f v a 
lu a b le  b reed ing  an im als), re c e p to r  an d  h isto log ica l ty p e  d e te rm in a tio n  an d  th e  
b e s t m ed ic inal, co n se rv a tiv e  t r e a tm e n t  se lec ted  on  th e  basis o f th e  fo rm er.

I t  is know n th a t  a f te r  th e  C hernoby l n u c lea r  re a c to r  c a ta s tro p h e  p r im a rily  
rad io io d in e , cesium  an d  s tro n tiu m  co n ta m in a tio n  h ad  to  be reck o n ed  w ith . 
S ec re tio n  of calcium  a n d  iod ine w ith  th e  m ilk  exposed  th e  m am m ary  g lan d  to  a 
h ig h  r isk  of disease (K irch h o ff, 1987). T he FA O  u rg ed  all along th a t  a f te r  nu c lea r 
c a ta s tro p h e s  th e  food  chains shou ld  be m o n ito red  (FA O , 1987). T he food  chain  
o f  m a n  (K irchhoff, 1987) on ly  p a r t ly  agrees w ith  th a t  o f th e  dog. T h u s , while 
th e  q u ick ly  developing  rad io iso to p e  c o n ta m in a tio n  of p lan ts  d id  n o t  pose a 
d ire c t th r e a t  to  ca rn iv o res  th ro u g h  th e ir  food  in ta k e , c o n ta m in a tio n  v ia  th e  
d r in k in g  w a te r w as a d is tin c t possib ility . O ur d a ta  do n o t in d ica te  a  rise  in  th e  
in c id e n c e  of can ine m a m m a ry  tu m o u rs  fo llow ing th e  C hernobyl c a ta s tro p h e .
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SULFONAMIDE RESIDUES IN EGGS

A . R o m v á ry  and F .  S im o n

D epartm ent of Pharm acology, University o f Veterinary Science, H -1400 B udapest,
P. O. B ox 2, H ungary

(R eceived Septem ber 5, 1991)

In  two series o f  experim ents lasting 3 days each, laying hens were m edicated  
w ith  sulfonam ides v ia  the drinking water. In  th e  first experim ent 8 laying hens were 
given  sulfaquinoxaline (SQ) at a dose rate o f  400 mg/1, while in the second trial 16 
lay in g  hens received a 3 : 5 : 5 sulfonam ide m ixture containing sulfaquinoxaline (SQ), 
sulfadim idine (SD I) and sulfamerazine (SM N ), at a dose of 390 mg/1. According to  the  
water consum ption data , the hens’ daily sulfonam ide intake was 53.6 and 56.9 m g/kg  
body m ass, respectively. Eggs laid during and in  the first 10 days after the treatm ent 
were collected and assayed for sulfonam ide residues by spectrophotom etry. The d etec 
tion  lim it o f the m ethod was 0.16 mg/1 and the recovery percentage was betw een 70  
and 80% .

Sulfonam ide was found to appear already in  eggs laid after the first day o f trea t
m ent. T he absorption half-life o f the drug w as 0 .4 -0 .6  day in  the egg-white and 0 .9 3 -  
1.08 day in  the egg-yolk . Peak drug level in the egg-white was measured on the la st  
day o f  m edication, w hile in  the egg-yolk w ith in  3 days after the end of treatm ent. The  
residue m easured in  the yolk  was 13-16%  o f th a t found in the egg-white. A cetylated  
sulfonam ide could be m easured in the yolk  for 3 days after the treatm ent: its  leve l 
reached 15%.

On the basis o f th e  elim ination rate, com plete elim ination o f sulfonam ides re
quires at least 5 .2 -7 .4  days. Therefore, observance of the generally accepted w ithdraw al 
tim e o f 10 days is indispensable.

K ey words! Sulfonam ide, residue, laying hen, egg, elim ination, pharm acokinetics

O ne o f th e  m ost im p o r ta n t  cond itions req u ired  for th e  m ark e tin g  an d  use 
o f v e te r in a ry  p h a rm aceu tica ls  is th e ir  e lim in a tio n -k in e tic  an d  residue s tu d y . 
D rugs ad m in is te red  to  lay in g  hens in e v ita b ly  a p p ea r in  th e  y o lk  and  egg-w hite. 
T he resid u e  level depends on  th e  p ro p ertie s  o f  th e  ac tiv e  in g red ien t, th e  dose 
ap p lied  a n d  th e  ro u te  o f ap p lica tion .

Sulfonam ides h av e  b een  used  in  p o u ltry  species fo r m ore th a n  fo u r 
decades. T h ey  are  ad m in is te red  to  lay in g  h en s  and , occasionally , to  b ro ile r 
chickens as an ticoccid ia l a n d  a n tib a c te ria l ag en ts .

T h e  p h a rm aco k in e tic  p ro p erties  of d iffe ren t su lfonam ides v a ry  w idely  
b y  th e  ty p e  o f p re p a ra tio n  a n d  th e  an im al species tre a te d  (D orreste in , 1988). 
A ccord ing  to  d a ta  of th e  lite ra tu re , th e  e lim in a tio n  half-life (t50e) of su lfad im i
dine in  lay in g  hens is 16.8 ±  7-8 h (Losch, 1980). V alues re p o rte d  for th e  elim i
n a tio n  half-life  o f su lfad im id ine  orally  a d m in is te red  to  L eghorn  chickens v a ried  
from  18.3 h  (B lom , 1975) th ro u g h  15.3 h  (R e d d y , 1988) to  1.4 h  (Löscher e t al., 
1990). I n  tu rk e y s  th e  t 5oe w as rep o rted  to  be 7.1 h  (H ea th  e t al., 1975). T he t 50e
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o f su lfan ilam ide  in  ch ickens is 13.3 ^  2.5 h  (B iom , 1975) w hile th a t  o f su lfa- 
q u in o x a lin e  is 22.2 ^  1.9 h  in  chickens (B iom , 1975) an d  19.24 ^  2.3 h (R om - 
v á ry  an d  H o rv ay , 1976) o r 30 h  (E p s te in , 1989) in  geese.

T he d is tr ib u tio n  o f  su lfonam ides in  eggs has been s tu d ie d  b y  sev era l re 
sea rch ers  w ho have es tab lish ed  th a t  th e  e lim in a tio n  o f su lfonam ides v ia  eggs 
ta k e s  a t  least 10 d ays as fro m  th e  end  o f  m ed ica tio n  (B lom , 1974, 1975; N ouw s, 
1976; N ag a ta  e t al., 1989). T races o f a c e ty la te d  m etab o lites  can  be d e te c te d  
b o th  in  th e  egg-w hite a n d  in  th e  yo lk  fo r 3 day s a fte r  th e  m ed ication . D iu rn a l 
v a r ia tio n s  in  th e  e lim in a tio n  ra te  h av e  also been  rep o rted  (K ie tzm an n , 1982).

In  th is  w ork, th e  e lim in a tio n  dy n am ics v ia  th e  eggs o f su lfaq u in o x a lin e  
a n d  a 3 : 5 : 5 co m b in a tio n  of su lfaq u in o x a lin e , su lfad im id ine  an d  su lfam era - 
zine ad m in is te red  to  lay in g  hens in  th e  d rin k in g  w a te r w as s tu d ied . T h e  a im  
o f th e  ex perim en ts w as to  de te rm ine  th e  residue  levels o f su lfonam ides in  th e  
egg-w hite  and  yo lk  a f te r  m ed ica tion  v ia  th e  d rink ing  w ater.

Materials and methods

Tw o series o f ex p erim en ts  w ere ca rr ied  o u t. In  th e  f ir s t  tr ia l, 8 T e tra  SL  
la y in g  hens were m ed ica ted  w ith  su lfaq u in o x a lin e  (SQ) v ia  th e  d rink ing  w a te r  
p ro v id ed  ad libitum, a t  a dose of 400 m g/1 fo r 3 days. T he eggs la id  d u rin g  th e  
tr e a tm e n t  and  in  th e  f ir s t  10 days a f te r  th e  end  of m ed ica tion  (a to ta l  o f 73 
eggs) w ere collected. B y  in d ire c t m easu rem en t of th e  d rin k in g  w a te r co n su m p 
tio n  th e  average d a ily  d ru g  in ta k e  o f th e  b ird s  (average b o d y  m ass: 2.1 ^  0.1 
kg) w as found  to  be  4 9 .4 -57 .9  m g/kg b o d y  m ass.

In  th e  second ex p e rim en t, 16 lay in g  hens (average b o d y  m ass: 2.0 0.03
kg) w ere tre a te d  w ith  a 3 : 5 : 5  su lfonam ide  co m b in a tio n  con ta in in g  su lfa 
q u in o x a lin e , su lfad im id ine  and  su lfam eraz ine  a t  a dose of 390 mg/1 fo r 3 d ay s . 
O n th e  basis o f th e  d rin k in g  w a te r co n su m p tio n  th e  da ily  drug  in ta k e  w as 
fo u n d  to  be 56.9 m g/kg  body  m ass. T h ir ty -n in e  an d  81 eggs were co llec ted  
d u rin g  an d  a fte r th e  t re a tm e n t, resp ec tiv e ly .

T he design o f th e  ex p erim en ts  is show n in  T ab le  1.
F ree  and  a c e ty la te d  su lfonam ide co n cen tra tio n s  were m easured  sp ec tro - 

p h o to m e trica lly  b y  th e  m e th o d  of B lom  (1975). B y  th is  p rocedure  su lfonam ide 
res id u e  levels of 0.167 a n d  0.161 m g/1 w ere d e tec ted  in  th e  egg-w hite a n d  egg- 
y o lk , respective ly . T he reco v ery  ra te  o f th e  procedure  w as 74.3 ^  6 .0%  fo r th e  
egg-w hite  an d  81.4 ^  5 .2 %  fo r th e  y o lk , respective ly .

T he resu lts  w ere ana lyzed  w ith  th e  help  o f a o n e-co m p artm en t p h a rm a 
co k in e tic  m odel, b y  th e  m eth o d  of R itsch e ll (1973), using  an  A ztech  286 co m 
p u te r  an d  a M E D U S A  program m e.
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Table 1

Design o f the experiments

G roup D ru g
C o n cen tra tio n  

in  th e  d rin k in g  
w a te r  (mg/1)

A nim als B efore  m ed ica tio n  
(3 day s)

D u rin g  m ed ica tio n  
(3 d ays)

A fte r  m ed ica tio n  
(10  days)

n
k g  b .m . 
*  ±  * x

d r .  w a te r  
m l/k g /d

eggs
n

d r . w. 
m l/k g /d

d ru g
m g/kg /d

eggs
n

d r . w a te r  eggs 
m l/k g /d  n

l SQ 400 8 2.1 ± 0 .1 — — 134 ±  7 53.6 17 -  56

2
SQ
SD I 390 16 2.0 ±  0.03 122 ± 2 39 146 ±  6 56.9 39 121 ± 5  81
SMN

SQ =  sulfaquinoxaline; SD I =  sulfadimidine; SMN =  sulfamerazine

Table 2

Changes in sulfonamide residue levels of eggs laid by hens treated w ith  sulfaquinoxaline-Na administered in the drinking water, during and after
the m edication

D u rin g  m ed ica tio n  A fte r  m ed ica tio n

D a y  1 D a y  2 D a y  3 D a y  1 D a y  2 D a y  3 D a y  4 D a y  5 D a y  6 D a y  7 D a y  8

X 2.14 3.28 6.65 8.53 7.08 3.05 0.91 0.29 0.19 0.17
< 0 .1 7

Egg-white ± s x 0 . 1 1 0.23 0.17 0.53 0.34 0.08 0.21 0.05 0.01 0.01
max. 2.29 3.68 6.84 11.14 7.71 3.12 1.40 0.33 0.27 0.19 < 0 .1 7
min. 2.04 2.90 6.12 6.72 6.49 2.98 0.56 0.27 0.17 0.17 < 0 .1 7

X 0.19 0.51 0.77 1.10 1.12 1.20 1.27 0.76 0.55 0.36 0.17

Egg-yolk ± e x

max.
0.01
0.28

0.07
0.54

0.08
0.83

0.16
1.58

0.11
1.30

0.13
1.31

0.17
1.81

0.09
0.82

0.11
0.63

0.01
0.45

0.11
0.23

min. 0.17 0.48 0.72 0.99 1.06 1.01 0.83 0.68 0.40 0.36 < 0 .1 7
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R esults

A d m in is tra tio n  o f su lfaq u in o x a lin e  in  th e  d rink ing  w a te r  re su lted  in  a 
c o n tin u o u s  rise o f  d ru g  co n cen tra tio n  in  th e  egg-w hite. D rug  residue levels 
re a c h e d  a level o f 6 .1 -6 .8  mg/1 a lre a d y  a f te r  th e  f irs t  tw o  days of m ed ica tion . 
D ru g  c o n cen tra tio n  in  th e  egg-w hite s ta r te d  to  decrease on d ay  2 a fte r  th e  en d  of 
m ed ica tio n ; how ever, a m arked  re d u c tio n  o ccu rred  only  on days 4 -5  w hen th e  
su lfonam ide level reach ed  0 .3 -0 .9  m g/1 . B y  th e  m ethod  app lied  b y  us, no su l
fo n am id e  could be d e te c te d  in  th e  egg -w h ite  on  d ay  8 a fte r  th e  tre a tm e n t.

E lim in a tio n  o f  SQ v ia  th e  egg y o lk  cou ld  be observed  a lread y  d u rin g  th e  
t r e a tm e n t;  th e  resid u e  level w as, h o w ev er, on ly  0.1—0.8 mg/1. I n  th e  y o lk  of 
eggs la id  a fte r th e  en d  o f  m ed ication , th e  resid u e  levels rose s tead ily  u p  to  d a y  
4 b u t  d id  n o t exceed  1.8 mg/1. F ro m  d a y  5, th e  SQ co n ten t o f th e  yo lk  b eg an  to  
decrease  and  becam e u n d e tec tab le  b y  o u r m e th o d  b y  d ay  9 -1 0 . Changes o f th e  
re s id u e  levels are  show n  in  T able 2 a n d  F ig . 1.

T he changes in  d ru g  residue levels show ed  a sim ilar te n d e n c y  also w hen  
th e  su lfonam ide co m b in a tio n  was u sed . I n  th e  eg g -w h ite , su lfonam ide reach ed  
a  co n cen tra tio n  o f 6.0 ^  0.6 mg/1 a lre a d y  a f te r  th e  f irs t d ay  o f m ed ica tion . 
In d iv id u a l v a r ia tio n  w as, how ever, co n sid e rab le : th e  h ighest level was 10.1 
mg/1 an d  only  one o u t o f th e  15 eggs ex am in ed  was residue free. On th e  su b 
se q u e n t days o f tr e a tm e n t ,  su lfonam ide in  th e  egg-w hite reach ed  a c o n c e n tra 
t io n  as h igh as 23.5 mg/1, th o u g h  its  av e rag e  level was 10-11 m g/1.

A fte r th e  en d  o f m ed ication , d ru g  resid u e  level in  th e  egg-w hite sig n if
ic a n tly  decreases: i t  d rops to  3.7 i  0.3 mg/1 b y  th e  2nd day . N o sulfonam ide 
co u ld  be d e tec ted  b y  o u r m ethod  in  th e  egg-w hite  o f eggs la id  on day  3 a f te r  
th e  m ed ication .

S ulfonam ide ap p ea red  also in  th e  egg-yolk  a fte r  th e  f irs t  d ay  of m ed ica 
t io n  (average leve l: 1.2 ^  0.29 mg/1), th o u g h  in  3 eggs no d ru g  residues w ere 
d e te c ta b le . On th e  su b seq u en t days o f  m ed ica tio n  th e  su lfonam ide c o n c e n tra 
t io n  o f th e  egg-yolk  con tin u o u sly  in c rea sed  an d  reached  a m ax im um  o f 5.7 
mg/1. A fter th e  te rm in a tio n  of tr e a tm e n t ,  residue  level o f th e  yo lk  decreased  
a n d  b y  day  5 i t  becam e  u n d e tec tab le  b y  th e  m e th o d  applied .

A ce ty la ted  su lfonam ide d e riv a tiv e s  cou ld  be m easu red  on ly  in  th e  y o lk  
o n  th e  la s t d ay  o f  t r e a tm e n t  (14 .8% ) a n d  b e tw een  days 1-3  a f te r  th e  en d  o f 
m ed ica tio n  w hen  th e ir  level ran g ed  b e tw e e n  13.8 an d  15.5% .

The residue  levels of th e  su lfo n am id e  co m b in a tio n  are  show n in T ab le  3 
a n d  Fig. 2.

T he resu lts  w ere ana lyzed  usin g  a o n e-co m p artm en t k in e tic  m odel. T h e  
k in e tic  p a ram e te rs  are  p resen ted  in  T a b le  4. I t  can  be seen th a t  d iffe ren t su l
fonam ides app lied  fo r  a sim ilar perio d  o f  tim e  a t  a n ea rly  id en tica l dose becam e  
ab so rb ed  in to  th e  egg-w hite  and  th e  y o lk  a t  a  sim ilar ra te  (t5oe fo r th e  egg-w hite
0 .69  and  0.4 d ay  w hile fo r th e  yo lk  0.93 a n d  1.08 day , respective ly ). In  th e  case
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Fig. 1. Sulfaquinoxaline residues in  eggs (one-com partm ent per os m odel)

Fig. 2.  Sulfonam ide residues in eggs o f  lay in g  hens treated w ith  a sulfonam ide com bination
(one-com partm ent per os model)

Table 3
Changes in  sulfonamide residue levels o f eggs laid by hens treated w ith a sulfonamide com bination  

administered in  the drinking water, during and after the m edication

D u rin g  m ed ica tio n  A fte r  m ed ic a tio n

Egg>
D a y  1 D a y  2 D a y  3 D a y  1 D a y  2 D a y  3 D a y  4 D a y  5 D a y  6

X 6.09 10.11 11.35 3.70 1.18

Egg-white
± s x 0.6 1.4 1.0 0.3 0.18 < 0 .1 7 < 0 .1 7 < 0 .1 7 < 0 .1 7

m ax. 10.1 23.5 16.9 5.22 1.89
min. < 0 .1 7 5.5 7.2 2.52 0.18

X 1.22 2.26 3.21 1.74 1.45 1.15 1.09 0.42
< 0 .1 6

E gg-yolk
± s x

m ax.
0.3
3.03

0.4
5.70

0.4
5.68

0.5
3.85

0.3
2.50

0.2
1.83

0.1
1.88

0.12
0.63

min. < 0 .1 6 0.75 0.98 0.23 0.16 0.51 0.31 < 0 .1 6
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Table 4

Pharmacokinetic parameters

P a ram e te r

S u lfaquinoxaline SQ +  S D I +  SM N

(400 m g /1 ; 5 3 .6  m g /k g  b ody  m ass; 3 d ay s) (390 m g/1 ; 56.9 m g /k g  b o d y  m ass; 3 days)

eg g -w h ite egg-yolk egg-w hite egg-yolk

c 0’ mg/kg 40.02 5.08 56.86 8.10
K a d - i 1.02 0.74 1.57 0.64

*еоа ^ 0.69 0.93 0.44 1.08
K e d -1 1.05 0.765 2.12 0.65

1 5ое d 0.66 0.91 0.33 1.07
t  lag d 1.95 3.63 1.85 1.33
Cmax. mg/kg 14.45 1.84 17.88 2.97

^ m a x  ^ 2.91 4.96 2.40 2.88
AUC m g/l/d 30.21 7.08 29.56 12.18
MRT d 4.16 5.78 2.68 4.05
Г 0.9375 0.9284 0.9359 0.9284

of SQ ad m in is tra tio n  in  th e  drink ing  w a te r  th e  p eak  resid u e  level developed 
la te r :  in  th e  egg-w hite o n  th e  la s t day  of tr e a tm e n t ,  while in  th e  yo lk  2 days a fte r  
th e  m ed ica tion . W hen  u s in g  th e  su lfonam ide co m b in a tio n , th e  p eak  residue 
leve l in  b o th  th e  egg -w h ite  an d  th e  yolk  o ccu rred  a ro u n d  th e  la s t d ay  of m edi
ca tio n . T he e lim ina tion  o f  SQ from  th e  egg-w hite  was d elayed  (t5oe =  0.7 day), 
w hile t h a t  of th e  su lfo n am id e  com bination  to o k  only  0.3 day .

T h e  to lerance leve l specified  b y  th e  B u n d esg esu n d h e itsam t (BGA, 1984) 
fo r su lfonam ides in c lu d in g  th e ir  ace ty la ted  m e tab o lite s  is 0.1 m g/kg. A ccording 
to  o u r resu lts , a f te r  a d m in is tra tio n  of SQ in  th e  d rink ing  w a te r  th is  to le rance  
level in  th e  egg-w hite a n d  y o lk  is reached  in  4 .7  an d  7.4 days, respective ly . W ith  
th e  sulfonam ide c o m b in a tio n , th e  above to le ran ce  level is reach ed  in  2.5 an d  
5.2 d ay s in  th e  egg-w hite  a n d  yolk, re sp ec tiv e ly .

D iscussion

Sulfonam ides b eco m e absorbed  w ell a f te r  b o th  oral an d  p a ren te ra l a d 
m in is tra tio n . As a r e s u lt  o f th is  rap id  a b so rp tio n , p eak  b lood  co n cen tra tio n s 
deve lop  w ith in  3—5 h  (L iid ers  e t ah, 1974).

T he d is tr ib u tio n  o f  sulfonam ides is re la tiv e ly  hom ogeneous: th e  residue 
levels m easured  in  th e  tis su es  am ount to  2 0 -4 0 %  of th e  b lood  levels; how ever, 
re s id u es m easurab le  in  th e  liv e r and k id n ey  co n sis ten tly  exceed th e  blood p lasm a 
levels (A tef e t ah, 1978).

O f th e  su lfo n am id e  m etabo lites, th e  a m o u n t of a c e ty la ted  deriv a tiv es  
v a rie s  b y  anim al species a n d  p rep ara tio n . I n  lay in g  hens th e  ace ty la ted  d e riv a 
tiv e  o f su lfad im idine a m o u n ts  to  3 .5 -6 .9 %  w hile th a t  of su lfaqu inoxaline  only
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to  0 .6 %  (B iom , 1975). The ra tio  of m e tab o lite s  is low  also in  pigeons (D o rres te in ,
1988). A c e ty la te d  m etabo lites are  t r a n s m itte d  in to  th e  egg-w hite an d  egg-yo lk : 
tho se  o f su lfad im id ine  am o u n t to  3—3 .4 %  an d  0 .7 -1 .2 %  in  th e  egg-w hite an d  
egg-yolk , re sp ec tiv e ly . T he q u a n ti ty  o f a c e ty la te d  su lfaqu inoxaline  is m uch  
low er: 1 .8 %  in  th e  egg-w hite an d  0 .5 %  in  th e  yo lk .

I n  sex u a lly  m a tu re  lay in g  hens, th e  m a tu ra tio n  o f ova tak es  p lace in  th e  
le f t o v a ry  in  th re e  phases. T he f ir s t  an d  second p h ases , la s tin g  ab o u t 80 a n d  60 
days, re sp ec tiv e ly , are follow ed b y  a 10-day  perio d  o f  ra p id  d ev e lopm en t w hich  
resu lts  in  th e  fo rm a tio n  o f th e  egg-yolk  (S iegm ann , 1980). I n  th e  m a tu ra tio n  
phase , th e  increase of follicle size is lin e a r: before  o v u la tio n  th e  m ass o f  th e  
follicle is 17 g an d  its  d iam ete r is 37 m m . As a re su lt o f th e  con tin u o u s an d  
ra p id  m a tu ra tio n , th e  drugs an d  th e ir  m e tab o litie s  ap p ear, to  a d iffe ren t 
e x te n t, in  th e  eggs, re flec tin g  th e  a c tu a l d ru g  level o f th e  organism . T he resid u e  
level of th e  egg-yolk is d e te rm in ed  b y  th e  a c tu a l d ru g  level o f th e  o rgan ism  3 -5  
days befo re  egg-laying, w hile t h a t  o f th e  egg-w hite  depends on th e  d ru g  co n 
c e n tra tio n  of th e  organism  on th e  d ay  before  lay in g .

B ecause  of th e  p ro longed  e lim in a tio n  a r a th e r  long  w ith d raw al p e rio d  is 
reco m m en d ed  an d  prescribed . A ccord ing  to  K rieg  (1966), su lfad im idine becam e 
u n d e te c ta b le  in  th e  egg-w hite an d  th e  y o lk  b y  d ay s  6 an d  8 a fte r  m ed ica tio n , 
re sp ec tiv e ly . S im ilarly , S tange (1977) p roposed  a 8- to  10-day  w ith d raw a l tim e  
fo r yo lk .

O u r re su lts  show  th a t  a d a ily  in ta k e  o f 54-57  m g/kg  b o d y  m ass su lfo n a
m ide w ith  th e  d rin k in g  w a te r  p ro d u ced  d ru g  residues b o th  in  th e  egg-w hite  
a n d  in  th e  yo lk . T he m ax im um  level w as 14 .5-17 .9  mg/1 an d  1 .8-3 .0  mg/1 in  th e  
egg-w hite  a n d  th e  yo lk , respective ly .

O n ly  1 3 -1 6 %  o f th e  d ru g  residue  c o n te n t o f th e  egg-w hite ap p ea rs  in  th e  
y o lk ; how ever, th e  ra tio  of a c e ty la ted  m etab o lite s  m a y  reach  1 3 -15% .

T h e  half-life  o f SQ elim in a tio n  v ia  th e  egg-w hite  is 0.66 d ay  (15.84 h ), 
in d ic a tin g  fa s te r  e lim ina tion  th a n  th a t  re p o rte d  fo r th e  b lood  p lasm a (22.2 h) b y  
B lom  (1975). T he t 50e value of SQ in  th e  y o lk  is 0.91 d (21.84 h).

T h e  e lim in a tio n  of th e  su lfonam ide co m b in a tio n  (w hich co n ta in ed  on ly  
24%  SQ) w as fa s te r  in  th e  egg-w hite  (7.9 h) th a n  v ia  th e  yo lk  (25.7 h).

T h e  tim e  needed  to  reach  th e  lim it va lu e  of 0.1 m g/kg (BG A , 1984) w as 
fo u n d  to  be  5 -7  days. T herefore, s tr ic t  observ an ce  o f a 10-day w ith d raw a l tim e  
a fte r  su lfonam ide  m ed ication  is essen tia l.
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COMPARISON OF GENTAMICIN TOXICITY IN NORMAL
AND DIABETIC RATS
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G entam icin treatm ent caused an elevation in  serum urea and creatinine concen  
trations and ALT activ ity , associated w ith pathological changes in  the liver and kidney.

The pathological and blood chem istry changes were more severe in  d iabetic  
gentam icin-treated than in  non-diabetic gentam icin-treated rats.

A lloxan-diabetic rats had low ered blood glutathione concentrations w hich m ay  
have been responsible for the enhancem ent o f gentam icin to x ic ity  in these rats.

K ey words: G entam icin, alloxan diabetes, n eph rotoxicity , h epatotox icity , 
glutathione, rat

G en tam ic in  is an  am inoglycoside an tib io tic  effec tive  ag a in st a w ide v a 
r ie ty  of b a c te r ia l p a th o g en s (B y w a te r , 1982). The m a jo r d raw b ack  o f  g e n ta 
m icin  is i ts  n ep h ro to x ic  effect because  of w hich special care  m u st be ta k e n  to  
av o id  overdosing . T his n e p h ro to x ic ity  of gen tam icin  h as  p ro m p te d  research ers  
to  e v a lu a te  th e  sa fe ty  of th e ra p e u tic  doses of gen tam ic in  in  d iffe ren t disease 
co n d itions such  as liver d iseases, k id n ey  dysfunction , en d o to x aem ia  a n d  cystic  
fib rosis  (F raz ie r e t  ah , 1986; C am ps e t al., 1988; Je rn ig a n  e t  a l., 1988; F raz ie r  
e t  a l., 1988; G odson e t a l., 1988; Z ager, 1988).

I n  th is  w ork, th e  effects o f g en tam ic in  in  d iab e tic  r a ts  are  co m p ared  w ith  
th o se  e x e rte d  in  n o rm al ra ts .

M aterials and methods

Drugs. A so lu tion  o f g en tam ic in  su lp h a te  (G aram y cin  in jec tio n , S chering  
C o rp o ra tio n , IL S .A.) was p re p a re d  in  sterile  saline a t  a co n cen tra tio n  o f 8 m g 
g en tam ic in  b ase /m l saline an d  w as g iven  to  ra ts  b y  in tra p e rito n e a l in je c tio n  
a t  a dose o f 40 m g/kg  b o d y  m ass /d a y  in  tw o equal doses ad m in is te red  a t  an  
in te rv a l of 8 h  (H o u g h to n  e t a l., 1976). T his dose of g en tam ic in  is a p p ro x im a te ly  
e q u iv a le n t to  1 1/3 th e  m ax im al th e ra p e u tic  dose in  a d u lt  h u m an s (350 m g 
g en tam ic in  base/70 kg  bo d y  m ass m an /d ay ; H a rv ey , 1980), c a lcu la ted  u sing  
th e  surface a rea  ra tio  of r a t  a n d  m a n  as described b y  P a g e t an d  B arnes (1964).

Rats and experimental design. T w en ty  m ale a lb ino  ra ts  w eighing 180 to  
200 g w ere m a in ta in ed  on  a com m ercia l r a t  d ie t ad libitum . D iabetes m ellitu s 
w as in d u ced  in  10 ra ts  b y  su b cu tan eo u s  in jec tion  of a llo x an  a t  a dose o f  200
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m g/kg  bo d y  m ass. Tw o w eeks la te r  th e  ra ts  w ere d iv ided  in to  fo u r equal groups 
an d  t re a te d  as follow s: g ro u p  1: d iabe tic  r a ts  g iven  sa line ; g roup  2: d iabetic  
r a ts  g iven  g en tam icin ; g ro u p  3: norm al r a ts  g iven  saline; g roup  4: norm al ra ts  
g iven  gen tam icin . T re a tm e n t w ith  gen tam ic in  or saline w as con tin u ed  for 10 
days.

Samples and analysis. B lood sam ples w ere collected  24 h  before s ta rtin g  
g en tam ic in  or saline t r e a tm e n t  an d  48 h  a f te r  th e  la s t dose o f gen tam icin  or 
saline. E ach  tim e, tw o  b lo o d  sam ples w ere co llec ted  from  each  ra t .  One sam ple 
w as o b ta in ed  in  a p la in  te s t  tu b e  an d  w as u sed  fo r p re p a ra tio n  of serum  for 
d e te rm in a tio n  of g lucose, u re a , c rea tin ine  a n d  cholestero l co n cen tra tio n s and  
a lan in e  am in o tran sfe rase  (A L T ) ac tiv ities (D iagnostic  K its , B ioM erieux L abo
ra to ry  B eagen ts an d  P ro d u c ts , F rance). T h e  o th e r  blood sam ple  w as collected 
in  a heparin ized  te s t  tu b e  k e p t  on ice an d  used  fo r d e te rm in a tio n  o f g lu ta th ione  
(B e u tle r  e t al., 1963; Jo h n s o n , 1966).

A ll ra ts  were k illed  48 h  a fte r  th e  la s t  gen tam ic in  o r saline tre a tm e n t. 
T issue  specim ens w ere o b ta in e d  from  th e  liv e r  an d  k idney , fix e d  in  form alin  
a n d  h isto log ical sections w ere  p rep ared  using  p a ra ff in  em bedd ing  an d  haem ato - 
x y lin  an d  eosin s ta in in g  tech n iq u es .

Statistical analysis. T h e  significance o f  d ifferences be tw een  m ean  con
c e n tra tio n s  of blood b ioch em ica l co n s titu en ts  in  th e  d iffe ren t g roups was a n a 
ly zed  using  “ analysis o f  v a r ia n c e ”  and  “ le a s t s ign ifican t d ifference”  m ethods.

Results

B lood glucose co n c e n tra tio n s  w ere s ig n ifican tly  (P  <  0.01) h igher in  
a llo x a n -tre a te d  ra ts  (210—290 m g/dl; g roups 1 an d  2) th a n  in  no rm al ra ts  
(63 -100  m g/dl; g roups 3 a n d  4).

B lood g lu ta th io n e  co n cen tra tio n s  w ere s ig n ifican tly  low er (P  <  0.01) in  
d iab e tic  (groups 1 an d  2) th a n  in  no n -d iab e tic  ra ts  (groups 3 a n d  4). P o s t- tre a t
m en t con cen tra tio n s o f g lu ta th io n e  w ere s ig n ifican tly  h ig h er (P  <  0.01) th a n  
p re tre a tm e n t values in  d ia b e tic  ra ts  (groups 1 an d  2).

P o s t- tre a tm e n t se ru m  creatin ine  an d  u re a  co n cen tra tio n s  an d  ALT ac tiv 
ities w ere sig n ifican tly  h ig h e r  (P  <  0.01) th a n  p re tre a tm e n t concen tra tions 
in  g e n tam ic in -trea ted  r a ts  (groups 2 an d  4).

P o s t- tre a tm e n t ch o leste ro l co n cen tra tio n s  w ere s ig n ifican tly  low er th a n  
p re tre a tm e n t co n cen tra tio n s  in  b o th  g en ta m ic in -tre a te d  a n d  sa lin e -trea ted  
d iab e tic  ra ts  (groups 1 a n d  2). No sign ifican t d ifferences w ere found  betw een 
p o s t- tre a tm e n t an d  p re tre a tm e n t co n cen tra tio n s  o f d iffe ren t b lood  c o n s titu 
en ts  in  non-d iabetic  s a lin e - tre a te d  ra ts  (group  3).

H isto p a tho log ica l e x a m in a tio n  of tissu e  sections from  th e  liv e r revealed  
v acu o liza tio n  o f th e  c y to p la sm  of h ep a to cy te s  w hich w as m ild  in  degree, af-
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fec tin g  only few  h ép a to cy te s  in  sa lin e -trea ted  d iab e tic  ra ts  (group 1) an d  o f 
m o d era te  degree in  b o th  g en tam ic in -trea ted  groups (g roups 2 an d  4). K idney  
sec tions show ed in c reased  g ra n u la r ity  of th e  cy to p lasm , swollen nuclei, de
ta c h m e n t of tu b u la r  ep ithe lium , a n d  cell debris in  th e  lu m in a  o f ren a l tu b u le s .

No ab n o rm itie s  w ere observed  in  n on -d iabetic  sa lin e - tre a ted ra ts  (group  3).

Discussion

A llo x an -trea ted  ra ts  rem ain ed  hyperg lycaem ic  th ro u g h o u t th e  ex p e ri
m e n t an d  were le f t fo r tw o  weeks before s ta r tin g  a d m in is tra tio n  of d iffe ren t 
tre a tm e n ts  to  av o id  in te rfe rence  from  th e  tox ic  effects o f a lloxan  on th e  liver 
a n d  k idney  (L o p u k h in , 1976). C om parison  of a llo x a n -tre a te d  an d  n o n -tre a te d  
g roups for p re tre a tm e n t co n cen tra tio n s  of crea tin ine  a n d  u re a  as well as serum  
A L T  a c tiv ity  rev ea led  no s ta tis tic a lly  s ign ifican t d ifferences. T his fin d in g  in 
d ic a te d  th a t  liv e r  a n d  k idney  fu n c tio n s  were n o rm al a t  th e  beg inn ing  of th e  
ex p erim en t in  a llo x a n -tre a te d  ra ts .

G en tam icin  a d m in is tra tio n  caused  a rise in  se ru m  A L T  ac tiv ities  in  b o th  
d iab e tic  an d  n o n -d iab e tic  ra ts . T h e  m agn itu d e  o f e lev a tio n  w as g re a te r  in  
d iab e tic  th a n  in  n o n -d iab e tic  ra ts . T his was associa ted  w ith  v acu o liza tio n  of 
th e  cy top lasm  o f h ep a to cy te s  in  th e se  groups (g roups 1, 2 an d  4) b u t  n o t in  
no n -d iab e tic  sa lin e -tre a ted  ra ts  (g roup  3). These f in d in g s in d ica te  t h a t  g e n ta 
m icin  possesses h e p a to to x ic  effects in  norm al ra ts . D iabe tes increases th e  
h e p a to to x ic ity  of gen tam icin .

G en tam ic in -induced  d eg en era tio n  and  necrosis o f th e  ren a l tu b u la r  
ep ith e liu m  observed  in  th is  s tu d y  a re  generally  s im ila r to  th o se  described  by  
H o u g h to n  e t al. (1976). These pa tho log ica l changes w ere m ore severe a n d  th e  
m ag n itu d e  o f e lev a tio n  o f serum  c rea tin in e  and  u rea  w as g rea te r in  gen tam ic in - 
t r e a te d  d iabe tic  ra ts , find ings w hich  ind ica te  th a t  d iab e tes  enhances g e n ta 
m icin  n ep h ro to x ic ity .

P rev ious re search  has show n th a t  ren a l d y sfu n c tio n , cystic  fib rosis and  
p resence  o f a focus o f liv er necrosis increase th e  r isk  of g en tam icin  to x ic ity  
(F raz ie r, 1986; G odson  e t al., 1988; Zager, 1988). L iv e r cirrhosis an d  endo to - 
x aem ia  were su sp ec ted  h u t  n o t show n to  enhance g en tam ic in  n e p h ro to x ic ity  
in  ex p e rim en ta l m odels (Cam ps e t a l., 1988; Je rn ig a n  e t  a l., 1988).

E n h an cem en t of g en tam icin  to x ic ity  m ay  be a t t r ib u te d  to  a lte ra tio n s  
in  p h arm aco k in e tics  causing a rise  in  th e  blood co n cen tra tio n s  of g en tam ic in  
in  d iabe tic  ra ts . A n o th e r possib ility  is th a t  th e  k id n e y  o f a llo x an -d iab e tic  
ra ts  is m ore sen sitive  to  th e  g en tam ic in -induced  in ju ry  (decreased  to x ic ity  
th resh o ld ). T his p o ssib ility  is su p p o rte d  b y  th e  o b se rv a tio n  th a t  d iab e tic  ra ts  
h a d  low ered blood  g lu ta th io n e  co n cen tra tio n s (Table 1). G lu ta th io n e  is know n 
to  p lay  a key  ro le in  biochem ical defence against to x ic ity -in d u ced  tissue  in ju ry  
(G ille tte  e t al., 1974).
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Table 1

Concentration of blood constituents in gentam icin-treated and saline-treated rats
(x  ±  SEM; n =  5)

Blood c o n s titu e n t

N o n -d iab e tic D iab e tic

Saline 
G ro u p  3

G en tam ic in  
G roup  4

Saline 
G roup  1

G en tam ic in  
G roup  2

A В A В A В A В

Glucose (mg/dl) 75.4 72.2 87.4 83.0 243 230 239 231
±  3.1 ±  3.5 ±  5.1 ± 5.4 ± 14.3 ± 8.6 ± 1 3 ±  8.5

Glutathione (mg/dl) 37.2 39.4 33.4 36.6 13.0 28.4** 14.0 27.0**
±  0.6 ± 0 .9 ±  1.1 ± 1.1 ± 1.4 ± 1.6 0.9 ± 1.6

Creatinine (mg/dl) 0.83 0.83 0.82 1.1** 0.81 0.84 0 .83 1.8**
±  0.04 ±  0.04 ±  0 .04 ± 0.04 ± 0.04 ± 0.04 ± 0.04 ± 0.04

Urea (mg/dl) 35.4 35.2 34.0 78.2** 33.2 39.4 35.4 131.2**
±  0.9 ±  1.2 ±  1.7 ± 3.9 ± 1.8 ± 2.7 ± 1.2 ± 9.1

ALT (U /l) 65.6 70.0 71.0 101.1** 70.4 75.4 72.8 116.2**
±  4.8 ±  3.4 ±  3.9 ± 3.0 ± 3.7 ± 3.7 ± 5.1 ± 3.2

Cholesterol (mg/dl) 78.4 78.2 77.6 81.2 70.6 53.2** 77.2 52.2**
±  4.4 ±  4.4 ±  5.4 ± 8.1 ± 4.5 ± 2.1 ± 3.1 ± 2.9

A; pretreatm ent values; B: post-treatm ent values; 
(P  <  0.01)

** post-treatm ent values are highly significantly different from pretreatm ent values

A
T

E
F

et al.
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DISPOSITION KINETICS AND DOSAGE REGIMEN 
OF SULFAPYRIDINE IN BUFFALO 

(B UB  ALUS BU BALIS)

A. K . S r i v a s t a v a , S .  R a m p a l  and R .  K . C h a u d h a r y

D epartm ent o f Pharm acology and T oxicology, College of Veterinary Science, Punjab A gricul
tural U n iversity , L udhiana-141004, India

(R eceived January 15, 1991)

The disposition kinetics and dosage regimen of sulfapyridine were studied in  
buffalo calves following a single intravenous dose o f 100 mg/kg. D istribution half-life  
( t i /2a) elim ination half-life ( t ,/ 2̂ ) and Vd (area) was 0.181 ±  0.008 h, 13.4 +  0.52 h 
and 0.59 ±  0.03 L k g “ 1, respectively. T otal body clearance, which represents the sum  
of all clearance processes, and tissue/plasm a (T/P) ratio were calculated to  be 31. 1 ±  
±  2.28 m l kg 1 h 1 and 2.25 ±  0.09, respectively. A satisfactory intravenous dosage  
regim en o f sulfapyridine in buffalo w ould be 104 m g/kg follow ed by 75 m g/kg at 24 h 
intervals.

K ey words: D isposition k inetics, dosage regim en, sulfapyridine, buffalo

A t p re se n t su lfapyrid ine , alone as well as in  co m b in a tio n  w ith  tr im e th o p 
r im , is w idely  used  in  th e  v e te r in a ry  p rac tice . In  o rd e r to  m a in ta in  th e  low est 
p la sm a  c o n cen tra tio n  in  th e  course o f  th e ra p y , an  o p tim a l dosage reg im en  of 
a n tim ic ro b ia l d ru g  is necessary . T h e  d isposition  k in e tic s  an d  dosage reg im en  
o f su lfap y rid in e  h av e  been in v e s tig a te d  in  pigs (Yree e t  a l., 1985), dogs (Scudi, 
1940; W eber e t a l., 1943; Scudi a n d  C hildress, 1956) an d  ra b b its  (S m ith  an d  
W illiam s, 1948) b u t  such s tud ies h a v e  com plete ly  b een  lack ing  in  ru m in a n ts . 
T h e  dosage reg im en  an d  d isposition  k inetics are ca lcu la ted  in  an im al species 
in  w hich  th e  d ru g  is to  be em ployed  c lin ically  (N aw az, 1983). The p re se n t s tu d y  
w as u n d e r ta k e n  to  in v estiga te  th e  d isposition  k in e tic s  an d  su itab le  dosage 
reg im en  of su lfap y rid in e  in  buffalo .

M aterials and methods

A nim als and treatment. E x p e rim e n ts  were p erfo rm ed  on seven  h e a lth y  
m ale  buffa lo  calves w ith  body  m ass ranges of 159 to  222 kg. The an im als w ere 
m a in ta in e d  u n d e r  un iform  s ta n d a rd  conditions o f th e  d e p a rtm e n t an d  w ere 
su p p lied  w ith  green  fodder o f th e  season, w h ea t s tra w  an d  w ater ad libitum. 
S u lfapy rid ine  w as adm in iste red  a t  a single in tra v e n o u s  dose of 100 m g/kg  
b o d y  m ass as a 33%  solution  in  n o rm a l saline a fte r  dissolving it  in  a m in im um  
vo lum e of 4 N N aO H .

8 Acta Veterinaria Hungarica 40, 1992 
Akadémiai Kiadó, Budapest



114 S R IV A S T A V A  et al.

B lood sam ples w ere  collected from  th e  c o n tra la te ra l ju g u la r  vein  in to  
h ep a rin ized  glass tu b e s  a t  1, 2.5, 5, 10, 15, 30, 45, 60, 90 m in a n d  2, 3, 4, 5, 6, 
7, 8, 10, 12, 24, 36 a n d  48 h  a fte r a d m in is tra tio n . P lasm a was se p a ra te d  a t room  
te m p e ra tu re  a fte r c e n tr ifu g a tio n  a t 3000 rp m  fo r 15 m in.

Experimental procedure. S u lfapy rid ine  level was d e te rm in ed  spectro- 
p h o to m e trica lly  acco rd in g  to  th e  m eth o d  o f B ra tto n  and  M arshall (1939). T he 
c o n c e n tra tio n  of N 4-a c e ty la te d  d e riv a tiv es  o f su lfapy rid ine  w as m easured  by  
th e  sam e m ethod  a f te r  ac id  hydro lysis. F ree  su lfapyrid ine  levels in  p lasm a 
w ere p lo tte d  on a sem ilo g arith m ic  scale a n d  an a ly zed  b y  th e  m e th o d  o f G ibaldi 
a n d  P e rr ie r  (1982).

Results and discussion

F ig . 1 shows th e  m ean  p lasm a co n cen tra tio n s  of free su lfap y rid in e  in  
b u ffa lo  calves fo llow ing a  single in tra v e n o u s  dose (100 m g/kg). A t 1 m in th e  
p la sm a  co n cen tra tio n  w as 512.5 ±  32.8 pg  m l-1 , w hich ra p id ly  declined to - 
275.9 ±  25.4 pg m l-1  a t  15 m in. T h e rea fte r , th e  p lasm a levels o f  su lfapyrid ine  
g ra d u a lly  decreased to  18.5 ^  2.5 pg m l-1  a t  48 h . C oncen tra tions of m ore 
th a n  25 pg m l“ 1 w ere m a in ta in e d  from  1 m in  to  36 h a fte r  ad m in is tra tio n .

Fig. 1. Semilogarithmic p lo t o f  plasma concentration—tim e profile o f sulfapyridine in buffalo 
calves following a single intravenous dose (100 m g/kg). Values are given as m ean SE of 7 
anim als. The data were analyzed  by the biexponential equation Cp =  A e-a t  ~  B e - ^ .  Distri
bution  (a) and elim ination (ß ) phase are shown b y  regression lines. The calculated points (O) 

of the d istribution phases were obtained by the feathering technique
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Table 1

Acetylation of sulfapyridine in the plasma o f buffalo calves following a single intravenous
adm inistration (100 mg/kg)

T im e
N 4-a c e ty la te d  su lfapyrid ine 
(%  o f  to ta l  p lasm a  con

cen tra tio n )

15 min 3.45 ±  0.54
30 min 10.40 ±  2.11
60 min 9.80 ±  2.62

2 h 15.70 ± 0 .3 1
4 h 12.50 ±  0.15
8 h 14.40 ±  1.62

12 h 13.90 ±  4.68
24 h 15.50 ±  3.14
36 h 16.90 ±  2.07
48 h 15.30 ±  1.45

Values given are m ean ±  SE o f the results obtained for 6 -7  anim als

T he d a ta  o b ta in ed  fo r p la sm a  levels o f  su lfapyrid ine  w ere described  b y  a tw o- 
c o m p a rtm e n t open  m odel an d  th e  d ispo sitio n  curve w as d iv id ed  in to  d is tr ib u 
tio n  an d  e lim in a tio n  co m p o n en ts . O th e r  su lfonam ides v iz . su lfad im id ine  (J h a , 
1983), su lfam ethoxazo le  (S r iv a s ta v a  e t  al., 1987) and  su lfaphenazo le  (P a u l e t 
a l., 1977) h av e  also b een  re p o rte d  to  follow  th e  tw o -co m p artm en t open m odel 
in  buffalo .

Sulfonam ides a re  a c e ty la te d  a t  th e  N 4-position  b y  th e  enzym e sy stem  
N -ace ty ltran sfe rase  a n d  ace ty lco en zy m e A (M arshall e t a l., 1937). In  th e  p re 
sen t s tu d y  th e  N 4-a c e ty la te d  fo rm  o f  su lfapyrid ine  w as fo u n d  to  be in  th e  
ran g e  o f 3 .45 -16 .9%  a t  d iffe ren t tim e  in te rv a ls  (Table 1). N o ex ac t co rre la tio n , 
e ith e r  be tw een  p lasm a  c o n c e n tra tio n  o f  d rug  and  e x te n t  o f a c e ty la tio n  ot 
betw een  tim e  a f te r  d ru g  in jec tio n  an d  e x te n t of a c e ty la tio n , could be e s ta b 
lished , a lth o u g h  fo r v a rio u s  su lfonam ides ace ty la tio n  h as  b een  rep o rted  to  in 
crease w ith  tim e  acco rd in g  to  a h y p erb o lic  p a tte rn  (T a lse th  an d  L an d m ark , 
1977). In  m an  (Vree e t a l., 1980) an d  ra b b its  (Vree e t a l., 1985) su lfapy rid ine  
is rep o rted  to  be a c e ty la te d  to  th e  level o f 15 and  50% , respective ly .

T he various d isp o sitio n  k in e tic  p a ram e te rs  of su lfap y rid in e  are su m m a
rized  in  T ab le  2. F ro m  th e  h igh  v a lu e  o f a (3.879 ^  0.164 h _1) i t  is ev id en t 
t h a t  su lfapy rid ine  is ra p id ly  d is tr ib u te d  from  th e  c e n tra l to  th e  p e rip h e ra l 
co m p artm en t. R ap id  d is tr ib u tio n  is fu r th e r  confirm ed b y  th e  tw ofo ld  h igher 
va lu e  of K 12 th a n  K 21. T h e  K 12/K 21 ra t io  was ca lcu la ted  to  be 2.15 ^  0.09. I t  
is m ore useful to  d e te rm in e  th e  e x te n t o f d is trib u tio n  o f d ru g  ra th e r  th a n  th e  
ra te  of d is trib u tio n . T h e  h igh values o f Vd (area) (0.59 i  0.03 L k g “ 1), T /P  
ra tio  (2.25 ^  0.09) an d  AUC (3314 ^  246 /xg m l_1xh) in d ic a te d  th a t  in  buffalo  
su lfapy rid ine  is ra p id ly  an d  fa irly  d is tr ib u te d  in  various b o d y  flu id s an d  tis-
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Table 2

K inetic determinants o f  sulfapyridine in buffalo calves following a single intravenous dose of
100 mg/kg

Parameter® Unit Range Mean i  SE

C P ° i“ g  m l-1 4 9 8 .9 -6 4 3 .1 549.1  ±  17.9
A <“ g i m l"1 3 5 0 .5 -4 3 2 .5 384.1  ±  11.3
a h 3 .1 7 4 -4 .5 1 6 3 .879  ±  0.164

tl/2a h 0 .1 5 3 -0 .2 1 8 0 .181 ±  0.008
В Hgi  m l"1 1 3 8 .8 -2 1 0 .6 164.9  ±  9.07

ß h 0 .0 4 3 -0 .0 5 8 0 .052  ±  0 .002

4/2/3 h 11 .9-16 .1 13.4  ±  0.52

K 12 h - i 2 .0 5 6 -3 .0 9 6 2 .567 ±  0.134

K 21 h - ‘ 0 .9 9 5 -1 .3 2 0 1 .195 ±  0.045

К и / К и Ratio 1 .8 4 1 -2 .3 8 3 2 .152  ±  0.094
K el h ' 1 0 .1 37-0 .211 0 .169  ±  0.009

t i /гКе! h 3 .2 8 4 -5 .0 5 8 4 .162  ± 0 .2 2 3
A U C /tg  m l-1  h 2 4 9 2 -4253 3314 ±  246
Ve L k g - i 0 .1 5 -0 .2 0 0 .1 8  ±  0.01
Vd (area) L k g - i 0 .4 6 -0 .6 9 0 .5 9  ±  0.03
Vd (В) L  k g “ 1 0 .4 7 -0 .7 2 0.61 ±  0.03
Vd (SS) L k g - ‘ 0 .4 3 -0 .6 7 0 .5 8  ±  0.03

C1B m l k g - 1h ~ 1 2 4 .9 -4 0 .0 31.1 ±  2.28

fc Ratio 0 .2 8 -0 .3 4 0.31 ±  0.01
T /P Ratio 1 .9 2 -2 .6 4 2 .25  ±  0.09
Cp (24) « g  m l" 1 3 8 .4 -4 7 .6 42 .1  ±  1.34

(experimental)
C P  (24) « g  ml 1 3 4 .5 -6 0 .0 4 7 .9  ±  3.93

(calculated)
A T  (24) (tg m l-1 9 0 .7 -1 3 0 .7 106.4  ±  6.69
D l (24) m g kg“ 1 52 .4 -1 0 4 .3 75 .2  ±  7.2
D m g k g - 1 78 .2 -1 6 2 .1 103.9  ±  11.6
r h - 24 ±  0

The values given are from  7 animals.
“ K inetic parameters are described after Gibaldi and Perrier (19821

sues. T h e  iden tica l v a lu es  o b ta in ed  fo r th e  vo lum e of d is tr ib u tio n  (Vd) by  
v a rio u s  m ethods, v iz. V d (B), V d (area) an d  Vd (ss), ag ree w ith  N o ta ri’s 
(1973) conclusion th a t  m e th o d s  o f ca lcu la tio n  h av e  no in flu en ce  on th e  volum e 
o f d is tr ib u tio n  of th e  d ru g .

To evaluate  th e  d is tr ib u tio n  of su lfapy rid ine , th e  d ru g  levels (fractions 
o f dose) in  th e  c e n tra l a n d  th e  p e rip h era l c o m p a rtm e n t w ere ca lcu la ted  an d  
p lo t te d  on a sem ilogarithm ic  scale (F ig . 2). I f  a d rug  t ru ly  follows a tw o-coin- 
p a r tm e n t  open m odel a n d  in jec tio n  was m ade rap id ly  b y  th e  in trav en o u s rou te , 
th e  re la tio n sh ip  of d ru g  level betw een  th e  ce n tra l and  th e  p e rip h e ra l co m p art
m e n t a t  various tim e  in te rv a ls  can  be fram ed  b y  th e  follow ing eq u a tio n  
(B ag g o t, 1977):
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C en tra l c o m p artm en t:

_  Ao(a-K2i) e_at . Ao(K21-/3)
a-ß a-ß

P e rip h e ra l (tissue) co m p artm en t:

A T =  KlzA-  .e +  KlzA° - . e “ * , 
ß-a a-ß

w here Ao is th e  a m o u n t o f d ru g  in  th e  c e n tra l c o m p a rtm e n t a t  zero tim e , AC 
an d  AT a re  levels of d ru g  in  th e  cen tra l a n d  th e  p e rip h era l c o m p a rtm e n t, r e 
spec tiv e ly , a t  tim e  t .  T h e resu lts  show n in  F ig . 2 co n firm  th e  excellen t d is tr ib u 
tio n  o f su lfap y rid in e . T h e  a p p a re n t equ ilib riu m  be tw een  p lasm a a n d  tissu es  
w as ach ieved  w ith in  15 m in. Once a p p a re n t eq u ilib riu m  w as a t ta in e d , th e  
d ru g  c o n c e n tra tio n  w as alw ays h igher in  th e  tissu e  c o m p a rtm e n t th a n  in  th e  
c e n tra l one.

T h e  ca lcu la ted  e lim ina tion  half-life  o f  su lfap y rid in e  in  bu ffa lo  calves 
(13.4 ^  0.52 h) w as id en tica l to  t h a t  fo u n d  in  pigs b u t  considerab ly  lo n g er 
th a n  t h a t  re p o rte d  fo r dogs. T he t i /2(? o f su lfap y rid in e  in  dogs (S cud i a n d  
C hildress, 1956) an d  pigs (Yree e t al., 1985) has been  re p o rte d  to  be 5 a n d  12 h , 
re sp ec tiv e ly . In  o rd er to  d e te rm in e  th e  m echan ism  o f ren a l c learance  o f  su l
fap y rid in e  in  buffalo , th e  v alue  of g lo m eru la r f i l tra tio n  ra te  (177.0 m l k g -1  h “ 1),

Fig. 2. Sulfapyridine level (fraction of dose) in  the central and peripheral com partm ent and  
fraction o f dose elim inated as a function o f tim e in  a representative anim al follow ing a single  
intravenous dose (100 m g/kg). A  schem e of the tw o-com partm ent open m odel ind icating values  

of first order rate constants in  the sam e anim al is  also shown (in inset)
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es ta b lish e d  b y  V arm a (1980), was ta k e n  in to  acco u n t. T he C1B o f su lfap y rid in e  
w as severa l tim es low er th a n  th e  g lo m eru la r f i l t ra t io n  ra te . T h is in d ica tes  th a t  
th e  c learance o f su lfap y rid in e  in  buffa loes m a y  invo lve  g lom eru la r f i l tra tio n  
as w ell as tu b u la r  reab so rp tio n .

A  sa tis fac to ry  dosage reg im en o f su lfap y rid in e  m ay  be c o m p u ted  b y  
em p lo y in g  th e  d isp o sitio n  k in e tic  p a ra m e te rs  d e te rm in ed  in  th e  p re se n t s tu d y . 
S u ch  a dosage reg im en  is only  a gu ideline  fo r jud ic ious use, an d  th e  a c tu a l 
e ffec tiveness of th e  d ru g  still rem ains to  be  v e rified  in  clinical c ircum stances. 
F o r  m o s t of th e  su lfonam ides th e  effec tive  c o n cen tra tio n , i.e. m in im um  in h ib 
i to r y  co n cen tra tio n  (M IC), ran g ed  fro m  0.16 to  64 fig m l-1  (M andel an d  
S an d e , 1985). In  th is  ca lcu la tio n  we h av e  ta k e n  50 fig m l-1 as th e  M IC of 
su lfap y rid in e  an d  th is  co n cen tra tio n  is ex p e c te d  to  be effec tive  a g a in s t all 
m icroorgan ism s w h ich  are  effective to  th is  su lfonam ide.

T h e  dosage in te rv a l  based  on th e  d esired  m in im um  p lasm a c o n c e n tra tio n  
is o b ta in e d  by  th e  fo liow ing eq u a tio n :

Cp (m in)“ B e " *  
— e~ßT

F itt in g  th e  va lu es  of В an d  ß from  T ab le  2 an d  th e  values o f  r  as 24 h, 
th e  p la sm a  c o n c e n tra tio n  betw een  tw o  successive dosings will be  65.1 fig m l-1 , 
w h ich  is m ore th a n  o u r desired h ig h es t level o f  Cp (m in)a o f su lfap y rid in e  
(64 fig m l-1). H av in g  chose a su itab le  a n d  conv en ien t dosage in te rv a l, th e  
m a in te n a n c e  dose (D 1) is o b ta in ed  as follow s:

D 1 =  Cp(m in)a Y d. (e^T -  1).

T he prim ing  dose (D) is o b ta in ed  b y  o m ittin g -1  from  th e  above eq u a tio n . 
T h u s  th e  p rim ing  a n d  m a in ten an ce  doses o f  su lfapy rid ine  in  bu ffa lo , w ith  a 
d osage  in te rv a l of 24 h , w ould  be 103.9 m g /k g  an d  75.2 m g/kg, re sp ec tiv e ly , or 
u n d e r  fie ld  cond itions th e  o p tim al in tra v e n o u s  dosage reg im en o f su lfap y rid in e  
in  b u ffa lo  w ould be 104 m g/kg  follow ed b y  75 m g/kg  a t  24 h  in te rv a ls .
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IMMUNIZATION OF DAY-OLD CHICKENS AGAINST 
NEWCASTLE DISEASE
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P. O. B o x  18, Hungary; 2State In stitu te  for the Control o f  Veterinary Vaccines and Pharm a
ceuticals, H -1107 Budapest, Szállás u. 8; d e p a r tm e n t  of Anim al H ygiene, U n iversity  o f  

Veterinary Science, H -1400 B udapest, P . O. B o x  2, Hungary

(R eceived October 14, 1991)

The avirulent N ew castle disease virus strain designated NDV-6/10, selected  by  
B . Lom niczi at the Veterinary M edical Research In stitu te , Hungarian A cadem y of  
Sciences, is com pletely safe for day-old chickens by aerosol vaccination. Aerosol im 
m unization using the H ungarian-m ade M A ST E R D R O P®  generator (particle size: 
m axim um  7 fim ) caused no vaccination  reactions am ong 206,000 chickens w ith  different 
m aternal antibody levels. Other vaccines given  sim ultaneously did not sign ifican tly  af
fect the protection elicited against N ew castle  disease (N D ).

A lm ost 100% and 90%  o f the aerosolized chickens survived subcutaneous chal
lenge w ith  10e L D 50 ND V  at 30 and 50 days old, respectively. A single im m unization  is  
su fficien t for broilers; however, parent flocks should be revaccinated at 7 so 8 w eeks old.

Key words: New castle disease, aerosol im m unization , day-old chickens, aviru lent 
strain NDV-6/10

M ate rn a l an tibod ies to  N ew castle  d isease v iru s  (NDV) provide ch ickens 
w ith  a re la tiv e  p ro tec tio n  th a t  la s ts  u p  to  2 -3  w eeks o f age. A t th e  sam e tim e , 
th e ir  p resence  decreases th e  im m u n o g en ic ity  o f live v iru s  vaccines (B en n e jean  
e t  a l., 1978; G iam brone, 1981, 1985; P a r ta d ire d ja  e t  al., 1979; R o b e rtso n , 
1981; V illegas e t al., 1977). M a te rn a l an tib o d ies  e x e r t  less expressed in h ib ito ry  
e ffec t on  th e  g row th  o f  v iruses a d m in is te red  in  sp ra y  or aerosol vaccines o n to  
th e  co n ju n c tiv e  or m ucous m em b ran es (E id so n  an d  K leven , 1976; G iam b ro n e , 
1985). T herefo re , e ffo rts  h av e  long  been  m ad e  to  im m unize day -o ld  chicks 
a g a in s t in fec tious b ro n ch itis  a n d  N ew castle  disease b y  th is  ro u te  (V an der 
H eide  e t a l., 1957). T he degree o f p ro te c tio n  elic ited  is inversely  p ro p o rtio n a l 
to  th e  p a r tic le  size of th e  v iru s  aerosol. H ow ever, to o  sm all d roplets m a y  cause 
v a c c in a tio n  reac tions depend ing  on  th e  v iru len ce  o f th e  vaccine s tra in  an d  
th e  h e a l th  s ta tu s  of th e  flock  (G iam brone, 1981, 1985).

In  h a rm o n y  w ith  o u r experience gain ed  in  H u n g a ry , several a u th o rs  
h av e  re p o r te d  such reac tio n s fo r s tra in  L a S o ta  to o . T h is is w hy clones o f  low er 
p a th o g e n ic ity  index  h av e  been  se lec ted  from  th a t  s tra in  (E idson an d  K leven , 
1976, 1980). T he m o d era te  im m u n o g en ic ity  o f live v iru s vaccines g iven  a t  
d ay  o ld  can  be su b s ta n tia lly  e n h an ced  b y  s im u ltan eo u sly  giving a fra c tio n  o f  a

•P resen t address: P hylaxia Veterinary B iologieals Co., H -1143 Budapest, Zászlós u. 27, 
H ungary
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dose o f  in a c tiv a te d  vacc in e  (B ennejean  e t a l., 1978; G iam brone an d  C lay, 1986; 
R o b e rtso n , 1981).

A s in  H u n g a ry  th e re  are h a tch eries  o f  enorm ous capac ity , o u r a im  was 
to  f in d  a m ethod  su ita b le  fo r m ass im m u n iz a tio n  of day-o ld  chickens ag a in s t 
N D  w ith o u t causing v a c c in a tio n  reactions.

Materials and m ethods

Chickens. T he  p a re n t  flock  of th e  ch ickens im m unized  a t  1 to  10 day s 
o ld  h a d  been v acc in a ted  tw ice w ith  L aS o ta  (in  sp ra y  or v ia  th e  d rin k in g  w ater) 
a t  g ro w er age an d  w ith  a n  in a c tiv a te d  o il-a d ju v a n t vaccine before th e  lay in g  
seaso n .

Virus strain. T h e  vaccine  s tra in  w as se lec ted  b y  B. L om niczi a t  th e  
V e te r in a ry  M edical R esea rch  In s t i tu te , H u n g a ria n  A cadem y o f Sciences, from  
a m o n g  num erous a v iru le n t s tra in s  iso la ted  in  th e  field . T he basis o f se lection  
w as t h a t  th is  s tra in  cau sed  m ilder changes in  ch icken em bryo  k id n ey  (C E K ) 
cell c u ltu re s  th a n  d id  th e  know n len togen ic  s tra in s . I t  did n o t k ill em bryos in  
5 d a y s , an d  even in tra c e re b ra lly  in o cu la ted  1 -day-o ld  chicks rem ain ed  h e a lth y . 
E v e n  doses 100 tim es th e  im m uniz ing  dose fa iled  to  cause v acc in a tio n  reac tio n s 
b y  a n y  ro u te  of ap p lica tio n . T he s tra in  is ex trem e ly  h ea t s tab le . I t  w as de
s ig n a te d  and  p a te n te d  as NDV-6/10.

Aerosol generator. T he  a tom izing  p erfo rm ance  of th e  H u n g a ria n  MA- 
S T E R D R O P  (MD-2500)® a p p a ra tu s  (p a te n te d  b y  T am ási e t al.) is 2.5 1/h. 
F ro m  th e  a tom izer th e  aerosol gets in to  a sep a ra tin g  space from  w here 
d ro p le ts  la rger th a n  7 fun  flow  b ack  in to  th e  ta n k . The aerosol s tab ilize r used  
(D O R Y ' D RO PS)®  su b s ta n tia lly  h inders ev ap o ra tio n  for 25 to  30 m in . One 
g e n e ra to r  is needed fo r  ev e ry  500 m 3 a ir-sp ace . T he v irus dose used  is 107'3 
E I D S0 p e r cubic m e tre  o f a ir. T he chickens s ta y  in  th e  v irus aerosol fo r 30 m in.

Haemagglutination inhibition ( H I )  test. T he  H I  te s t  w as done in  th e  
u su a l w ay , using 4 H A  u n its  of s tra in  L aS o ta . T h e  geom etric m ean  ti tre s  w ere 
e x p re ssed  in  log2 values.

Challenge. 106 L D 50 of a m ix tu re  o f v iru le n t v irus s tra in s , used  b y  th e  
S ta te  In s t i tu te  for th e  C on tro l of V e te rin a ry  V accines an d  P h a rm aceu tica ls  
fo r  sev e ra l decades, w as in jec ted  su b cu tan eo u sly  in  0.1 m l of a llan to is  su sp e n 
sion . A ll susceptib le c o n tro l b irds died  on d ay s  5 — 6.

Results

T h e resu lts o f ex p e rim en ts  aim ed a t d e te rm in in g  th e  o p tim u m  im m u n iz 
in g  dose of v irus are  n o t  g iven here in  d e ta il. Chickens th a t  h ad  been  exposed  
to  106'0 E ID 50/m 3 v iru s  b y  in h a la tio n  possessed  90 an d  100%  p ro te c tio n
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a g a in s t challenge a t  4 an d  7 weeks o ld, respective ly . C hickens im m unized  w ith  
107'0 E ID ^ /m 3 v iru s  show ed 100%  su rv iv a l ra te  u p o n  challenge b o th  a t  4 
an d  a t  7 weeks old. As in  th e  p rac tice  th e  air-space o f  th e  ch icken  houses can 
n o t be iso la ted  he rm etica lly , u n d e r  fie ld  conditions we u sed  v irus doses o f 
107'3 to  107'3 E ID 50/m 3 fo r im m u n iza tio n .

Im m unization o f  broilers

U p to  1990, a to ta l  o f 86 ,050 /b ro ile r chickens o f 5 flocks w ere im m unized . 
T he resu lts  are  su m m arized  in  T ab le  1. In  th e  f irs t  f ie ld  tria ls , chickens im 
m un ized  a t  1 d ay  o ld  (in  th e  h a tc h e ry  or in  th e  ch icken  house) were challenged  
a t  d iffe ren t ages. I f  th e  chickens w ere im m unized  o n ly  aga in st N ew castle  
disease w ith  th e  N D V -6/10 vaccine, a t  30 days old th e y  show ed 98 to  100%  
p ro tec tio n . I f  th e  aerosol co n ta ined , besides our N D V -6/10 s tra in , also s tra in  
H 120 (IN T E R V E T ® ) of in fectious b ro n ch itis  v iru s (IB V ), a lm ost 92%  o f th e  
chickens su rv ived  challenge a t  1 m o n th  old. T he g roup  im m unized  only aga in st 
N D  show ed 90 to  9 4 %  p ro tec tio n  a t  50 to  54 days o ld, w hile th a t  im m unized  
w ith  NDV-6/10 p lus IB V  s tra in  H 120 (IN T E R V E T ® ) possessed  75%  p ro tec tio n  
a t  50 days old.

Chickens o f a la rge  bro iler flo ck  n u m bering  a lm o s t 40,000 b irds, im 
m un ized  a t  9 day s o ld , show ed 100%  p ro tec tio n  a t  44 d ay s  o f age (a t s laugh te r). 
T he b o d y  m ass a t  s la u g h te r  o f ch ickens of th a t  g roup , s to ck ed  a t  a h igher ra te  
th a n  usual, was 1530 g an d  th e ir  m o r ta li ty  ra te  3% .

In  an o th e r flo ck  o f 40,000 b ird s , im m unized  a g a in s t N D  w ith  th e  NDV- 
6/10 vaccine a t  3 day s old and  la te r  a ffec ted  b y  m ycoplasm osis, th e  ra te  of 
p ro te c tio n  was 9 1 %  u p o n  challenge a t  33 days old.

Table 1

Im m unization of broilers w ith  NDV-6/10 aerosol (107'3 E ID 50/m 8)

N u m b e r  o f  v ac - ■ 
c in a te d  ch ickens

Age o f ch ick en s (d ay s)
D ied /In fec ted S u rv iv a l r a te

a t  vaccina
tio n a t  challenge

500 l 14 0/20 100.0
28 0/20 100.0
54 1/10 90.0

850 l 30 2/50 98.0
50 4/75 94.7

5,100 + l 30 5/60 91.7
50 5/20 75.0

39,600 9 44 0/30 100.0

40,000 + + 3 33 5/55 91.0

+ the birds sim ultaneously received H 120 aerosol; + + severe m ycoplasm osis
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a. 1 - 2  —  N D V -6 /1 0  a e r o s o l  o n  d a y  1
о  3  ...........  N D V -6 /1 0  a e r o s o l « P h y l a p e s t  o n  d a y  1
о  Л - 5  ——— La S o t a  in  t h e  d r i n k in g  w a t e r  o n  d a y  19

F ig . 1 . B ody mass gain o f  chickens im m unized in  different ways (on the basis o f weekly
averages)

I n  th e  im m u n ized  b ro ile r flocks n e ith e r  depression n o r  re sp ira to ry  signs 
w ere  seen after v acc in a tio n . T he m o r ta l i ty  ra te  was su b s ta n tia lly  low er th a n  
h a d  b een  ty p ica l o f th a t  fa rm  ea rlie r. T h e  s te a d y  body  m ass g a in  show n in  F ig . 
1 deserves p a r tic u la r  a tte n tio n . C om paring  th e  body  m ass g a in  of th e  5 ex 
p e r im e n ta l groups k e p t  u n d e r in d e n tic a l conditions, i t  can  be seen th a t  groups 
1 a n d  2 (groups t h a t  h a d  been exposed  a t  day-o ld  exclusively  to  an  aerosol 
c o n ta in in g  our e x p e rim e n ta l N D V -6/10 s tra in ) show ed th e  s te a d ie s t body  m ass 
g a in  a n d  reached  th e  h ig h est b o d y  m ass. I f  th e  b irds s im u ltan eo u sly  received 
a n  in a c tiv a te d  vaccine  (P h y lap es t)  as well, th e ir  body  m ass g a in  was s ligh tly  
lo w er. B irds of g roups 4 an d  5, g iven  L aS o ta  v irus v ia  th e  d rin k in g  w a te r a t
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19 day s old, reach ed  a 14 to  17%  low er b o d y  m ass th a n  d id  tho se  of g roups 1 
a n d  2 k e p t u n d e r  th e  sam e co n d itio n s. C linical signs w ere n o t seen in  chickens 
o f  g roups 4 a n d  5 e ither.

Im m unization o f  parent flock and laying flocks producing fo r  the market

U p to  1990, a to ta l  o f 120,370 b ird s  o f 4 large-scale  flocks, im m unized  
a g a in s t M arek’s disease in  th e  h a tc h e ry , w ere used. T h e  d a ta  are sum m arized  
in  T ab le  2. C hickens o f flocks I I  a n d  I I I  h a d  also been  im m unized  w ith  IB V  
s tra in  H 120 (IN T E R V E T ® ) in  th e  h a tc h e ry .

B irds o f  th e  fou r flocks w ere im m unized  w ith  a n  aerosol o f o u r new  
N D V -6/10 s tra in  a t  2 to  10 d ay s  o ld  u p o n  a rr iv a l a t  th e  receiv ing  fa rm . T he 
tim e s  of im m u n iza tio n  ag a in st in fec tio u s b ro n ch itis  (IB ) an d  infectious b u rsa l 
d isease (IB D ) are show n in  th e  ta b le . Challenges p erfo rm ed  betw een  d ay  30 
a n d  65 of life revealed  83 to  100%  p ro tec tio n . In  th e  f i r s t  tw o  m o n th s, th e  
m o rta li ty  ra te  rem ained  below  3 %  in  th e  im m unized  flocks, th e  only ex cep tion  
b e in g  th e  cockerel s tock  in  g roup  A o f flock  3 w here i t  w as 5 .17% .

Table 2

Im munization of the parent flock and laying flocks

N u m b e r  o f  vac
c in a te d  ch ickens

Age a t  v a c c in a tio n  a n d  
ro u te  o f  v a c c in a tio n

Age a t  ch a l
lenge (d ay ) D ied /In fee ted

S u rv iv a l 
r a te  (% )

F lock I

32,836 D ay 1: Marek sc.
Days 2-4: N D V -6/10 aerosol 30 0/60 100.0
D ay 35: IBV (H ,20), drinking water 60 10/61 83.6

F lock II

28,204 D ay 1: Marek sc.
IBV (H lta) spray

Days 2-10: N D V -6/10 aerosol 45-53 2/52 96.1
D ays 27-35: IBD V
Days 34-42. IBV (H 120) drinking water

F lock III

30,080 D ay 1: Marek sc. 36-40 A  0/20 100.0
IBV (H 120) spray В 0/20 100.0

C 0/20 100.0
D ays 4-8: N D V -6/10 aerosol
D ay 24: clone 30 (group C) 59-63 A  1/20 95.0

В 0/20 100.0
C 0/20 100.0

F lock IV

29,250 D ay 1: Marek sc.
D ays 5-8: N D V -6/10 aerosol 62-65 2/40 95.0
Days 22-25: IBV (H 120) drinking water

Acta Veterinaria Hungarica 40, 1992



126 MÉSZÁROS e t al.

A ro u n d  the  age o f  2 m o n th s , these  flocks were again  im m unized  w ith  an  
aerosol con ta in ing  o u r te s t  vaccine s tra in . I n  lay ing  flocks p roducing  fo r th e  
m a rk e t th e  th ird  v a c c in a tio n  w ith  o u r te s t  vaccine w as ca rried  ou t also b y  
aeroso liza tion , before th e  beg inning  of th e  lay ing  season. E x p e rim en ts  are 
c u rre n tly  un d er w ay  to  d e te rm in e  how  m a n y  tim es an d  w hen  aerosol im m u 
n iz a tio n  should  be re p e a te d  d u rin g  th e  lay in g  season.

I n  breeding  flocks, aeroso l im m u n iza tio n s in  th e  f irs t  w eek of life an d  a t  2 
m o n th s  old were fo llow ed b y  a tr iv a le n t (N D V -IB V -IB D V ) in a c tiv a te d , oil- 
a d ju v a n t  vaccine (IN T E R V E T ® ) w hich e lic ited  an  expressed  booster effect 
an d  h ig h  H I  titres.

Discussion

T h e  extensive tr ia ls , m o stly  co n d u c ted  in  large flocks, h av e  proved  th e  
sa fe ty  o f o u r te s t s tra in . I n  th e  flocks im m u n ized  w ith  th is  s tra in , m o rta lity  
w as low er and  th e  b o d y  m ass gain of b ro ile rs  su b s ta n tia lly  h ig h er th a n  th e  
local va lu es  o b ta ined  ea rlie r . S im u ltaneous im m u n iza tio n  ag a in st M arek’s 
disease an d  IB  did n o t ap p re c ia b ly  decrease th e  h igh level o f p ro te c tio n  achieved 
a g a in s t N D . The sam e w as found 2 -3  w eeks a fte r  v acc in a tio n  of grow ing 
ch ickens against IB D . T h is  o bserva tion  is in  h a rm o n y  w ith  th e  find ings of 
o th e r  a u th o rs  (G iam brone, 1981; G iam brone an d  Clay, 1986; R o b ertso n , 1981).

A n  im p o rta n t exp erien ce  is th a t  aerosols o f ve ry  sm all d ro p le t size confer 
a d e q u a te  p ro tec tion  in  sp ite  of th e  m a te rn a lly  derived  im m u n ity . For lack  
of space, th e  dynam ics o f  a n tib o d y  responses is n o t given here  in  de tail. A n ti
b o d y  response  was p ro tra c te d :  m ax im um  t i tr e s  were d em o n strab le  only a ro u n d  
d ay  30. In  agreem ent w ith  th e  observa tions o f  o thers (B en n e jean  e t al., 1978; 
E id so n  an d  E leven , 1976, 1980; G iam brone, 1985; R o b ertso n , 1981; V illegas 
e t a l., 1977; Y adin , 1976), we also found  a few  seronegative  b ird s . I t  was th is  
g roup  w hich y ielded th e  b ird s  th a t  succum bed  to  challenge; how ever, m ost 
of th e se  b ird s su rv ived  th e  in fec tion . S im ilar observations h av e  been rep o rted  
b y  o th e rs  (G iam brone, 1985; H olm es, 1979; P a riv a lla l e t ah , 1986; P a r ta d i-  
re d ja  e t  ah , 1979; V illegas e t ah , 1977) as well. All th is  shou ld  be ta k e n  in to  
co n sid e ra tio n  w hen e v a lu a tin g  th e  H I te s t  o f chickens im m u n ized  a t  an  early  
age. T h e  slight difference b e tw een  resu lts  o f th e  I I I  te s t  perfo rm ed  w ith  s tra in  
L aS o ta  an d  w ith  th e  hom ologous an tig en  w as sim ilar to  w h a t w as found  b y  
o th e rs  fo r  H I  tests  w ith  th e  conven tional s tra in s  and  th e  new  iso la tes (A lexan
d er a n d  P arson , 1986).

B ecause of th e  r isk  o f  v accination  reac tio n s, aerosols of less th a n  10 цт  
d ro p le t size are ra th e r  ra re ly  used for v acc in a tio n  ag a in st N ew castle  disease 
(G iam brone, 1985). O u r p re lim in a ry  s tu d ies  suggest th a t  th e  sa fe ty  of s tra in  
N D V -6/10 has a decisive ro le  in  th e  absence of v acc in a tio n  reac tio n s. F u r th e r
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stud ies h av e  led  to  re g is tra tio n  o f th e  vaccine p ro d u ced  from  s tra in  N D V - 
6/10 in  H u n g a ry  b y  th e  nam e o f Y IT A P E S T  and  its  com m ercial a v a ila b ility . 
T hese ex p erim en ts  will be rep o rted  la te r .
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W olfgang L ö sc h er , Fritz R upert U n g em a ch  and R einhard K r o k e r : Grundlagen der 
Pharmakotherapie bei H aus- und N utztieren. F irst edition. Verlag P aul Parey, Berlin und  
H am burg, 1991. 380 pages, 59 tables and 12 figures. ISB N  3-489-57416-8.

The book, which sum m arizes the m ost im portant knowledge available on the pharm aco
therapy o f dom estic and farm  anim als, consists o f three parts: a general introduction, specific  
pharm acology and pharm acotherapy, and the appendix.

The general p a rt deals w ith  the fundam ental elem ents and specific areas o f pharm ac
ology, the definitions and legal provisions concerning pharm aceuticals. The aspects and  
order of describing individual drugs and th e  literature used in  w riting the book are sum 
marized here.

The m ost spacious part o f the book is the second part, special ( detailed) pharmacology 
and pharmacotherapy. I t  describes the different groups of pharm aceuticals in  21 chapters, on  
about 320 pages. The pharm aceuticals are categorized by their pharm acodynam ic properties 
and are discussed w ith  an up-to-date a ttitu d e , relying upon the m ost recent data.

E ach chapter is preceded b y  a w ell-system atized  and com prehensive introduction w hich, 
building upon physiological and biochem ical bases, makes the reader understand the essence 
of pharm acodynam ics on the m olecular level. W ithin each chapter, the pharm aceuticals are 
grouped and described in a very logical m anner. Sim plified and high ly  illustrative figures 
help the reader understand the com plex pharm acodynam ic relationships and the tex t is well 
com plem ented w ith  tables which supply factual data.

The individual chapters can be briefly  characterized as follow s.
The book discusses the drugs acting on  the nervous system  in four d istinct groups: 

pharm aceuticals acting on the autonom ous nervous system , those affecting peripheral m edia
tors, drugs acting on the central nervous system , and local anaesthetics. Assigning the peripheral 
m ediators to  a d istinct group can be considered a relatively new  approach. In this group are 
described histam ine, 5-hydroxytryptam ine (serotonin), and the prostaglandins.

In the chapter devoted to  cardiac drugs, besides the classic cardiac glycosides the authors 
devote rather large space to antiarrhythm ic preparations which have  at present m ainly hum an  
therapeutic significance in  H ungary. This part m entions also the n ew est preparations. Because  
of the relative scarcity o f data available for dom estic anim als, i t  m ust have been d ifficu lt to  
point ou t the species specificities and, w ith  the exception of the dog, to  give the accurate  
dose regim en. The same statem ents apply to  the drugs acting on circulation  comprising hyper
tensive  and hypotensive drugs.

The chapter dealing w ith  infusion therapy  affecting w ater and electrolyte balance is  
a well-arranged part o f the book which contains the m ost recent concepts and body o f know l
edge. Besides various parenterally applicable electrolyte solutions, oral rehydration, correction  
of acid-base im balances, potassium  substitu tion , and solutions containing calcium and m agne
sium  are also described, together w ith  carbohydrate-containing solutions and preparations 
suitable for plasm a substitution .

A  concise, well-arranged chapter is devoted to drugs acting on  renal function  (diuretics 
and antidiuretics). Pharm aceuticals influencing uterine function  are described only sketchily . 
Considering their im portance in  the veterinary practice, these drugs could perhaps be discussed  
in  more detail.

The chapter about drugs acting on th e  respiratory system  is very successfully w ritten  
and comprises the m ost recent preparations th a t can be used also in  veterinary m edicine. The 
description of pharm aceuticals serving for th e  treatm ent of hepatopathies is practical b u t too
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concise. Drugs acting on th e  liver, the central organ o f m etabolism , should have deserved a 
som ew h at more detailed description.

T he description o f drugs acting on the gastrointestinal tract (antacids, antazym otics, 
em etics , antiem etics, antidiarrhoeals) is very successful in  its contents, proportions and up-to- 
d aten ess alike.

T he chapter dealing w ith  disinfectants is rather short and describes the preparations 
on ly  sk etch ily , though it  offers a practical grouping and a good overall view .

The drugs suitable for treating and preventing bacterial infections (antib iotics and other 
chem otherapeutics) are described on 35 pages. This is an especially w ell-w ritten  and clearly 
arranged chapter in which reference is m ade to new  drugs which are litt le , or not at all, used  
in  veter in ary  medicine y e t. T hese drugs mark out the new  directions o f  developm ent.

Corresponding to their significance, antiparasitic  drugs are dealt w ith  in  alm ost as much 
deta il as antibacterial preparations. Separate chapters are devoted to anthelm intics and drugs 
aga in st ectoparasites. P ractica lly  all im portant preparations can be found in the book. Drugs 
o f  natu ra l origin and exclu sive ly  synthetically  derived ones are distinguished.

A  well-arranged description  o f antimycotic preparations, both  classical and recently  
develop ed , can also be found in  the book.

D u e to their lim ited veterinary m edical im portance, cytostatic agents are dealt w ith very  
briefly  (in  2.5 pages). B eyond  th e  general principles, a table is presented and dose regimens of  
som e preparations for d ifferent anim al species are given.

Vitam ins and trace elements are described in  the sam e chapter according to the classical 
grouping. The chapter dealing w ith  hormones and drugs o f hormonal effect is also very well 
w ritten  and contains the m o st recent therapeutic principles and preparations. Som atotropins 
develop ed  as a result of b iotechnological research are also described in th is chapter. No separate 
ch apter is devoted to grow th prom otants.

In  relation to the size o f  the book, the pharm acological influencing o f inflamm ation  
has received rather great em phasis (30 pages). B esides the well-known antiphlogistics (non
steroid  antiinflam m atory drugs and corticosteroids), this part describes dim ethylsulfoxide, 
O rgotein , and the substrates o f  articular m etabolism  as well.

T he last chapter is devoted  to  the therapy o f im portant toxicoses. B esides nonspecific 
descrip tions, the main em phasis is given to specific antidotes and procedures. Such rarely used 
com pounds as D-penicillinam ine and iron(III)hexacyanoferrate(II) can also be found in this 
w ell-w ritten  chapter.

T he A ppendix  deals w ith  the conversion of hum an drug doses to anim als, drug com bina
tio n s, th e  use of approved pharm aceuticals on fish , drugs approved for use in  poultry (sum 
m arized in  a table), the drug treatm ent o f laboratory animals and p ets, m edicated diets, 
trea tm en t of protozoal d iseases and the undesirable risks associated w ith  th e  use of pharma
ceuticals.

T his book is an ex ce llen t work com prising large areas o f veterinary pharmacology. 
I t  g iv es evidence of its auth ors’ wide-ranging professional knowledge exten d ing  from molecular 
pharm acology to the practical application o f drugs. A lthough the book is  intended for veteri
narians, it  will prove useful also for specialists o f other related fields (pharm aceutists, researchers 
o f  experim ental medicine and  life sciences) as well as for university stu dents in these fields. 
T he readers get abundant inform ation in  a w ell-system atized , concise form.

T he work contains, m o stly  in system atic order, also partial data w hich are hard to 
ob ta in  from  most of the currently available text-books (e.g. pharm acokinetic data for dom estic  
an im als, accurate dosing, b iological utilization, contraindications, undesirable side effects and 
in teraction s). From the food  sanitary point o f view  it  is o f prime im portance that drug w ith
draw al tim es are given accurately.

A s the title of the b ook  indicates, the authors wished to sum m arize the 'fundamentals 
o f th e  pharmacotherapy o f dom estic and farm anim als. B y expanding som e of its chapters, 
th is  excellen t work could be developed into a high-standard text-book or m anual in the future.

Ferenc S im on

H . S ommer, E. Gr e u e l  and W. Mü l l e r : H ygiene der Rinder- und Schweineproduktion. 
Second, revised edition. E ugen  Ulm er Verlag, Stu ttgart, 1991. 568 pages, 91 figures, 250 tables.

Since the first edition published in  1976, thorough changes have occurred in the econom y  
o f th e  former Federal R epublic o f  Germany. As com pared to the 1970’s, com pletely  new diseases 
and health  problems have com e to the fore in  anim al production. In an a ttem p t to conform
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to  these changes, the authors have su bstantia lly  revised and, in  places, enlarged the first 
edition , laying great stress on veterinary prevention.

The first chapter, entitled “General hygiene” (115 pages), w as w ritten  by W. M iiller. 
The chapter is subdivided into several parts. The first part is entitled  “ Factors affecting health” . 
In  it  the author divides the environm ental factors acting on anim als in to  liv ing (bacteria, 
viruses, fungi and yeasts, endo- and ectoparasites) and non-living (inanim ate) factors (m icro
clim ate of anim al houses), and discusses th em  in detail in  th a t grouping. The description of 
diseases o f cattle  and swine is abundantly illustrated  w ith tables. The pages dealing w ith  water, 
soil and air hygiene form  a valuable elem ent of this part. T he second part bears the title  
“ General pathology” . I t  describes in detail the role o f constitution and disposition in the devel
opm ent of diseases. The author illustrates the galenic signs of inflam m ation , the degeneration  
and necrosis of organs and tissues, and the pathology of the circulatory system  by exam ples. 
The third part, entitled  “ Defensive m echanism s o f anim als” , offers a clear and com prehensive 
overview  of the related body of know ledge. The fourth part, w hich bears the title  “ A nim al 
production and the veterinarian's tasks” , has been written alm ost entirely w ith  a view  to preven
tion . I t  describes the exam ination of th e  drinking water, the m icroclim ate of anim al houses 
and the feed, faecal exam ination for parasites, and disinfection procedures.

The second chapter of 158 pages, entitled  “ Specific hygiene o f  cattle production” , was 
w ritten  by H . Sommer. The part entitled  “ D a iry  cows” first discusses the econom ic im portance  
o f  cattle  production, then  gives the m ain statistical data ind icative o f production. In 1987, 
49.6%  o f all dairy cows of the FRG  were kep t on farms w ith a capacity for 20 —49 cows and 
only  0.9%  of them  were kept on farms hold ing more than 100 cows. The change in  m ilk produc
tio n  was in  a positive correlation w ith th e  incidence of reproductive disturbances, foot problem s 
and m astitis. The author devotes m uch space to the control o f noninfectious diseases and the  
possibilities o f reducing the losses cansed b y  them . Ecto- and endoparasite control and the  
m easures to be taken  against m astitis are also described here. I t  is m entioned that n in ety  per 
cen t o f  subclinical m astitis cases are caused b y  cocci. The phases o f the professional m ilking  
procedure and the care and m aintenance o f  m ilking machines are sum m arized in tables. The  
param eters o f bovine blood are given to  facilita te  evaluation o f blood sam ples subm itted to  
the laboratory. The part “ Calves and grow ing cattle” is also subdivided. The author suggests 
th a t farmers shall alw ays have in reserve deepfrozen colostrum from  older cows, so th a t new 
born calves can be properly attended to  also i f  their dams suffer from agalactia or m astitis or 
i f  th ey  die. He analyses the main sources o f  losses in  the prenatal, perinatal and postnatal 
period, and outlines the infectious and noninfectious diseases o f growing calves. This part is 
com plem ented w ith  carefully arranged and com piled tables. O nly 3%  of the farmers m ake 
use o f a special extension  service: on their farm s the calf losses are around 3% . The aetiology, 
clinical features and therapy of d igestive and respiratory diseases are dealt w ith  in m uch detail. 
T he table showing the clinical signs, nam es and causative agents o f calf diseases grouped b y  
age is a valuable aid in system atizing th e  available knowledge.

The chapter entitled  “ Specific hygiene o f  swine production” (103 pages) is also the work  
o f H . Sommer. F irst it  deals w ith the econom ic im portance and structure o f swine production. 
I t  dem onstrates the process o f concentration w ith  concrete data: while in 1975 the proportion  
o f farm s o f at least 50 söws was 14% , b y  1988 th is ratio rose to 48% . During the sam e period  
o f  tim e, the num ber of farms holding at lea st 400 fattening pigs increased threefold. The author  
suggests th a t nonpregnant (“ open” ) sow s should be kept on bedding. Nursing sows are less 
and less kept in individual pens, tied  dow n w ith  a collar. Com prehensive tables help in d is
tinguishing betw een noninfectious and in fectious diseases, and the author follows the sam e 
approach in the case o f ecto- and endoparasites. A  separate part is devoted to reproductive  
disturbances which are especially severe in  places where the keeping of sows does not cor
respond to their behavioural properties. T he part entitled “ Piglets and growing p ig s” first deals 
w ith  the different m anagem ent practices. Perinatal and postnatal losses are smaller if  the  
pig lets are kept on bedding. The infectious and noninfectious diseases o f piglets and growing 
pigs are outlined w ith  the help of tables. T he chapter is concluded b y  a com prehensive table  
w hich presents the nam es, clinical signs and causative agents o f  pig diseases by age group  
and refers the readers to specific pages o f th e  book for more details.

The chapter entitled  “ Veterinary hygiene”  (142 pages) w as w ritten by E. Greuel. The  
first part o f the chapter outlines the adm inistrative tasks associated w ith  the control o f disease  
outbreaks. The legal provisions concerning th is  activ ity  are specified in the Anim al D isease  
Outbreaks A ct. The m ost im portant e lem en t o f prevention is obligatory notification: this 
applies not only to  disease outbreaks b u t also to  the suspicion o f diseases. N otifiable epizootic  
diseases o f cattle  and swine and anim al diseases falling under obligatory notification are listed  
in  tables. The second part, entitled “Zoonoses” , also sums up the m ost im portant diseases in  
tables. The hygienic regulations specified for the destruction and disposal o f anim al carcases

9* Acta Veterinaria Hungarica 40, 1992
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are also discussed here. In  th e  part entitled “ Regulations concerning the purchase o f  anim als”  
several exam ples are presented to  dem onstrate how  to  m ake contracts. P art 4, entitled  “ A nim al 
protection” , offers a com plete  description o f  the anim al protection act currently in  force, 
com plem ented with exp lanations and addenda. The details o f “ Regulations concerning pharm a
ceuticals”  are described in  a separate chapter. T he conditions of using drugs in concentrated  
anim al keeping deserve particu lar attention . P art 6 tackles the problem  o f  “ Meat-hygienic 
regulations”  in great detail. T he parts entitled “ M ilk-hygienic regulations” and “ Food-hygienic 
regulations”  are also c ircum spectly  written.

A  long reference lis t , grouped by chapter, is  given  a t the end o f the book. This list will 
be a great help also to  th o se  interested in  the details.

T his scientific w ork w ill be helpful also for specialists working in  the practice. The large 
num ber o f well-arranged ta b les  is a great advantage o f the book, together w ith  the decimal 
classification  used in  th e  te x t .  I t  is also rem arkable th a t the authors frequently m ention the  
financial aspects of the veter in ary  activity. The excellent typographical m ake-up of the book  
praises th e  publisher, E u g en  Ulm er Verlag.

Alajos B allásch

Im ogen R u sse  and F red  Sin o w a tz : Lehrbuch der Embryologie der Haustiere. Verlag 
Paul P arey , Berlin and H am burg, 1991. 473 pages, 318 photographs, 710 figures (of them  83 
m ulticoloured) and 39 tab les. Price: 1 78 .- DM.

T he new text-b ook  o f  em bryology of dom estic anim als is a successor of Zietschmann  
and K rölling’s “ O ntogeny o f  D om estic Anim als” . I t  was w ritten by Prof. Dr. Im ogen Riisse 
and Prof. Dr. Fred Sinow atz (Institu te o f V eterinary A natom y, M unich), w ith  the collabora
tion  o f Prof. Dr. Angela v o n  den Driesch (In stitu te  o f  Paleoanatom y, D om estication  Research 
and Veterinary H istory, M unich). The drawings were m ade by B ettin a  Buresch and Barbara 
R uppel (Munich).

T he new text-book  sum m arizes the em bryonic and feta l developm ent o f cattle, horses, 
pigs, sm all ruminants, dogs, cats and birds. I t  illustrates the different stages o f ontogeny  
(from  fertilization of th e  ov u m  up to birth) w ith  detailed tables. The book devotes particular 
a tten tion  to early em bryonic developm ent and, thus, it  w ill be an im portant aid in carrying 
out new  biotechnical procedures in dom estic anim als. M atterful chapters deal w ith  gam eto- 
genesis, the sexual cycle o f  fem ale animals, the fertilization  and segm entation of the ovum , 
early pregnancy, im plantation , and the developm ent o f fetal membranes. The part dealing 
w ith  th e  biology of reproduction  seems to be th e  m ost valuable chapter of the book and con
tains th e  greatest am ount o f  new  inform ation. Further parts deal w ith  the ontogeny of the  
nervous system  and th e  urogenital organs. The developm ent of the facial region is dem on
strated  on the exam ple o f  th e  sheep and th e  cat. The work reflects both  the authors’ own  
research results and H ungarian as well as foreign data of the literature relating to the subject.

Contents. H istory o f  em bryology o f dom estic anim als. General embryology: General 
principles o f ontogeny and m orphogenesis. G am etogenesis. The sexual cycle o f  fem ale animals. 
F ertilization . Segm entation and division. G astrulation, form ation of germ inal epithelium , and 
developm ent of the fe ta l b od y. Early pregnancy, im plantation  and developm ent of feta l 
m em branes. Specific em bryology : The heart and the circulatory system . The nervous system . 
The organs of sense. T he urogenital organs. T he d igestive tract and its accessory organs. The 
respiratory organs. B od y  cav ities . The organs o f locom otion. The skin and its appendages. 
F ace and body shape. D evelop m en t of abnorm ities. Subject index.

I t  is well known th a t th e  subject-m atter o f  em bryology can be found rather dispersedly  
in  th e  special literature. T his m akes the authors’ laboursom e synthesizing and analytical work 
especia lly  valuable. T he d eta iled  list o f selected  references given at the end of each chapter 
is a substantial aid to sp ecia lists who wish to  gather inform ation quickly. The book is abun
d a n tly  illustrated w ith  original drawings and photographs taken o f preparations at the Institute  
o f V eterinary A natom y, M unich. The h igh-quality drawings and photographs reflecting the  
use o f modern phototechn ical procedures are a valuable asset to the book.

This up-to-date and high-standard text-b ook  and m anual will be an indispensable aid 
to  stu dents o f veterinary m edicine, veterinarians, zootechnicians, physicians, biologists and 
em bryologist. We m ay recom m end it w ith perfect confidence for all colleagues and also for 
teachers and researchers working in “ borderline”  areas o f veterinary science.

László Zöldág

Acta Veterinaria Hungarica 40 1 992
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DIETARY FACTORS INFLUENCING PROTEIN 
UTILIZATION: A REVIEW

M. H eg ed ű s

D epartm ent o f A nim al Nutrition, U n iversity  o f Veterinary Science, H -1400 B udapest, P .0 .
B ox  2, H ungary

(R eceived Decem ber 15, 1991)

U tilization  of dietary protein depends n ot only on the am ino acid com position  
and the d igestib ility  o f the protein itself, b u t also upon the level o f protein, feed intake, 
energy, fibre, and other constituents in the feed. On the other hand, the anim al species, 
sex, age and health status m ay also p lay an im portant role. A  deeper understanding  
o f these factors helps to utilize feedstuffs as a protein source more efficiently.

Keywords: Protein utilization  d igestib ility  dietary factors, role of species

The n u tr i t iv e  value of a feed  p ro te in  depends p rim a rily  on its  c a p a c ity  
to  sa tisfy  th e  needs of anim als fo r am ino  ac ids. D ifferen t p ro te in  sources m ay  
h av e  d iffe ren t n u tr itiv e  va lu es  d ep en d in g  on th e ir  a b ility  to  p rov ide  
essen tia l am ino  acids for th e  v a rio u s  b iochem ical fu n c tio n s of th e  organism . 
As th e  essen tia l am ino acid re q u irem en ts  m ay  v a ry  accord ing  to  th e  age an d  
physio logical s ta tu s  of th e  an im al (m a in ten an ce , g row th , p reg n an cy , la c ta tio n , 
etc .) and  th e  ty p e  of p ro duc tion  (m ea t, m ilk , egg, etc.), th e  sam e p ro te in  con
seq u en tly  m ay  h av e  d ifferent n u tr i t iv e  v a lu es , depend ing  on th e  c rite ria  used  
fo r its  ev a lu a tio n .

T he p ro te in  q u a lity  of d ie ta ry  p ro te in s  is p rim arily  d e te rm in ed  b y  th e  
c o n te n t and  p ro p o rtio n  of th e ir  av a ilab le  am ino  acids. H ow ever, th e  n u tr i t iv e  
va lu e  of a feed  or feed in g red ien t is n o t in d ep en d en t o f th e  an im al to  w hich 
i t  is fed. T he com position  and  ad eq u a c y  o f th e  d iet as a w hole an d  th e  p h y sio 
logical, n u tr i t io n a l and  h e a lth  s ta tu s  o f th e  an im al in fluence  th e  c a p ac ity  
o f  th e  feed p ro te in  to  m eet th e  am ino  ac id  req u irem en t of th e  an im al.

Levels o f  d ie ta ry  p ro te in , energy , f ib re , tan n in , th e  so-called a n tin u tr i
tiv e  su b stan ces as well as e n v iro n m e n ta l c ircum stances (housing, te m p e ra 
tu re , lig h t p ro g ram m e, etc.) a n d  th e  feed ing  techn iques all m ay  in fluence  
p ro te in  u tiliz a tio n  to  a d iffe ren t e x te n t. Species, s tra in , age, sex, h e a lth  an d  
physio logical s ta tu s  also m ay  h av e  an  e ffec t on p ro te in  d igestion  an d  a b so rp 
tio n . In  b ioassays for ev a lu a tio n  of th e  p ro te in  q u a lity  these  fac to rs  are  to  
be held  m ore or less co n stan t to  ge t re liab le  resu lts  depend ing  p rim arily  on th e  
d igestib ility  a n d  am ino acids com p o sitio n  o f th e  raw  p ro te in  te s ted .

This rev iew  gives a sh o rt overv iew  o f th e  m ost im p o r ta n t fac to rs w hich 
a re  in d e p e n d e n t of am ino acid  co m p o sitio n  of th e  feed p ro te in  an d  m ay  in 
fluence p ro te in  u tiliza tion .

Acta Veterinaria Hungarica 40 (3), pp. 133—143 (1992)
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D ietary  p ro te in  level

The g row th  perfo rm an ce  o f an im als im proves w ith  increasing  d ie ta ry  
p ro te in  levels w ith in  ce rta in  lim its  accord ing  to  a s a tu ra tio n  m odel. T h e  
effic iency  of p ro te in  u tiliz a tio n , how ever, g rad u a lly  falls.

Forbes e t al. (1958) d e m o n s tra te d  in  r a t  ex p erim en ts  th a t  biological 
value (BY) declines w ith  increasing  p ro te in  levels. BY w as found  to  he sen sitive  
to  changes in  d ie ta ry  p ro te in  co n cen tra tio n s  (E ggum , 1973); how ever, th e re  
seem ed no fix ed  re la tio n  betw een  c rude  p ro te in  levels an d  BV, depend ing  
o n  th e  q u a lity  o f d ie ta ry  p ro te in . BV m ay  increase a t  increasing  crude p ro te in  
levels in  a low d ie ta ry  p ro te in  co n c e n tra tio n  ran g e  (60-80  g CP/kg DM ), b u t  
i t  declines a t  levels h ig h er th a n  a b o u t 160 g C P /kg DM  a t  an  increasing  ra te  
(F ig . 1). True digestibility values fo r r a ts  w ere in d e p e n d e n t o f  d ie ta ry  p ro te in  
levels o f 60-225 g C P /kg  DM , how ever th e y  declined a t  h ig h er p ro te in  levels 
(E g g u m  e t al., 1986). A t th e  sam e tim e , th e  apparent digestibility values w ere 
show n to  increase in  a cu rv ilinear m an n er, reach ing  a p la te a u  (F ig . 2).

The net protein utilization  (N P U ) values are  also n eg a tiv e ly  affec ted  b y  
increasing  d ie ta ry  p ro te in  levels. O th e r indices of p ro te in  value (P ro te in  
E ffic iency  R a tio  =  P E R , N et P ro te in  R a tio  =  N P R , L iver P ro te in  U tili
z a tio n  =  L PU ) d e te rm in ed  b y  ra ts  w ere also show n to  decrease if  d ie ta ry  
p ro te in  c o n c e n tra tio n  increased  (K ra jco v ico v a  an d  D ib ak , 1980) as illu s tra te d  
in  F ig . 3.

N et p ro te in  u tiliz a tio n  values o f e x tra c te d  soybean  m eal fed to  grow ing  
r a ts  as sole source o f  p ro te in  decreased  g rad u a lly  (79.2, 69.9, 59.0, 53.6) 
w h en  d ie ta ry  p ro te in  levels w ere increased  from  10%  to  14, 18 and  22%  re 
sp ec tiv e ly  (H egedűs e t  al., 1989).

The level o f d ie ta ry  p ro te in  m ay  a ffec t th e  tu rn o v e r  ra te  of tissue p ro 
te in s . W ith  in c reasin g  d ie ta ry  p ro te in  levels th e  m uscle an d  liver p ro te in  
d eg rad a tio n  decreases (H ayase  e t al., 1984). T he low er p ro te in  tu rn o v e r r a te  
m a y  explain  th e  low er efficiency o f p ro te in  u tiliz a tio n  a t  h igher d ie ta ry  p ro te in  
levels.

Level o f feed in tak e

The n eg a tiv e  effect o f increasing  d ie ta ry  p ro te in  levels on  th e  effic iency  
o f  p ro te in  u tiliz a tio n  is well d o cum en ted . H ow ever, in  pigs increasing  levels 
o f  daily  feed in ta k e  m ay  have  a p ositive  in fluence  on efficiency (N P U ) if  
h ig h er d ie ta ry  p ro te in  levels are u sed  (F u lle r an d  C rofts, 1977). An e x p la n a 
t io n  for th is  is t h a t  th e  low  efficiency a t  h igher d ie ta ry  p ro te in  levels m ay  be 
im p ro v ed  by  th e  e x tra  energy  supp lied  b y  th e  g rea te r  a m o u n t of daily  feed  
ra tio n .
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к

F ig . 1. Changes in b iological value (B Y ) w ith  increasing dietary levels o f nitrogen in the rat
(E ggum  et al., 1986)

F ig. 2. Changes in true (TD) and apparent (AD) protein d igestibility  w ith increasing d ietary  
levels of protein in the rat (E ggum  e t al., 1986)
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F ig . 3. Changes in protein efficiency ratio (P E R ), n et protein utilization  (N P U ), net protein  
ratio  (N P R ) and liver protein utilization (L P U ) w ith  increasing d ietary levels o f protein in  

the rat (K rajcovicova and Dibak, 1980)

A d  libitum  or re s tr ic te d  feed ing  o f  pigs did n o t seem  to  g rea tly  affect 
a p p a re n t  n u tr ie n t d igestib ility  m easu red  a t  th e  end o f th e  sm all in te s tin e  
(ileal d ig estib ility ; Jo rg en sen  e t a l., 1981); how ever, a p p a re n t d ig estib ility  
v a lu es  m easured  over th e  en tire  t r a c t  (faecal d igestib ility ) w ere s lig h tly  in 
creased  if  feeding level w as re s tr ic te d  (F ek e te  and  G ip p ert, 1981; H a y d o n  
e t  a l., 1984). T he level o f feed  in ta k e  m a y  have only a m ino r effect on th e  
effic iency  of p ro te in  u tiliza tio n  u n d e r  th e  conditions o f an im al b ioassays 
su ch  as BV, N P U  an d  N P R .

T he ad d itio n  of w a te r to  th e  d ry  ra tio n s has no beneficial e ffect on 
p ro te in  u tiliz a tio n  (D reyer, 1979).

Dietary energy level

T he effect of to ta l  energy  in ta k e  on  pro te in  u tiliz a tio n  m ay  differ de
p e n d in g  on w h e th e r th e  supp ly  o f en e rg y  is lim iting  or is above th e  req u ire 
m e n t. P ro te in  accre tion  requ ires energy . T h e  to ta l cost o f p ro te in  deposition  
is a b o u t 1 .6-3.1 K J  M E /K J p ro te in , i.e. 38-74  K J/g  p ro te in  (E ggum  e t al., 
1980; M iiller an d  K irchgessner, 1979). D ie ta ry  fa ts  a n d  ca rb o h y d ra tes  as
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energy-y ield ing  n u tr ie n ts  m ay  s tim u la te  p ro te in  deposition , w hich is d e 
scribed  as a “ p ro te in -sp a rin g ”  e ffec t (M unro , 1964). D ie ta ry  ca rb o h y d ra tes  
m oreover m ay  en h a n c e  the ra te  o f  release o f  in su lin , w hich s tim u la tes  m uscle 
p ro te in  syn thesis  a n d  decreases p ro te in  ca tab o lism  (F u ller e t al., 1977).

U nder th e  cond itions of p ra c tic a l a n im a l feeding an  increased  p ro te in  
in ta k e  m ay n o t b e  fu lly  effective i f  d ie ta ry  energy  is lim ited . H igh d ie ta ry  
energy  supp ly  m a y  have a positive  effect on  p ro te in  u tiliza tio n  only  i f  h ig h er 
th a n  10 per c en t d ie ta ry  p ro te in  levels are  used . A t low er p ro te in  levels, co m 
m only  used in  a n im a l assays fo r BY or N P U , th e  re la tiv e ly  h igh energy con
te n t  o f th e  d ie ts  h a d  only lim ited  effect on p ro te in  u tiliza tio n  irrespective  o f 
th e  q u a lity  of p ro te in  source in  th e  d iet (E g g u m , 1978).

F  a t e n ric h m e n t of the  d iets has no h e a v y  influence on p ro te in  d igestib il
i ty , a lthough  th e  s ligh t im p ro v em en t on p ro te in  re ten tio n  using low d ie ta ry  
p ro te in  levels, as a  consequence o f h igh  d ie ta ry  fa t  supp ly , m ay  be exp la ined  
b y  th e  deposition  o f  collagen in  su b cu tan eo u s  f a t  tissues, th u s  im prov ing  th e  
re te n tio n  of d isp en sab le  am ino acids from  th e  d ie t (S zelényi-G alán tai e t a l., 
1980).

The re d u c tio n  of energy in ta k e  causes endogenous n itro g en  o u tp u t to  
rise  in  a sy m p to tic  fashion, how ever th e  u tiliz a tio n  of p ro te in  as a source o f 
energy  is very  l im ite d  below 10%  d ie ta ry  p ro te in  level. A t h igher d ie ta ry  
p ro te in  levels p ro te in  u tiliza tion  m ay  be im p a ire d  only i f  energy  su p p ly  is 
re s tr ic te d  m ore t h a n  about 50 p e r  cen t o f th e  req u irem en t (D reyer, 1979).

Dietary fibre level

A n increase in  crude fib re  in  d iets m ay  h av e  a negative  effect on a p p a r 
e n t or tru e  d ig es tib ility . F ib re  from  n a tiv e  sources (husk  from  sunflow er, 
s traw , etc.) m a y  increase endogenous faeca l n itro g en  ex cre tio n  (M eier an d  
P o p p e , 1977; B e rg n e r  e t al., 1980) an d  i t  can  also adsorb  am ino acids lib e ra ted  
d u rin g  p ro teo ly tic  digestion (H o w ard  e t a l., 1986). M oreover, p ro te in s an d  
am ino  acids m a y  b e  located u n a v a ila b ly  w ith in  in ta c t cell walls (M eier an d  
P o p p e , 1977). H o w ev er, pu rified  fib re  sources (e.g. cellulose pow der) h av e  
on ly  a m inor in flu e n c e  on d igestib ility  (S au er e t  al., 1979; E ggum , 1973).

T he w a te r-h o ld in g  cap ac ity  an d  th e  ab ra s iv e  effect on th e  in te s tin a l 
w all o f d ie ta ry  f ib re  depends on  its  p h y sica l a n d  chem ical cha rac te ris tic s . 
T he low er p ro te in  d igestib ility  assoc ia ted  w ith  som e hull frac tio n  (canola , 
soybean) m ay be  p ro p o rtio n a l to  th e  lign in  a n d  ta n n in  ra th e r  th a n  th e  cellulose 
co n te n t of th e  f ib re  source (M itaru  an d  B la ir, 1984; Gagne an d  A cton , 1983).

T he source a n d  level of fib re  in  e x p e rim e n ta l d iets m ay  n eg a tiv e ly  a ffec t 
p ro te in  re te n tio n  b y  reducing th e  in te s tin a l a c tiv itie s  of d igestive enzym es 
(B oisen e t al., 1985), b y  s tim u la tin g  m icrob ia l a c tiv ity  in  th e  d igestive t r a c t
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a n d  b y  in fluencing  th e  level of feed  (p ro te in ) in ta k e  (E ggum  e t a l., 1982, 
1984, 1986; E y re , 1985).

P ro te in  u tiliz a tio n  in  pigs m ay  show  an  op tim u m  w ith  increasing  d ie ta ry  
f ib re  co n cen tra tio n  w ith in  ce rta in  lim its , w hereas ap p a re n t d ig es tib ility  
p ro p o rtio n a te ly  decreases w ith  i t  (F e k e te , 1979).

T he efficiency o f p ro te in  u tiliz a tio n  m ay  depend  on th e  food passage  
tim e . A  sm all a m o u n t o f p ec tin  (3% ) in s te a d  of th e  co n v en tiona l cellulose 
increases  gastric  em p ty in g  tim e . T his o b se rv a tio n  (M uhs e t al., 1987) m a y  be 
u sefu l in  fo rm u la tin g  ex p erim en ta l (slim ing) d iets for de layed  gastric  em p ty in g .

Tannin content o f the diet

T ann in s are  po lypheno lic  com pounds w hich can  fo rm  insoluble com plexes 
w ith  p ro te in s. T h ey  occur in  a w ide v a r ie ty  o f p lan ts  used  for feeds a n d  feeds 
in c lu d in g  beans, b a rley , m illet, so rg h u m , legum es, c ider w ine, te a , e tc . T he 
m o s t a p p a re n t n u tr i t io n a l effects o f ta n n in s  are depression of th e  g ro w th  ra te , 
re d u c e d  feed efficiency , poorer p ro te in  d ig estib ility  an d  u tiliza tio n , as d ocu 
m e n te d  in  ra ts  an d  ch icks. T he s itu a tio n  w ith  pigs is less clear. T he m icro flo ra  
o f th e  a lim en ta ry  t r a c t  o f an im als a d a p te d  to  p la n t d ie ts  (ru m in an ts , horses, 
ra b b its )  is able to  g re a tly  reduce th e  to x ic ity  of o ra lly  adm in iste red  pheno lic  
com pounds. T ann ins can  have  also a n eg a tiv e  effect on feed in tak e . T h e  in 
flu en ce  o f ta n n in  on p ro te in  u tiliz a tio n  has been com prehensively  rev iew ed  
b y  E g g u m  and  C h ristensen  (1975).

Microbial activity in  the digestive tract

T h e presence o f m icroorganism s in  th e  a lim en ta ry  tr a c t  c o n tr ib u te s  to  
d igestion . The e x te n t o f  digestion , how ever, depends on th e  co m position  of 
th e  m icroflora  an d  th e  q u a n tity  of u n d ig ested  feed residues. U n d ig es ted  
m a te ria ls  (fibre, s ta rc h , p ro te in s, e tc .) s tim u la te  b ac te ria l g row th  in  th e  
h in d g u t. D uring  m icrob ia l fe rm en ta tio n  in  th e  caecum  an d  th e  large in te s tin e , 
am in o  acids m ay  b o th  be d eam in a ted  a n d  syn thesized  an d  vo latile  f a t ty  acids 
are  also p roduced . T h e  ab so rp tio n  o f  th e  p ro d u c ts  o f m icrobial d igestio n  
(fe rm en ta tio n ) m ay  c o n tr ib u te  to  th e  energy  m etabo lism  ra th e r  th a n  th e  
p ro te in  u tiliza tio n  of th e  h ost anim al.

T he e x te n t o f m icrob ia l fe rm e n ta tio n  in  th e  h in d g u t depends o n  th e  
re te n tio n  tim e  o f th e  d igesta , w hich is in flu en ced  b y  d iffe ren t fac to rs (an im al 
species, d ie ta ry  fib re , e tc .). To p ro v id e  in fo rm atio n  a b o u t m icrobiological 
m od ifica tio n s to  th e  in g esta , germ -free or ileocaecal c an n u la ted  ex p e rim en ta l 
an im als  can  be used ; how ever, an tib io tic s  have  th e  sam e effect if  g iven  orally .
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T he a c tiv ity  o f  th e  m icroflora  in  th e  h in d g u t affects a p p a re n t p ro te in  
d igestib ility  va lu es  b y  enhancing faecal endogenous n itro g en  excretion . T he 
am ino  acid p a t te rn  o f  th e  faeces is largely  in d e p e n d e n t o f th e  am ino acid 
com position  of th e  ingested  p ro te in  as a consequence  of th e  h igh ra tio  of 
endogenous faecal n itrogen  (ap p ro x im a te ly  84—88% ) to  th e  to ta l  faecal 
n itro g en  (B ergner a n d  B ergner, 1983). T he a m o u n t o f endogenous faecal 
n itro g en  corresponds to  th e  sum  o f  th e  rea l endogenous n itro g e n  (unabsorbed  
enzym es) and th e  m icrobial n itro g en .

A ctiv ity  o f th e  m icroflora in  th e  h in d g u t has on ly  lim ited  influence on 
t ru e  p ro te in  d ig e s tib ility  and  th e  bio logical v a lu e  o f unp rocessed  feedingstuffs 
d e te rm in ed  in  b a la n c e  experim en ts (B ach -K n u d sen  e t al., 1983). The red u c 
tio n  b y  N ebacitin  o f  th e  gut m icro flo ra  in  ra ts  fed  d ie ts  h igh  in  crude fib re  
a n d  low  in p ro te in  re su lte d  in a low er d ig estib ility  of th e  p ro te in  and  th e  energy 
(E g g u m  et al., 1979).

F requency of feed ing  and delayed supp lem en ta tio n  o f pro te ins or am ino acids

The freq u en cy  of daily feed ing  has v e ry  lim ited  in fluence  on p ro te in  
a n d  energy u til iz a tio n  (K irchgessner an d  M üller, 1980). P igs have  a g rea te r 
to le ran ce  in th is  re sp e c t th a n  fa s te r  grow ing species (p o u ltry , ra ts).

The free am in o  acids u sua lly  g iven  as feed  su p p lem en ts  m ay  be absorbed  
a t  d ifferen t ra te s  com pared  to  th o se  b o u n d  in  p ro te in . T h is is, how ever, u n 
lik e ly  to  cause a n y  p rac tica l p rob lem s. S u p p le m e n ta ry  free am ino acids are 
assum ed  to  be w h o lly  available. D elayed  am ino  acid  su p p lem en ta tio n  (1 or 
2 h o u rs  after feed ing) h ad  only a s lig h t effect on n itro g en  b a lan ce  (Y ablonski 
a n d  R afalski, 1979).

W hen co m p lem en ta ry  p ro te in s  are fed  a t  d e layed  tim es (one-, tw o- 
or th ree -d ay  in te rv a ls ) , feed effic iency  m ay  be  im p a ired  because  of d iffe ren t 
feed  in takes re su ltin g  from  differences in  p a la ta b ili ty  (Mills an d  C anolty ,
1984). T heo re tically , all essential am ino  acids m u s t be p re se n t sim ultaneously  
fo r op tim um  p ro te in  synthesis; how ever, a 2- to  4 -h o u r lapse  betw een  th e  
feed ing  of an  in co m p le te  m ix tu re  a n d  co m p lem en ta ry  am ino  acids or su p p le 
m e n ta ry  p ro te ins h a s  only a v e ry  lim ited  effect on p ro te in  u tiliza tio n .

A n im al species

C om parisons am ong ra ts , p igs an d  ch ickens fed  th e  sam e p ro te in  source 
in d ica te  th a t  th e  d igestib ility  d a ta  w ere th e  h ig h es t fo r p igs, followed b y  ra ts  
a n d  th e  low est v a lu e s  were o b ta in e d  fo r chickens (P o p p e  a n d  Meier, 1971). 
H ow ever, th e  v a lu e s  for energy as well as cru d e  p ro te in  a n d  am ino acid  di-
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g e s tib ility  show ed a h igh  co rre la tio n  betw een  ra ts  a n d  pigs (E ggum , 1973). 
A b so lu te  values for tru e  p ro te in  d ig es tib ility  (TD) an d  d igestib le  energy  (D E) 
o b ta in e d  on ra ts  an d  pigs d id  n o t d iffe r s ign ifican tly . D a ily  n itro g en  re te n tio n  
in  p ig le ts  in  th e  w eigh t range  o f 8 -20  k g  could be well p red ic ted  from  u tilizab le  
p ro te in  (U P) values fo r ra ts  (E ggum  e t al., 1987).

Chicks are capab le  of u tiliz in g  D -am ino  acid isom ers o f th e  b ran ch ed - 
c h a in  am ino acids (leucine, iso leucine, valine) considerab ly  b e tte r  th a n  ra ts . 
D - try p to p h a n  is u tilized  e ffic ien tly  b y  ra ts  an d  pigs b u t  in e ffic ien tly  b y  chicks, 
p o u lts , mice and  h u m an s. T he D -fo rm s of m eth ion ine , p h en y la lan in e  and  
ty ro s in e  are u tilized  w ell b y  b o th  ra ts  a n d  chicks. A v ian  species h av e  a g rea te r 
fa c ility  for u tilizing  am ino -n itro g en  g roups, for sy n thesiz ing  d ispensab le  am ino 
ac ids an d  for tran sfo rm in g  a lp h a -k e to  analogues to  th e ir  re sp ec tiv e  L -am ino  
ac ids th a n  do m am m alian  species (B ak e r, 1986).

Chicks were show n to  be m ore sensitive to  g row th -dep ressing  fac to rs 
( try p s in  inh ib ito rs) th a n  p ig lets.

T urkeys are m ore effic ien t in  converting  d ie ta ry  p ro te in  to  carcass 
p ro te in  th a n  broilers (Sum m ers e t a l., 1985).

Colostom ized hens, 5-w eek-old ch icks, ad u lt m ink , blue foxes an d  ra in 
bow  t r o u t  digested h ig h -q u a lity  cod f ille t w ith  m inor d ifferences. T h e  average 
a m in o  acid d igestib ility  in  chickens w as sligh tly  below  th a t  o f m ink , foxes 
a n d  ra in b o w  tro u t. T he feeding o f lo w -q u a lity  m ea t-an d -b o n e  m eal, how ever, 
re su lte d  in  considerable d ifferences in  am ino  acid d ig es tib ility  be tw een  species 
as w ell as betw een d iffe ren t am ino  acids. The d ig es tib ility  va lues o f low- 
q u a li ty  m e ta-and -bone  m eal o b ta in ed  b y  m ink  and  ra in b o w  t ro u t  w ere signi
f ic a n tly  low er th a n  th o se  of o th e r species (Skrede e t a l., 1980).

M ink m ay d igest an d  u tilize  p ro te in  sources to  a con sid erab ly  low er 
e x te n t  th a n  ra ts  (G lem -H ansen  a n d  E g g u m , 1974), how ever a  close re la tio n 
sh ip  w as found  betw een  th e  tw o  species fo r TD , BY a n d  N P U  (r  =  0.9, 0.88 
a n d  0.92, respectively).

A  com parison o f a p p a re n t p ro te in  d igestib ility  o f v a rio u s  p ro te in  sources 
in  m a n  an d  r a t  show ed no sig n ifican t d ifferences (R ich  e t a l., 1980).

Sex, age an d  h e a lth  sta tus

T he higher g row th  p o te n tia l o f m ale  anim als shall be ta k e n  in to  acco u n t 
in  p ro te in  q u a lity  assays based  on w eigh t gain. H ow ever, th e re  ap p eared  
to  b e  no sign ifican t difference b e tw een  re su lts  ob ta ined  w ith  m ales an d  fem ales 
in  n itro g e n  balance experim en ts  (E g g u m  and  Pedersen , 1983).

T he influence of age on p ro te in  a n d  energy u tiliz a tio n  in  a d u lt r a ts  was 
v e ry  lim ited  (F ischer an d  C anolty , 1983). No differences h av e  been  fo u n d  in  
th e  d igestib ility  of o rganic  m a tte r  in  ra b b its  of 6 -9  w eeks an d  4—12 m o n th s
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of age; how ever, younger (8 -9  w eeks old) ra b b its  m ay  d igest p ro te in  s ign i
f ic a n tly  b e tte r  (F e k e te  and  B okori, 1986). I t  is genera lly  accep ted  th a t  v e ry  
young , post-w ean lin g  anim als req u ire  tim e  to  develop ap p ro p ria te  d igestive  
enzym e ac tiv ities.

Specific p a th o g e n  free (S P F ) ra ts  grow  m ore rap id ly  an d  give h ig h e r 
d igestib ility , BY a n d  N P U  values on th e  sam e p ro te in  source th a n  co n v en tio 
n a l ones (E ggum , 1972). This is t ru e  also fo r S P F  pigs. G erm -free chicks w ere 
show n to  have  a b e t te r  feed effic iency  th a n  co n v en tio n a l an im als (F u ru se  an d  
Y o k o ta , 1984).

E nv iro n m en ta l tem p era tu re

A t h igher en v iro n m en ta l te m p e ra tu re s  (above 30 °C) feed in ta k e  m ay  
be lim ited . E x cessiv e  d ie ta ry  am ino  acid levels m ay  accen tu a te  th is  e ffec t 
(W aldroup , 1982). H ow ever, a t  te m p e ra tu re s  below  th e  th e rm a l n e u tra l i ty  
zone anim als m a y  b u rn  p ro te in s fo r energy  an d  th u s  th e  efficiency of p ro te in  
u tiliza tio n  for p ro te in  re ten tio n  decreases.

Conclusions

The n u tr i t io n a l  value o f d ie ta ry  p ro te in  depends p rim arily  u p o n  th e  
a m o u n t and  p a t te rn s  of its  essen tia l am ino  acids. T herefore, th e  com prehensive  
ev a lu a tio n  o f p ro te in  q u a lity  m u s t s ta r t  w ith  th e  d e te rm in a tio n  of n itro g e n  
co n ten t (raw  p ro te in ) , am ino acid  com position , an d  d igestib ility . F in a lly , 
th e  capac ity  o f  p ro te in s  to  fu lfil n u tr i t io n a l needs is to  be p red ic ted . T he 
p o ten tia l av a ilab le  p ro te in  c o n te n t o f th e  feed will be u tilized  w ith  d iffe ren t 
efficiencies d u rin g  processes o f p ro te in  m etab o lism , depend ing  on th e  m a n y  
fac to rs  in flu en c in g  p ro te in  u tiliz a tio n , w hich  a re  in d ep en d en t of th e  am ino  
acid  p a tte rn  o f  th e  d ie ta ry  p ro te in . I f  th e  p ro te in  q u a lity  of a feed is assessed  
b y  feeding ex p e rim en ts , these  fac to rs  m u s t be  k e p t c o n s ta n t to  o b ta in  re su lts  
com parab le  w ith  th o se  of o th e r  feed ing  ex p erim en ts . A deeper u n d e rs ta n d in g  
o f  th e  d ie ta ry  fa c to rs  in fluencing  th e  effic iency  of p ro te in  u tiliz a tio n  helps 
to  u tilize feed p ro te in  resources m ore econom ically .
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BIOAVAILABILITY OF
METHIONINE-HYDROXY-ANALOG FREE ACID 

AND S-METHYL-METHIONINE 
IN THE GROWING RAT

M. H eg edűs , S. F ek ete , E m ese A ndrásofszky , J .  Tamás and L. K ővári

Departm ent of A nim al Nutrition, U n iversity  o f V eterinary Science, H-1400 B udapest,
P .O . B ox 2, H ungary

(R eceived Decem ber 15, 1991)

The biological utilization of DL-m ethionine (M ET), DL-m ethionine-hydroxy- 
analog (M HA) and DL-S-m ethyl-m ethionine-sulphonium -chloride (SMM) was tested  
in rat growth assay. W eight gain, feed efficiency, protein efficiency ratio (P E R ), n e t  
protein ratio (N P R ) and net protein utilization (N P U ) were applied as criteria. A  test  
diet containing soybean m eal as sole protein source was fortified w ith MET, M HA  
or SMM at 1.5 and 3.0 g/kg levels, respectively. A ll fortifications had a significant 
(p <  0.05) positive  influence on weight gain, feed conversion and protein utilization. 
SMM showed the highest a c tiv ity . MET and M H A  were alm ost equally well utilized  
at 3.0 g/kg fortification level, however M HA proved slightly less efficient a t 1.5 g/kg  
level than MET.

K eywords: M ethionine, m eth ionine-hydroxi-analog, S-m ethyl-m ethionine-sulpho- 
nium-chloride, protein utilization, feed conversion

The use o f m eth ion ine  as a feed su p p le m e n t is re la tiv e ly  expensive; 
therefo re , ch eap er deriv a tiv es  o r su b s titu te s  w ith  sim ilar biochem ical a c tiv ity  
w ould be desirab le . The L- a n d  D -isom er fo rm s of m eth ionine are u tilized  
a lm ost equally  well in  th e  r a t  (E ggum  an d  P ed ersen , 1983); how ever, g ro w th  
assays on a sy n th e tic  am ino ac id  d ie t fed  to  m ice show ed th a t  su b s titu tin g  
D -m eth ion ine  fo r  th e  L -isom er re su lted  in  a  dose-dependen t re la tiv e  w eigh t 
gain  reach ing  ap p ro x im a te ly  76%  w hen D -m eth io n in e  was fed  a t  a level e q u i
v a le n t to  th a t  o p tim a l for th e  L -form  (F ried m an  an d  G um bm an, 1984). T he 
D -isom er of a lp h a -h y d ro x y -an a lo g  of m e th io n in e , how ever, p roved  to  be 
m ore effective th a n  th e  correspond ing  L -isom er (F ried m an  an d  G um bm an ,
1989).

The com pounds th a t  m ig h t su b s titu te  or sp a re  m eth ionine are th e  n a tu ra l
ly  occurring  su lp h u r am ino acids (cystine, cy ste in e , hom ocysteine, e tc .), th e  
oxidized su lp h u r am ino acids fo rm ed  d u ring  processing of feeds (m eth ion ine- 
su lphoxide, m eth ion ine-su lphone, cysteic acid), an d  th e  analogs of m eth ion ine  
(S -m ethy l-m eth ion ine , m eth io n in e-h y d ro x y -an alo g , N -h y d roxym ethy l-m eth io - 
n ine, etc.).

Cystine an d  m eth ion ine-su lphox ide  h a d  som e sparing  effect for m e th io 
nine (N jaa  an d  A ksnes, 1982), b u t  m eth ion ine-su lphone  p roved  u n av a ilab le  
in  th e  r a t  (M iller an d  Sam uel, 1970). K eto- an d  hydrox i-analogs of m eth ion ine
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a re  u tilized  in  th e  ra t ,  chick , cow, sheep  an d  ra b b it, h u t  th e  p u b lished  effici
en cy  o f th e ir  u tiliz a tio n  is conflic ting  (S chm id t an d  Sipőcz, 1977; H a rtn e ll 
e t  a l., 1984; D ibner e t a l., 1984; B ak er, 1986; F ek e te  e t al., 1990).

T h e  s tu d y  described  in  th is  re p o r t  invo lved  r a t  g row th  ex p erim en ts  to  
co m p are  th e  effectiveness of m eth ion ine , m e th io n ine-hydroxy-analog  and  
S -m eth y l-m eth io n in e  in  su p p lem en tin g  low -p ro te in  m eth ion ine-defic ien t d iets 
u s in g  g row th , feed conversion  and  p ro te in  u tiliza tio n  as criteria .

Materials and methods

T he biological u tiliz a tio n  of D L -m eth ion ine  (M ET, M erck), D L -m eth io - 
n in e -h y d ro x y -an a lo g  (M H A , M onsanto), an d  D L -S -m ethy l-m eth ion ine-su l- 
p hon ium -ch lo ride  (SMM, R eanal) w as te s te d  in  a 10-day grow th assay  w ith  
w ean in g  m ale ra ts  (W is ta r , S P F , L A T I, G ödöllő, H u n g ary ) using a m e th io 
n in e -d e fic ien t te s t  d ie t.

R a ts  were housed  in  groups of six  p e r w ire cage. Feed an d  w a te r  were 
p ro v id e d  ad libitum. T he  te m p e ra tu re  o f th e  an im al room  was 28 °C a n d  re la tiv e  
h u m id ity  was m a in ta in e d  betw een  60 a n d  80% . T he anim als w ere assigned 
so t h a t  all tre a tm e n t g roups h ad  th e  sam e in itia l m ean  body  w eight.

T he com position  o f  th e  test diet w as: cooking fa t  (lard) 14 .25% , sunflow er 
oil 0 .7 5 % , raw  p o ta to  s ta rc h  10.0% , v ita m in  an d  m ineral p rem ix  (B ábo lna , 
H u n g a ry ) 5 .0% , e x tra c te d  soybean  m eal to  give 10.0%  crude p ro te in  in  th e  
te s t  d ie t, and  w hea t s ta rc h  to  100% . T h e  te s t  d ie t was fo rtified  w ith  M ET, 
M H A  an d  SMM resp ec tiv e ly , a t  tw o  levels (1.5 and  3 g/kg) to  g e t th e  f in a l 
d ie ts . T he com position  o f v itam in  an d  m inera l p rem ix  was ad eq u a te  to  m eet 
th e  req u irem en ts  of th e  r a t  (N RC, 1978).

A protein-free diet w as used  for d e te rm in in g  th e  N P R  and  N P U  indices. 
T h e  com position  of th e  p ro te in -free  d ie t co rresponded  to  th a t  of th e  te s t  d iet 
b u t  w h e a t s ta rch  w as used  in s tead  of so y b ean  m eal.

T he c rite ria  in d ica tin g  th e  p erfo rm ance  of th e  ex p erim en ta l r a ts  fed 
on te s t  d iets were w eigh t gain, feed effic iency , p ro te in  efficiency ra tio  (P E R ), 
n e t p ro te in  ra tio  (N P R ), and  n e t p ro te in  u tiliza tio n  (N P U ). Feed efficiency 
w as defined  as w eight ga in  (g) a t th e  en d  o f th e  feeding period p e r g ram  of 
feed  consum ed. P E R  w as ca lcu la ted  as w eight gain  per w eight o f p ro te in  
e a ten . N P R  is a m od ified  in d ex  o f P E R  an d  ca lcu la ted  as follow s: w eigh t 
g a in  o f a te s t  an im al p lu s w eight loss o f th e  con tro l an im al fed a p ro te in -free  
d ie t p e r  g ram  of p ro te in  consum ed b y  th e  te s t  an im al. N P U  was ca lcu la ted  
fro m  th e  regression e q u a tio n  betw een  N P R  an d  N P U  (N P U  =  18.754 N P R ; 
H eg ed ű s, 1986).
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Results

T he in itia l an d  f in a l body  w eights of th e  ra ts  a n d  th e  in tak es  of feed, 
n itro g en  an d  su p p le m e n ta ry  m eth ion ine  source (M ET, M H A , SMM) are su m 
m arized  in  T ab le  1. A ll values are averages o f six  ra ts . T h e  f in a l bo d y  w eights 
m ark ed  w ith  d iffe ren t le tte rs  dev ia te  sig n ifican tly  (p <C 0.05).

T he f in a l b o d y  w eigh t o f ra ts  fed te s t  d iets fo rtified  w ith  3.0 g/kg M ET, 
M H A  or SMM resp ec tiv e ly  was s ig n ifican tly  h igher th a n  th a t  o b ta in ed  w ith  
an  u n fo rtified  d ie t co n ta in in g  on ly  soybean  m eal as a sole p ro te in  source. 
H ow ever, i f  a low er level of fo rtifica tio n  (1.5 g/kg) w as used , M H A  did  n o t 
su p p o rt s ign ifican t a d d itio n a l g row th .

Feed  conversion  an d  p ro te in  u tiliz a tio n  w ere ch a rac te rized  b y  w eight 
gain , w eight gain  p e r  w eight o f feed ea ten  (feed effic iency), w eight gain p er 
w eigh t o f crude p ro te in  ea ten  (P E R ), n e t p ro te in  ra tio  (N P R ) an d  n e t p ro te in  
u tiliz a tio n  (N P U ). T hese indices are  show n in  T ab le  2.

All of th ese  p a ra m e te rs  w ere im proved  if  th e  te s t  d ie t w as fo rtified  
w ith  3.0 g/kg M ET, M H A  or SMM respective ly . I f  th e  1.5 g /kg fo rtifica tio n  
level o f M H A  w as u sed , feed conversion an d  n e t p ro te in  u tiliz a tio n  d id  n o t 
im p ro v e  as co m p ared  to  th a t  o b ta in ed  w ith  an  u n fo rtif ied  te s t  d iet.

In  T ab le  2 th e  values of feed efficiency an d  N P U  o b ta in ed  using fo r ti
fica tio n s w ith  M H A  as well as SMM are expressed  in  p e r  c en t o f th o se  of M ET. 
SMM ex erted  th e  h ig h es t while M H A  show ed th e  low est a c tiv ity  in  supple-

T ab le  1

B ody w eight and feed  intake of rats fed on test diets fortified w ith  m ethionine (MET), 
m ethionine-hydroxy-analog (M HA) and S-m ethyl-m ethionine-sulphonium -chloride SMM

D ie ts
I n i t i a l  b o d y  w eight 

(g /r a t )
F in a l  b o d y  w e ig h t 

(g /ra t)

F e e d  in ta k e  N -in ta k e  
( g / r a t*  10 ( g / r a t *  

d a y s)  10 d a y s)

In ta k e  of 
su p p le m e n ta ry  

m e th io n in e  source 
( r a t  *  10 days) 

m g m m o l

Control (protein free) 55 .10+ 1 .96 50.23 +  2.88 41.75 0.00 0.00 0.00
T est d iet (A) 55 .10+ 1 .96 86.41 +  5.61 (a) 85.88 1.37 0.00 0.00

A + 1 .5  g M ET/kg 55 .10+1.61 97.91 +  11.1 (b) 106.62 1.71 159.93 1.07
A + 1 .5  g M HA/kg 55.10 +  1.71 9 2 .66+ 4 .93  (a) 101.22 1.62 151.83 1.01
A + 1 .5  g SMM/kg 55.10+ 1 .69 101 .08+9.00 (b) 106.27 1.70 159.41 0.80

A + 3 .0  g M ET/kg 55.10 +  1.71 102 .41+9.74  (b) 112.87 1.81 338.61 2.27
A + 3 .0  g M HA/kg 55 .10+ 1 .72 100 .58+9.50 (b) 109.70 1.76 329.10 2.19
A + 3 .0  g SMM/kg 55.10 +  1.79 107 .41+9.78 (b) 119.38 1.91 358.14 1.79

The te st  d iet contained extracted  soybean meal as a sole source of protein at 10% crude pro
tein level
A ll values are averages o f six  rats
Values w ith  different letters deviate significantly (p <  0.05)

2 Acta Veterinaria Hungarica 40, 1992



148 H E G E D Ű S  e t  al.

Table 2

F eed  conversion and protein  utilization  of rats fed on test diets fortified  w ith m ethionine 
(M E T ), m ethionine-hydroxy-analog (M HA) and S-m ethyl-m ethionine-sulphonium -chloride

(SMM)

D iets
W e ig h t  g a in  
(g /1 0  d a y s )

F e e d  e ffic ien cy
(g Is)

(a)

P E R
(sis)

(b)

N P R
(sie)

(a)

N P U
(%)
(d)

Control (protein free) -  4.87 0.00 0.00 0.00 0.00
T est d ie t (A) 31.31 0.36 3.65 4.23 79.23

A + 1 .5  g MET/kg 42.81 0.40 (100% ) 4.02 4.46 83.64 (100% )
A + 1 .5  g MHA/kg 37.56 0.37 (92.5) 3.71 4.19 78.57 (93.9)
A - f  1.5 g SMM/kg 45.98 0.43 (107.5) 4.33 4.79 89.73 (107.3)

A + 3 .0  g MET/kg 47.31 0.42 (100% ) 4.18 4.61 86.49 (100%)
A + 3 .0  g MHA/kg 45.48 0.41 (97.6) 4.13 4.58 85.83 (99.2)
A + 3 .0  g SMM/kg 52.31 0.44 (104.8) 4.38 4.79 89.82 (103.9)

a =  W eigh t gain per w eight o f  feed  eaten  
b =  P rotein  efficiency ratio  
c =  N e t  protein ratio 
d =  N e t  protein utilization

F ig . 1. Final body w eight o f  rats p lotted  against supplem entary m ethionine source eaten  
(SMM =  S-m ethyl-m ethionine-sulphonium -chloride; MET =  m ethionine; M HA =  m ethio

nine-hydroxy-analog)
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m enting  so y b ean  p ro te in . H ow ever, th e  d ifferences in  a c tiv ity  am ong M E T , 
M H A  an d  SMM a t  th e  3.0 g/kg fo rtif ic a tio n  level w ere insign ifican t.

F igure 1 show s th e  fin a l bo d y  w eig h t o f th e  ra ts  as a fu n c tio n  of in ta k e  
o f su p p lem en ta ry  M ET, M HA an d  SMM respective ly . T he h igher a c t iv i ty  
o f SMM is o b v ious from  th e  figure; how ever, differences in  th e  effects o f M E T  
an d  M HA are  neglig ib le  from  th e  p ra c tic a l p o in t o f view .

D iscussion

M eth ion ine  is th e  lim iting  am ino  ac id  in  soybean  p ro te in , an d  its  a d d i
tio n  to  th e  te s t  d ie t con ta in ing  soybean  m eal as sole p ro te in  source resu lts  in  an  
im p ro v em en t in  n e t  p ro te in  u tiliza tio n .

The p re se n t s tu d y  w ith  ra ts  show s th a t  M ET, M H A  an d  SMM w ere 
u tilized  a lm o st eq u a lly  well w hen w eigh t ga in , feed efficiency an d  n e t p ro te in  
u tiliz a tio n  w ere ap p lied  as crite ria . T his d em o n stra te s  th a t  th e  a lp h a -h y d ro x y - 
analog o f M ET c a n  be d eh y d ro g en a ted  to  an  a lp h a-k e to  d eriv a tiv e  an d  th e  
la t te r  can  be tra n sa m in a te d  to  form  L -M E T  a t  a su ffic ien t ra te  to  en su re  
n ea rly  th e  sam e feed  conversion an d  p ro te in  u tiliza tio n  as w hen  th e  D L -M E T  
is fed.

M H A  is th o u g h t  to  be con v erted  to  L -M E T  in  a w ay  sim ilar to  th a t  w ith  
D -M ET. T he te c h n ic a lly  producible ra c e m a te  D L-M H A  co n ta in s  tw o isom ers 
w hich m u st be  co n v erted  b io logically  to  L -M E T , w hile D L-M ET a lre a d y  
consists o f 50 %  o f th e  L-form . O n th e  o th e r  h an d , M H A  free acid consists  
o f a t  leas t 20 %  d im er and  tr im e r fo rm s as a consequence o f a co n d en sa tio n  
reac tio n  b e tw een  th e  m olecules w hich  f ir s t  m u st be cleaved  to  bio logically  
availab le  m o n o m er com pounds. T he low er effic iency  of th ese  tra n sfo rm a tio n s  
m ay  acco u n t fo r  th e  differences m easu red  in  th e  a c tiv ity  of D L-M ET a n d  
D L-M H A .

In  p ra c tic a l ra tio n s, in  w hich th e  su p p lem en ta tio n  ra te  of D L -M E T  or 
D L-M H A  a cco u n ts  for only  ab o u t 20—50 %  of th e  to ta l  su lp h u r-co n ta in in g  
am ino acids, i t  is d ifficu lt to  m o n ito r th e  d ifference in  effectiveness be tw een  
th e  tw o co m p o u n d s. H ow ever, in  su p p lem en tin g  M ET-free d iets w ith  M H A  
th e  low er e ffic ien cy  becom es m ore obv ious.

The role o f M E T  in  th e  bo d y  is m u ltip le . I t  read ily  d ona tes its  te rm in a l 
m e th y l g roup  fo r m é th y la tio n  of v a rio u s com pounds. T he S -m ethy l d e riv a tiv e  
of M ET has a h ig h e r a c tiv ity  in  th e  r a t  th a n  M ET itself. T his can  be ex p la in ed  
b y  th e  s im u ltan eo u s  supp ly  of m e th y l g roup  an d  M ET for b iochem ical re a c 
tions in  th e  b o d y  i f  SMM is used for fo rtify in g  th e  d iets.

F ro m  th e  re su lts  of th is  ex p erim en t i t  can  be concluded  th a t  th e  use o f 
M ET, M H A  or SMM for fo rtifica tio n  o f a m e th ion ine-defic ien t d iet is eq u a lly  
efficient if  a 3.0 g /kg  level is applied . A t a low er (1.5 g/kg) level of fo rtific a tio n , 
how ever, M H A  m a y  exert low er a c tiv ity  th a n  M ET.

2* Acta Veterinaria Hungarica 40, 1992
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BLOOD GLUTATHIONE PEROXIDASE 
ENZYME ACTIVITY AS AN INDEX OF 

SELENIUM RELEASE FROM PERMASEL®
IN EWES

S. B e d ő 1, M . M é z e s 2 and G abriella  B á r c s a k  T ó t h 1

'In stitu te  o f Anim al H usbandry and d e p a r tm e n t of Anim al N utrition , U n iversity  of 
Agricultural Sciences, H -2103 G ödöllő, Páter K . u . 1, H ungary

(R eceived Decem ber 27, 1991)

Ten Merino ewes were given a single Perm asel® pellet (containing 5% o f ele
m entary selenium ) orally and exam ined for the release of selenium in the reticulum  by  
determ ining glutathione enzym e activ ity  of the whole blood haem olysate over a period  
of 12 m onths. A s compared to the controls, the treated ewes exhibited a significant 
elevation  in glutathione peroxidase ac tiv ity  for 8 m onths, indicating an acceptable per
sistence of the product tested.

Keywords: Blood haem olysate, ewe, glutathione peroxidase, Perm asel® , selenium

O ne o f th e  a n tio x id a tiv e  defence m echanism s of th e  o rgan ism  is th e  
g lu ta th io n e  red o x  system . T he se len iu m -d ep en d en t g lu ta th io n e  pe ro x id ase  
enzym e, G S H -P x , is p a r t  o f t h a t  m echan ism  (L ittle  and  O’B rien , 1968). In  
selenium  deficiency  th e  a c tiv ity  o f  G S H -P x  declines. This m ay  lead  to  p e r
oxide in to x ic a tio n , i.e. im p aired  p ro tec tio n  ag a in st perox idases w hich , in  
tu rn , m a y  ad v erse ly  affect th e  cell m em branes an d , th e reb y , m ost o f th e  b io 
chem ical processes. This p h enom enon  is also called  “ ox id a tiv e  s tre ss”  (F rid o - 
v ich , 1984).

T h e  lack  o f a n tio x id a tiv e  effect o f v ita m in  E , allow ing d e te rio ra tio n  
of th e  cell m em b ran e  lip id  lay e r, is basica lly  caused  b y  peroxides as well 
(B u rto n  e t a l., 1983).

A  se len ium -defic ien t d ie t co n ta in in g  less th a n  5 p p m  of th is  e lem en t 
(N agy, 1978) m a y  induce m u scu la r d y s tro p h y  in  lam bs an d  pig lets as w ell 
as e x u d a tiv e  d ia th esis  in  ch ickens. T hese diseases can  be p re v e n te d  b y  a d 
m in is te rin g  selen ium  an d /o r v ita m in  E  in  th e  d ie t. As an  a lte rn a tiv e , P e rm a 
sel® m a y  be g iven  to  ru m in an ts .

T h is lon g -ac tin g  selenium  p ro d u c t w as te s te d  for efficacy  a n d  p e rs is
ten ce  in  ewes b y  de te rm in in g  th e  g lu ta th io n e  perox idase enzym e a c tiv ity  o f 
b lood h aem o ly sa te . T he resu lts  are rep o rted  in  th is  paper.
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M aterials an d  m ethods

Tw o ran d o m  g ro u p s of 10 M erino ewes each  w ere used. In  th e  period  of 
s tu d y  la s tin g  from  J u n e  1990 to  J u n e  1991, th e  sheep w ere k ep t on n a tu ra l 
p a s tu re  in  su m m er a n d  on s tu b b le  fie ld s in  a u tu m n . In  w in te r th e  sheep w ere 
fed  co rn  p la n t s ilage, grass h a y  a n d  a lfa lfa  h ay . I n  ad d itio n , th e  ewes w ere 
also  g iven  co n c e n tra te s  in  a da ily  p o rtio n  o f  0.4 kg  p e r an im al th ro u g h o u t th e  
y e a r  excep t in  su m m er.

T he te s t  g ro u p  o f  ewes received  Perm asel® , a pe lle ted  p ro d u c t of IC I 
c o n ta in in g  5%  o f e le m e n ta ry  selen ium  a n d  0 .5%  o f iro n  d u s t as ca rrie r. One 
p e lle t w as ad m in is te re d  to  each ewe w ith  th e  a id  o f a special p a ir  o f p incers 
(v ia  sw allow ing). O w ing to  its  m ass, th e  p e lle t gets in to  th e  re ticu lu m  an d  
ad h e re s  th e re  u n re m o v a b ly  by  m o v em en ts  o f  th e  fo restom achs. As a re su lt, 
a p e rm a n e n t se len ium  release ta k e s  p lace  in  th e  re ticu lu m , supp ly in g  th e  
o rg an ism  w ith  se len ium  in d ep en d en tly  o f feeding.

T he o th e r 10 ewes served as th e  u n tre a te d  co n tro l group.
B lood sam ples w ere ta k e n  fro m  th e  ewes a p p ro x im a te ly  a t  m o n th ly  

in te rv a ls . T he g lu ta th io n e  enzym e a c tiv i ty  o f w hole b lood  1 : 9 h aem o ly sa te  
w as d e te rm in ed  b y  th e  m ethod  of M atkov ics e t al. (1988). The enzym e a c tiv ity  
w as expressed  as n k a t  (m m ol g lu ta th io n e  oxidized p er m in  a t  25 °C) an d  cor
re c te d  for 1 g p ro te in  co n ten t o f h aem o ly sa te . T he la t te r  was de te rm in ed  b y  
th e  B iu re t m e th o d  (W eichselbaum , 1946).

M eans an d  coeffic ien ts  of v a r ia tio n  w ere ca lcu la ted  for th e  tw o  groups 
a n d  significance o f th e  differences w as te s te d  b y  F ischer’s F  te s t  (S váb , 1973).

R esults an d  discussion

T he in itia l v a lu e s  o f g lu ta th io n e  p e rox idase  a c tiv ity  for th e  tre a te d  an d  
c o n tro l ewes w ere p ra c tic a lly  id e n tic a l (F ig . 1). One m o n th  a fte r a single oral 
a d m in is tra tio n  o f Perm asel®  an d  su b se q u e n tly  th e  enzym e a c tiv ity  values 
o b ta in e d  for th e  t r e a te d  group w ere co n s is ten tly  h igher th a n  tho se  o f th e  
co n tro ls .

T he s ig n ifican t differences o bserved  in  g lu ta th io n e  perox idase enzym e 
a c t iv i ty  of w hole b lo o d  h aem olysate  b e tw een  th e  tre a te d  and  con tro l ewes 
(T ab le  1) in d ica te  p e rm a n e n t re lease o f selen ium  from  Perm asel®  in  th e  
re tic u lu m  from  A u g u s t to  A pril w ith o u t a n y  signs o f selenosis.

As th e  a c t iv i ty  cu rves o b ta in ed  fo r th e  tw o  g roups are  paralle l, th e  an n u a l 
a c t iv i ty  p a tte rn  o f  g lu ta th io n e  p ero x id ase  in  sheep can  be ch a rac te rized  as 
follow s. I t  is h ig h es t in  a u tu m n  w ith  a m ax im u m  in  O ctober, followed b y  an  
a b r u p t  decline reach in g  m in im um  va lu es  in  M arch -A p ril; th e n  from  M ay i t  
a g a in  ten d s to  in c rease  (Fig. 1).
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Table 1

E valuation  of differences observed in mean glutathione peroxidase  
activ ity  betw een selenium  treated and control ew e groups

M o n th G ro u p

D iffe ren ces  in 

n
A b so lu te  

( n k a t /g  p ro te in )

G S H -P x  a c t iv i t y  o f  w h o le  blood 
h ae m o ly sa te

R e la tiv e  S ig n ifican ce  
(% ) level

VI Se-C 20 2.12 6.03 N S
V II Se-C 20 11.42 16.97 N S
V III Se-C 20 12.53 27.67 P < 0 .0 5
IX Se-C 20 33.60 63.46 P < 0 .0 1
X Se-C 20 30.71 46.11 P < 0 .0 0 1
X I Se-C 20 31.50 64.28 P < 0 .0 0 1
X II Se-C 20 14.07 43.41 P < 0 .0 1
I Se-C 20 14.58 32.19 P < 0 .0 5
II Se-C 20 16.55 44.79 P < 0 .0 5
III Se-C 20 7.70 117.55 PcO.OOl
IV Se-C 20 7.42 106.47 P cO .001
V Se-C 20 1.90 6.97 N S
V I Se-C 20 0.74 2.87 NS

Mean: 20 13.45 44.52 P < 0 .0 1

Se == selenium  treated; C =  control

A

1. Variations in glutathione peroxidase enzym e activ ity  o f ew es after a single oral adm i
nistration of Perm asel®  (solid line: Se-treated ewes; broken line: control ewes)
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T his ac tiv ity  p a t te r n  m a y  suggest t h a t  selenium  a d m in is tra tio n  to  ewes 
sh a ll be  tim ed for la te  w in te r , p a r tic u la rly  w hen  alfalfa h a y  r ic h  in  v itam in  
E  a n tag o n is ts  is g iven  as s ta p le  d ie t. I n  such  a case, th e  d efic ien cy  of selenium  
a n d  o f  v itam in  E  (i.e. co m p o n en ts  of th e  an tio x id a tiv e  defence m echanism s 
c a p a b le  of su b stitu tin g  fo r  one ano ther) m a y  coincide, p red isp o sin g  th e  anim als 
to  perox ide  in to x ica tio n .
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IMPROVEMENT OF THE REPRODUCTIVE 
PERFORMANCE OF SOWS RY TREATMENT 
WITH A GnRH SUPERACTIVE ANALOGUE

I .  S z a b ó 1, L. V a r g a 2, T . A n t a l 2, I . T ó t h 3, I . F a r e d i n 3,
J .  S e PRŐDI4 and I .  T e PLÁN4

1 V eterinary In stitu te  of Békéscsaba, H-5602 B ékéscsaba; A g r icu ltu ra l Combine o f M ezőhe
gyes, H -5820 M ezőhegyes, 3 Endocrine U nit and R esearch Laboratory, 1st Departm ent o f  M ed
icine, A lbert Szent-G yörgyi M edical U niversity, H -6701 Szeged; 41st D epartm ent of Chem istry  

and B iochem istry, Sem m elweis U niversity M edical School, H -1082 Budapest, H ungary
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The effect o f a H ungarian-m ade superactive analogue of GnRH (O vurelin, 
D -P he6-G nR H -EA , R eanal, H ungary) on th e  postpartal sexual function of sow s was 
m onitored. GnRH treatm ent was carried o u t on day 19 before weaning. The sows were 
insem inated at the first oestrus after w ean ing . GnRH treatm ent m arkedly increased  
litter size at weaning, substantially  reduced (to  25 and 50%, respectively) the num ber  
of sows failing to come into oestrus after w ean in g , and increased the number of sows 
com ing into oestrus w ithin one week after w eaning by 42,5%  and 9%, respectively . 
These beneficial effects were particularly apparent on the far using closed m anagem ent 
technology.

Keywords: Reproductive perform ance, sow , GnRH superactive analogue

E x p erien ce  gained d u rin g  th e  d ev e lo p m en t of large-scale, in d u stria liz ed  
p ig  p ro d u c tio n  in  closed m anagem en t sy s te m  ind ica tes th a t  th e  p ro f ita b le  
o p era tio n  o f  p ig  farm s basica lly  depends on  th e  an im als’ rep ro d u c tiv e  p e r
fo rm ance. O p tim a l u tiliz a tio n  of th e  h e rd ’s genetic  c a p a c ity  u n d er th e  c o n d i
tions of large-scale farm ing  m ay  requ ire  t h e  use of b io technological p ro ced u res  
inc lud ing  th e  ad m in is tra tio n  of g o n a d o tro p in  releasing  horm one (G n R H ) 
an d  its  sy n th e tic  superac tive  analogues.

S exual fu nc tion  is contro lled  b y  th e  h y p o th a la m u s-p itu ita ry -g o n a d  
sy stem  also in  sows. C erta in  neurons o f  th e  h y p o th a lam u s produce G n R H , 
w hich is a w ater-so lub le  o ligopeptide co n sis tin g  of 10 am ino  acids. This re lea s 
ing  ho rm one  regu la tes th e  syn thesis  an d  re lease  of gonado trop ins (F S H , L H ) 
p ro d u ced  in  th e  hypophysis. In  b io logical effect, th e  superac tive  analogues 
of G n R H  are  iden tica l w ith  n a tu ra l G n R H ; how ever, ow ing to  th e ir  h ig h er 
a ff in ity  to  recep to rs of th e  p itu ita ry  g la n d  th e y  are m uch  m ore effective th a n  
th e  fo rm er (H o rv á th  e t al., 1986; N ikolics e t  al., 1983).

In  1979, B userelin  (R ecep ta l, b u se re lin  ace ta te , H oechst, S w itzerland ), 
one o f th e  G n R H  analogues was sy n th es ized . A ccording to  th e  re su lts  o f 
M ucsi an d  B úzás (1985), t re a tm e n t of w ea n e d  sows w ith  R ecep ta l an d  v i ta 
m ins A an d  E  reduced  th e  n u m b er of sow s re tu rn in g  to  oestrus by  10%  a n d  
increased  th e  conception  ra te  b y  7%  w ith in  tw o  oestrous cycles.
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In  an  earlier p a p e r  (Szabó e t al., 1991), we rep o rted  th e  effect o f a H u n 
g arian -m ad e  G n R H  su p erac tiv e  analogue (O vurelin , D -P h ee-G nR H -E A , R e a - 
n a l, H ungary ) on th e  sex u a l fu nc tion  o f sows a fte r  farrow ing . U sing th e  p r e 
p a ra t io n  48 hours a f te r  w eaning, we fo u n d  t h a t  i t  d id  n o t im prove th e  so w s’ 
re p ro d u c tiv e  p e rfo rm an ce ; co n tra rily , i t  ev en  p rev en ted  th e  m a n ife s ta tio n  
o f  oestru s induced  b y  w eaning. A t th e  sam e tim e , a reg u la r cycle com m enced  
in  96 .8%  of th e  an im als .

In  view  of th e  above find ings, we m ad e  fu rth e r  in v estiga tions w h ich  
h a v e  opened up  a new  fie ld  of using th e  G n R H  superac tive  analogue.

Materials and m ethods

First experiment. T he  f irs t ex p e rim en t w as perfo rm ed  a t  a 1100-sow , 
c losed , specialized p ig  fa rm  of th e  A g ric u ltu ra l Com bine of M ezőhegyes. 
N in e teen  days b efo re  w eaning, 69 sows w ere tre a te d  in tram u scu la rly  w ith  
G n R H  su p erac tiv e  ana logue  (100 pg D -P h e 6-G nR H -E A , O vurelin , R e a n a l, 
H u n g a ry ), w hile 103 sow s th a t  h ad  fa rro w ed  s im u ltaneously  w ith  th e  e x p e r i
m e n ta l anim als a n d  h a d  been  k e p t u n d e r th e  sam e m an ag em en t an d  feed in g  
co n d itio n s, served  as contro ls.

A fter w ean ing  o n  d ay  30 ^  3 a f te r  farrow ing , an im als of b o th  th e  e x 
p e rim e n ta l an d  th e  c o n tro l group w ere tra n s fe r re d  from  th e  farrow ing  h o u se  
o f  in d iv id u a l pen  sy s te m  to  th e  sow house  w here th e y  w ere k e p t in  g ro u p s . 
D ep en d in g  on th e  w e a th e r, th e  sows w ere allow ed to  spend  4 -5  hours o u td o o rs  
e v e ry  day . A fter a r tif ic ia l insem ination , th e  sows were k e p t in  in d iv id u a l p en s 
fo r  7 -1 0  days, th e n  w ere d riven , in  g roups o f  8, in to  a com plete ly  closed sow  
h o u se  hav ing  a r tif ic ia l v en tila tio n  an d  lig h tin g . Sows possib ly  re tu rn in g  to  
o e s tru s  were se lec ted  using  tease r boars d riv e n  along th e  row  of pens. P re g n a n t 
sow s an d  those n o t re tu rn in g  to  oestrus w ere tran sfe rred  to  th e  closed fa r ro w 
in g  house hav in g  a r tif ic ia l v en tila tio n  a n d  lig h tin g  one or tw o days b e fo re  
farrow ing .

Second experiment. T he second ex p e rim e n t w as carried  o u t on a 650-sow , 
specialized  pig fa rm  o f th e  A g ricu ltu ra l C om bine of M ezőhegyes. O n t h a t  
fa rm , w eaning to o k  p lace  on day  30 ^  3 a f te r  farrow ing. F ro m  th e  fa rro w in g  
h o use , th e  sows w ere tran sfe rred  to  th e  sow  house hav ing  an  ou tdoor ru n , 
w h ere  oestrous an im a ls  were selected  a n d  in sem in a ted  artific ia lly . S u b se 
q u e n tly , four an im als  each  were tra n sfe rre d  to  th e  in sem in a tin g  house h a v in g  
la rg e  w indow s an d  ex ce llen t v en tila tio n . Sows th a t  did n o t re tu rn  to  o e s tru s  
b y  d a y  22 a fte r  in sem in a tio n  were g ro u p ed  in  12-sow pens s itu a te d  in  th e  
m id d le  of th e  in sem in a tin g  house, from  w here  th e y  were tran sfe rred  to  th e  
sow  house h av in g  a n  o u td o o r ru n  a t  55-60  day s old. T hree weeks before te r m  
th e  sows were tra n s fe r re d  to  th e  end  o f th e  farrow ing  house w here th e y  w ere
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k e p t in  15-sow pens provided w ith  a n  o u td o o r ru n  an d  a re s tin g  p lace. A fte r  
farrow ing , th e  sows were exercised  o u td o o rs  tw ice daily . In  th e  p re d o m in a n t 
p a r t  o f th e  rep roduc tive  cycle, th e  sows were e ith e r allow ed free exercise  
o u td o o rs  or w ere stay ing  in  a n  ex ce llen tly  v e n tila te d  house h av in g  la rg e  
w indow s.

O n th e  la t te r  farm , a to ta l  o f 1045 sows were t r e a te d  w ith  G n R H  su p e r
ac tiv e  analogue on day  19 befo re  w ean ing  in  1987-1988. A to ta l  o f  1195 
w eanings th a t  to o k  place in  th e  sam e  period  of th e  years  1986-1987 se rv ed  
as con tro l.

T h e  on se t o f oestrus, as w ell as th e  tim es of re tu rn  to  oestrus, in se m in a 
tio n  an d  o th e r rep roductive  ev en ts  (e.g. abortion) w ere recorded  re g u la rly  
in  all exp erim en ts .

R esults

T he resu lts  o f th e  f ir s t experiment, p resen ted  in  T ab le  1, in d ica te  s ign i
f ic a n t d ifferences betw een an im als o f  th e  tw o groups in  th e  onset o f  po st- 
w ean ing  oestru s. S ix ty-six  ou t o f th e  69 sows tre a te d  w ith  th e  G nR H  analogue 
19 days before w eaning (95.7% ) cam e in to  oestrus w ith in  7 days a f te r  w ean 
ing ; in  one sow th e  f irs t oestrus o ccu rred  as la te  as 30 days a fte r  w ean ing . 
T here  w ere on ly  tw o  sows th a t  fa iled  to  com e in to  oestrus a fte r  w eaning.

In  th e  co n tro l group, 12 o u t o f  th e  103 sows (11 .7% ) d id  n o t com e in to  
oestru s  a t  all. O nly  57 sows (55.3% ) show ed  oestrous signs an d  were in se m in a t
ed w ith in  7 days a fte r w eaning. I n  34 sows, th e  f irs t oestru s to o k  p lace on ly  
in  th e  second w eek after w eaning  o r la te r .

A ccord ing  to  th e  d a ta  show n in  T ab le  1.61 (88.4% ) of th e  in sem in a ted  
sows fa rrow ed  an d  produced  a to ta l  o f  601 p ig lets. E x p ressed  for th e  o rig inal 
n u m b e r o f sows exam ined (n =  69), th is  corresponds to  an  average l i t te r  
size o f 8.7 p ig le ts. In  the  con tro l g ro u p , 68 of th e  oestrous an d  in sem in a ted  
sows (66% ) farrow ed  and  p ro d u ced  a  to ta l  of 679 p ig lets, w hich corresponds 
to  an  average  l i t te r  size of 6.6 p ig le ts  fo r  th e  103 co n tro l sows exam ined .

In  v iew  o f th e  observations m ad e  in  th e  f irs t tr ia l, in  th e  second experi
ment we s tu d ied , on a pig fa rm  ch a rac te rized  b y  fav o u rab le  re p ro d u c tiv e - 
biological cond itions, w hether th e  p ro p o sed  tre a tm e n t resu lts  in  su ffic ien tly  
increased  rep ro d u c tiv e  perform ance. T h e  resu lts  are sum m arized  in  T ab le  2. 
I t  can  be  estab lished  th a t ,  even u n d e r  sow -keeping cond itions close to  n a tu ra l  
th e  t r e a tm e n t reduced  th e  n u m b er o f  sows failing to  com e in to  oestru s a fte r  
w eaning  to  h a lf  (from  9%  to  4 .6 % ) a n d  increased  th e  n u m b er of sows com ing  
in to  oestru s  w ith in  one week a f te r  w ean in g  from  52.4%  to  61 .2% . T he av erag e  
l i t te r  size p e r sow increased from  7.6 to  8.1.
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Table 1

R eproductive results o f  sow s treated w ith G nRH  superactive analog 19 days before weaning  
(first experim ent, closed m anagem ent conditions)

P a ra m e te r  s tu d ie d G n R H - tr e a te d gro u p C ontro l group

N um ber of animals tested 69 103
N um ber of animals com ing in to  oestrus after

w eaning 67 97.1% 91 88.3%

A nim als showing oestrus on  post-weaning
day  2 2 2.9% — —
day 3 1 1.4% 11 10.7%
day 4 42 60.9% 13 12.6%
day  5 12 17.4% 15 14.5%
day 6 5 7.3% 8 7.8%
day  7 4 5.8% 10 9.7%
day 8 — — 19 18.4%
day 9 — — 4 3.9%
day  10 — — 2 1-9%
day  11 or thereafter 1 1.4% 9 8.8%

Sow s failing to come in to  oestrus in the period
stu d ied 2 2.9% 12 11.7%

T otal number of sows th a t  farrowed 61 68
T ota l number of p iglets born 601 88.4% 679 66.0%
N um ber of piglets per one sow  included in the

experim ent 8.7 6.6

Table 2

R eproductive results o f  sow s treated with G nRH  superactive analog 19 days before weaning  
(second experim ent, m anagem ent closer to natural conditions)

P a ra m e te r  s tu d ie d G n R H - tr e a te d g ro u p C ontro l group

N um ber of animals tested 1045 1195

A nim als showing oestrus on  post-weaning
day  3 4 0.4% 4 0.4%
day 4 134 12.8% 109 9-1%
day  5 300 28.7% 197 16.5%
day 6 133 12.7% 158 13.2%
day 7 69 6 . 6 % 158 13.2%
day 8 56 5.4% 98 8.2%
day 9 28 2.7% 41 3.4%
day  10 16 1.5% 30 2.5%
day 11 13 1.2% 18 1.5%

Sow s failing to come in te  oestrus in the
period studied 48 4.6% 107 9-0%

T otal number of sows cu lled  before weaning 123 11.8% 98 8.2%
T otal number of p iglets born 8460 9049
N um ber of piglets per one sow  included

in the experiment 8.1 7.6
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D iscussion

G on ad o tro p in  re leasing  horm one (G n R H ) an d  its  analogues o p en  u p  
new  possib ilities in  an im al p ro d u c tio n .

Schlegel e t al. (1984) conducted  o estru s-in d u c tio n  an d  sy n ch ro n iza tio n  
ex p e rim en ts  on a to ta l  o f  459 sows k e p t  on  an  in dustria l-sca le  pig fa rm  using  
G n R H  v e t. “ B erlin-C hem ie”  analogue. T he sows w ere w eaned from  th e ir  
p ig le ts  a f te r  a 5-w eek nu rsing  period , th e n  were tre a te d  w ith  1000 IU  of 
PM SG  24 h  la te r. A fte r  fu r th e r  tw o d a y s , th e  con tro l g roup  (n =  230 sows) 
w as t r e a te d  w ith  500 IU  HCG, w hile  th e  exp erim en ta l group (n =  229) 
sows w ith  300 IU  H C G  a n d  300 f i g  G n R H  analogue. All sows were in sem in a ted  
“ b lin d ”  tw ice , 24 and  48 h  a fte r th e  l a s t  t re a tm e n t. B o th  tre a tm e n t schem es 
re su lte d  in  a sa tis fac to ry  oestrus r a te  (90.9 an d  92 .1% , respectively ) a n d  a 
good concep tion  ra te  (84 .9%  and  8 8 .1 % , respective ly ). B ergfeld (1984) also 
p e rfo rm ed  th a t  ex p erim en t on 172 w e a n e d  sows an d  241 gilts an d  observed  
b e t te r  re su lts  in  th e  g roup  tre a te d  w ith  H C G  -)- G nR H .

R aasch  e t al. (1984) applied th e  above tre a tm e n t on a to ta l  o f 1994 
sows on  10 d ifferen t p ig  farm s and  fo u n d  th a t  t re a tm e n t w ith  300 IU  H C G  +  
-j- 300 fig G n R H  p roved  to  be b e tte r  b y  1.5—14.7% .

F ro m  p o s tp a r tu m  d ay  31 ^  1 u p  to  th e  24 th  h a fte r  th e  onset o f o estru s , 
Cox a n d  B r i t t  (1982) t r e a te d  6 sows w ith  1.5 f i g  G n R H  in trav en o u s ly  ev e ry  
h o u r. G n R H  ad m in is te red  in  th a t  w ay  w as found  to  s tim u la te  oestrus d u rin g  
th e  la c ta t io n  period a n d  to  induce L H  a n d  F S H  p ro d u c tio n  sim ilar to  th a t  
o b se rv ed  a f te r  w eaning.

I n  th is  s tu d y , we tr ie d  ou t th e  G n R H  su p erac tiv e  analogue on  fa rm s 
w hich  m ark ed ly  d iffered  in  te rm s o f  m an ag em en t techno logy . T he an im als 
w ere in je c te d  19 days before  w eaning a n d  w ere in sem in a ted  a t  th e  tim e  o f  th e  
f irs t  c lin ica lly  a p p a re n t post-w eaning  o es tru s . In  th is  w ay  we tr ie d  to  m ake 
su re  th a t  G n R H -in d u ced  oestrus a n d  oestru s b ro u g h t ab o u t b y  w ean ing  
coincide.

A ccord ing  to  th e  re su lts , th is  p ro ced u re  is especially  su itab le  fo r in 
c reasing  th e  rep ro d u c tiv e  perform ance o f  sows k e p t on closed, in d u stria l-sca le  
p ig  fa rm s hav ing  a rtif ic ia l v en tila tio n  a n d  ligh ting . In  ou r second ex p erim en t, 
o n ly  2 o u t of th e  69 t r e a te d  sows fa ile d  to  com e in to  oestru s a fte r w eaning . 
O f th e  67 sows com ing in to  oestrus, o n ly  one an im al req u ired  m ore th a n  one 
w eek (30 days) to  show  th e  signs of o e s tru s  a fte r  w eaning. Tw elve o u t o f  th e  
103 c o n tro l sows (11.7% ) failed to  com e in to  oestrus, an d  only  55.3%  o f th e m  
show ed  oestru s w ith in  a w eek a fte r w ean in g . This is w hy l i t te r  size in  th e  G n R H  
an a lo g u e  tre a te d  sow group  exceeded t h a t  o f th e  con tro l group b y  m ore th a n  
2 p ig le ts  on th e  average.

T h e  second ex p erim en t was c o n d u c te d  on a p ig  fa rm  using a m an ag e
m en t techno logy  close to  th e  n a tu ra l co n d itio n s an d  m ark ed ly  differing  from
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t h a t  used  on th e  f ir s t  p ig  farm . A to ta l  o f 1045 sows were tre a te d  w ith  G n R H  
su p e rac tiv e  analogue as described  above. As a re su lt o f t re a tm e n t, th e  n u m b e r  
o f  sow s com ing in to  oestru s  w ith in  a w eek a f te r  w eaning  increased  b y  9 % . 
T h e  ra tio  of an im als fa iling  to  com e in to  o es tru s  decreased  to  half, and  l i t te r  
size expressed  fo r th e  o rig inal n u m b er o f sows te s te d  increased  b y  0.5.

In  sum m ary , i t  c an  be s ta te d  th a t  th e  tre a tm e n t of sows w ith  a G n R H  
su p e rac tiv e  analogue 19 days before w ean in g  increased  th e  p er sow l i t te r  size 
b y  m ark ed ly  red u c in g  th e  n u m b er o f sows t h a t  fa il to  com e in to  oestrus a f te r  
w ean in g  and b y  in c reasin g  th e  concep tion  ra te . These beneficial effects o f th e  
t r e a tm e n t  were especia lly  a p p a re n t on p ig  farm s using  com pletely  closed  
m an ag em en t tech no logy .

References

B ergfeld, J . (1984): Concept and arrangement for testing  o f GnRH vet. “ Berlin-Chemie” for  
applicability to induction  of ovulation in sw ine (in German). Mh. Vet.-m ed. 39, 156—159.

Cox, N . M. and B ritt, J. H . (1982): Induction of fertile  estrus in  lactating sows w ith  hourly  
injections of gonadotropin releasing horm one. J . Anim . Sei. 55, Suppl. 1, 49.

H orváth , A ., Kéri, G y., G ulyás, T ., Vigh, S., N ikolics, K . and Teplán, I. (1986): Comparison  
o f in vitro and in v iv o  effects o f  different species specific G nRH  and their analogs. B io- 
chem. B iophys. R es. Commun. 138, 419.

M ucsi, I. and Búzás, К . (1985): Increasing o f the reproductive performance of swine (in H u n 
garian). Magyar M ezőgazdaság 40, 15.

N ikolics, K ., Szőke, В ., K éri, Gy. and Teplán, I. (1983): Gonadotropin releasing horm one  
(G nRH ) is not degraded b y  in tact p itu itary tissue in vitro. Biochem . Biophys. R es. 
Commun. 114, 1028.

R aasch , M. L., Bergfeld, J ., Heidler, W . and M axim ow itz, E . (1984): Comparative studies on  
ovulation synchronisation in sows using PMSG and HCG or a com bination of gonado
tropin releasing horm one (G nRH ) and HCG under different farm  conditions (in Ger
man). Arch. T ierzucht Berlin 27, 257—261.

Schlegel, W ., Börner, A. and Sklenar, У. (1984): Studies into the use of HCG m ixed w ith G nR H  
vet. “ Berlin-Chem ie” to synchronise ovulation  in  adult sows (in German). Mh. V et.-  
med. 39, 621-623.

Szabó, I., Antal, T., T óth , I., Faredin, I., Seprődi, J. and Teplán, I. (1991): E ffect o f treatm ent 
w ith  Prolan in j. or w ith  a GnRH superactive analog on the sexual function of sows after  
weaning. A cta V et. H ung. 39, 3—11.

Acta Veterinaria Hungarica 40, 1992



Acta Veterinaria Hungarica 40 (3), pp. 161 — 164 (1992)

SERUM PROGESTERONE, OESTRONE 
AND OESTRADIOL IN PREGNANT 

AND NON-PREGNANT RED DEER HINDS

Z. Zomborszky1, L . S ugár1 and T . F eh ér2

1 F acu lty  of Anim al Science, PA N N O N  U n iv ersity  o f  Agriculture, H-7401 K aposvár, P f. 16, 
Hungary; 21st D epartm ent of Medicine, Sem m elw eis U niversity M edical School, H-1083 B uda

pest, K orányi S. u . 2/a , H ungary
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Changes in  serum progesterone (P ), oestrone (Ej) and oestradiol (E2) concentra
tions were m onitored in 34 fem ale red deer ( Cervus elaphus)  shortly after the end of  
the breeding season and at m id -gestation . Pregnancy could be detected on the basis 
of serum P, but there were no sign ificant differences between the pregnant and non
pregnant anim als farmed anim als in  E j and E 2 concentrations. T w enty-five pregnant 
hinds captured in  winter showed serum  P  levels similar to those found in farm ed deer 
during the gestation  period.

Keywords: Progesterone, oestrone, oestradiol, pregnancy, red deer

Cervides liv in g  in  te m p e ra te  la ti tu d e s , e.g. th e  H u n g a rian  re d  deer 
( Cervus elaphus), a re  ch arac terized  b y  seasonal po lyoestru s (G uinness e t a l., 
1971). The tim in g  o f th e  b reed in g  seaso n  is de te rm in ed  genetica lly  a n d  is 
reg u la ted  b y  seasona l changes o f th e  d ay -len g th  (L incoln, 1985). In c reased  
o v a rian  a c tiv ity  re su lts  in  a g ra d u a l in c rea se  o f p e rip h era l b lood  P  c o n c e n tra 
tio n  w ith  a p eak  a t  abou t 14 d a y s  a f te r  th e  f irs t  o v u la tio n  (A dam  e t al.,
1985). On th e  d a y  before oestrus P  c o n c e n tra tio n  su d d en ly  drops w hile E 2 
co n cen tra tio n  increases. A t oestru s E 2 p eak s  four- to  ten fo ld  h igher th a n  th a t  
reco rded  for o th e r  po lyestrous u n g u la te s  (A dam  e t al., 1985; K elly  e t  a l., 
1985). The lack  o f  a prolonged p e rio d  o f  low  P  c o n cen tra tio n  a ro u n d  oestru s 
h as  been observed  (K elly  et ah , 1985). M ost h inds conceive du ring  th e  f ir s t  
o r second oestru s. P lasm a P  c o n c e n tra tio n s  rem ain  h igh  du ring  p reg n an cy  
u n til  1-4 weeks b efo re  p a r tu r it io n , w h en  a  rising  E 2 co n cen tra tio n  can  be 
d e tec ted  (K elly  e t a l., 1982; A dam  e t  a l., 1985).

The aim  o f th is  w ork w as to  co llec t d a ta  on serum  horm one c o n c e n tra 
tio n s  of p reg n an t a n d  n o n -p reg n an t re d  deer. W e w ere in te res ted  w h e th e r, 
in  add itio n  to  se ru m  P  co n cen tra tio n s, se ru m  E x an d  E 2 levels could  also be 
used  as an  in d ic a to r  of p regnancy .
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Materials and methods

A to ta l  o f 34 fem ale  farm ed  re d  deer (tw elve yearlings, n ine 2.5 y ea rs  
o ld  anim als an d  th i r te e n  >  3.5 years  o ld  deer) an d  25 w ild h inds (age ran g e : 
1.5—10.5 years) c a p tu re d  in  w in te r (on 28 D ecem ber) w ere used. T he ca lves 
o f  th e  farm ed h in d s  w ere w eaned on  15 A u g u st. T he m atings w ith  fa rm e d  
s tag s  of know n fe r t i l i ty  s ta rte d  on 1 S ep tem b er. B lood sam ples w ere ta k e n  
fro m  th e  farm ed  d e e r sh o rtly  a fte r th e  en d  o f  th e  b reed ing  season (on 8 N o 
vem ber) and  a t  m id -g es ta tio n  (on 21 F e b ru a ry )  and  from  th e  ca p tu re d  w ild  
h in d s during th e  g e s ta tio n  period (on 21 F e b ru a ry ). The h inds w ere re s tra in e d  
in  a crush d u rin g  th e  sam pling. B lood  sam ples were d raw n  from  th e  ju g u la r  
v e in , allowed to  c lo t, cen trifuged  a n d  th e  sera  w ere s to red  a t  -1 8  °C u n ti l  
assayed .

P rogesterone  c o n cen tra tio n  w as m easu red  b y  th e  rad io im m uno log ica l 
m e th o d  of P o tecz in  e t  al. (1982). S erum  Е г a n d  E 2 w ere assayed  accord ing  
to  P o teczin  e t al. (1984).

Calving d a te s  cou ld  be recorded  o n ly  fo r th e  farm ed  h inds. C onception  
d a te s  were c a lc u la ted  on th e  basis o f a 234-day-long  g es ta tio n  (A dam  e t  a l., 
1985).

The resu lts  w ere  s ta tis tica lly  e v a lu a te d  b y  S tu d e n t’s t te s t.

Table 1

Serum  progesterone (P ) values (nmol/1) o f farm ed and captured H ungarian red deer hinds

G ro u p s o f h inds n 8 N ovem ber 
Ï ± S .D .

S a m p lin g  d a ta

C a lc u la ted  fo r 
e a r ly  p o s t-c o n 
c e p tio n  d a y s

21 F e b ru a ry  
i ± S . D .

C alv ing  d a te s

P R E G N A N T
FAR M ED
Yearlings 7 4.2 2.4 21-43 18.4 8.2 18 M ay-9 June

range (1.6-9.6) (11.0-36.7)
2.5-year-old 8 6.7 2.7 13-48 18.4 7.3 13 M ay-17 June

range (2.2-11.2) (10.2-32.6)
3.5-year-old 12 4.8 1.1 16-52 13.4 5.3 8 M ay-15 June

range (2.6-6.7) (6.9-23.9)

C A PT U R E D 4 M ay-3 June
1.5-10.5-year-old 25 — — 14.9 4.6

range (7.2-24.3)

N O N -PR E G N A N T
FAR M ED
Yearlings 5 0.62 0.64 0.94 0.55

range (0.3-1.9) (0.5-2.0)
2.5-year-old 1 0.3 0.9
4.5-year-old 1 0.9 0.7
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Table 2

Serum oestrone (E t) and oestradiol (E 2) v a lu es (pmol/1) o f H ungarian red deer hinds

S am pling  d a ta

G ro u p s
8 N o v e m b e r 11 F e b ru a ry

E . E , E i E .

ï  S.D . x  S .D . x  S .D . ;  s.D.

Farm ed hinds
N on-pregnant 7 410 102.5 77 64.9 578 161.5 927 183.2

Range (210-560) (10-190) (420-930) (660-1240)
Pregnant 27 439 224.0 106 61.1 596 184.6 1187 524.4

Range (90-740) (20-240) (330-1040) (660-2670)
Captured hinds
Pregnant

Range
25 721 168.0 

(440-1020)
741 725.0  

(150-3030)

Results and discussion

As w as expected  o n  th e  basis o f  th e  h igh  P  co n cen tra tio n , 27 fa rm ed  
deer ca lv ed  betw een 8 M ay and  17 J u n e .  O ne o f th e  25 p re g n a n t w ild  deer 
d ied, six  o f  th em  ab o rted , an d  th e  re m a in in g  18 calved be tw een  4 M ay a n d  3 
Ju n e . S even  farm ed d eer failed to  co n ce iv e  (5 yearlings, one 2 .5 -year-o ld  
an d  one 4 .5-year-old  h in d ). The c o n cep tio n  da tes of fa rm ed  deer fell b e tw een  
17 S e p te m b e r and  26 O cto b er while th o s e  o f  th e  ca p tu re d  deer b e tw een  13 
S ep tem b er an d  12 O ctober. In  fa rm ed  d e e r th e  f irs t sam pling  (8 N ovem ber) 
to o k  p lace  betw een  th e  1 3 th  and  52nd d a y  a f te r  th e  ca lcu la ted  d a te  o f co n cep 
tio n . W ith  th e  exception  o f  one y ea rlin g  (P  =  1.6 nmol/1 on d ay  21 o f  p reg 
n ancy ), p re g n a n t fa rm ed  anim als h a d  se ru m  P  values exceeding 2.0 nmol/1 
(m ean ^  S D : 5.2 i  2.3). T he low est P  co n cen tra tio n s (2.2 an d  2.6 nmol/1) 
were m easu red  in  an im als being in  th e  ea rlie s t phase o f g es ta tio n , a t  d a y  13 
an d  16, respective ly . O n 21 F e b ru a ry , p re g n a n t farm ed  an d  c a p tu re d  h in d s 
h ad  s im ila r P  concen tra tions (x ±  S D : 16.9 i  6.9 a n d  14.9 ±  4.6 nmol/1, 
resp ec tiv e ly ). E igh t an im als had  se ru m  P  co n cen tra tions low er th a n  2.0 
nmol/1 a t  th e  firs t sam pling . One of th e  six  yearlings h a d  a P  co n c e n tra tio n  
o f 1.6 nm ol/1; however, th e  second a s sa y  p ro v ed  her to  be p re g n a n t (P  =  13.4 
nmol/1). A n o th e r an im al h a d  a P  v a lu e  o f  1.9 nmol/1 a t  th e  f irs t  te s tin g  b u t  
was fo u n d  non-p regnan t w ith  a P  c o n c e n tra tio n  o f 0.5 nmol/1 a t  th e  second 
sam pling . T he P  concen tra tions of t h e  o th e r six n o n -p reg n an t an im als  re 
m ained  below  2.0 nmol/1 (Table 1). B o th  p reg n an t and  n o n -p re g n a n t fa rm ed  
an im als h a d  sim ilar E x a n d  E 2 values a t  th e  f irs t sam pling  (T able 2). O estrone  
co n cen tra tio n s  were h ig h er th a n  E 2 co n cen tra tio n s  in  th e  h inds sam pled
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ea rly . These d a ta  a re  sim ilar to  those  reco rded  fo r w h ite -ta iled  deer b y  H a rd e r  
a n d  W oolf (1976) a n d  P lo tk a  e t al. (1977). A t th e  second assay  in c rea sed  
m e a n  and  E 2 levels were found  b o th  in  p re g n a n t an d  n o n -p reg n an t h in d s . 
I n  th a t  period E 2 levels were h igher th a n  E x co n cen tra tio n s. The E 2 v a lu e s  
w ere  sign ifican tly  h ig h er (P  <  0.001) in  p re g n a n t an d  n o n -p reg n an t fa rm e d  
dee r, too . O estrone values increased  less m ark e d ly  in  p re g n a n t (P  <  0.01) 
a n d  n o n -p reg n an t h in d s  (P  <  0.1) be tw een  sam p lin g  da tes . The resu lts  o f  
th is  s tu d y  suggest t h a t  Е г and  E 2 d e te rm in a tio n  is n o t a su itab le  d iag n o stic  
to o l to  ind ica te  p reg n an cy . I t  is in te re s tin g  to  n o te  th a t  in  th e  cap tu re d  d ee r 
se ru m  E x c o n c e n tra tio n  was h igher (P  <  0.05) an d  E 2 co n cen tra tio n  lo w er 
(P <  0.5) th a n  in  th e  farm ed  an im als. T he re su lts  of th e  p resen t s tu d y  a re  
co n sis ten t w ith  th o se  o f  K elly  e t al. (1982). I n  re d  deer, serum  P  c o n c e n tra tio n  
ap p e a rs  to  be a v a lu a b le  too l for ea rly  p reg n an cy  diagnosis owing to  th e  sign if
ic a n t  (P  <  0.01) d ifferences dem o n strab le  be tw een  p re g n a n t an d  n o n -p reg 
n a n t  h inds. The assay s can  be perfo rm ed  sh o rtly  a fte r  th e  end of th e  m a in  
b reed in g  season. I n  th is  s tu d y , serum  P  co n c e n tra tio n  w as 2.0 nmol/1 
in  th e  p reg n an t an d  <H.O nmol/1 in  th e  n o n -p re g n a n t h inds. In  deer w ith  P  
co n cen tra tio n s fa lling  betw een  1.0 an d  2.0 nmol/1 (especially  in  yearlings) th e  
d e te rm in a tio n  o f se ru m  P  co n cen tra tio n  w as less re liab le  as a d iagnostic  to o l.
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T he prevalence o f infectious b ov in e  rhinotracheitis (IB R ) in Europe is reported.
P ossible m ethods are proposed for erad ication  of infection as well as for the m a in te 
nance and control o f  infection-free statu s.

Keywords: In fectious bovine rh inotracheitis, eradication, guidelines.

Prevalence o f  infection

In fec tio u s  bovine rh in o trach e itis  ( IB R )  is w idespread  all over th e  w orld  
a n d  occurs m ostly  as a n  enzootic d isease  (L udw ig and  G regersen, 1986). T his 
applies to  th e  m a jo rity  o f th e  W este rn  E u ro p e a n  coun tries an d  to  H u n g a ry  
as well. I n  B elgium  62%  o f th e  ca ttle  h e rd s  is seropositive an d  v acc in a tio n  is 
p rac tised  w idely  to  p re v e n t th e  disease. I n  th e  U n ited  K ingdom , th e  5%  p re 
valence o b serv ed  in  th e  1970’s h ad  in c re a se d  to  15%  and  4 5 -5 0 %  in  th e  
b reed ing  a n d  producing  h erds, re sp ec tiv e ly , b y  1988 (A ckerm ann  e t al., 1990). 
A su rv ey  co n d u c ted  in  1978 in  F ran ce  rev ea led  an  average IB R  p rev a len ce  
o f  10 .8% . H ow ever, am ong  H o ls te in -F ries ian  ca ttle  th e  p revalence o f in fec tio n  
w as 2 7 .5 % ; m oreover, in  H o ls te in -F rie s ian  herds im p o rted  from  C an ad a  a n d  
th e  U n ite d  S ta te s  a se ro p o sitiv ity  r a te  o f  55 .6%  an d  91% , resp ec tiv e ly , w as 
o b ta in ed  (P e rr in  e t a l., 1981). In  G e rm a n y  2 0 -2 1 %  of th e  c a ttle  h e rd s  w as 
fo u n d  to  be  in fec ted  (B au e r e t ah, 1980 ; R o th sch u h , 1980; F o rsch n er e t a l., 
1988).

N o rw ay , Sweden an d  F in land  a re  a lm ost free from  IB R  in fec tion . 
In  these  cou n tries  IB R  occurred  on ly  in  a few foci o f in fec tion  earlie r, to o . 
D en m ark  a n d  Sw itzerland  have lau n c h e d  a system atic  e rad ica tio n  p ro g ram m e 
w hich is ex p ec ted  to  re su lt in  in fec tio n -free  s ta tu s  in  1991 or 1992 (A u tru p  
an d  B itsch , 1978; A ck erm an n  et al., 1990).

In  H u n g a ry  no n a tionw ide  s ta t is t ic a l  d a ta  are availab le  on th e  p re v a 
lence of I B R  in fection . In  ex p lo ra to ry  su rv ey s conducted  in  th re e  E a s te rn  
coun ties b e tw een  1983 a n d  1988, a t o t a l  o f 160 herds w ere te s te d : o f th e m , 
28 (17 .5% ) proved  serologically  n e g a tiv e . In  105 herds (65.5% ) a sm aller 
p a r t  o f th e  cows was serologically p o s itiv e  b u t  th e  herd  rem ain ed  free from
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clin ical signs o f  th e  d isease, w hile in  27 h e rd s  (16 .9% ) th e  m a jo rity  (4 0 -8 0 % ) 
o f  th e  cows w ere p o sitiv e  an d  IB R -in d u c e d  ab o rtio n s occurred , too  (T an y i 
e t  ah , 1990).

D a ta  on I B R  in fec tion  o f b reed in g  bu lls k e p t a t  H u n g arian  a r tif ic ia l 
in sem ina tion  s ta t io n s  h av e  been  av a ilab le  since 1988. I n  a su rv ey  o f tw o  A . I .  
s ta tio n s  co n d u c ted  in  th e  f irs t  h a lf  o f  1991, 49.3 an d  48.9%  o f th e  b u lls , 
respective ly , p ro v e d  to  be positive (u n p u b lish ed  d a ta ) .

Reasons for, and possible ways of, achieving infection-free status

E fforts a im ed  a t  achieving freedom  from  IB R  are  ju s tif ie d  b y  th e  eco 
nom ic losses cau sed  b y  th e  disease a n d  th e  in te re s ts  connected  w ith  th e  e x 
p o rta tio n  of b re e d in g  anim als. O nly  IB R -fre e  b reed in g  an im als an d  sem en o r  
em bryos o b ta in ed  fro m  such an im als m a y  be allow ed for in te rn a tio n a l t r a d e .  
T h e  m ajo rity  o f  E u ro p e a n  coun tries s tip u la te  freedom  from  IB R  as a p r e 
cond ition  of th e  im p o r ta tio n  of live c a ttle .

IB R  can  b e  e ra d ic a ted  b y  th e  se lec tion  o f in fec ted  (seropositive) an im a ls  
(L ucas, 1986; C o rk ish , 1988; W yler e t  ah , 1989; A ckerm ann  e t ah , 1990), b y  
th e  iso lated  re a r in g  o f  calves (g en era tio n  sh ift; B rad ley , 1985; T an y i e t a h ,
1990), or b y  re m o v in g  th e  in fec ted  h e rd  a n d  rep lac in g  i t  w ith  a new , in fec tio n - 
free  stock  (herd  rep lacem en t). S y stem atic , re p e a te d  v acc in a tio n  of sero p o sitiv e  
an im als w ith  a n  in a c tiv a te d  vaccine reduces th e  ra te  of v iru s shedd ing  a n d , 
th u s , co n trib u tes  to  th e  success o f e ra d ic a tio n  b y  selection  (F o rschner e t  a h , 
1986; M eyer e t a h , 1985). All an im als can  be im m unized  w ith  a vaccine c o n 
ta in in g  a g en e-d e le ted  IB R V  m u ta n t  s tra in  an d , using  an  ap p ro p ria te  b lo c k 
in g  E L ISA , th e  v a c c in a ted  c a ttle  can  be  d is tin g u ish ed  from  those in fe c te d  
b y  v iru len t v iru s  (K it  e t ah , 1990). Such  a vaccine  p ro tec ts  also th e  u n in fe c te d  
c a tt le  during th e  p e rio d  of selection  an d  increases th e  sa fe ty  of th e  se lec tio n  
procedure.

M ethods proposed for achieving infection-free status

A ccording to  in te rn a tio n a l experience  a n d  H u n g a ria n  find ings o b ta in e d  
so fa r, th e  fo llow ing m ethods can  be reco m m en d ed  for achieving, m a in ta in in g  
a n d  contro lling  IB R -fre e  s ta tu s  o f c a tt le  herds in  H u n g ary .

1. Selection

— In  in fec ted  herds, all 6 m o n th s o ld  or o lder an im als m ust be su b je c te d  
to  a single sero logical te s tin g  using  E L IS A . N o t on ly  serum  b u t also m ilk  
sam ples can be u sed  for th e  te s t. Serologically  p o sitive  ind iv iduals m u st b e
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se p a ra te d  from  th e  negative  an im als; th e  la t te r  m u st be k ep t iso la ted  on a 
s e p a ra te  fa rm , b a rn  or, in  ex cep tional cases, w ith in  th e  sam e b arn .

— A nim als o f th e  seronegative g roup  m u st he sub jec ted  to  serological 
te s t in g  re p e a te d  every  3 m onths an d  th o se  reac tin g  p ositive ly  m ust be rem oved  
u n t i l  all in d iv id u a ls  of th e  herd  give n eg a tiv e  resu lts  by  te s ts  re p e a te d  every  
2—3 m o n th s.

— M em bers of th e  seropositive g ro u p  shall be v acc in a ted  w ith  in a c t iv a t
ed  vacc in e  tw ice  a t  an  in te rv a l o f 3 -4  w eeks an d  su b seq u en tly  ev e ry  4 -6  
m o n th s  to  red u ce  v iru s shedding  to  th e  low est possible degree. N o vaccine 
m a y  be  u sed  in  th e  seronegative g roup .

All an im als  o f th e  herd  to  be e ra d ic a ted  m ay  be im m unized  reg u la rly  
w ith  a n  IB R V  vaccine conta in ing  a g ene-dele ted  m u ta n t (or som e o th e r  m arker) 
u n til  in fec tio n -free  s ta tu s  is reach ed  o r, i f  necessary , even  fu r th e r . In d iv id u a ls  
in fec ted  b y  w ild  v iru s are selected  (b y  an  ap p ro p ria te  E L IS A ) a n d  rem o v ed  
in  th e  sam e w ay  as described above.

— I n  p rinc ip le , th e  above p ro ced u re  is su itab le  for e ra d ic a tin g  IB R  
in fe c tio n  from  b reed ing  bu ll s tocks k e p t  a t  A. I . s ta tio n s  and  in  o th e r  p laces. 
I f  th e  n u m b e r o f  seropositive bu lls is low  a t th e  s ta tio n , th e y  shou ld  be  culled 
sooner or la te r  even if  th e y  are  k e p t  iso la ted , o r th e y  shou ld  he tra n s fe rre d  
to  s ta tio n s  w here  only  in fec ted  b u lls  a re  k e p t. In  th is  w ay  th e  e rad ica tio n  
o f IB R  from  A. I . s ta tions can  be acce lera ted . S eropositive bu lls shall be 
v a c c in a ted  in  th e  sam e w ays as se ro p o sitiv e  cows.

— Serologically  negative  cows from  IB R -free  herds or h erd s  c u rre n tly  
u n d e r  IB R  e rad ica tio n  shall be m a te d  on ly  w ith  in fection-free sires, w h e th e r 
a rtif ic ia l in sem in a tio n  or n a tu ra l serv ice  is used.

2. Eradication by generation shift

— All an im als of serologically  p o sitiv e  (infected) herds shall be v a c c in a t
ed  w ith  an  in a c tiv a te d  vaccine tw ice  a t  an  in te rv a l o f 3 -4  w eeks an d  th en  
re p e a te d ly  ev e ry  4—6 m on ths to  p re v e n t th e  clinical signs an d  econom ic 
losses, a n d  to  reduce  v irus shedd ing .

— A fte r w eaning, th e  calves sha ll be rea red  iso la ted  on a sep ara te  
fa rm . F ro m  6 m on ths of age th e y  shall be te s te d  rep ea ted ly  b y  E L IS A  a t  an 
in te rv a l o f 3—6 m onths u n til tw o  consecu tive  te s ts  give n eg a tiv e  re su lts  for 
all an im als. Seropositive grow ing c a tt le  should  be fa tte n e d  an d  m a rk e te d  as 
s la u g h te r  c a ttle .

— T he grow ing heifer s to ck  ra ised  un d er in fection-free co n d itio n s shall 
be rea red  fu r th e r  and  b red  in  th e  sam e group , an d  shall be k e p t to g e th e r  u n til 
th e ir  ca lv ing . G row ing heifers re a re d  free from  in fec tion  m ay  be assigned  only 
to  IB R -fre e  b u t  a t  least se ronega tive  cow herds.

— T h e  calves of b o th  seropositive  an d  seronegative cows can  be used 
fo r o b ta in in g  IB R -free grow ing stocks.
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3. Eradication by herd replacement

All an im als m u s t  be rem oved  from  th e  fa rm , th e  fa rm  m u st be c leaned  
a n d  disinfected  th o ro u g h ly , su b jec ted  to  re p e a te d  ro d en t con tro l m easures, 
an d  th e n  s tocked  w ith  a h e rd  free from  IB R .

Infection  free status, its m aintenance and control

A herd  can  b e  c o n s id e red  free from  infection  i f  tw o  consecutive serological 
te s ts  (E L ISA ) o f  se ru m  o r m ilk  sam ples from  all an im als give n egative  re su lts . 
Calves derived  fro m  se ro p o sitiv e  cows shall be te s te d  f irs t a t  3 -6  m on ths of 
age a t  th e  earliest. N a m e ly , a t  a younger age calves h av in g  m a te rn a lly  derived  
an tibod ies are also se ro p o s itiv e ; th e  levels o f m a te rn a l an tibod ies, how ever, 
decline g rad u a lly  a n d  p ra c tic a lly  d isap p ear b y  six  m on ths of age. A t th e  
sam e tim e, if  in fec tio n s occu rs before th e  an im al reaches th e  age of six m o n th s, 
th e  a n tib o d y  t i t r e s  w ill increase  an d  th e  an im a l rem ains seropositive for a 
long  tim e.

Infection-free status  can  be m ain ta in ed  b y  ensu ring  closed m anagem en
ta l  conditions as fa r  as possib le. C on tact an d  m ix ing  o f th e  herd  w ith  o th e r 
herds or anim als m u s t b e  avo ided , artific ia l in sem in a tio n , infection-free bulls 
or sem en o b ta in ed  fro m  in fec tion -free  sires m u s t be used. O nly in fection-free 
sires shall be used  a t  t h e  A. I .  s ta tio n s . As th e  e rad ica tio n  progresses, on ly  
in fection-free an im als s h a ll  p a rtic ip a te  in  th e  tr a d e  of b reeding  anim als, f irs t 
on ly  in  th e  in fec tio n -free  areas and  th e n  on a n a tio n w id e  scale. O nly anim als 
derived  from  in fec tio n -free  herds shall be in tro d u c e d  to  th e  IB R -free  herds: 
b y  serological te s ts  u s in g  serum  or m ilk  sam ples th ese  an im als shall give 
n eg a tiv e  re su lt a t  th e  t im e  o f purchase an d  th e n  again  a f te r  a one-m onth  
q u a ran tin e .

F o r controlling the infection-free status, a ll b reed ing  sires an d  a t leas t 
10%  of th e  cows in  e a c h  h e rd  shall be te s te d  fo r IB R  b y  E L IS A  every  6 
m o n th s . Milk sam ples c a n  also be  used  for th ese  te s ts . I f  a seropositive an im al 
o r an im als are d e te c te d  in  th e  h e rd , all in d iv id u a ls  m u s t be su b jec ted  to  sero
logical tes tin g . I f  th e  p re v a le n c e  of in fec tion  is 1%  or less, th e  infection-free 
s ta tu s  o f th e  h e rd  can  b e  m a in ta in e d  by  rem o v in g  th e  seropositive anim als. 
I f  th e  n um ber of se ro p o s itiv e  an im als is h igher th a n  th a t ,  th e  procedure de
scribed  u n d er e ra d ic a tio n  b y  selection  shall be a d o p te d .

IB R -free  herds m u s t  be free also from  tu b ercu lo sis , brucellosis and  
leucosis. D uring  th e  e ra d ic a tio n  o f IB R , i t  is ad v isab le  to  p a y  a tte n tio n  to  
p a ra tu b ercu lo s is  an d  b o v in e  v ira l d iarrhoea  as well.
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PARATUBERCULOSIS VACCINE 
IN A LARGE DAIRY HERD
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On a 500-cow dairy  farm a total o f  866 young calves less than  one m onth old 
were vaccinated w ith  a heat-killed oil-adjuvated bacterin aga in st Mycobacterium para-  
tuberculosis over a period of five years. The vaccinated ca lves were tested by faecal 
m icroscopy, bacterio logy and serology on the day of v a cc in ation , a t the age of 3, 6, 9 
and 12 m onths, a t breeding age, and on the day of calving. A  to ta l of 721 bull ca lves  
and 379 female calves served  as unvaccinated controls in tw o  groups. The results were 
evaluated by trend analyses.

Vaccination greatly  reduced the faecal shedding of m ycobacteria as dem onstrat
ed  by the annual faeca l m icroscopic exam inations. D uring th e  la st 6 m onths of the  
experim ent only 9 o f 612 sam ples were found positive by m icroscopy and by bacterial 
culture. The num ber o f seropositive anim als and the an tib o d y  titres dem onstrated by  
the com plem ent fix a tio n  te st  (CFT) and agar gel im m unodiffusion (AGID) increased  
during the first three years. Later on, both  the num ber of seropositive animals and 
CFT titres decreased.

Keywords: C attle, paratuberculosis, vaccine
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P ara tu b ercu lo sis  is a n  infectious disease of ru m in a n ts  causing sign ifi
c an t econom ic losses w orldw ide (A m stu tz , 1984; K ö rm e n d y  e t al., 1989a). 
A lth o u g h  its  public  h e a lth  significance is q uestionab le , a h igh  p ropo rtio n  of 
an im al h ea lth  p rofessionals an d  farm ers seem  to  h av e  d em o n strab le  an tibod ies 
ag a in s t Mycobacterium paratuberculosis an d  in  som e s itu a tio n s  a d isp roportio 
n a te ly  h igh  incidence o f  C rohn’s disease w as found  in  su ch  persons (C hiodini, 
1988).

V accination  is one o f  th e  m eans o f co m b a ttin g  th e  disease. In  th e  la s t 
60 y ea rs , live an d  k illed  vaccines w ere p rep a red  in  sev e ra l countries to  m in i
m ize econom ic losses cau sed  b y  p a ra tu b ercu lo s is  (V allée a n d  R in ja rd , 1926; 
S tab le fo rth  an d  G allow ay , 1959). L im ited  in fo rm atio n  is availab le , how ever, 
a b o u t th e  effect o f v a c c in a tio n  on faecal shedd ing  of M . paratuberculosis an d  
on th e  resu lts  o f im m u n o d iag n o stic  te s ts .

So far, live (B erg -Jo rgensen , 1984; H a lg aa rd , 1984) an d  killed b ac te ria , 
as w ell as d isru p ted  M . paratuberculosis cells (L arsen  e t a l., 1969; L arsen  e t al., 
1978; L arsen  and  M erkal, 1979) have been  used  in  v a c c in a tio n  experim en ts. 
T he ad v an tag es  (sa fe ty , m ark e tin g , s to rag e , b a c te ria l shedd ing) and  d isad 
v an tag es  (m oderate  p ro te c tiv e  effect) o f  k illed  vaccines a re  well know n (L a r
sen e t a l., 1978; L arsen  a n d  M erkal, 1979; H u item a , 1967).
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In  order to  lea rn  m ore a b o u t th e  effect o f v acc ina tion  on  faecal shedding  
o f  b a c te ria  and  on th e  re su lts  o f sérodiagnostic  te s ts , v a c c in a tio n  w ith  a 
k ille d  vaccine was p e rfo rm ed  in  a d a iry  h e rd  over a p e rio d  o f fiv e  years an d  
th e  resu lts  o f faecal a n d  serological d iagnostic  te s ts  w ere m onito red .

Materials and methods

T he vaccine w as a h ea t-k illed  (121 °C, 30 m in), o il-a d ju v a te d  b ac te rin  
p re p a re d  from  M . paratuberculosis 5889 B ergey s tra in . I n  th e  f irs t  y ea r of 
th e  experim en t, th e  dose o f th e  vaccine  (con tain ing  25 m g o f k illed b ac te ria  
p e r  m l) was 4 m l ad m in is te red  in tram u scu la rly . S u b seq u en tly , th e  dose was 
re d u c e d  to  1 ml i.m .

T he experim ents w ere co n d u c ted  on a da iry  farm  h a v in g  500 H olstein- 
F r ie s ia n  cows k e p t on deep l i t te r  in  loose housing system . T h e  p reg n an t a n i
m a ls  calved in  sm all g roups. O n th e  second d ay  after c a lv in g , new born  calves 
w ere  tran sfe rred  to  in d iv id u a l cages w here th e y  were k e p t u p  to  w eaning age. 
W e a n e d  calves were g ro u p ed  b y  sex.

Experimental group. V acc in a tio n  w as carried  ou t b e tw een  1 Ju n e  1985 
a n d  30 Ju n e  1990. A to ta l  o f 866 new born  and  young ( <  1 m o n th  old) fem ale 
ca lv es  were vacc in a ted .

Blood and  faecal sam ples w ere co llected  from  th e  an im als  on th e  d ay  
o f  v acc in a tio n  and  su b se q u e n tly  a t  3, 6, 9 an d  12 m on ths o f  age, a t  b reed ing  
age a n d  on th e  d ay  o f calv ing .

Control group 1. Since bu ll calves w ere s lau g h te red  a t  th e  age of 6 -8  
m o n th s , a fu ll-te rm  u n v a c c in a ted  co n tro l group could n o t be  c rea ted . These 
ca lv es  were exam ined  using  th e  sam e sy stem  as were fem ale calves up to  th a t  
ag e . A to ta l o f 721 bu ll calves w ere exam ined .

Control group 2. T his g roup  com prised  379 u n v a c c in a ted  new born  fem ale 
ca lv es  of an o th er h e rd  in fec ted  b y  M . paratuberculosis. T h ese  an im als were 
k e p t  un d er a sim ilar housing  sy stem  as th e  ex p erim en ta l g roup  and  w ere 
e x a m in e d  in  th e  sam e w ay  as th e  ex p erim en ta l group.

Allergic tests. A ll th e  cows an d  p a r t  o f th e  heifers w ere  te s te d  s im u lta 
n e o u s ly  using bovine an d  a v ian  allergens in  in trad e rm a l te s ts  c a rr ied  ou t y ea rly  
as described  by  K ö rm en d y  e t al. (1990).

Serological tests. C om plem ent f ix a tio n  (CFT) and  a g a r  gel im m unod if
fu s io n  (AGID) te s ts  w ere ca rried  o u t (K örm endy  e t a l., 1984) using  positive 
a n d  n egative  reference co n tro l sera  as described  by  K ö rm e n d y  e t al. (19896).

Microscopy and culture o f faecal samples. For m icroscopic ex am in a tio n  
a n d  b ac te ria l cu ltu re  faecal sam ples o f ap p ro x . 10 g ram  each  w ere collected 
a n d  exam ined  accord ing  to  th e  guidelines o f th e  V ete rinary  S erv ice L ab o ra to ry , 
A P H IS , USDA (1974). B ac te ria  w ere c u ltu re d  on H ero ld ’s m ed iu m  im proved
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w ith  sodium  p y ru v a te  an d  m y co b ac tin  (B erg -Jo rgensen , 1982). In  1990, th e  
positive re su lts  o f faecal m icroscopy  w ere confirm ed b y  b ac te ria l cu ltu re .

Mathematical analyses. T ren d  ana lyses were ca rried  o u t using H a rv a rd  
p rog ram m e, an d  th e  resu lts  w ere il lu s tra te d  in  g raphs.

Results

Before th e  v accinations th e  p rev a len ce  of M . paratuberculosis in fec tion  
in  th e  h e rd  o f 500 cows w as as follow s: 155 cows (31% ) w ere found  positive  
b y  faecal m icroscopy, 60 cows (12% ) w ere positive b y  C FT, 54 cows (10.9% ) 
w ere positive  b y  A G ID , an d  15 cows (3% ) show ed p ositive  or d o u b tfu l reac 
tio n  to  bov ine  allergen b y  th e  in tra d e rm a l te s t.

The re su lts  of serological an d  faecal te s ts  o f an im als of d ifferen t age 
w ere reco rded  co n tinuously  a f te r  th e  v acc in a tio n s. These resu lts  are  su m m a
rized in  T ab le  1 an d  th e ir  tre n d s  are il lu s tra te d  in  Figs 1 an d  2.

F ig. 1. Seropositiv ity  rate (% ) in the group o f vaccinated fem ale cattle  (not tested at par
turition  in 1985-1986)

о 1 m onth 
•  3 m onths 
о  6 m onths 
■ 9 m onths 
V 1 year 
a At breeding 
» At parturition

1985-86

Fig. 2. Faecal p ositiv ity  rate (% ) in the group o f vaccinated fem ale cattle  (not tested at par
turition in 1985—1986)
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Table I

Ratio of seropositive anim als and anim als positive by faecal m icroscopy and culture am ong vaccinated fem ale cattle

1985--1986 1987 1988 1989 1990
Age of female cattle

n s + % F + % n S + % F +  % n S + % F + % n S + % F + % n S + % FC+%

1 m onth (before 
vaccination) 279 11 51 163 9 21 164 17 12 158 6 — 102 8 2

3 m onths 214 4 48 147 26 41 145 31 30 144 19 13 93 3 2

6 m onths 131 27 46 134 32 32 157 43 13 137 34 12 85 11 2

9 m onths 91 37 40 123 31 9 152 49 5 136 11 5 75 12 —

12 m onths 30 43 53 111 20 3 138 44 4 131 13 2 103 14 2

A t breeding age 19 78 31 95 13 2 143 39 6 97 4 — 103 22 1

A t calving 15 26 13 116 17 4 146 5 3 51 4 —

Total: 764 18 48 788 22 20 1015 35 11 949 13 5 612 11 1

n =  number of anim als tested; F +  =  positive by faecal m icroscopy; S +  =  seropositive by CFT or ÁG ID ; F C +  =  positive by  
faecal m icroscopy and culture
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The to ta l n u m b ers  o f CFT, A G ID , faecal m icroscop ic  exam ina tions an d  
b ac te ria l cu ltu re  are  show n in  T ab le  2, to g e th e r  w ith  th e ir  resu lts  expressed  
in  p e r  cent.

R egular in tra d e rm a l tu b e rc u lin  te s tin g  w as p e rfo rm ed  betw een  1986 
a n d  1990 once a y e a r  using  bovine a n d  av ian  allergens. T h e  n u m b er o f po sitiv e  
an d  doub tfu l allergic reac tions to  b o v in e  an d  a v ian  tu b e rc u lin  increased  from  
5.8 to  37.0%  an d  fro m  8.9 to  4 1 .9 % , respec tive ly , b y  th e  4 th  y ea r (T able 3).

R egardless o f  th e  an im als age, bov ine  tu b e rc u lin  h a d  a share  of 43 .4%  
(426) while av ian  tu b e rc u lin  56.6%  (555 anim als) o f  a ll re a c to rs  (2824 an im als). 
T hese results a re  show n  in  T able 3 a n d  Figs 3 an d  4.

Table 2

Sum m arized results o f serologic tests and faecal m icroscopic 
exam inations o f  the vaccinated heifers (w ith  all age groups represented)

Y e a r N u m b e r a n im a ls S e ro p o sitiv ity , % F a e c es  - f ,%

1 9 8 5 -1 9 8 6 764 17.9 48.0
1987 788 22.4 20.0
1988 1015 35.1 11.1
1989 949 13.4 4.5
1990 612 10.9 1.4*

•positive b y  faecal m icroscopy and culturing

F ig . 3. Allergic reactions to  bovine tuberculin in the group o f  vaccinated  heifers and cows

F i g  4. Allergic reactions to avian tuberculin in the group of vaccinated heifers and cows
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Table 3

R esults o f skin tests o f  vaccinated female cattle w ith bovine and avian allergens

1986 1987 1988 1989 1990

n + ± n + ± n + ± n + ±

W ith  bovine tuberculin

Cows 454 2 9 437 — 9 407 12 — 449 142 36 NT
Heifers, 1 — 2 years old 245 1 4 157 — 24 116 14 2 150 42 6
Heifers, < 1  year old 135 1 32 81 — 33 105 30 — 83 27 —

Total: 834 4 45 675 — 66 628 56 2 682 211 42
0/
/ 0 5.8 9.7 9.2 37.0

W ith avian  tuberculin

Cows 454 6 3 437 15 — 407 12 6 449 184 3
H eifers, 1—2 years old 245 6 1 157 41 — 116 53 1 150 72 —

Heifers, < 1  year old 135 55 4 81 66 — 105 NT NT 83 27 —

Total: 834 67 8 675 122 — 628 65 7 682 283 3
0//0 8.9 18.0 11.4 41.9

NT =  not tested; -f- =  positive; ±  =  doubtful; % =  positive and doubtful
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R esu lts b ro k en  dow n accord ing  to  th e  m o n th  of th e  y e a r  show ed th a t  
tw ice as m an y  faecal sam ples w ere found  positive  in  calves bo rn  in  M arch 
and  A pril as in  th o se  ho rn  in  J a n u a ry , F e b ru a ry  an d  in  th e  sum m er m on ths 
(resu lts n o t show n in  detail).

T h e  n u m b er o f  positive faeca l sam ples (m icroscopy) an d  th e  level of 
an tibod ies were fo u n d  to  increase in  th e  f ir s t  th re e  y ears . T he serum  a n tib o d y  
t i t re  reached  1 : 160.

Local reac tio n s w ere fre q u e n tly  observed  w hen th e  4 m l vaccine dose 
was used. H ow ever, no local re a c tio n  was observed  a fte r  using  1 m l vaccine 
in  th e  la s t 4 years o f  th e  experim en t.

In fec tion  r a te  decreased c o n tin u o u sly  in  th e  u n v a c c in a ted  group  of 
bulls d u ring  th e  ex p erim en t. A t th e  en d  o f th e  ex p e rim en t on ly  tw o  bulls were 
positive  b y  faecal cu ltu re  (Table 4; F igs 5 a n d  6).

I n  a lm ost ev e ry  y ea r o f th e  ex p e rim en t, th e  re su lts  o f  b lood  an d  faecal 
te s ts  o f th e  u n v acc in a ted  heifers w ere found  u n ch an g ed  as com pared  to  th e  
beg inn ing  of th e  ex p erim en t (Table 5; Figs 7 an d  8). In  th is  g roup , th e  h ighest

F ig. 5. Faecal positiv ity  rate (% ) in the group of unvaccinated bulls

F ig .  6. Seropositivity rate (%) in the group of unvaccinated bulls

Acta Veterinaria Hungarica 40, 1992



Acta 
Veterinaria H

ungarica 40, 1992

-aoo

Table 4

R atio o f  seropositive anim als and anim als positive by faecal m icroscopy am ong unvaccinated control bulls

Age,
months n

1985-1986 

CFT+ % F+ % n

1987

CFT+ % F+ % n

1988

CFT+ % F+ % n

1989

CFT+ % F+ % n

1990 

CFT+ % F+ %

l 243 7.4 25.5 130 9.2 39.2 125 5.6 13.6 140 2.1 4.2 83 2.4 1.2

3 191 6.2 10.9 97 8.2 7.8 110 2.7 7.2 90 — 2.2 69 — 1.4

6 147 4.0 5.4 83 4.8 7.2 70 1.4 4.2 43 — — 65 — —

9 126 — 8.7 80 2.5 6.2 30 — — — — — — — —

Total: 707 5.0 14.4 390 6.6 20.2 335 3.2 8.3 273 1.0 2.9 217 0.9 0.9

CFT-j- =  com plem ent fixation  test positive; F +  =  positive by faecal m icroscopy; F C +  =  positive by faecal m icroscopy and culture
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Table 5

R atio of seropositive anim als and anim als positive by faeeal m icroscopy and culture am ong unvaccinated control female cattle

Age o f  fem ale  c a t t le
n

1985-1986

s+ % F+  % n

1987

s+ % F +  % n

1988

s+ % F +  % n

1989

s+ % F+  % n

1990

s% FC+ %

1 m onth 82 6.0 41.4 63 6.3 46.0 89 10.1 48.3 101 7.9 45.5 44 11.3 43.1

6 m onths 59 6.7 20.3 55 9.0 21.8 80 7.5 23.7 87 6.8 21.8 36 и л 19.4

12 m onths 47 9.4 23.4 50 12.0 24.0 71 9.8 22.5 69 10.1 20.2 30 0.0 20.0

A t calving — — — 41 7.3 14.6 60 8.3 18.3 58 13.7 20.6 22 9.0 18.0

Total:

COCOГ—1 7.4 30.3 209 8.6 28.6 300 9.0 29.6 315 9.2 28.8 132 10.6 27.2

n =  number of anim als tested; S-f- =  seropositive by CFT or AG ID; F-(- — positive by faecal m icroscopy; F C +  =  positive by faecal 
m icroscopy and culture
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T ab le  6

R e s u l ts  o f  sk in  te s ts  o f  u n v a c c in a te d  h e ife rs

1986 1987 1988 1989
n + ± n + ± n + ± n + ±

W ith  bovine tuberculin

H e ife rs , 1— 2 y e a r s  o ld — — — 43 — 2 61 — 3 51 1 2

H e ife rs , < 1  y e a r  o ld 62 1 2 51 — 2 33 — 2 27 — 1

T o ta l: 62 1 2 94 _ 4 94 _ 5 78 1 3
0 /
/ 0 1.6 3.3 — 4.2 — 5.3 1.2 3.8

W ith  avian tuberculin

H e ife rs , 1 — 2 y e a r s  o ld — — — 43 1 3 61 1 4 51 1 3
H e ife rs , < 1  y e a r  o ld 62 2 4 51 — 4 33 1 2 27 — 1

T o ta l: 62 2 4 94 1 7 94 2 6 78 1 4
0 //0 3.2 3.2 1.0 7.4 2.1 6.3 1.2 5.1

=  p o s it iv e ;  ^  =  d o u b tfu l;  %  =  p o s itiv e  a n d  d o u b tfu l

K
Ö

R
M

E
N

D
Y



P A R A T U B E R C U L O S IS  V A C C IN E  IN  A  D A IR Y  H E R D 181

in fec tion  ra te  w as fo u n d  b y  faecal cu ltu re  an d  m icroscopy of sam ples from  
th e  one-m onth-o ld  anim als.

The overall p o s itiv ity  of faecal sam ples v aried  b e tw een  27.2 and  30.3%  
in  d ifferen t y ears  of th e  experim en t.

A llergic te s ts  p roved  to  h av e  low sen sitiv ity  in  d e tec tin g  th e  in fec tion  
(T able 6; Figs 9 an d  10).

F ig . 7. Faecal p ositiv ity  rate (%) in th e  group of unvaccinated fem ale cattle  (not tested
at parturition in 1985-1986)

F ig. 8. Seropositivity rate (% ) in the group of unvaccinated fem ale cattle  (not tested  at par
turition in 1985-1986)

A

о Positive 
•  Doubtful

©
Л,— —  ----tr—.--------- ---------— ЛI I I - - - - - - -  ■ ■ . . . . . . . . . . .  c ^ " "  -

1986 1987 1988 1989
years

Fig. 9. Allergic reactions to  bovine tuberculin  in the group of unvaccinated heifers
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À
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F ig . 10. Allergic reactions to  avian tuberculin in the group of unvaccinated heifers

D iscussion

A lthough iso la ted  housing  of in fec ted  an im als is v e ry  effective in  red u c 
in g  losses due to  p a ra tu b e rcu lo s is  (T hoen an d  Moore, 1988; A m stu tz , 1984; 
C h iod in i e t al., 1984), in  m ost cases i t  is n o t possible an d  fin an c ia lly  n o t 
feasib le  under n o rm a l fa rm in g  cond itions. Changes of m an ag em en t are  also 
k n o w n  to  influence th e  ou tcom e of in fec tio n  (A m stu tz , 1984; L arsen  an d  Mer- 
k a l, 1968). Therefore, in  o rd er to  ge t a m ore rea listic  p ic tu re  a b o u t th e  v alue  
o f  th e  vaccine, th e  m an a g e m e n t sy s tem  o f c a ttle  was n o t changed  in  an y  of 
th e  h e rd s  in v estig a ted  in  th is  s tu d y .

O ver a period  o f  fiv e  years, calves v acc in a ted  w ith  a k illed  M . para
tuberculosis bac te rin  w ere m o n ito red  from  one m o n th  o f age to  th e ir  f ir s t , 
seco n d  and  th ird  ca lv in g  fo r th e ir  im m unobio logie responses in  d iffe ren t 
d iag n o stic  tests. C FT a n d  A G ID  w ere fo u n d  to  d e tec t an tib o d ies  an d  th e  
n u m b e r  of seropositive  sam ples increased  from  17.9 to  35 .1%  during  th e  
f i r s t  th ree  years o f th e  ex p erim en t. Serologic te s ts  p erfo rm ed  a t  one m o n th  
o f  age ind icated  th a t  th e  an tibod ies h a d  been  passed  from  cow  to  calf. T he 
p o ss ib ility  th a t  m a te rn a l an tibod ies could  p ro v id e  a ce rta in  level of p ro tec tio n  
w as proposed by  R a n k in  in  1957 (cit. S tab le fo rth  an d  G allow ay, 1959); how 
ev e r, la te r  on i t  w as less well recognized . O ur re su lts  su p p o rt R a n k in ’s 
fin d in g s  and  em phasize th e  im p o rtan ce  o f  im m u n o th e rap y  w hich  has recen tly  
b e e n  ta k e n  in to  co n sid e ra tio n  again  (S tan fo rd  e t al., 1990).

T he p revalence o f  p a ra tu b ercu lo s is  as assessed b y  faeca l m icroscopic 
ex am in a tio n s  decreased  from  48%  to  1 .4%  in  th e  v a cc in a ted  group. In  th e  
u n v acc in a ted  co n tro l g roup , how ever, M . paratuberculosis b a c te ria  w ere 
fo u n d  in  27.2-30 .3%  o f faecal sam ples ta k e n  from  heifers. V acc in a ted  p reg n an t 
h e ife rs  began to  ca lve  2.5 y ears  a fte r  vacc in a tio n s h a d  been  s ta r te d . Conse
q u e n tly , decreasing n u m b ers  of calves w ere bo rn  to  th e  u n v a c c in a ted  cows 
u p  to  th e  end o f th e  ex p erim en t.

This s itu a tio n  offers a new  o u tlo o k  on  th e  value o f th e  vaccine. H ow e
v e r, o u r d a ta  a b o u t a possible co lostra l p ro tec tio n  could  n o t be ev a lu a ted .

Adthough th e  n u m b e r  of in fec ted  an im als (w hich w ere k e p t  on a d iffe ren t 
fa rm ) rem ained  u n c h an g ed  am ong th e  u n v acc in a ted  co n tro l heifers th ro u g h o u t
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th e  experim en t, th e  te s ts  o f u n v acc in a ted  bulls gave m ore  favourab le  resu lts  
in  th e  la s t tw o y ea rs  o f th e  ex p erim en t w ith  re sp ec t to  th e  f irs t four years. 
This was p ro b ab ly  due to  th e  decreasing n u m b er o f b a c te r ia  p resen t in  th e  
en v iro n m en t o f th is  la t te r  g roup  as a re su lt o f red u ced  b ac te ria l shedding  b y  
v acc in a ted  heifer calves. T h e  heifers and bulls w ere k e p t  u n iso la ted  u n til  
8 -9  m on ths of age. A lth o u g h  th e  vaccine essen tia lly  re d u ced  th e  shedd ing  o f 
b ac te ria  in  th e  faeces, i t  d id  n o t e lim inate  th e  in fec tio n , consisten tly  w ith  
earlie r repo rts  (S tu a r t ,  1965; D oyle, 1964; L arsen  e t a l., 1978). In  th is  case, 
th is  w as confirm ed  b y  faecal cu ltu re  in  th e  la s t y e a r  o f  th e  experim en t.

A lthough  th e  p ro te c tiv e  effect o f vaccines w as k n o w n  (S tu a rt, 1965; 
L arsen  e t al., 1978; H a lg aa rd , 1984), th e  in fluence  o f  th e  cows’ age on th e  
effectiveness of v ac c in a tio n  an d  o th e r details h av e  n o t b een  s tud ied  b y  d iag 
nostic  m ethods on large fa rm s in  su ffic ien t de tail.

As a fte r th e  v acc in a tio n  o f calves or heifers i t  w as im possible to  d is tin 
guish betw een  bo v in e  an d  o th e r  ty p e  o f in fection  b y  a llerg ic  te s ts , we p roposed  
a s tr ic t check fo r tu b e rcu lo sis  a t  a b a tto irs  an d  th e  ex am in a tio n  o f every  
suspicious case b y  h isto log ica l an d  bacterio log ical m e th o d s . N o signs o f  bo v in e  
tubercu losis  w ere found .

F u r th e r  d ev e lo p m en t o f M . paratuberculosis vacc ines w ould req u ire  
m ore in fo rm atio n  on d iffe ren t v iru lence  fac to rs re la tiv e  to  vaccines w hich 
are  s till m issing a t  p re se n t. T he role o f cy tok ines, p a r tic u la r ly  T um or N ecrosis 
F a c to r  (R ook e t al., 1990) a n d  phospholipases (W heeler, 1991), should  also be 
clarified  in  m ore d e ta il in  o rd e r to  im prove m eth o d s o f  im m unological p ro 
tec tio n  against p a ra tu b e rcu lo s is .

A lthough  we could  n o t give sa tis fac to ry  e x p la n a tio n  for th e  increase 
o f a n tib o d y  levels, th e  vaccine  p ro b ab ly  p layed  a role in  i t .

O n th e  basis o f re su lts  o b ta in e d  in  th is  e x p e rim en t, w e propose v acc in a 
tio n  as a  m eans o f red u c in g  th e  in fec tio n  ra te  in  h erd s  w h ere  th e  m an ag em en t 
sy stem  can n o t be ch an g ed  (F ig . 2).

T he effect o f th is  vacc ine  on th e  econom y of p ro d u c tio n  will be re p o rte d  
in  a fo rthcom ing  p ap er.
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OCHRATOXIGENIC MOULDS AND 
OCHRATOXIN A IN FORAGES AND GRAIN FEEDS
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The contam ination of forages and grain feeds w ith ochratoxigenic m oulds and  
ochratoxin A  w as exam ined. The investigations were carried out over a period of three  
years in all seasons.

Feeds were found to be contam inated w ith m oulds at a high level throughout 
the three research years. The highest percentage (95 to 100) o f contam inated feed  
samples w as noticed  during the second year. T otal v iable counts o f  m oulds established  
in 1 g of feed sam ples ranged from  0.5 to 7.8 X Ю6.

P én icillium  spp. were dom inant in m ycopopulations isolated  from feeds. Ochra- 
toxin-A  producing m oulds were present perm anently. In the sum m er period of the  
second research year as m uch as 94% of the feed  sam ples were contam inated by ochra
toxigenic P én icillium  species. P . verrucosum  var. cyclopium  P . verrucosum  var. verru- 
cosum, P . commune and P . chrysogenum, i.e. ochratoxin-producing moulds, were the  
m ost prevalent P én icillium  species throughout the three-year investigation .

O chratoxin A  was found in various feeds in all seasons, except in summer of the  
first research year. Concentrations of the tox in  varied from  traces to 400 /ig/'kg. It  
occurred consisten tly  in  the sam e types o f feeds (hay, dried alfalfa, fresh alfalfa, con
centrate, pelleted  sugar beet pulp, corn silage),

Keywords: O chratoxin A. ochratoxigenic m oulds, forages, grain feeds, contam i
nation

O ch ra to x in  A is a to x ic  m e tab o lite  o f severa l Aspergillus an d  Pénicillium  
species th a t  are o ften  p re sen t in  various foods an d  feeds. V engust e t al. (1983) 
re p o rte d  th a t  o u t o f  305 hyg ien ica lly  u n su itab le  fe e d s tu ff  sam ples, o rig in a ted  
fro m  53 regions o f  Y u goslav ia  in  1979 th ro u g h  1982, 65%  w ere m ouldy  an d  as 
m uch  as 27%  w ere c o n ta m in a te d  w ith  o ch ra to x in  A. Aspergillus iso lates w ere 
found  to  be m ost w idely  d is tr ib u te d  in  th e  m a jo rity  o f  feed stu ff sam ples 
co llected  from  d iffe ren t fac to ries in  A lgeria in  1987— 1988 (A ta lla  and  E l-D in , 
1990). A bou t 2 5%  o f all fungal iso lates belonged to  th e  Aspergillus ochraceus 
group and  m ost o f  th e m  w ere ab le to  produce  o ch ra tox in .

O ch ra to x in  A, a m y co to x in  m ain ly  occurring  in  g ra ins, has been show n 
to  be a p o te n t n e p h ro to x in  an d  h e p a to to x in  in  all species o f an im als te s te d  
(K rogh  e t ah , 1977; P av lo v ié  e t al., 1979; P e tk o v a -B o ch a ro v a  and  C astegnaro , 
1985; P e tk o v a -B o ch a ro v a  e t ah , 1988). T here  is also a h y p o th esis  th a t  o c h ra 
to x in  A is assoc ia ted  w ith  B a lk an  endem ic n ep h ro p a th y .
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T he purpose o f th is  th ree -y ea r s tu d y  w as to  in v es tig a te  th e  occurrence o f 
ochratox igen ic  m oulds in  forages an d  g ra in  feeds, th e ir  p revalence, a n d  th e  
possib le  presence o f o c h ra to x in  A.

Materials and methods

The te s t forages a n d  g ra in  feeds o rig in a ted  from  fou r la rge  s ta te  farm s in  
V o jvod ina . The in v e s tig a tio n s  w ere ca rried  o u t over a period  o f th ree  years in  
all seasons.

The d e te rm in a tio n  o f  to ta l  v iab le  co u n ts  o f m oulds p e r g o f feed an d  th e ir  
iso la tio n  were p e rfo rm ed  using  K och’s s ta n d a rd  m ethod . S ab o u rau d  dex trose  
ag a r w ith  s tre p to m y c in  (0 .01-0 .02% ) w as used as an  iso la tio n  m edium . 
In c u b a tio n  was ca rried  o u t  a t  25 o ch ra to x in  A  fo r 5 to  7 days. Id e n tif ic a tio n  o f 
m ou ld  species was p e rfo rm ed  accord ing  to  R a p e r an d  T hom  (1949), R ap e r an d  
F en n e ll (1965), S am son  e t al. (1976) a n d  Sam son an d  v a n  R een en -H o ek stra  
(1988).

Q ualita tive  a n d  q u a n ti ta t iv e  d e te rm in a tio n  of o ch ra to x in  A w as ca rried  
o u t according to  th e  m e th o d  described b y  R alzer e t al. (1978). P u re  o ch ra to x in  
A  fro m  Aspergillus ochraceus w as supp lied  b y  F lu k a  R iochem ika 7411 (S w itzer
lan d ).

Results and discussion

The resu lts g iven  in  Figs 1, 2 an d  3 show  th a t  th e  co n tam in a tio n  level o f 
feeds b y  m oulds w as re la tiv e ly  h igh  th ro u g h o u t th e  th re e -y e a r period . T he 
h ig h est percentage o f  c o n ta m in a te d  feed sam ples was fo u n d  d u rin g  th e  second 
resea rch  year (su m m er an d  spring : 100% , fall an d  w in te r: 9 5 % ; F ig . 2). 
T h e  co n tam in a tio n  lev e l fo u n d  in  th e  f irs t  an d  th ird  research  y e a r  was som e
w h a t lower b u t s till h ig h  (f irs t y ea r: 82 to  9 5 % ; th ird  y ea r: 83 to  96% ). T o ta l 
v iab le  counts of m ou lds ran g e d  from  0.5 to  7.8 X 10e p e r g o f feed.

O chratox in  А -p ro d u c in g  m oulds w ere consis ten tly  iso la ted  from  feeds. 
I t  is necessary to  p o in t o u t th a t  in  th e  m ycopopu la tions iso la ted  Pénicillium  
species such as P. verrucosum  v a r . cyclopium, P. verrucosum  v a r . verrucosum, 
P. commune and  P. chrysogenum  w ere d o m in an t th ro u g h o u t th e  th re e -y e a r 
s tu d y . Oq the  o th e r h a n d , m oulds of th e  Aspergillus ochraceus g roup  occurred  
v e ry  rarely . These fu n g i d id  n o t occur in  th e  f irs t research  y e a r  (F ig. 1), h u t  in  
th e  second year 9 to  12%  o f th e  feed sam ples w ere found  to  be co n tam in a ted  
w ith  th em . Besides A . ochraceus, A . sulphur eus (sum m er) an d  A . sclerotiorum 
(w in ter) were p resen t.

O chratoxin  А -p ro d u c in g  Pénicillium  species h ad  a sign ifican t share  in  
m ycopopu la tions iso la te d  from  th e  feeds. T his conclusion applies especially  to
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S u m m e r Fall W in ter S p r in g

F ig. 1. Share of ochratoxin А -producing moulds in  m y copopulations isolated from dairy ca ttle  
feeds during the first year of study. 1: moulds; 2: ochratoxin-producing moulds; 3: P én icillium

spp.; 4: P . verrucosum  var. cyclopium

Fig. 2. Share o f ochratoxin А -producing moulds in m ycopopulations isolated from dairy ca ttle  
feeds during the second year of study. 1: moulds; 2: ochratoxin-producing moulds; 3: P én ic il

lium  spp.; 4: P . verrucosum  var. cyclopium; 5: A spergillus ochraceus group
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F ig . 3. Share of ochratoxin А -producing m oulds in  m ycopopulations isolated from  dairy cattle  
feed s during the third year o f study. 1: m oulds; 2: ochratoxin-producing moulds; 3; Pén icillium  

spp.; 4: P . verrucosum  var. cyclopium ; 5: A spergillus ochraceus group

Table 1

Num ber of feed  sam ples contam inated w ith  OA-producing m oulds and OA

R esearch
period

N o. o f  feed 
sam ples

N o. o f fe e d  
sam ples 

c o n ta m in a te d  
w ith  m o u ld s

N o . o f  feed  
sam ples  

c o n ta m in a te d  
w ith

O A -p ro d u c in g
m o u ld s

N o. o f  feed 
sam ples 

c o n ta m in a te d  
w ith

O A /O A -producing
m o u ld s

C o n c e n tra tio n s  
o f  OA  

l ‘g  ■ k g - 1

S 22 2 0 9 0 / 0 __ a

F irst research F 17 14 9 4/2 trace — 92.25
year W  19 18 11 13/8 12.50 — 120.00

Sp 18 15 10 1/1 400.00

S 16 16 15 3/3 100.00
Second F 19 18 10 4/2 45.00 — 80.00
research W  19 18 8 7/1 16.00
year Sp 23 23 11 4/2 12.00

S 21 19 10 11/5 40.00 — 200.00
Third F  18 15 8 4/3 52.00 — 80.00
research W 24 23 13 5/3 16.00 — 80.00
year Sp 19 17 14 5/2 16.00 — 40.00

S — Summer; F  — Fall; W — W inter; Sp — Spring; a not detected
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Table 2

T ypes o f feeds contam inated w ith ochratoxin A

F eed
N o. o f  feed  

sam ples  
te s te d

N o. o f  feed 
sam ples 

co n ta m in a te d  
w ith  OA

P e rc e n ta g e  of 
sam ples  

c o n ta m in a te d  
w ith  OA

Hay 12 10 83
Dried alfalfa 36 9 25
Fresh alfalfa 5 2 40
Concentrate 53 12 23
Pelleted sugar beet 

pulp 36 8 22
Corn silage 55 20 36

th e  su m m er period  o f th e  second resea rch  year. In  t h a t  perio d  as m uch  as 
94%  o f th e  feed sam ples w as c o n ta m in a te d  w ith  Pénicillium  spp ., w hich are 
know n  as producers o f o ch ra to x in  A (S k rin ja r, 1985; E l-B a n n a  e t ah, 1987; 
P i t t ,  1987; M acgeorge a n d  M antle , 1990). The com m onest species was P. 
verrucosum  v a r. cyclopium.

M ycotoxicological analysis show ed th a t  o ch ra to x in  A w as found  in  all 
seasons, except in  th e  su m m er perio d  o f th e  f irs t y ear o f s tu d y . T he co n cen tra 
tions o f o ch ra tox in  A v a ried  from  h a rd ly  d e tec tab le  ( trace ) to  400 pg/kg 
(sp ring  of th e  f irs t y ea r, T ab le  1). F ro m  tox in -positive  feed sam ples och ra tox in - 
p ro d u c in g  m oulds w ere iso la ted , to o .

D ifferen t ty p es o f feeds w ere u sed  for ca ttle  feeding on  th e  farm s. I t  was 
fo u n d  o u t th a t  o ch ra to x in  A c o n sis ten tly  occurred in  th e  sam e ty p es  of feeds. 
T ab le  2 shows th a t  as m u ch  as 83%  o f th e  h ay  sam ples te s te d  w as co n tam in a ted  
w ith  th is  tox in .

T he resu lts  o b ta in e d  in  th e se  experim en ts are  co n sis ten t w ith  tho se  
re p o rte d  b y  o th e r research ers  (Y engust e t ah, 1983; S am son  an d  v an  R eenen- 
H o ek stra , 1988), who p o in te d  o u t t h a t  grains and  o th e r cellulosic m ateria ls  are 
o p tim a l su b stra te s  for th e  p ro d u c tio n  o f m ycotoxins.
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SPHAEROSPORA INFECTION OF AMERICAN 
CATFISHES ( I C T A L U R U S  P U N C T A T U S  

AND I .  N E B U L Ó  S U S )  IN EUROPE

K . M o l n á r  and F . B a s r a

Veterinary M edical Research Institute, Hungarian A cadem y of Sciences, H-1581 B udapest,
P.O. B ox 18, H ungary

(Received March 9, 1992)

The occurrence in Europe of a Sphaerospora  species described in North Am erica  
is reported. B ased upon its morphological characteristics, the parasite could be id en ti
fied w ith  the species S. hankai described from  brown bullhead in Canada. This parasite  
was found to infect channel catfish (Ictalurus punctatus) cultured in farm ponds in Ita ly  
and brown bullhead (Icta lurus nebulosus) liv ing in the supply channels of fish  ponds 
in H ungary. The spores and sporogonie developm ental stages were situated in the lum en  
of the renal tubules. In the authors’ opinion, S . ictaluri described from channel catfish  
can be considered synonym ous w ith S. hankai.

Keywords: Catfish, M yxosporea, new species, Sphaerospora hankai

A fte r h av in g  recognized  th e  su b s ta n tia l  p a th o g en ic ity  and  com plex  
d ev e lo p m en t o f Sphaerospora species of cy p rin id s  (M olnár, 1979, 1980; C saba e t 
al., 1984; L om  e t al., 1985; B aska an d  M olnár, 1988), th e  a tte n tio n  o f fish  
p a ras ito lo g is ts  in creasin g ly  tu rn e d  to w ard s  sphaerospores in fecting  o th e r  
g roups o f fish . As a re su lt o f th is  increased  in te re s t, new  Sphaerospora species 
have  been  described  from  m arine an d  fre sh w a te r  percids ( Dicentrarchus, 
Epinephelus , Gymnocephalus), salm onids (Onchorhynchus, Salmo), long nose 
sk a te  ( R aja rhina), s te r le t (Acipenser ruthenus) ,  an d  even from  A m erican  
ca tfishes (S itja -B o b ad illa  and  A lvarez-P ellitero , 1990; S u p a m a tta y a  e t ah , 
1991; M olnár, 1991; K e n t and  H edrick , 1985; F ischer-S cherl e t ah , 1986; 
A r th u r  an d  L om , 1985; B aska , 1990; Lorn e t ah , 1989; H edrick  e t ah , 1990). 
In  th e  sam e period , th e  b lood  parasites described  from  com m on carp  b y  C saba 
(1976) w ere d e m o n s tra te d  f irs t  in  num erous o th e r  cyp rin ids and  th e n  in  Ga- 
sterosteus aculeatus, Ictalurus punctatus, Epinephelus malabaricus and  Gymno
cephalus schraetzer. B y  now  it  has becom e an  u n q u estio n ab le  fac t th a t  th e se  
b lood p ro to zo an s can  be considered th e  presporogon ic  stages of sphaerospores 
c ircu la tin g  in  th e  b lood.

T his p a p e r re p o rts  on th e  occurrence o f  a Sphaerospora species, h ith e r to  
know n on ly  from  N o rth  A m erica, in  channel c a tf ish  an d  brow n bu llhead  cu l
tu re d  in  E u ro p e . In  ad d itio n , th e  sy n o n y m iza tio n  o f Sphaerospora ictaluri w ith  
S. hankai is p roposed .

Acta Veterinaria Hungarica 40 (3), pp. 191 — 194 (1992)

Acta Veterinaria Hungarica 40, 1992 
Akadémiai Kiadó, Budapest



192 M O L N Á R  a n d  B A S K A

Materiale and methods

T he s tu d ies  w ere conducted  in  I ta ly  an d  in  H u n g a ry  in  1991. I n  I ta ly , 
one-year-o ld , 11 — 13 cm  long specim ens o f  channel ca tfish  (IctaluTuspunctatus) 
w ere o b ta in ed  from  a fish  farm  close to  U dine. One m o rib u n d  fish  an d  four 
sym p to m less  specim ens were tr a n s p o r te d  to  th e  lab o ra to ry  in  Ju n e  1991. In  
H u n g a ry , b row n  bu llh ead  ( Ictalurus nebulosus)  com m only  occurring  in  th e  
su p p ly  channels o f fish  ponds w ere ex am in ed . Seven 2 -3  m on th s old, 4 -5  cm  
long  a n d  fo u rteen  1- or 2-sum m er-o ld , 15—22 cm  long brow n b u llh ead  specim ens, 
co llec ted  from  channels of a fish  fa rm  e a s t o f  th e  R iver T isza, w ere exam ined  in  
th e  su m m er m o n th s.

A fte r k illing  th e  fish , blood sm ears w ere p rep ared  and  s ta in ed  b y  G iem sa. 
Sm all pieces excised  from  th e  k id n ey  o f th e  fish  were p laced  u n d e r a coverslip  
a n d  ex am in ed  as fresh  p rep ara tio n s  b y  lig h t m icroscopy for th e  p resence of 
Sphaerospora spores. I f  th e  k id n ey  o f a f ish  was found in fec ted , th e  p a r t  n o t 
u sed  fo r m ak in g  sq u ash  p rep ara tio n s  w as fix ed  in  B ou in ’s so lu tion , em bedded  
in  p a ra ff in , sec tioned , and  th e  sec tions w ere sta in ed  w ith  h aem a to x y lin  an d  
eosin.

R esults

Tw o o u t o f th e  five  channel c a tf ish  specim ens exam ined  in  I ta ly  w ere 
fo u n d  to  h av e  spores in  th e  k id n ey . In fe c tio n  of h igh in te n s ity  was fo u n d , 
how ever, only  in  th e  fish  specim en c a u g h t in  m oribund s ta te . In  th a t  fish , 
Sphaerospora spores s itu a te d  in  ty p ic a l m onosporous pseudop lasm od ia  w ere 
d em o n strab le  in  th e  lum en o f th e  re n a l tu b u le s , accom panied  b y  som e y o ung  
p seu d op lasm od ia . In  th e  o th e r in fec ted  f ish  specim en only  a few sc a tte re d  
spores w ere observed . In  b o th  shape a n d  size, th e  spores fu lly  conform ed to  th e  
c rite r ia  specified  b y  Lorn e t al. (1989) fo r th e  species Sphaerospora hankai L om , 
D esser an d  D y k o v á , 1989.

O f th e  b row n  bu llhead  specim ens exam ined  in  H u n g a ry , only  th e  fry  
p ro v ed  to  be in fec ted . F ive  specim ens h a d  low -in tensity  w hile one show ed 
p ro n o u n ced  Sphaerospora in fection  o f  th e  lum en  of renal tu b u le s  (Fig. 1). T he 
spores (F ig . 2) corresponded  to  th e  ch a rac te ris tic s  described  b y  L om  e t al. 
(1989) in  b o th  shape  an d  size.

N o presporogon ic  stages w ere fo u n d  in  th e  blood sm ears.
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D iscussion

I t  seem s th a t  th e  com plex in tra -  and  ex tra -p isc ine  d ev e lo p m en t of 
m yxo sp o rean s does n o t se t a b a r  a g a in s t th e  tra n sc o n tin e n ta l sp read  o f Sphae- 
rospora species. T he p a ras ite s  of A m erican  catfishes m u st h av e  go t th ro u g h  
to  E u ro p e  w ith  th e  in tro d u ced  fish  species. Besides th e  cases o b served  b y  us in  
I ta ly  a n d  in  H u n g ary , M oshu (1991) re p o rte d  Sphaerospora in fec tio n  o f  Icta- 
lurus punctatus  from  M oldavia, a n d  id e n tif ie d  th e  p a ra s ite  fo u n d  w ith  th e  
species S. hankai Lom , D esser an d  D y k o v á , 1989. W e also re g a rd  th e  sphaero - 
spores fo u n d  in  channel ca tfish  a n d  b ro w n  bullhead  as p a ra s ite  specim ens 
belonging  to  th e  v e ry  sam e species w h ich  we iden tify , based  u p o n  th e  p r io rity , 
w ith  th e  species S. hankai. T he m o rpho log ica l ch arac teris tics  a n d  d im ensions of 
S. ictaluri described  b y  H ed rick  e t al. (1990) fall betw een  th e  lim its  pu b lish ed  
by  Lorn e t al. (1989), an d  th e  d a ta  re p o r te d  by  th e  fo rm er au th o rs  on th e  
d ev e lo p m en ta l stages an d  p a th o lo g ica l cond itions are a usefu l co m p lem en t to  
th e  d esc rip tio n  o f S. hankai. T he d e m o n s tra tio n  of blood s tages in  th e  blood 
vessels a n d  ren a l p a ren ch y m a  of I . punctatus  b y  H ed rick  e t al. (1990) is es
pec ia lly  in te re s tin g , as th ese  s tag es  co rresp o n d  to  sw im bladder form s o f th e  
com m on ca rp . So fa r such  Sphaerospora developm en ta l stages h av e  been  fo u n d  
only  b y  B ask a  and  M olnár (1988) in  th e  b lood  of cyprin ids. T he fa ilu re  to  d e tec t 
b lood  s tag es  in  our cases can  be a t t r ib u te d  to  th e  fac t th a t  th e  sphaerosporosis 
observed  in  th e  fish  exam ined  b y  us corresponded  to  a la te  stag e  o f spore 
fo rm a tio n .

F ew  d a ta  are ava ilab le  on th e  species-specificity  o f sphaerospo res. T hey  
seem  to  belong  to  p a ra s ite s  c h a ra c te r iz e d  b y  a re la tiv e ly  s tr ic t  spec ific ity . 
H ow ever, th e  experim en ts of K ö rtin g  e t  al. (1990), in  w hich th e y  successfully  
tr a n s m itte d  th e  blood stages o f S. renicola from  goldfish  to  com m on ca rp , 
in d ica te  t h a t  closely re la te d  fish  species m ay  have com m on Sphaerospora 
p a ra s ite s . B ecause of th e  above fa c ts , w e a re  of th e  opinion th a t  th e  Sphaero
spora spores an d  developm en ta l s tag es  observed  in  th e  tw o  p h y lo g en e tica lly  
closely re la te d  ca tfishes belong to  th e  sam e species w hich  we id e n tify  w ith  
S. hankai. F o r th e  sam e reason , we re g a rd  th e  nam e S. ictaluri H ed rick , 
M cDowell an d  Groff, 1990 as a ju n io r  sy n o n y m  of S. hankai Lorn, D esser an d  
D y k o v á , 1989.

I t  c an  no longer be decided  w ith  c e r ta in ty  w hether th is  A m erican  p a ra s ite  
was in tro d u c e d  to  E u ro p e  w ith  Ictalurus nebulosus, a fish  t h a t  go t in to  E u ro p e  
b y  acc id en t, or w ith  I. punctatus  w h ich  w as in tro d u ced  la te r  accord ing  to  p lan . 
The av a ilab le  d a ta  are in su ffic ien t fo r d e te rm in ing  th e  p a th o g e n ic ity  o f th e  
p a ra s ite  e ith e r . W e share  th e  v iew  o f H ed rick  e t al. (1990) t h a t  th e  К  stages 
c ircu la tin g  in  th e  b lood  can  cause s im ila r patho log ical processes in  ch an n e l 
ca tf ish  th a n  do th e  corresponding  s tag es  o f  S. renicola in  com m on carp .

Acta Veterinaria Hungarica 40, 1992
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F i g .  2 .  Pseudoplasmodia and spores in the tubular  lumen of the kidney of a brown bullhead
fry. Haernatoxylin and eosin, X 500



EARLY DAMAGES TO LUNG CAPILLARIES 
IN ENZOOTIC PNEUMONIA OF RABBITS

C. I regui and J. A. Mendoza

D epartm ent of Pathology, School o f V eterinary Medicine and Zootechny, U niversidad N áció
nál de Colombia, A. A. 48536, Santa Fe de B ogotá, Colombia

(R eceived February 18, 1992)

The present study is part o f  a series o f investigations aim ed at characterizing the  
“ enzootic pneum onia” phenom enon in rabbits, both from the clinical-epidem iological and 
th e  pathophysiological point o f v iew . A ll affected rabbits included in  this stu dy  showed  
an acute injury to pulmonary m icrovasculature, similar to  changes reported in pulm onary  
in fections caused by Gram -negative bacteria. Similar alterations were n ot found in the  
control rabbits. The clinical and m orphological findings revealed certain sim ilarities 
b etw een  the Enzootic Pneum onia Syndrom e of rabbits and A dult R espiratory D istress 
Syndrom e (A R D S) of man. Therefore, i t  is suggested th a t, ju st as in  th e  hum an  
syndrom e, heterophils (PMN) are d irectly  involved in  the pathogenesis o f the process. 
M any o f the sim ilarities noted betw een  the tw o syndrom es would m ake it  possible to  
p ostu la te  the natural disease in rabbits as an eventual anim al m odel suitable for ex tra 
polating data to humans.

Keywords: Early dam ages, lung capillaries, enzootic pneum onia, rabbit
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P n eu m o n ia  caused by  G ram -n eg a tiv e  b ac te ria  is one of th e  com m onest 
p a th o lo g ic  cond itions in ra b b its . T h is is tru e  for b o th  com m ercially  b re d  and  
la b o ra to ry  ra b b its  (F la t t  an d  D u n w o rth , 1971a; F la t t ,  1974; F e in s te in  an d  
R eh b in d e r, 1988). Pasteurella m últoddá  and , to  a lesser e x te n t, Bordetella 
bronchiseptica (W atso n  et al., 1975) are  c ited  am ong th e  m ost f re q u e n tly  
iso la ted  ag en ts . Besides p roducing  p n eu m o n ia , P. múltoddá  is describ ed  as 
be ing  cap ab le  o f  producing , am ong  o th e r  pa thologic  changes, sep ticaem ia , o titis  
an d  rh in itis  (F la t t  and  D u n w o rth , 1971a; F la t t ,  1974). T he m o st im p o r ta n t  
clin ical signs described  u n til полу fo r pn eu m o n ia  an d  sep ticaem ia  cases inc lude  
dy sp n o ea , po lypnoea , m arked  cy anosis , lack  o f a p p e tite , an d  a b d o m in a l 
d ila ta tio n  due  to  th e  accum ula tion  o f  ex u d a te  (M endoza, 1991).

I n  p n eu m o n ia  cases, gross p a th o lo g ic  changes in  th e  lungs a re  lo ca ted  
m ain ly  in  th e  v e n tra l  regions an d  m a y  ran g e  from  g ray  n o d u la r foci o f d iffe ren t 
size to  la rg e  conso lida ted  areas ( F la t t  a n d  D un w o rth , 1971a, b; F la t t ,  1974; 
W atso n , 1975; F e inste in  and  R eh b in d e r, 1988; U zal e t al., 1989). T h e  changes 
fo u n d  in  sep ticaem ia  cases are c o n s is te n t w ith  th is .

P n eu m o n ia  is usually  in te rs t i t ia l  in  location , p resen tin g  m ark ed  p ro life ra 
tio n  an d  accu m u la tio n  of a lveo lar m acrophages (PAM ) an d  h e te ro p h ils  in  th e  
a lveo lar cap illa ries an d  th e  p resence  o f  v a ry in g  n u m b ers  o f h e te ro p h ils  in  th e  
a lveo lar, b ro n ch io la r and /o r b ro n ch ia l lu m in a  (F la t t  an d  D u n w o rth , 1971a, b; 
F la t t ,  1974; W atso n , 1975).

5 A c t a  V e t e r in a r i a  H u n g a r i c a  4 0 , 1 9 9 2  
A k a d é m i a i  K i a d ó ,  B u d a p e s t
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M aterials and  m ethods

F ifteen  2 -3  m o n th s  old New Z ealand  W h ite  ra b b its  w ere ta k e n  from  tw o  
fa rm s  loca ted  in  th e  B o g o tá  S avanna . T en  ra b b its  show ed clinical signs ch a rac 
te r is tic  of acu te  p n eu m o n ia , includ ing  dysp n o ea , po lypnoea , severe cyanosis of 
m ucous m em branes a n d  in te rn a l surface o f th e  ears, lack  o f ap p e tite , an d  
ab d o m in a l d ila ta tio n . T h ese  ra b b its  served  as ex p erim en ta l anim als. The re 
m a in in g  5 clinically  h e a lth y  ra b b its  served as th e  co n tro l group.

Sampling. A ll ra b b i ts  w ere p laced u n d e r  tran q u iliz e rs  an d  general a n 
a e s th es ia  w ith  5 m g /k g  xy laz ine  (R om pun® ) i.m . an d  10 m g/kg ke tam in e  
(K e ta la r® ) i.m ., re sp ec tiv e ly . The v e n tra l a rea  o f  th e  neck  w as shaved , th e  
t ra c h e a  was exposed , a n d  fix ing  solu tion  w as app lied  w ith  a 5-ml syringe. 
T h e  fix in g  solu tion  u se d  w as 5%  g lu ta ra ld eh y d e  o f 4 °C te m p e ra tu re  (pH  7.2). 
T h is m eth o d  was u sed  in  5 experim en ta l an d  2 co n tro l ra b b its . T he lungs of th e  
rem a in in g  rab b its , w h ich  w ere under an aes th es ia , w ere also fixed . T heir t r a 
ch eae  an d  lungs w ere ex p o sed  an d  th en  fix ed  v ia  th e  la ry n x  to  a 25 cm  colum n 
o f fix in g  solu tion  (g lu ta ra ld eh y d e) in  o rd er to  o b ta in  b e tte r  p u lm onary  ex 
p an sio n . The sam ples w ere  processed b y  ro u tin e  p rocedures o f lig h t m icroscopy  
(h aem atoxy lin -eos in  a n d  to lu id in e  blue s ta in in g ) as well as transm ission  elec
tro n  m icroscopy.

R esults

All affected  an im als  show ed m arked  ab d o m in a l d ila ta tio n  and  cyanosis, 
especia lly  of th e  ears. T h e  gross pathologic f in d in g s  w ere id en tica l to  those seen 
in  sep ticaem ic cases a n d  inc luded  severe su b cu tan eo u s  oedem a w ith  severe 
congestion  and  cyanosis  o f all organs. A la rg e  vo lum e o f fib rin o p u ru len t ex u 
d a te , conta in ing  f ib r in  th re a d s  and  often  show ing  sangu ino len t d isco loration , 
a ccu m u la ted  in  th e  a b d o m in a l an d  th o rac ic  cav itie s . T he h e a r t  of all affec ted  
ra b b its  showed p ro n o u n ced  d ila ta tio n  of th e  r ig h t auricle.

M orphologic a lte ra tio n s  seen in  th e  lu n g s  o f  th e  10 pneum onic an im als 
co u ld  be d iv ided in to  tw o  large groups b y  th e ir  a p p a re n t tim e  of evo lu tion . 
O n ly  th e  find ings o b se rv ed  in  th e  p u lm o n ary  m ic ro v ascu la tu re  are described 
in  th is  paper. T he f i r s t  g roup  contains dam ages w hich develop early  in  th e  
p u lm o n a ry  m ic ro v ascu la tu re  (congestion, in te rs ti t ia l  an d  in tra -a lv eo la r 
oedem a, m ic ro th ro m b u s, f ib r in  in  th e  a lveo lar lu m en , in tra v a sc u la r  seq u estra 
tio n  o f he teroph ils, m ig ra tio n  of he teroph ils  in to  th e  a lveolar lum en , and  h a e 
m o rrh ag e). The second  g ro u p  is com posed o f changes w hich ta k e  a longer tim e  
to a p p ea r, e.g. h y p e rp la s ia  o f pneum ocy tes I I ,  increase  in  th e  num ber of a lve
o la r m acrophages (PA M ), th icken ing  of th e  in te ra lv e o la r  sep ta , and  ac tiv a tio n  
o f ly m p h o id  agg regates). A ll th is  is th e  su b je c t o f an o th e r pub lica tio n  (M en
doza , 1991).
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Table 1

Early dam ages in lung capillaries in enzootic pneum onia of rabbits

. E x p e r im e n ta l r a b b i ts  C o n tro l r a b b its
M o r p h o l o g i c ______________________________________________________________________________________________________________________________________________________

a lte ra tio n s 1 2 3 4 5 6 7 8 9 10 I 2 3 4 5

Congestion * * * * * * * * * * * * * * * * * * ***** * * * * * * * * * * * * * * * * * *

Alveolar oedema * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * — — — — —

Fibrin in the  
alveolar lum en * * * * * * * * * * * * *

Alveolar
haemorrhage * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * *

Intravascular  
sequestration  
o f heterophils * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * *

H eterophils in 
alveolar lum en * * * * * * * * * * * * * * * * * * * *

— — — — —

— : no lesion; *: mild lesion; **: m oderate lesion; ***: severe lesion; *****: grave lesion
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Light microscopy fin d in g s

M arked co n g estio n  w as a co n sis ten tly  occurring  lesion  (Table 1). All 
an im als exh ib ited  o ed em a o f v a ry in g  degree. This o edem a v a ried  in  sev erity  
a n d  q u a lity  also am o n g  d iffe ren t reg ions o f th e  sam e lu n g  (F ig . 1). M ixed in  
w ith  th e  oedem a, f ib r in  th re a d s  w ere fo u n d  in  som e a lv eo la r lu m ina . T he e x te n t 
a n d  severity  of haem o rrh ag e  also v a rie d  b y  an im al. H aem o rrh ag e  was found  in  
c ircum scribed  areas w ith in  th e  lungs, especially  in  areas w ith  severe lung  in ju ry  
(F igs 1 and  2). T h e  p resence  of m icro th ro m b i, th e  ag g reg a tio n  o f p la te le ts  in  
a lv eo la r capillaries, a n d  th e  se q u e s tra tio n  o f h e te roph ils  (PM N ) in  blood vessels 
w ere m ore easily  o b serv ed  in  sem i-th in  sections s ta in e d  w ith  to lu id ine  b lue 
(F igs 2 and  3). H e te ro p h ils  w ere also p re sen t in  th e  a lv eo la r lum en  in  som e 
an im als and, to g e th e r  w ith  alveo lar m acrophages, c o n s titu te d  large areas of 
consolidation  (F ig . 4).

Electron-microscopic fin d in g s

The changes o b served  b y  lig h t m icroscopy w ere co rro b o ra ted  b y  th e  
electronm icroscopic fin d in g s. E lec tro n  m icroscopy p ro v id ed  a b e tte r  in sig h t 
in to  som e of th e  m orpho log ic  fu n d am en ts  o f cap illa ry  in ju ry . A  severe hyd rop ic  
a n d  even vacuo la r d eg en era tio n  in  en d o th e lia  as well as in  pneum ocy tes I  was 
seen  (Figs 5 an d  6). A tte m p te d  re p a ra tio n  in  o th e r cell ty p e s  w as also observed . 
O edem a fo rm ation  cou ld  be m o n ito red  from  its  f irs t s tag es  in  th e  in te rs titia l 
space  up  to  fib rin  ex u d a tio n .

D iscussion

The in d ica tio n s o f in ju ry  to  p u lm o n a ry  m ic ro v ascu la tu re  (congestion, 
oedem a, m ic ro th ro m b u s, f ib rin  in  a lveo lar space, in tra v a sc u la r  seq u estra tio n  
a n d  ex trav ascu la r m ig ra tio n  of h e te ro p h ils , an d  h aem o rrh ag e) can  be a t tr ib u te d  
to  one of several fa c to rs  com ing from  th e  in fec tion  itse lf, or from  th e  in fla m 
m a to ry  response o f  th e  organism  to  th e  in v ad in g  agen t(s). M any au th o rs  agree 
in  po in ting  ou t P. m últoddá  as th e  m ain  p a th o g en  w hich  produces m orphologic 
changes in  th e  lu n g s o f  ra b b its  w ith  enzootic  p n eum on ia . R ecen tly , how ever, 
G láv its  and  M agyar (1990) have  d e m o n s tra te d  d ifferences in  th e  path o m o rp h o - 
logic changes p ro d u ced  b y  P. múltoddá  an d  B. bronchiseptica, an d  concluded  
t h a t  th e  la tte r  c an  also induce  fa ta l re sp ira to ry  disease. In  our case, n o t only  
w ere we able to  iso la te  P. múltoddá  in  its  p u re  form  b u t  we also classified i t  as 
P. múltoddá ty p e  3 accord ing  to  th e  guidelines o f in te rn a tio n a l reference 
lab o ra to ries  (F ig u ero a  an d  M orales, perso n a l com m u n ica tio n ). T he endo tox ins 
re leased  by  P. m últoddá  belong to  com ponen ts o f b a c te r ia l origin th a t  can  
cause d irect in ju ry  to  th e  cap illa ry  en d o th e liu m  (H ed d les to n  an d  R eber, 1975).
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These endo to x in s  are  capab le  o f triggering  a lte ra tio n s  in  th e  m icrovascu la r 
endo the lium . T h is m a y  re su lt in  a h igh ly  com plex  p u lm o n ary  reac tio n  th e  
in itia l stages o f w hich  a re  ch arac terized  b y  acu te  h aem odynam ic  changes due 
to  an  a lte ra tio n  in  b lood  v iscosity  and  a d e lay  in  b lood  flow  (B righam  an d  
M eyrick, 1986; M eyrick , 1986; W o rthen  an d  H a s le t, 1986; Slocom be an d  
D erksen , 1989).

H e te ro p h ils  (n eu tro p h ils) co n stitu te  a n o th e r  e lem en t p o ten tia lly  re le v a n t 
in  th e  d ev e lo p m en t o f m icrovascu la r lesions. M any  au th o rs  have  p roposed  
in tra v a sc u la r  s e q u e s tra tio n  o f these  cells as th e  m echan ism  responsib le  fo r 
d irec tly  trig g e rin g  m a n y  fu n c tio n a l and  m orphologic  a lte ra tio n s  of cap illa ry  
en do thé lia  (S h asb y  e t a l., 1982; M artin , 1984; M eyrick , 1986; B oxer e t a l., 
1990). I n  h u m an s, in tra v a sc u la r  seq u estra tio n  a n d  m ig ra tio n  of n eu tro p h ils  
in to  th e  a lveo lar lu m en  h av e  been  w idely s tu d ie d  th ro u g h o u t th e  course o f th e  
A d u lt R e sp ira to ry  D istress  S yndrom e (A R D S), a disease clinically  m an ifested  
in  severe acu te  d y sp n o ea , ta ch y p n o ea , cyanosis re f ra c to ry  to  oxygen tre a tm e n t, 
decreased com pliance o f th e  re sp ira to ry  system , a n d  diffuse alveolar in f iltra tio n  
as d e te rm in ed  b y  rad io log ica l ex am in a tio n . M orphologically , th e  m ain  h isto lo g 
ica l fea tu res  o f th e  h u m a n  syndrom e are — am o n g  o th e r changes -  a lv eo la r 
p ro te inaceous oedem a, p resence o f hyaline  m em b ran es , an d  in tra -a lv e o la r  
haem o rrh ag e  (O gnibene e t  al., 1986; Fow ler e t a l., 1987; M urray  e t a l., 1988).

A ltho u g h  th e  clin ical fo rm  of th e  E nzoo tic  P n eu m o n ia  S yndrom e has n o t 
been  su ffic ien tly  ch a rac te rized  y e t, som e resem blances can  be d e m o n s tra te d  
betw een  th is  sy n d ro m e  an d  h u m a n  A R D S. T he signs co n sis ten tly  p re sen t in  th e  
exam ined  ra b b its  w ere dy sp n o ea , po lypnoea a n d  severe  cyanosis. M orphologi
cally  even g re a te r  resem blances were observed . As show n in  T ab le  1, th e  
changes reg a rd ed  as v a scu la r phenom ena o f v e ry  ea rly  evo lu tion  (congestion , 
oedem a, m ic ro th ro m b u s fo rm a tio n , fib rin  in  th e  a lv eo la r space, h aem o rrh ag e, 
in tra v a sc u la r  se q u e s tra tio n  an d  ex tra v a sc u la r  m ig ra tio n  of he te roph ils) 
co rrespond  to  a g re a t e x te n t  to  w h a t has b een  re p o r te d  in  th e  l i te ra tu re  as 
h isto log ical a lte ra tio n s  found  in  A R D S p a tie n ts  (F o w ler e t a l., 1987; M u rray  
e t al., 1988; B oxer e t al., 1990).

In  A R D S , n eu tro p h ils  seem  to  be d irec tly  in v o lv ed  in  th e  p a th o p h y sio l- 
ogy of th e  process. A ccord ing  to  w hat has been  d e m o n s tra te d , in tra v a sc u la r  
ac tiv a tio n  or e x p e rim e n ta l in s tilla tio n  o f co m p lem en t p lays an  im p o r ta n t role 
in th e  a ttra c t io n  an d  se q u e s tra tio n  of he te ro p h ils  (PM N ) in  p u lm o n ary  cap illa 
ries (W eb ste r e t a l., 1982; T ill an d  W ard , 1986; B o x er e t al., 1990). In d u c tio n  of 
n eu tro p h il s e q u e s tra tio n  in  an im al m odels e.g. b y  m eth o d s such as (1) th e  use 
o f b ac te ria l en d o to x in  (M eyrick, 1986) an d  (2) p h o rb o l e s te r in fusion  (S h asb y  
e t ah , 1982) w as re p o r te d  to  cause an  increase o f v a ry in g  degree in  lung  v ascu la r  
p e rm eab ility  (S h asb y  e t  a l., 1982; M eyrick, 1986). S evera l stud ies h av e  d ocu 
m en ted  th e  fa c t t h a t  n eu tro p h ils , th ro u g h  th e ir  ox id iz ing  p ro d u c ts , can  he le th a l 
to  p u lm o n ary  e n d o th e lia l cells (M artin , 1984; B rig h am  and  M eyrick, 1986).
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E x p e rim e n ts  w ith  r a b b it  h e te ro p h ils  in d ic a te  th a t  0 2 rad ica ls  re leased  b y  
th e se  cells c o n tr ib u te  to  th e  p ro d u c tio n  o f  acu te  p u lm o n ary  o edem a rich  in 
p ro te in s  in  ra b b its  w ith  n o rm al h e te ro p h il coun ts b u t  n o t in  th o se  show ing 
g ran u lo cy to p en ia  (S h asb y  e t ah , 1982).

T h e  u ltra s tru c tu ra l changes ran g in g  from  th e  deve lopm en t o f  vacuoles 
a n d  self-d igestive vacuoles in  th e  en d o th e liu m  an d  increased  q u a n t i ty  o f rough  
en d op lasm ic  re ticu lu m  to  th e  presence  o f  p e riv a scu la r an d  in tra -a lv e o la r  oede
m a  co n firm  vascu la r d am age in  th is  s tu d y . This falls in  line w ith  rep o rted  
a lte ra tio n s  in  en d o th e lia l cells cau sed  b y  n eu tro p h ils  th ro u g h  a hyd rogen- 
p e ro x id e -d ep en d en t m echan ism  (M artin , 1984).

T he n u m b er of he te ro p h ils  in  th e  a lv eo la r lum en  was a p p a re n tly  h ig h er in  
an im als  w hich w ere m ore severe ly  a ffec ted  (F ig . 4, T ab le  1). M ig ra tio n  o f  such 
cells in to  th e  alveo lar lu m en  m a y  be  in te rp re te d  as an  effect p ro d u ced  b y  
c h em o tac tic  ac tiv ity . A lveo lar m acro p h ag es m ay  have a d irec t ch em o tac tic  
e ffec t th ro u g h  cy to k in es  (m ain ly  IL -1 ) a n d  o th e r sm all p ep tid e s  (fM LP) 
(H u n n in g h ak e , 1980; H arm sen , 1988; S aid , 1989).

M u rray  e t al. (1988) h av e  re c e n tly  com m en ted  on th e  inconven ience  of 
u s in g  ex p erim en ta l an im al m odels in  o rd e r to  com prehend  th e  h u m a n  A R D S 
p h en o m en o n . The clin ical signs described  here , th e  m orphologic f in d in g s re 
p o r te d  u p  to  d a te , as w ell as p ro longed  clin ical observations (u n p u b lish ed  d a ta ) 
g ive room  to  suggest a m ore th o ro u g h  o b se rv a tio n  of th e  E nzo o tic  P n eu m o n ia  
S y n d ro m e in ra b b its  as a n  e v e n tu a l n a tu ra l  an im al m odel o f A R D S.
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Fig. 1. Severe accum ulation of dense alveolar proteinaceous oedem a (e). Mixed in with the  
oedema there is an evident severe haemorrhage (h). N ote  an increase in the number of alveo

lar cells (c) possibly of inflam m atory origin. Approx. ХЮ 0

F ig. 2. Massive alveolar haemorrhage (h) together w ith oedem a of variable protein content. N ote  
areas where the in tensity  o f the dye is higher (e*). M icrothrombi (t) are more evident by this 
technique. Intra-alveolar fibrin (f). D ifferent PAM (u) sizes o f am orphous contents, possibly 

of lipidic origin, largely invade the alveolar lum en. Approx. X 200



F ig . 3. Fibrin microthrombus (t), p latelet aggregation (a) and intravascular sequestration of 
heterophils (n) are better shown through sem i-thin sectioning and tolu id ine blue staining.

Approx. X200

F ig . 4. Severe intra-alveloar heterophil accum ulation (n) and intravascular sequestration of 
the sam e (arrows, n). N ote also fibrin (f) and PAM (u) accum ulation in the alveolar lumina.

A pprox . X 200



F ig . 5. Capillary endothelium  (D). N ote size o f cytoplasm  which has lost electron-density as a 
sign of degeneration compared to other surrounding cell. Basal membrane (M B), in terstitial 

cell (Cl), collagen (C). Approx. X  15,000



F ig . 6. Subeiidothelial oedem a (E). Endothelial cell cytop lasm  (D) ; basal membrane (MB)-
Approx. X  12,000
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TERATOLOGICAL EXAMINATION OF THE 
INSECTICIDE METHYL-PARATHION 

(WOFATOX 50 EC) ON PHEASANT EMBRYOS 
2. BIOCHEMICAL STUDY

L .  V Á R N A G Y

D epartm ent of Agrochem ical H ygiene, In stitu te  o f Plant Protection, Georgikon F acu lty  of 
Agriculture, Pannon Agricultural U n iversity , H-8361 K eszthely, P .O . Box 71, H ungary

(R eceived March 27, 1992)

Fertile pheasant’s eggs were treated  with the insecticide W ofatox 50 EC (50%  
m ethyl-parath ion) by injection technique on day 12 of the hatching period. Treatm ent 
consisted  of inoculation of 0.1 m l o f different concentrations of the insecticide into  th e  
air space of em bryonated eggs. The follow ing dose levels were em ployed: 0 .00 ,1 .35 , 13.5 
and 135.0 m g/kg egg of active ingredient.

B iochem ical changes in the plasm a were evaluated by micro (photom etric) m ethods 
w hich rendered possible the determ ination of several blood plasm a variables o f the em 
bryos. A t the h ighest dose level applied, serum alkaline phosphatase (SAP) enzym e a c tiv 
ity  and inorganic P concentration of th e  treated embryos showed statistically  differences 
(reduction) as com pared to  the control data. Macroscopic alterations were detected  at 
necropsy.

Keywords: Pheasant, em bryo, m ethyl-parathion, biochem istry, teratogenicity

In sec tic id es  u sed  in  ag ricu ltu ra l p rac tice  m ay  e x e rt th e ir  tox ic  in flu en ce  
on w ild  an im als  e ith e r  d irec tly  or in d ire c tly . P h easan ts  are  exposed to  th e  
effect o f  chem icals d u rin g  lay ing  a n d  h a tc h in g  as th e ir  rep ro d u c tiv e  period  
coincides w ith  th e  p e a k  use of som e p estic ides fo r p la n t p ro tec tio n .

T h is fa c t ju s tif ie s  th e  eco toxico logical and , in  th is  case, te ra to lo g ica l 
e x a m in a tio n  o f w ild  b ird s. The p h e a sa n t is th e  m ost im p o r ta n t gam e b ird  in  
H u n g a ry . I n  re c e n t years, th e  an tich o lin e s te ra se -ty p e  insectic ide W o fa to x  
50 EC h as b een  re p o rte d  to  possess te ra to g en ic  p o te n tia l fo r b ird  em bryos 
(V árnagy , 1981a; V á rn ag y  e t a l., 1981; V árn ag y  e t al., 1982). A m ong th e se  
re su lts , th e  m orpho log ical d a ta  o b ta in e d  for p h easan t fe tuses w ere d em o n 
s tra te d  in  d e ta il (V árnagy  e t al., 1984).

T e ra to g e n ic ity  stud ies are m a in ly  based  on m acroscopic fin d in g s. In  
th is  w o rk  som e b iochem ical d a ta  (b lood  p lasm a variab les) o b ta in ed  b y  te r a to 
logical e x a m in a tio n  o f p h easan t em b ry o s are rep o rted .

T he p rin c ip a l a im  of th e  s tu d y  w as to  o b ta in  new  in fo rm atio n  concern ing  
th e  re la tio n sh ip  be tw een  m orphological an d  b iochem ical d a ta . T era to log ical, 
m ain ly  b iochem ical, s tud ies on th e  e ffec t o f W ofatox  50 EC (con ta in ing  m eth y l- 
p a ra th io n  as ac tiv e  ingred ien t) on p h e a sa n t em bryos are  p resen ted  in  th is  
p ap er.
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Materials and methods

W ofatox  50 EC  (ac tive  su b stan ce : 50%  m e th y l-p a ra th io n , C hem ie
k o m b in a t, B itte rfe ld , G erm any) w as u sed . F e rtile  eggs collected  from  our 
ow n p h easan t (P hasianus colchicus mongolicus et torquatus)  b reed  w ere tre a te d  
w ith  W ofatox  50 E C  on th e  12th d ay  o f  in cu b a tio n . The insectic ide fo rm u la 
t io n  was in jec ted  as aqueous em ulsion in to  th e  a ir  space o f eggs (0.1 m l p e r 
egg). The follow ing co n cen tra tio n s o f W o fa to x  50 EC w ere used: 0.00, 0.02, 
0.20 an d  2 .00% . T h e  m idd le  level o f th e  co n cen tra tio n  range  corresponded  to  
th e  co n cen tra tio n  em p lo y ed  in  th e  p la n t  p ro te c tio n  p rac tice .

Blood sam ples w ere w ith d raw n  fro m  p h e a sa n t em bryos on d ay  23 of 
in c u b a tio n  b y  Y á rn a g y ’s m ethod  (V árnagy , 19816).

F o r b iochem ical s tud ies, th e  ce llu la r e lem ents o f th e  b lood  were sep a ra ted  
fro m  th e  p lasm a. T h e  cap illa ry  p a r t  c o n ta in in g  th e  sed im en ted  cells was c u t 
off, w hile 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 tig h t an d  s to red  
u n til  use.

F o r th e  d e te rm in a tio n  of serum  a lk a lin e  p h o sp h a tase  (SAP) enzym e 
a c tiv i ty  (H au sam en  e t  a l., 1967) a S a te llite  one-channel chem ical analyser 
o f d irec t system  a n d  a n  L K B  U ltro lab  S y stem  7400 C alcu lating  A bso rp tio 
m e te r  were used. T h e  d e te rm in a tio n  w as m ad e  a t  404 nm . Ca an d  inorganic  
P  co n cen tra tio n s w ere de term ined  (R ich te rich , 1971) using  a sem i-au tom atic  
S pek trom om  410 M odul S and  th e  ab o v e  L K B  devices. Ca w as dete rm in ed  
a t  570 an d  584 n m , w hile inorganic P  a t  600 an d  658 nm . L a R oche 1028 
an d  1023, and  G a len o p h a rm  reagen ts w ere used  th ro u g h o u t th e  above d e te r 
m ina tions.

The incidence o f defo rm ity  an d  th e  m o rta lity  ra te  w ere analysed  fo r 
d ifference from  th e  c o n tro l by  th e  C h i-square  te s t. T he differences betw een  
m ean  em bryonic  b o d y  m ass and  b iochem ica l variab les w ere ev a lu a ted  b y  
S tu d e n t’s t te s t  (F in n e y , 1972).

Results

A to ta l  o f 270 b lood  and  p lasm a sam ples o b ta in ed  from  p h easan t em 
b ry o s  w ere ex am in ed  fo r  th ree  variab les . D e ta iled  d a ta  are  given in  Tables 
1 a n d  2.

M ean em b ry o n ic  bo d y  m ass show ed a s ta tis tic a lly  sign ifican t decrease 
a t  th e  h ighest dose, a n d  th e  m o rta lity  as well as th e  n u m b er of m alform ed 
fe tu ses  were s ta tis t ic a lly  sign ifican t a t  th e  sam e dose level.

T he b iochem ical variab les of em b ry o s tre a te d  w ith  th e  h ighest dose 
level (135.0 m g/kg egg) of W ofatox 50 EC show ed a s ta tis tic a lly  s ign ifican t 
decrease as co m p ared  to  th e  contro ls.
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Table 1

Principal data o f the teratological study of W ofatox 50 EC in  
pheasant em bryos

D o se+  
(m g/kg  egg)

E m b ry o n a te d
eggs

B o d y  w eigh t 
o f  fe tu ses  (g)

L ive
fetuses

D e a d
fe tu ses

M alfo rm ed
fe tu se s

0.00 29 1 5 .58+ 0 .90 27 2 3

1.35 32 15 .45+0.41 31 1 2

13.50 33 1 6 .2 1 ± 0 .3 2 d 33 0 3

135.00 31 14 .4 1 ± 0 .7 5 d 19 12d 19e

dP < 0 .0 1 ;  eP < 0 .0 0 1  vs. control; +active ingredient

Table 2

Sum m ary of plasm a biochem ical data obtained by teratogenicity  study  
of W ofatox 50 EC on ph easant em bryos treated by injection  technique  

on day 12 of incubation

V ariab les C o n tro l
D ose, m g /k g  egg +

135.001.35 13.50

SAP 856 +  122 821+ 1 3 0 837 +  153 7 1 9 ± 1 3 4 e
(U /l) n = 2 4 n = 2 6 n = 2 7 n = 1 5

Ca 2 .7 4 + 0 .5 5 2 .7 2 + 0 .4 2 2 .72+ 0 .40 2 .6 4 + 0 .5 7
(m m ol/1) n = 2 3 n = 2 7 n = 2 6 n = 1 5

Inorganic P 2 .1 6 + 0 .5 2 2 .08+ 0 .65 2 .20+ 0 .48 1 .5 8 ± 0 .3 6 d
(m m ol/1) n = 2 4 n = 2 4 n = 2 5 n = 1 4

n =  number of sam ples tested ; dP < 0 .0 1 ;  eP < 0 .0 0 1 ; +active  ingredient

D iscussion

T he to x ic ity  inc lu d in g  te ra to g e n ic ity  of th e  in sec tic ide  W o fa tox  50 EC 
to  av ian  em bryos have  b een  te s te d  prev iously . H ow ever, lim ited  in fo rm ation  
is availab le  on th e  in fluence  o f  th is  pestic ide on th e  p h e a sa n t as a n o n -ta rg e t 
o rganism .

A t th e  h ighest dose level o f  th e  insecticide th e  m orpho log ica l an d  b io 
chem ical d a ta  show ed a v e ry  expressive re la tio n sh ip  w ith  special regard  
to  th e  decrease of SA P a c tiv ity  a n d  inorgan ic  P  co n cen tra tio n . T hese changes 
m ay  co n trib u te  to  th e  m a n ife s ta tio n  of secondary  sk e le ta l m alfo rm ations 
to g e th e r w ith  p rim ary  h y p o p la s ia  or a tro p h y  of th e  cerv ica l m uscu la tu re  
(V árnagy  e t al., 1984). T he ra te  o f em bryonic m o rta lity  a n d  te ra to g en ic ity , 
as well as changes in  th e  b iochem ical variab les w ith  re sp ec t to  th e  contro l 
values em phasize th e  to x ic  e ffec t o f W ofatox  50 EC a t  t h a t  dose.
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In  conclusion: W o fa to x  50 EC, w hen in jec ted  d ire c tly  in to  th e  a ir space 
o f  em b ry o n a tin g  p h e a s a n t’s eggs, caused  som e m a lfo rm atio n s  (lordoscoliosis, 
cyllosis) m ostly  a t  th e  h ig h est dose. T he changes d e te c te d  in  p lasm a  b iochem 
is t r y  a fte r d irect in sec tic id e  exposure  in d ica te  an  ex p ressed  in to x ica tio n  a t  
th e  h ighest dose. T h e  m idd le  dose level, co rrespond ing  to  t h a t  recom m ended 
fo r  use in  p lan t p ro te c tio n  p ra c tic e , p roved  to  be h a rm less  an d  u n to x ic . This 
f a c t  calls a tte n tio n  to  th e  im p o rtan ce  of choosing th e  r ig h t dose, w hich is a 
b asic  p o in t in  in te g ra te d  p e s t con tro l w ith o u t c o n s titu tin g  a life h aza rd  to  
th is  av ian  species.
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ISOLATION OF CHICKEN ANAEMIA VIRUS 
FROM BROILER CHICKENS
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H -1078 B udapest, Hungary; 3 Central Veterinary In stitu te , H-1581 Budapest, H ungary

(R eceived  Decem ber 20, 1991)

Chicken anaem ia virus (CAV) infection w as dem onstrated, by both  serology  
and virus isolation, in 1- to  6-w eek-old broiler chickens originated from various parent 
flocks in Hungary. T otal losses in the broiler flocks were estim ated at 7 to  8% , and  
about 25% of the chickens failed to  reach target body m ass by the 7th w eek o f life. 
The clinical signs, postm ortem  lesions and histopathological changes of the affected  
chickens were similar to those of naturally occurring CAV-induced infectious anaem ia  
of young chickens.

In MDCC-MSB1 cell cultures, a chloroform -resistant virus smaller than  50 nm  
in diam eter, resistant to  heating a t 70 °C for 30 m in, and antigenically very  closely  
related to  the Cux-1 strain of CAV w as isolated from  the liver of naturally diseased  
broilers. This virus isolate was designated the Bia strain of CAV.

Inoculation o f susceptib le 1-day-old SP F  chicks w ith  a CA V-positive liver  
extract from naturally diseased broilers caused pathological changes characteristic  
of CAV infection, nam ely im paired growth, severe anaem ia w ith atrophy o f the bone 
marrow, marked atrophy of the lym phoid organs and petechial haemorrhages through
out the body. A quite sim ilar pathological syndrom e was also induced b y  inoculation  
of 1-day-old SPF chicks w ith  the MDCC-MSB1 cell-culture-propagated new  Bia  
strain of CAV.

The CAV was successfully reisolated from the livers o f experim entally inoculated  
birds, and antibodies to the reference Cux-1 strain o f CAV were also dem onstrated  
b y  the indirect im m unofluorescence te st  in sera of naturally  diseased and experim en
ta lly  inoculated chickens. N o  antibodies were found against infectious bursal disease  
virus, retieuloendotheliosis virus, M arek’s disease herpesvirus as well as avian adeno
viruses and reoviruses.

The reported disease of young broiler chickens was associated w ith  natural 
infection of a new isolate o f CAV. On the basis o f its physicochem ical, antigenic and  
pathogenic characteristics, th is virus is similar to other strains o f CAV isolated  from  
chickens in other countries.

Keywords: Chicken anaem ia virus, isolation, pathogenicity, natural infection

D u rin g  in v estig a tio n s in to  a  disease o f y o u n g  chickens caused  b y  a 
c o n ta m in a te d  M arek’s disease vacc in e  in  J a p a n , Y u asa  e t al. (1979) iso la ted  
a new  p a th o g en  w hich w as re s is ta n t  to  e th y l e th e r , chloroform , p H  3 a n d  
h ea tin g  a t  80 °C for 15 m in , a n d  passed  th ro u g h  a 25 n m  m em brane  f ilte r . 
T hey  n am ed  i t  chicken an aem ia  ag en t. The tru e  n a tu re  of th e  a g e n t w as 
en igm atic  fo r a long tim e . I t  w as in itia lly  th o u g h t to  be  a  p a rvov irus. H ow ever, 
on th e  basis o f its  d iscovered  p ro p e rtie s , i t  la te r  tu rn e d  ou t th a t  th e  ag en t 
can n o t be assigned to  an y  o f th e  ex is tin g  v irus g roups, an d  G elderblom  e t  al. 
(1989) proposed  to  te rm  i t  ch ick en  anaem ia  v iru s  (CAY), a designation  w hich
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we a d o p ted  in  th e  p re se n t s tu d y . CAY has a reg u la r icosahed ra l sy m m etry  
a n d  co n ta in s a c ircu la r s in g le -stranded  D N A  genom e (G elderblom  e t ah , 1989). 
I t  does n o t rep lica te  in  co n v en tiona l ch icken  cell cu ltu res, a lth o u g h  i t  p ro p a 
g a te s  well in  e m b ry o n a tin g  chicken eggs (B iilow  an d  W itt, 1986) an d  in  some 
co n tin u o u s ly m p h o b la s to id  chicken cell lines (Biilow e t ah , 1985; Y uasa, 
1983).

Susceptib le d a y -o ld  S P F  chicks in o c u la te d  w ith  CAV becam e severely 
s tu n te d  and  depressed  w ith  anaem ia, a n d  u p  to  50%  of th e m  died  w ith in  
fo u r  w eeks a fte r in o c u la tio n  w ith o u t show ing  an y  o ther specific  sym ptom . 
G ross an d  h is to p a th o lo g ica l exam ina tions rev ea led  im p aired  g ro w th , severe 
a n aem ia  w ith  a tro p h y  o f th e  bone m arro w , m ark ed  ly m p h o cy tic  depletion  
w ith  a tro p h y  of th e  ly m p h o id  organs an d  p e tech ia l haem orrhages th ro u g h o u t 
th e  b o d y  (Biilow e t a h , 1986a; Goryo e t ah , 1985, 1987, 1989; Lucio e t ah, 
1990; M cN ulty  e t ah , 1990a; Y uasa an d  Im á i, 1986; Y uasa e t ah , 1979).

Since th e  in it ia l  reco g n itio n  of CAV, th e re  have  been n u m ero u s repo rts  
on  th e  iso lation  o f th e  v iru s  from  y o u n g  anaem ic  chickens (C h ettle  e t ah, 
1989; Goryo e t ah , 1985; Lucio et ah , 1990; M cN ulty  e t ah , 1990a), from  а 
f ie ld  iso la te  of classical M arek ’s disease v iru s  (MDV) causing an  ea rly  m o rta lity  
sy n d ro m e  (Biilow e t a h , 1983) and  from  b ro ile r chickens a ffec ted  w ith  blue 
w ing  disease or a n a e m ia -d e rm a titis  an d /o r haem orrhag ic  syn d ro m e (Biilow 
e t ah , 1986a; E n g s trö m , 1988; M cN ulty  e t ah , 19896; V ielitz an d  L andgraf, 
1988; Y uasa  e t ah , 1983, 1987). No re m a rk a b le  differences h av e  been  recog
n ized  in  p a th o g en ic ity  am o n g  th e  various CAY stra in s  iso la ted  so fa r, and  th ey  
h a v e  also been show n  to  belong to  a single sero type  (Biilow  e t ah , 1985; 
E n g s trö m , 1988; G oryo  e t  ah , 1987; M cN u lty  e t ah, 19896, 1990a; Y uasa  and  
Im a i, 1986).

CAV is w id esp read  in  all m ajo r ch icken -p roducing  coun tries o f th e  w orld 
b o th  in  h eav y  m e a t- ty p e  and  lig h t egg-lay ing  chickens of all ages (Biilow 
e t ah , 1983; C hettle  e t  a h , 1989; E n g strö m , 1988; G oryo e t ah , 1985; Lucio 
e t  ah , 1990; M cN ulty  e t  ah , 1988, 19896; O tak i e t ah , 1987; Y u asa  et ah, 
1983, 1985, 1987), a n d  in fec tio n  of specific-pathogen-free  (S P F ) ch icken  flocks 
h as  also been d e m o n s tra te d  (M cN ulty  e t ah , 1988, 1989a; N icholas e t ah, 
1989, Y uasa  et ah , 1985). This la t te r  fa c t is ra th e r  im p o rta n t, as CAV is know n 
to  be  egg tra n s m itte d  (Y u asa  and  Y osh ida , 1983) an d  rep lica tes a sy m p to m a
tic a lly  in  chicken em b ry o s  (Biilow an d  W itt ,  1986). T hus, th e  d an g er exists 
t h a t  vaccines p re p a re d  using em bryos d eriv ed  from  in fec ted  S P F  flocks 
co u ld  be la te n tly  c o n ta m in a te d  w ith  th e  v iru s , th o u g h  th is  has n o t been 
d e m o n s tra te d  y e t (N icho las e t ah, 1989).

Owing to  its  im m unosuppressive  effec t, CAV depresses vacc ina l im 
m u n ity  (Box e t ah , 1988; O tak i et ah, 1988), considerab ly  ag g rav a te s  several 
diseases of young ch ick en s, and  also increases su scep tib ility  to  co n cu rren t 
o r secondary  b a c te ria l, v ira l and  fungal in fec tions (Biilow  e t ah , 1983, 1986a,

Acta Veterinaria Hungarica 40, 1992



C H IC K E N  A N A E M IA  V IR U S 209

b; E n g strö m  e t  a l., 1988; O tak i e t al., 1987; Y ielitz  an d  L andgraf, 1988; 
Y u asa  e t al., 1980).

T he p re se n t p a p e r  rep o rts  th e  iso la tion  of CAY d u rin g  th e  course o f 
in v es tig a tio n s  in to  an  o u tb re a k  of th e  ru n tin g /s tu n tin g  syndrom e in  y o u n g  
b ro iler ch icken  flocks. P a th o g en ic ity  of th e  new  CAY s tra in  is also p re sen ted .

Materials and methods

Experim ental chickens

F o r ex p e rim en ta l inocu la tions one-day-o ld  S P F  W h ite  L eghorn ch ickens 
w ere o b ta in ed  from  th e  flock  of P h y lax ia  V e te rin a ry  Biologicals Co. (B u d a 
p es t, H u n g ary ) w h ich  w as found  to  be free of CAV in fec tio n  by  reg u la r se ro 
logical ex am in a tio n s . T he b irds w ere rea red  in  co n v en tio n a l w ire pens in  
an im al room s a n d  w ere fed  a com m ercial b ro ile r s ta r te r  d ie t. Feed  an d  w a te r  
w ere av a ilab le  ad libitum.

Cell cultures

MDCC-MSB1 T -ly m p h o b lasto id  cell line w as o b ta in ed  th ro u g h  th e  
co u rte sy  o f D r. V . v o n  Biilow ( In s t i tu te  o f P o u ltry  D iseases, F a c u lty  o f 
V e te rin a ry  M edicine, F ree  U n iv e rsity  o f B erlin , G erm any), and  was g row n  
a n d  m a in ta in e d  as described  by  Y u asa  (1983). C u ltu res of chick em b ry o  
fib ro b la s ts  (C E F) w ere p rep a red  from  10-day-old  S P F  W h ite  L eghorn ch icken  
em bryos as described  elsew here (D rén  e t al., 1988).

Viruses

T he Cux-1 s tra in  of CAV (Biilow e t al., 1983) w as ob ta in ed  from  D r. V. 
von  B iilow  an d  th e  nondefective  T -s tra in  o f re ticu loendo theliosis  v irus (R E V ) 
from  D r. R . L. W itte r  (R eg ional P o u ltry  R esearch  L a b o ra to ry , E a s t L an sin g ,
U . S.A .). M D7/13 v iru le n t s tra in  of MDV w as iso la ted  from  a fie ld  case (D rén , 
1972). In fec tio u s  b u rsa l disease v iru s (IB D V ), used  fo r serum  n e u tra lisa tio n  
te s ts  in  th is  s tu d y , w as also a field  iso la te  a d a p te d  to  C E F . The n o n defec tive  
R E V -T  s tra in , M D7/13 s tra in  of MDV an d  IB D V  w ere p ro p ag a ted  in  C E F  
cu ltu res , w hereas th e  Cux-1 s tra in  o f CAV w as grow n in  MDCC-MSB1 cells.

Im m une sera

C hicken anti-C A V -C ux-1 im m une serum  w as k in d ly  prov ided  b y  D r.
V. v o n  B iilow  or w as p rep a red  in  4-w eek-old S P F  W h ite  L eghorn ch ickens 
using  th e  in o cu la tio n  schedule described b y  M cN ulty  e t al. (1988). P ro d u c tio n
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o f flu o resce in -iso th io cy an a te  (F IT C )-labe lled  ra b b it an tise ru m  to  ch icken 
IgG M A  has been  described  elsew here (D rén  e t al., 1988).

A ssays for antibodies

C hicken se ru m  sam ples w ere te s te d  fo r an tibodies to  IB D V  b y  th e  
se ru m  n e u tra lisa tio n  te s t  on C E F  cu ltu re s . A ntibodies to  a v ia n  adenov iruses 
a n d  reoviruses w ere assayed  b y  th e  ra d ia l  double diffusion gel p re c ip ita tio n  
p la te  te s t  using  th e  reag en t k its  from  S P A F A S  Inc. (S to rrs , U .S .A .). A n ti
b od ies to  САУ, R E V  an d  MDY w ere d e te c te d  b y  th e  in d irec t im m u n o flu o re 
scence (IF ) te c h n iq u e  using  resp ec tiv e ly  as an tig en  САУ s tra in  C u x -l-in fec ted  
M DCC-M SB1 cells (B ülow  e t al., 1985; M cN ulty  e t al., 1988; Y u asa  e t al., 
1985), R E V  s tra in  T -in fec ted  and  M DV s tra in  M D 7/13-infected C E F  cells 
d ep o sited  a n d  fix ed  on to  M u ltite s t slides (F low  L ab ora to ries L td , Irv in e , 
S co tlan d ). Slides w ith  th e  fix ed  cells w ere sto red  over silica gel a t  -2 0  °C 
fo r la te r  use. U n in fec ted  cells, p o sitiv e  a n d  negative  serum  con tro ls  an d  a 
serum -free  p h o sp h a te -b u ffe red  (0.01M , p H  7.2) saline co n ju g a te  co n tro l w ere 
in c lu d ed  in  th e  assay . T he sp ec ific ity  o f  th e  assay  for each v iru s  w as p roved  
b y  b locking  th e  s ta in in g  w ith  a su rp lu s  o f  un labelled  ra b b i t  an ti-ch ick en  
IgG M A  im m une  serum  before th e  a d d itio n  o f th e  co n ju g a te . A ll sam ples 
w ere te s te d  b y  th is  te ch n iq u e  a t  1 : 10 a n d /o r  1 : 20 d ilu tions.

Preparation o f liver extract

A b o u t 20%  (w/v) hom ogenates w ere p rep a red  from  th e  livers o f n a tu ra lly  
d iseased  an d  ex p erim en ta lly  in o cu la ted  chickens in  R P M I 1640 m edium  
c o n ta in in g  te n  tim es th e  usual c o n c e n tra tio n  of an tib io tics. H om ogenates 
w ere frozen  an d  th a w e d  th ree  tim es a n d  cen trifuged  a t 2000 g for 30 m in , 
a n d  th e  clear su p e rn a ta n ts  w ere used  fo r  fu r th e r  studies.

Isolation o f  CA V

Iso la tio n  o f CAV from  liv er e x tra c ts  was carried  o u t in  M DCC-MSB1 
cells as described  b y  o thers (B ülow  e t  a l., 1985; Y uasa  e t a l., 1983) using  
24-w ell tissue  cu ltu re  p la tes (F low  L a b o ra to rie s  L td , Irv in e , S co tland ). F ro m  
each  specim en 100 pi a liquo ts w ere in o c u la te d  in to  each of tw o  cu ltu re  wells 
c o n ta in in g  1 m l MDCC-MSB1 cells, seeded  a t  3 to  5 x l 0 5 cells m l-1  in  R P M I 
1640 m edium  su p p lem en ted  w ith  10%  (v /v) fe ta l bovine serum  (k in d ly  p ro 
v id e d  b y  D r. G. F . de B oer, C en tra l V e te r in a ry  In s ti tu te , L e ly s tad , th e  N e th e r
lan d s), 10%  (w/v) try p to se  p h o sp h a te  b ro th  (Difco L ab o ra to rie s , D e tro it, 
U .S .A .), 200 in te rn a tio n a l u n its  m l-1  pen ic illin  G po tassiu m , 200 pg m l-1  
s tre p to m y c in  su lp h a te , 120 pg m l-1  g e n tam y c in  su lp h a te  an d  2.5 pg m l-1
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am p h o teric in  В (fungizone). C ontrol cu ltu res  rem a in ed  un ino cu la ted . C u ltu res 
w ere in c u b a te d  a t  39 to  40 °C in  an  a tm o sp h ere  o f  5%  (v/v) C 0 2, an d  w ere 
su b cu ltu red  a t  2- to  3-day  in te rv a ls  b y  tra n s fe rr in g  200 p i cell suspension in to  
1 m l w arm  fresh  g ro w th  m edium . C u ltu res w ere exam ined  daily  for cy to - 
p a th ic  effect, w h ich  w as defined  as fa ilu re  o f  th e  cells to  grow  (Y uasa e t ah , 
1983). C ultures show ing c y to p a th ic  effect w ere h a rv e s te d  an d  exam ined  fo r 
th e  presence of CAY an tigens b y  th e  in d irec t I F  tech n iq u e  using  ch icken an ti-  
CAV-Cux-1 im m u n e  serum  an d  F IT C -labelled  r a b b it  an ti-ch icken  IgG M A  
im m une serum . U n in o cu la ted  cu ltu res se rved  as n eg a tiv e  contro ls an d  th o se  
in fec ted  w ith  th e  Cux-1 s tra in  o f CAV w ere u sed  as positive  contro ls fo r th e  
in d irec t I F  assay . G ran u la r, b rig h t-g reen  in tra n u c le a r  fluorescence, in  th e  
absence of reac tio n s in  un in fec ted  cu ltu re  cells, w as considered  specific fo r 
CAY antigens.

Titration o f C A V  in M D CC-M SB1 cells

CAV ti tra t io n s  w ere perfo rm ed  in  M DCC-M SB1 cell cu ltu res b y  th e  
m ethod  of G. F . de B oer (personal com m unication ) using  96-well tissue cu ltu re  
p la te s  (Flow  L ab o ra to rie s  L td , Irv in e , S co tlan d ). Serial tw ofold  d ilu tions 
o f th e  sam ple w ere m ade beg inning  w ith  1 : 20 d ilu tio n , an d  each d ilu tio n  
w as te s te d  in  six  cu ltu res  w ith  six  passages. In fe c tiv ity  en dpo in ts  were based  
on c y to p a th ic  effect. M edian tissue  c u ltu re  in fec tiv e  doses (T C ID 50) w ere 
ca lcu la ted  accord ing  to  R eed  an d  M uench (1938).

Filtration and test fo r  sensitivity to chloroform

CA V -positive liver e x tra c ts  were f ilte re d  seq u en tia lly  th ro u g h  1.2, 0.8, 
0.45, 0.22 an d  0.05 p m  pore-size m em branes (M illipore Corp., B edford , U .S.A .) 
w hich h a d  p rev io u sly  been  sa tu ra te d  w ith  n ew b o rn  ca lf serum . The f in a l 
f i l tra te  was m ixed  w ith  7 .5%  (v/v) ch loroform , sh ak en  in te rm itte n tly  an d  
in cu b a ted  fo r 10 m in  a t  room  te m p e ra tu re . T he m ix tu re  w as cen trifuged  a t  
2000 g for 10 m in  an d  th e  re su lta n t aqueous fra c tio n  was assessed for th e  
presence of CAV b y  t i t ra t io n  in  MDCC-MSB1 cells.

Heat treatment o f CA V  isolate

E q u a l vo lum es o f th e  sto ck  v irus suspension  w ere p laced  in  each  o f 
four tu b es in  an  ice -b a th . T hree tu b es w ere re sp ec tiv e ly  in cu b a ted  a t  70 °C 
for 5 m in an d  30 m in  an d  a t  80 °C for 15 m in  in  a w a te r  b a th  an d  th e n  re tu rn e d  
to  th e  ice -b a th . T he in fe c tiv ity  of th e  v iru s in  all fo u r tu b es  was su b seq u en tly  
t i t r a te d  in  M DCC-MSB1 cells. The Cux-1 s tra in  o f CAV w as used  as a reference 
fo r th is  s tu d y .
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Haematocrit

H aem ato crit va lu es  w ere d e te rm in ed  b y  th e  m icrom ethod  u sin g  50-m m - 
lo n g  s ta n d a rd  hep arin ized  cap illa ry  tu b e s  (O M K E R , B u d ap est, H u n g a ry ). 
T rip lic a te  m easu rem en ts were m ad e  fro m  each b ird  on all occasions. B irds 
w ith  h aem a to c rit levels below  27%  w ere deem ed anaem ic (Y uasa  e t  al.,
1979).

V

Histopathology

Follow ing p o stm o rtem  e x am in a tio n , tissu e  sam ples w ere co llected , fixed  
in  10%  (v/v) buffered  n e u tra l fo rm ald eh y d e  so lu tion  an d  p rocessed  b y  s ta n 
d a rd  p a ra ffin  tech n iq u es. Sections w ere s ta in ed  w ith  h aem a to x y lin  a n d  eosin.

Experim ental inoculation

Experiment 1. F iv e  1-day-old  S P F  chicks were in o cu la ted  in tra m u sc u 
la r ly  in to  each leg w ith  1 m l of C A Y -positive n a tiv e  liv er e x tra c t from  n a tu 
ra lly  diseased b ro ilers. CAY in fe c tiv ity  t i t r e  o f th e  inocu lum  w as n o t d e te r
m in ed  b y  titra tio n . F o u r  con tro l ch icks w ere left u n tre a te d  an d  ho u sed  in  a 
se p a ra te  room .

Experiment 2. F iv e  1-day-old  S P F  chickens w ere in o cu la ted  in t r a 
m u scu la rly  w ith  a f ilte re d  and  c h lo ro fo rm -trea ted  CAV -positive liv e r  e x tra c t 
fro m  n a tu ra lly  d iseased  broilers a t  a dose of 103'07 T C ID 30 o f CAV p e r chick . 
F o u r  u n inocu la ted  chicks were k e p t se p a ra te ly  an d  served  as con tro l.

Experiment 3. F ifteen  1-day-old  S P F  chickens w ere d iv ided  in to  th ree  
e q u a l groups. F iv e  chicks w ere in o c u la te d  in trap e rito n ea lly  an d /o r in t r a 
m u scu la rly  a t 1 -day-o ld  each w ith  106'9 T C ID 50 o f th e  new  B ia  s tr a in  o f CAV 
as cell-free su p e rn a ta n t flu id  from  th e  10 th  passage in  M DCC-M SB1 cells. 
F iv e  chickens w ere c o n ta c t exposed  fro m  one d ay  of age b y  in te rm in g lin g  
a n d  housing  to g e th e r w ith  th e  in o c u la te d  b ird s. The th ird  group  of f iv e  chickens 
w as k e p t sep a ra te ly  to  serve as iso la te d  contro ls.

In  each ex p erim en t, all b ird s w ere  w eighed a t 7 -day  in te rv a ls , a n d  th e  
b io logical body  m ass gains wTas ca lc u la ted  for each in d iv id u a l b ird  accord ing  
to  th e  form ula pu b lish ed  b y  H arris  (1966). A t 7, 14, 21 and  28 d ay s  o f age all 
su rv iv o rs  were b led  in to  hep arin ized  m icro h aem ato crit c ap illa ry  tu b e s  for 
h a e m a to c rit d e te rm in a tio n s , an d  se ru m  sam ples w ere co llec ted  fo r sero
log ica l exam ina tions. T he ex p erim en ts  w ere te rm in a te d  w hen th e  chickens 
w ere  28 days old.

A ll birds dy ing  during  th e  ex p e rim en ts  or killed a t  th e  end  w ere necrop- 
sied , th e  gross lesions were reco rd ed , an d  tissue  sam ples w ere co llec ted  for 
h isto log ica l ex am in a tio n .
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S ta tis tic a l analysis  of th e  b io logical b o d y  m ass gain  an d  h a e m a to c r it  
values o f th e  in fec ted  an d  con tro l g roups o f an im als was conducted  b y  S tu 
d e n t’s t te s t .

R esu lts

O n a b ro ile r b reed ing  farm , an  increasin g  n u m b er o f re ta rd e d  a n d  a n a e 
m ic b ird s w as n o ticed  a fte r 6 to  10 day s o f age. T he p ro p o rtio n  o f a ffec ted  
chicks v a ried  be tw een  15 and  20%  am ong  flocks. O n th e  fa rm  th e re  w ere 
th ree  houses, each  accom m odating  1000 chicks. T he houses w ere re s to c k e d  
a t  2- to  3-w eek in te rv a ls  w ith  day -o ld  chicks o b ta in ed  from  various co m m er
cial ha tch e rie s . T hus, broilers o f d iffe ren t ages and  derived  from  d iffe ren t 
p a re n t flocks w ere p resen t s im u ltan eo u sly  on th e  fa rm , b u t in  each  house  
on ly  p en m a te s  w ere reared . T o ta l m o r ta li ty  o f th e  flocks was e s tim a te d  a t  
7 to  8 % , b u t  a b o u t 25 %  of th e  chickens failed  to  reach  ta rg e t b o d y  m ass b y  
th e  7 th  w eek o f life.

A t fie ld  o b se rv a tio n  of th ree  1-, 3- an d  6-w eek-old flocks, th e  a ffec ted  
chicks w ere lis tless, re lu c ta n t to  m ove, a n d  stood  w ith  closed eyes an d  d ro o p ed  
w ings. T h e ir fea th e rs  w ere ru ffled , an d  th e  developm ent of p rim ary  fe a th e rs  
w as delayed  an d  irreg u la r. The w hole b o d y  o f th e  a ffec ted  chicks w as m ore  or 
less pale . T hese chicks were m ark ed ly  sm aller th a n  th e ir  u n a ffec ted  p e n 
m ates, an d  th e y  h u d d led  to g e th e r causing  p a tc h y  dam p  litte r .

A t n ecro p sy  o f dead  and  sacrified  ailing  chickens, sm all g rey ish -w h ite  
foci w ere fo u n d  in  th e  liver and  th e  spleen. T he w all o f th e  p ro v en tricu lu s  w as 
th ick en ed , a n d  p e tech ia l haem orrhages an d  caseous n ecro tic  depositions w ere 
p re se n t on its  m ucous lin ing. The th y m u s  lobes an d  th e  b u rsa  o f  F a b ric iu s  
o f th e  sick  chicks w ere su b s ta n tia lly  sm alle r in  size th a n  those  o f ag e -m atch ed  
h e a lth y  chicks. N o o th e r gross lesions w ere found .

F o r d e ta iled  la b o ra to ry  in v estig a tio n s seven  diseased chicks w ere selec ted  
ran d o m ly . H isto log ica l exam ina tion  rev ea led  in fla m m a to ry  in filtra tio n s  an d  
p ro life ra tio n s consisting  m ain ly  of ly m p h o cy tes  an d  h istiocy tes in  th e  liv e r 
an d  th e  spleen. T here  w as m ark ed  d ep le tio n  o f lym p h o cy tes  in  th e  th y m ic  
co rtex  an d  in  th e  follicles of th e  b u rsa  o f F ab ric iu s. T heir ly m p h o re ticu la r  
s tro m a  w as, how ever, norm al. Som etim es haem orrhages an d  fibrosis o ccu rred  
in  th e  in te rs ti t ia l  tissue . L ym phocy tes a n d  h istiocy tes in f iltra te d  th e  su p e r
fic ia l an d  deep g lands in  th e  p ro v en tricu lu s , an d  p ro life ra tion  of th e  g la n d u la r  
tissu e  w as occasionally  seen. In  one b ird , h e te ro p h il g ranu locy tic  en d o n eu ra l 
in f iltra tio n  o f th e  p erip h era l nerves w as found .

A n tibod ies to  th e  Cux-1 s tra in  o f  CAY w ere d em o n stra ted  in  th e  se ra  
of tw o o u t o f seven  chicks te s ted  b y  th e  in d ire c t I F  m ethod . No an tib o d ies  
w ere found  a g a in s t IB D Y , R E V , MDV as well as av ian  adenoviruses an d  
reoviruses.
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Virus isolation in  M D C C -M SB1 cells

V irus iso la tion  a t te m p ts  were ca rried  o u t on MDCC-MSB1 cell cu ltu res  
fro m  b o th  th e  n a tiv e  a n d  th e  f ilte re d  ch lo ro fo rm -trea ted  liv er e x tra c t of 
n a tu ra l ly  d iseased b ro ilers.

I n  cell cu ltu res in o cu la ted  w ith  th e  n a tiv e  liver e x tra c t, a c y to p a th ic  
e ffec t ap p eared  a fte r  th re e  b lind  passages. T he cells becam e sw ollen a fte r  
a b o u t 30 hours o f in c u b a tio n  and  th e  nuc le i co n ta in ed  sm all vacuoles an d  
assem blies of c h ro m a tin  as described fo r CAV b y  Biilow e t al. (1985). O n 
fu r th e r  in cu b a tio n , m o st of th e  cells becam e d isru p ted . In  th e  cells o f th ese  
c u ltu re s  a g ran u la r, b rig h t-g reen  in tra n u c le a r  fluorescence occurred  on in 
d ire c t I F  s ta in in g  w ith  th e  reference anti-C A V -C ux-1 chicken im m une  serum . 
T h e  im m unofluo rescence  appeared  as v a ria b le  irreg u la rly  shaped  g ranules 
s c a tte re d  all over th e  en larged  cells. O ccasionally  large ring -shaped  flu o rescen t 
s tru c tu re s  were o bserved  in  som e cells. N o su ch  reactions w ere seen in  th e  
cells o f  u n in o cu la ted  con tro l cu ltures.

Follow ing in o cu la tio n  of MDCC-MSB1 cells w ith  th e  filte red  an d  ch lo ro 
fo rm -tre a te d  liver e x tra c t,  a c y to p a th ic  e ffec t w as observed  a fte r  fo u r su b 
c u ltu re s  o f th e  cells. O n ind irec t I F  s ta in in g  o f these  cell cu ltu res w ith  th e  
re fe ren ce  anti-C A V -C ux-1 chicken im m u n e  se rum , th e  in fec ted  cells show ed 
an  in tra n u c le a r  flu o rescen t p a tte rn  co m p le te ly  id en tica l to  th a t  described  
ab o v e  (F ig. 1).

T his la t te r  v iru s  iso late , w hich has b een  designated  th e  B ia s tra in  of 
CAV, w as seria lly  p ro p a g a te d  in  M DCC-M SB1 cell cu ltu res an d  was chosen 
fo r fu r th e r  c h a ra c te riz a tio n  stud ies. I t  g rew  read ily  in  MDCC-MSB1 cell 
c u ltu re s  w ith  a ch a rac te ris tic  c y to p a th o lo g y  as described in  th e  p reced ing  
p a ra g ra p h . The fluorescence in  in fec ted  cells s ta in ed  w ith  th e  reference an ti-  
CAV-Cux-1 ch icken im m u n e  serum  b y  th e  in d irec t I F  m eth o d  w as in d is tin 
gu ish ab le  from  th a t  in  CAV s tra in  C u x -l- in fec ted  cells. A sim ilar in tra n u c le a r  
fluo rescence  was also observed  w hen sera  from  convalescent chickens ex p e ri
m e n ta lly  in o cu la ted  w ith  th e  new  B ia s tra in  w ere used for in d irec t I F  s ta in 
in g  o f  CAV s tra in  C u x -l-in fec ted  M DCC-M SB1 cells.

T h erm al s ta b ili ty  o f th e  B ia s tra in  w as com parab le  to  th a t  of th e  Cux-1 
s tra in  of CAV used  as a  reference (Table 1).

Experim ental inoculation

F o r rep ro d u c tio n  of th e  n a tu ra lly  occu rrin g  syndrom e an d  to  te s t  th e  
p a th o g e n ic ity  o f th e  new  CAV iso late , su scep tib le  day-o ld  S P F  chicks w ere 
in o c u la te d  in  th re e  sep a ra te  experim en ts w ith  a n a tiv e  and  a filte red  ch lo ro 
fo rm -tre a te d  C A V -positive liver e x tra c t from  n a tu ra lly  diseased bro ilers as 
w ell as w ith  th e  tissu e -cu ltu re -p ro p ag a ted  B ia s tra in  of CAV.

Acta Veterinaria Hungarica 40, 1992



C H IC K E N  A N A EM IA  V IR U S 215

Table 1

H eat resistance of chicken anaemia virus (CAV) strains

Treatment
CAV strains

Bia Cux—1

70 °C for 5 min 3.66“ 3.59

70 °C for 30 min 1.30 1.59

80 °C for 15 min — —
No (control) 5.59 5.39

alog10 TCID50 titre. Titration was perform ed in MDCC- 
MSB1 cells using six  cultures per virus d ilu tion  and six
passages

Table 2

Response o f chickens to  inoculation  a t 1-day-old w ith chicken anaem ia virus (CAV)-positive 
liver ex tract from  naturally diseased broilers

Age in  
d ay s

G ro u p
N o.

chicks
died

B o d y  m ass  (g) 
m e a n ± S D

BBMG®
m e a n ^ S D

H a e m a to c ri t  %  
m e a n ^ S D  (range)

A nti-C A V
a n tib o d y

l Inoculated 3 7 .2 +  2.9
n =  5 

Control 
n =  4

3 7 .5 +  3.1

7 Inoculated 4 8 .6 +  6.6 1 .8 3 + 1 .0 1 30.2 +  3 0/5®
(2 7 -3 3 )

Control 5 3 .2 +  7.9 2.63 +  1.04 3 2 .0 + 0 .8
(3 1 -3 3 )

0/4

14 Inoculated i a 6 0 .2 + 1 0 .6 1 .8 4 + 0 .8 0 ' 2 6 .5 + 8 .4
(1 4 -3 2 )

0/4

Control i b 84.2 +  16.1 3.88 +  0.84 3 3 .2 + 3 .3
(3 1 -3 7 )

0/4

2 1 Inoculated 2 C 91.5 +  24.7 2.85 +  1.34 2 9 .0 + 0 0 / 2

Control 1 2 0 .3 + 1 5 4 .8 6 + 0 .7 9 3 2 .0 + 1
(3 1 -3 3 )

0/3

28 Inoculated l d 2 9 .0 + 0 1/1
Control 3 3 .3 + 2 .9 0/3

( 3 0 -3 5 )

“D ied at 13-day-old; bKiIled at 14-day-old; °Died at 14 and 16 days of age; aD ied at  
25-day-old; eBiological body m ass gain; fp < 0 .0 2  compared w ith  control; gNumber positive  
over num ber tested
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Experiment 1. R e su lts  of in o cu la tio n  w ith  th e  n a tiv e  liv e r  e x tra c t are 
re c o rd e d  in  Table 2. In o c u la te d  ch icks becam e severely  an aem ic , s tu n ted  
a n d  le th arg ic , and fo u r o f  th e m  died  b e tw een  13 and  25 d ay s  o f  age w ithou t 
show in g  any  o ther specific  sy m p to m  before dea th . T hey  w ere seriously  re
ta r d e d  in  grow th: m ean  bio logical b o d y  m ass gain  of th e  in o c u la te d  group 
w as sign ifican tly  low er th a n  th a t  o f th e  co n tro l group a t  14 d ay s  o f  age.

A t necropsy o f th e  carcases, h e p a tic  d y s tro p h y  an d  signs o f  anaem ia 
su c h  as ligh t red  w a te ry  b lood , n o ticeab le  pa llo r of th e  sk in , m u sc u la tu re  and 
in te rn a l  organs w ere fo u n d . T he th y m u s  glands w ere sev ere ly  a troph ied . 
T h e y  h a d  regressed to  a  size h a rd ly  v isib le  to  th e  naked  eye a n d  o fte n  contained  
sm a ll haem orrhages. T h e  b u rsa  o f  F ab ric iu s  was also o n ly  a b o u t h a lf  its 
n o rm a l size and  som etim es d iscre te  haem o rrh ag es occurred  on  i ts  epithelial 
a n d  serous lining (F ig . 2). In  th e  m a jo rity  o f b irds, th e  b o n e  m arro w  was 
d isco lou red  and pale , a n d  occasionally  becam e en tire ly  lig h t flesh-to-yellow - 
co lo u red  (Fig. 3). N u m ero u s  ecchym otic  an d  petech ia l h aem o rrh ag es  occurred 
th ro u g h o u t th e  ske le ta l m uscles a n d  su b cu tan eo u s tissue, a n d  w ere  also no ted  
a lo n g  th e  coronary a r te ry  in  one b ird .

H istological lesions w ere fo u n d  reg u la rly  in  th e  bone m arro w  an d  th ym us 
a n d  ra re ly  in  o ther ly m p h o id  o rgans. T he m ost s trik ing  ch an g es w ere seen 
in  th e  bone m arrow  a n d  th y m u s . I n  th e  bone m arrow , th e re  w as severe hypo
p la s ia , accom panied b y  d ep le tion  o f  cells of b o th  th e  e ry th ro c y tic  an d  the  
g ran u lo cy tic  series, w ith  h aem ato p o ie tic  cells being rep laced  b y  f a t ty  tissue, 
a n d  w ith  no evidence o f  e ry th ro p o iesis  in  th e  m ost serious cases (F ig. 4). 
T h e  th y m ic  cortex  w as m ore  or less d ep le ted  of lym phoid  e lem en ts . T he cortex  
b ecam e  th inner, an d  occasionally  th y m o c y te s  form ed only  a few  lay e rs  in  the  
su b c a p su la r  areas o f th e  co rtex . In  th e  m ost serious cases, th e re  w as com plete 
loss o f  a rch itec tu re  w ith  no d is tin c tio n  betw een  th e  co rtex  a n d  th e  m edulla 
o f  th e  th y m u s, an d  som etim es solely th e  re tic u la r  s tro m a o f th e  o rg an  rem ained  
(F ig . 5). A trophy  o f follicles in  th e  b u rsa  o f Fabric ius was o b se rv ed  less fre
q u e n tly , and only a v a ria b le  p ro p o rtio n  of th e  lym phoid  follicles w as usually  
a ffec ted , while th e  ce llu la r m orpho logy  of all th e  o th e r follicles seem ed to  be 
n o rm a l. The affected  follicles w ere m ore or less dep leted  o f ly m p h o cy te s , and 
occasionally  th e  in te r s t i t ia l  tissu e  w as on ly  seen (Fig. 6). D iffu se  necrosis was 
fo u n d  in  th e  bursa o f one b ird . In  th e  spleen, th e  th y m u s-d e p e n d e n t periarterio- 
la r  lym phocy te  sh ea ts  w ere m o d e ra te ly  d ep le ted  of ly m p h o c y te s , whereas 
th e  ce llu larity  of th e  b u rsa -d e p e n d e n t ly m p h o id  follicles (g e rm in a l centres) 
a n d  th e  periellipsoidal ly m p h o id  tissu e  w as norm al in  a p p ea ran ce .

T he single su rv iv in g  chick in  th e  in o cu la ted  group h a d  no  gross lesions 
w h e n  killed a t th e  en d  o f th e  ex p e rim en t. H istological e x a m in a tio n  revealed 
h y p o p la s ia  of th e  b o n e  m arrow  a n d  sca tte re d  foci of p ro life ra tin g  myelo- 
p o ie tic  cells in  th e  liv e r. I t s  serum  w as positive  for an tib o d ies  to  CAY.
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No an tib o d ies  to  IB D V , R E V , MDV as well as av ian  adenov iruses an d  
reov iruses could  be  d e m o n s tra te d  in  serum  sam ples collected 7 to  28 day s 
a fte r  inocu la tion .

CAV w ith  th e  sam e fea tu res  as th e  fie ld  iso la te  w as read ily  re iso la ted  
in  MDCC-MSB1 cell cu ltu res  from  b o th  th e  n a tiv e  an d  th e  filte red  ch loroform - 
tre a te d  liv e r e x tra c t  o f tho se  tw o  chicks th a t  d ied  13 an d  14 days a f te r  in 
ocu lation .

Experim ent 2. C hickens in o cu la ted  w ith  th e  f ilte re d  and  ch lo ro fo rm - 
tre a te d  liv er e x tra c t  from  n a tu ra lly  d iseased  bro ilers show ed no disease 
(Table 3). O n ly  th e  h a e m a to c rit va lues o f tw o  ch icks d ropped  close to  th e  
patho log ica l level 14 to  21 days a fte r  inocu la tio n , an d  th e  m ean bio logical 
b o d y  m ass gain  o f th e  in o cu la ted  chicks reach ed  on ly  ab o u t 75%  o f t h a t  o f 
th e  contro ls a t  28 d ay s o f  age. T his d ifference w as, how ever, s ta tis tic a lly  n o t 
sign ifican t. F o u r o f f iv e  chicks h a d  developed  a n tib o d y  to  CAV by  28 days 
a fte r  inocu la tion .

Experiment 3. R esu lts  o f in o cu la tio n  w ith  th e  ce ll-cu ltu re -p ro p ag a ted  
B ia s tra in  are  g iven  in  T able 4. In o c u la te d  chicks becam e em acia ted  a n d

Table 3

Response of chickens to  inoculation a t 1-day-old w ith a filtered and chloroform -treated  
chicken anaem ia virus (CAV)-positive liver extract from naturally  diseased broilers

Age in  
d a y s G ro u p

B o d y  m ass (g) 
m e a n ^ S D

BB M G b
m e a n ± S D

H a e m a to c ri t  %  
m e a n ± S D  (range)

A nti-C A V
a n tib o d y

l In ocu lated3 
n =  5 
Control
n =  4

3 7 .0 ±  4.0 

40.2 ±  5.2

7 Inoculated

Control

51 .8 ± 1 0 .2  

5 0 .5 ±  5.9

2 .4 6 ± 1 .0 1

1 .64± 0 .31

3 3 .2 ± 1 .6
(3 2 -3 6 )

3 3 .0 ± 0 .8
(32—34)

14 Inoculated

Control

8 1 .0 ± 1 8 .7

8 5 .7 ± 1 1 .9

3 .6 7 ± 1 .1 3

3 .6 1 ± 0 .3 2

3 1 .0± 2 .2
(28—34)

3 3 .0± 1 .1
(3 2 -3 4 )

21 Inoculated 120 .4±29 .9 4 .6 5 ± 1 .3 4 3 3 .4± 3 .3
(2 9 -3 8 )

3/5°

Control 132 .5±22 .2 4 .8 7 ± 0 .5 1 33.2 ± 0 .9  
(3 1 -3 3 )

0/4

28 Inoculated 154 .2±36 .2 4 .9 2 ± 1 .2 1 3 4 .4 ± 2 .2
(3 2 -3 8 )

4/5

Control 206 .0±45 .7 6 .5 3 ± 1 .0 7 3 2 .5 ± 1 .3
(31—34)

0/4

»103.07 TCID50 CAV-containing liver extract per chick; bBiological body m ass gain; 
'Num ber positive over num ber tested
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Table 4

R esponse of chickens to inoculation at 1-day-old w ith  a chicken anaem ia virus (САУ) 
isolated from  naturally  diseased broilers in  MDCC-MSB1 cell cultures

A g e  in  
d a y s

Group
N o .

c h ick s
d ied

B o d y  m ass  (g) 
m e a n ^ S D

BBM G*
m e a n i S D

H a e m a to c r i t  % 
m ea n d rS D  (ran g e)

A nti-C A V
a n tib o d y

l Inoculateda 4 0 .4 ±  5.0
n =  5 

In-contact 3 9 .4 ±  4.8
П —  D

Control
n =  5

3 6 .0 ±  4.1

7 Inoculated i b 6 0 .0 ±  5.0 3 .1 5 ± 0 .8 5 3 3 .6 ± 2 .9 7
(30—38)

In-contact 5 6 .2 ±  8.0 2 .7 5 ± 1 .1 6 3 2 .6 ± 2 .4
(30—36)

Control 5 8 .4 ±  7.1 3 .8 7 ± 0 .5 0 3 5 .6 ± 2 .6
(32—38)

14 Inoculated i° 94.3±  4.6 4 .0 8 ± 0 .3 8 2 1 .0 ± 5 .9 ' 3/4b
(13— 27)

In-contact i a 9 6 .6 ± I8 .4 4 .6 0 ± 1 .0 2 3 0 .6 ± 1 .5
(28—32)

0/5

Control 1 0 0 .4± 12 .4 5 .5 6 ± 0 .5 2 3 1 .6 ± 2 .7
(29—36)

0/5

21 Inoculated 141.3 ±  6.4 5 .1 9 ± 0 .6 4 e 3 4 .3 ± 1 .5
( 3 3 - 3 6 )

3/3

In-contact 157 .0±31 .9 6 .1 0 ± 1 .4 2 31.8 ± 1 .7  
( 3 0 - 3 4 )

0/4

Control 165 .8± 20 .6 7 .4 8 ± 0 .7 7 3 3 .8 ± 1 .6
(32— 36)

0/5

28 Inoculated 1 8 3 .7 ±  3.8 5 .5 6 ± 0 .7 8 f 3 3 .3 ± 1 .5
(32—35)

3/3

In-contact 209 .8± 45 .1 6 .6 6 ± 1 .5 6 3 1 .5 ± 1 .3  
(30 -3 3 )

2/4

Control 2 1 4 .6± 34 .6 7 .7 1 ± 1 .0 8 33.4 ± 2 .4 0/5
(30 — 36)

“1 0 6-9 ТСШ 50 per chick o f the Bia strain o f САУ as cell-free supernatant fluid from the 
10th  passage in MDCC-MSB1 cells; bDied at 8 days o f age; “Culled as m oribund at 14-day- 
old; dKilled at 14-day-old; ep < 0 .0 1  com pared w ith  control; fp < 0 .0 5  compared w ith  
control; ^Biological body m ass gain; hNum ber positive  over number tested

d ep ressed  w ith anaem ia . T hey  h ad  s ig n ifican tly  low er h a e m a to c rit values 
t h a n  th e  un in o cu la ted  con tro l chicks a t  14 day s of age. T hese b ird s  also grew 
p o o rly : m ean bio logical bo d y  m ass g a in  o f  th e  in o cu la ted  g roup  w as sign i
f ic a n t ly  lower th a n  t h a t  o f th e  con tro l g ro u p  21 an d  28 days a f te r  in ocu la tion . 
O ne ch ick  died o f yo lk -sac  ru p tu re  w ith  accom pany ing  d iffuse p e rito n itis  
8 d a y s  post-inocu la tion , and  a n o th e r ch ick  w as k illed w hen m o rib u n d  a t  14 
d a y s  old. This ch ick  h a d  a h a e m a to c rit v a lu e  o f 13% , severe ly  a tro p h ied  
th y m u s  and  b u rsa  o f F ab ric iu s , yellow ish  bone m arrow , as w ell as su b c u ta 
n eo u s  an d  in tra m u sc u la r  haem orrhages. H isto log ica l lesions in  th e  bone m a r
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row , th y m u s , b u rsa  of F ab ric iu s a n d  sp leen  w ere sim ilar to  th o se  fo u n d  in  th e  
in o cu la ted  chicks o f E x p e rim en t 1. S u rv iv ing  in o cu la ted  chickens h a d  pa le  
bone m arrow  an d  petech ia l h aem o rrh ag es in  th e  ske le ta l m uscles b u t  no 
o th e r  gross lesions w hen killed a t  th e  end  of th e  ex p erim en t. Serum  a n tib o d y  
to  CAY w as d e tec ted  by  th e  in d ire c t I F  te s t  in  su rv iv in g  in o cu la ted  ch icks 
in  sam ples co llected  14 to  28 day s a f te r  inocu la tion . Also, CAV w as re iso la ted  
in  MDCC-MSB1 cells from  th e  livers o f th re e  o u t of th re e  chicks ex am in ed  a t 
14 a n d  28 days old.

O ne-day-o ld  chicks p laced  in  d irec t co n tac t w ith  in o cu la ted  chicks 
th ro u g h o u t th e  experim en t show ed no clin ical signs or an aem ia . O ne b ird  
w ith  a h a e m a to c rit value o f 28%  w as k illed  a t  14 days o f age. No gross lesions 
w ere fo u n d  a t  necropsy . H ow ever, h isto log ica l ex am in a tio n  rev ea led  a tro p h y  
o f th e  bone m arrow  w ith  s c a tte re d  sm all reg en era tiv e  areas co n sisting  of 
p ro life ra tin g  im m atu re  h aem ato p o ie tic  cells, an d  m ild to  m o d era te  ly m p h o id  
d ep le tio n  in  th e  th y m u s and  b u rsa  o f F ab ric iu s . Two o f fou r su rv iv in g  ch icks 
h a d  developed  an tibod ies to  CAY a t  28 day s of age, an d  CAV w as iso la ted  in  
MDCC-MSB1 cells from  one o f tw o  chicks te s te d  a t  th e  end  o f th e  ex p e rim en t.

U n in o cu la ted  con tro l chickens o f each  inocu la tion  ex p erim en t show ed no 
clin ical or pa tho log ica l changes, an d  experienced  no m o rta lity  d u rin g  th e  course 
o f  th e  exp erim en ts . All th e ir  se ru m  sam ples collected a t  7 to  28 day s o f age 
w ere n eg a tiv e  fo r an tibodies to  CAV as d em o n stra ted  b y  th e  in d ire c t I F  assay .

D iscussion

T his s tu d y  has d em o n stra ted , b y  b o th  serology an d  v iru s  iso la tio n , n a t 
u ra l CAV in fec tio n  in  young b ro ile r ch icken  flocks w here a sizable p ro p o rtio n  
o f th e  b ird s  w as severely  re ta rd e d  in  g row th . T he clinical signs, p o s tm o rte m  
lesions an d  h istopatho log ica l changes w ere sim ilar to  th o se  observed  in  n a t 
u ra lly  occurring  o u tb reak s of C A V -induced infectious an aem ia  in  y o u n g  ch ick 
ens re p o rte d  b y  o thers (C hettle  e t al., 1989; G oryo e t a l., 1985; V ielitz  an d  
L an d g ra f, 1988; Y uasa  e t al., 1983, 1987).

I n  MDCC-MSB1 cell cu ltu re s , a ch lo ro fo rm -resistan t v iru s  sm aller th a n  
50 n m  in  d iam e te r, re s is tan t to  h e a tin g  a t  70 °C for 30 m in  an d  a n tig en ica lly  
v e ry  closely re la te d  to  th e  reference Cux-1 s tra in  of CAV w as iso la ted  from  th e  
livers o f n a tu ra lly  d iseased b ro ilers. T hese p ro p erties  are co n sis ten t w ith  th o se  
re p o rte d  for o th e r CAV iso lates (B iilow  e t al., 1983; E n g strö m , 1988; G oryo 
e t al., 1985, 1987; M cN ulty  e t al., 19896, 1990a; Y uasa  an d  Im a i, 1986; Y u asa  
e t al., 1979), in d ica tin g  th a t  th e  iso la ted  v iru s  belongs to  th e  CAV s tra in s , an d  
i t  has th ere fo re  been designated  th e  B ia s tra in  of CAV. R esu lts  o f cross-in 
d irec t im m unofluorescence te s t  em ploy ing  polyclonal ch icken  an tise ra  s tro n g ly  
suggest th a t  i t  is of th e  sam e se ro ty p e  as th e  Cux-1 s tra in  o f CAV.
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Ino cu la tio n  o f  su scep tib le  1-day-old  S P F  ch icks w ith  th e  n a tiv e  CAV- 
p o sitiv e  liver e x tra c t  f ro m  n a tu ra lly  d iseased  bro ilers o r w ith  th e  MDCC- 
M SB1 c e ll-cu ltu re -p ro p ag a ted  new  B ia s tra in  o f  САУ caused  im p aired  g row th , 
severe anaem ia w ith  h y p o p la s ia  or a tro p h y  o f th e  bone m arrow , m ark ed  
a tro p h y  of th e  ly m p h o id  organs and  p e te c h ia tio n  th ro u g h o u t th e  body . T hese 
patho lo g ica l changes s tro n g ly  resem ble th o se  observed  b y  o thers in  S P F  
ch ickens a fte r e x p e rim e n ta l in fection  a t  1 -day -o ld  w ith  know n  stra in s  o f CAV 
(B iilow  e t al., 1986a; G o ry o  e t al., 1985, 1987, 1989; Lucio e t  al., 1990; M cN ulty  
e t a l., 1990a; Y u asa  a n d  Im ai, 1986; Y u asa  e t al., 1979).

Chickens e x p e rim e n ta lly  in ocu la ted  a t  1 -day-o ld  w ith  th e  f ilte red  ch lo ro 
fo rm -trea ted , C A Y -positive liver e x tra c t fro m  n a tu ra lly  d iseased  broilers did 
n o t develop anaem ia , ev e n  th o u g h  m ost o f th e se  b ird s becam e infec ted  and  sero- 
co n v erted  to  CAY b y  28 days of age. T his fa ilu re  to  ind u ce  anaem ia  w as u n 
d o u b te d ly  due to  a low  in p u t  v irus dose u sed  fo r in o cu la tio n , because a con
siderab le  p ro p o rtio n  o f  in fec tious CAV w as re ta in e d  d u rin g  f i ltra tio n  of th e  
liv e r e x tra c t th ro u g h  consecu tiv e ly  em ployed  f i l te r  m em branes w ith  decreas
in g  po re  sizes, a p h en o m e n o n  w hich has p rev io u sly  been  observed  b y  o thers 
(E n g strö m , 1988; G o ry o  e t ah , 1987). M cN u lty  e t al. (19906) d em o n stra ted  
t h a t  th e  ab ility  o f  CAV to  p roduce an aem ia  in  ex p erim en ta lly  in o cu la ted  
ch icks is dose d e p e n d e n t, an d  a v irus dose o f  a t  le a s t 103'3 T C ID 50 is req u ired  
to  ind u ce  anaem ia  a t  a ll. In  th e  p resen t ex p e rim en t, chicks received 103'07 
T C ID 50 virus w hich  is less th a n  th e  above v iru s  dose.

CAV has b een  re p o r te d  to  sp read  ra p id ly  am ong chicks in  a g roup  
(M cN ulty  et al., 1988, 1990a, 6; V ielitz an d  L an d g ra f, 1988; Y u asa  e t al., 1979,
1980). In  th is  s tu d y  th e  v iru s  w as also fo u n d  to  sp read  read ily  am ong chickens 
as ev idenced b y  th e  p resen ce  o f v irus an d  se ru m  an tib o d ies  in  chicks held  in  
d irec t co n tac t w ith  o th e rs  in ocu la ted  w ith  th e  fie ld  iso la te  o f th e  v irus sh o rtly  
a fte r  ha tch ing . I n  acco rd an ce  w ith  p rev ious fin d in g s (M cN ulty  et al., 19896, 
1990a, 6; V ielitz a n d  L a n d g ra f , 1988; Y u asa  e t al., 1979, 1980), con tac t-ex - 
posed  chicks d id  n o t  show  an y  clinical signs o f  th e  d isease. H ow ever, we 
o bserved  a tro p h y  o f th e  bone m arrow , w ith  s c a tte re d  h y p e rp la s tic  areas of 
im m a tu re  h aem a to p o ie tic  cells, and  ly m p h o cy tic  dep le tio n  in  th e  th y m u s an d  
b u rsa  o f Fabric ius o f  a  k illed  b ird  w ith  a h a e m a to c rit level o f 28%  a t  14 days 
o f age. These in d ic a te  t h a t  subclin ical p a th o lo g ica l changes m ay  also occur in  
suscep tib le  chicks e v e n  a fte r  co n tac t exp o su re . T hus, c la rifica tio n  of th is  
p o in t deserves fu r th e r  s tu d ies .

T he overall m o r ta l i ty  due to  n a tu ra l  CAV in fec tio n  in  affected  ch icken  
flocks is usually  b e tw e e n  10 an d  20% , b u t  occasionally  i t  m ay  reach  35%  or 
even  60%  in  c o m p lic a te d  o u tb reaks (C h e ttle  e t a l., 1989; V ielitz an d  L a n d 
graf, 1988; Y uasa  e t a l., 1987). M o rta lity  ra te s  a fte r  in o cu la tio n  of suscep tib le  
S P F  chicks a t  d ay -o ld  ran g ed  from  0 to  9 0 % , d epend ing  on th e  s tra in  an d  
dose o f  virus used  (B iilow  e t  al., 1986a; G oryo e t  al., 1989; Lucio et al., 1990;
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M cN ulty  e t a l., 1990a, 6; Y u asa  a n d  Im a i, 1986; Y u asa  e t al., 1979). E x p e ri
m en ta l s tud ies h av e  show n, how ever, th a t  th e  p a th o g e n ic ity  of CAY is con
siderab ly  enhanced  b y  co n cu rren t in fec tion  w ith  e ith e r  M DV, IB D V  o r R E Y , 
owing to  th e  p ronounced  im m unosu p p ressiv e  effect o f  th ese  v iruses (Billow  
e t al., 1983, 1986a; O tak i e t a l., 1987, 1988; Y uasa  e t a l., 1980). P a thogen ic  
effects o f adenov irus a n d  reo v iru s  are  also increased  w hen  CAV is p resen t 
(B iilow  e t a l., 19866; E n g s trö m  e t  a l., 1988). A lth o u g h  no  an tibod ies were 
d em o n stra ted  ag a in st M DV, IB D V  an d  R E V  as well as av ian  adenoviruses 
an d  reoviruses in  serum  sam ples from  e ith e r n a tu ra lly  d iseased  or ex p erim en 
ta lly  in o cu la ted  chicks o f th e  p re se n t s tu d y , i t  c a n n o t be excluded  com ple
te ly  th a t  one or a n o th e r o f th e se  v iruses or even m any  o f th e m  m igh t have  conco
m ita n tly  been  p resen t, since th e se  v iruses, w ith  th e  ex cep tio n  o f R E V , are  u b i
q u itous in  H u n g a ria n  ch icken  flocks, a n d  th u s  th e y  m a y  h av e  com plica ted  th e  
n a tu ra lly  occurring  path o lo g ica l syn d ro m e in  th e  fie ld . T h is could  be th e  reason  
fo r th e  h igh m o rta lity  ra te  o f  chicks in o cu la ted  a t  d ay -o ld  w ith  th e  n a tiv e  
liv er e x tra c t from  sp o n tan eo u sly  d iseased  broilers, because  th e  MDCC-MSB1 
ce ll-cu ltu re-p ro p ag a ted  fie ld  iso la te , th e  B ia s tra in  o f CAV caused  m uch  low er 
m o rta lity  u n d e r sim ilar co n d itions. I t  is also conceivable, how ever, th a t  th e  
p a th o g en ic ity  o f th is  v iru s  s tra in  m ig h t h av e  decreased  d u rin g  serial passages 
in  MDCC-MSB1 cells, as i t  has been  rep o rted  for th e  Cux-1 s tra in  of CAV (B ii
low  and  F uchs, 1986).

D uring  th e  in o cu la tio n  ex p e rim en ts , CAV w ith  th e  sam e fea tu res  as th e  
fie ld  iso late w as re iso la ted  from  a n u m b er of in o cu la ted  a n d  co n tac t-exposed  
b ird s , and  an tib o d ies  to  th e  reference  Cux-1 s tra in  o f CAV w ere also dem on
s tra te d  in  su rv iv ing  chickens in  se ru m  sam ples co llected  14 to  28 day s a fte r 
infection .

T he resu lts  o f th e  p re se n t s tu d y  fu lfil K och’s p o s tu la te s . T herefore  th e  
foregoing ex p erim en ta l ev idence allow s th e  conclusion th a t  th e  n a tu ra lly  occur
rin g  disease o f y o u n g  b ro ile r ch ickens described  in  th is  p a p e r  w as associa ted  
w ith  in fec tion  b y  a new  iso la te  o f CAV. P hysica l an d  chem ical, an tigen ic  an d  
p a th o g en ic ity  ch a rac te ris tic s  suggest t h a t  th is  v irus is s im ila r to  CAV stra in s  
iso la ted  from  chickens in  o th e r  p a r ts  o f th e  w orld.
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Fig. 1. G ra n u la r  in t r a n u c le a r  im m u n o flu o re sc e n c e  in  M D C C -M S B 1 cells in fec te d  w ith  c h ic k e n  
a n a e m ia  v iru s  is o la te d  fro m  n a tu ra l ly  d ise a se d  b ro ile r  c h ic k e n s . T h e  cells w ere r e a c te d  w ith  
a n ti-C A V -C u x -1  c h ic k e n  im m u n e  s e ru m  a n d  s ta in e d  w ith  f lu o re s c e in - iso th io c y a n a te - la b e lle d  

a n ti-c h ic k e n  Ig G M A  r a b b i t  im m u n e  se ru m

Fig. 2. T h y m u s  a n d  b u r s a  o f F a b r ie iu s  o f  a  1 4 -d a y -o ld  u n in o c u la te d  c o n tro l ch ick  ( le f t)  a n d  o f  a  
1 4 -d a y -o ld  in o c u la te d  c h ic k  sh o w in g  c lin ica l c h ic k e n  a n a e m ia  ( r ig h t) .  B o th  o rg a n s  o f  th e  
in o c u la te d  b ird  a r e  se v e re ly  a tro p h ie d ,  a n d  p e te c h ia l  h a e m o r rh a g e s  a re  p re se n t  in  i ts  b u r s a



F ig .  3. L o n g itu d in a l  s e c tio n  o f f e m u r  fro m  a 1 4 -d a y -o ld  u n in o c u la te d  c o n tro l c h ic k  ( le f t)  a n d  from  
a 1 4 -d a y -o ld  in o c u la te d  c h ic k  sh o w in g  c lin ica l c h ic k e n  a n a e m ia  ( r ig h t) . N o te  d is c o lo u ra tio n  of 

th e  b o n e  m arro w  in  t h e  a f fe c te d  b ird



Fig. 4. S e c tio n s  o f  fe m o ra l  bo n e  m a rro w  f ro m  13-d a y -o ld  c h ic k e n s . (A ) U n in o c u la te d  c o n tro l  
c h ic k . (B ) O n e -d a y -o ld  in o c u la te d  c h ic k  t h a t  d ie d  a t  13 d a y s  o f ag e . A tro p h y  sh o w in g  a lm o s t  
c o m p le te  d e p le tio n  o f  h a e m a to p o ie tic  ce lls  w i th  r e p la c e m e n t  b y  f a t t y  tis su e . H a e m a to x y l in

and eosin , X 206



Fig.  5. S ec tions o f  t h y m u s  f ro m  13-day-o ld  c h ic k e n s . (A ) U n in o c u la te d  c o n tro l c h ic k . 
H a e m a to x y l in  an d  e o sin , X 80 . (B ) O n e-d ay -o ld  in o c u la te d  ch ick  t h a t  d ie d  a t  13 d a y s  o f  ag e . 
S e v e re  a tro p h y  of th e  c o r te x  sh o w in g  g en e ra liz ed  d e p le t io n  o f ly m p h o c y te s . H a e m a to x y lin

a n d  eosin , X 98



A

Fig. 6. S e c tio n s  o f  b u r s a  o f  F a b r ic iu s  f ro m  1 3 -d a y -o ld  c h ic k e n s . (A ) U n in o c u la te d  c o n tro l c h ic k . 
H a e m a to x y l in  a n d  e o s in , X 206. (B ) O n e -d a y -o ld  in o c u la te d  c h ic k  t h a t  d ie d  a t  13 d a y s  o f age. 
M o d e ra te  a tro p h y  w ith  d e p le tio n  o f ly m p h o c y te s  in  th e  a ffe c te d  fo llic le s . H a e m a to x y lin  a n d

eosin , X 260
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STUDY OF BOVINE HERPESVIRUS TYPE 1 
STRAINS WITH MONOCUONAL ANTIBODIES

L . E g y e d 1, E .  B r o c c h i2, M . R u s v a i3 and  A . B a r t h a 1

1 V e te r in a ry  M ed ica l R e s e a rc h  I n s t i tu t e ,  H u n g a r ia n  A c a d e m y  o f S c ie n c e s , H -1581  B u d a p e s t ,  P . 
O. B o x  18, H u n g a ry ;  2 I s t i t u t o  Z o o p ro f ila t t ic o  S p e r im e n ta le ,  B re s c ia ,  I t a ly ;  3 D e p a r tm e n t  o f  
E p iz o o tio lo g y , U n iv e r s i ty  o f  V e te r in a ry  S c ien ce , H -1581  B u d a p e s t ,  P .O . B o x  22, H u n g a r y

(R e c e iv e d  M a rc h  26, 1992)

F o u r te e n  s t r a in s  o f  b o v in e  h e rp e s v iru s  ty p e  1 (B H V -1 ,IB R V )  re p re s e n t in g  a ll 
th r e e  g ro u p s  o f  B H V -1  (B H V -1 .1 , B H V -1 .2 , B H V -1 .3 )  w e re  s tu d ie d  b y  E L IS A  u s in g  
106 m o n o c lo n a l a n tib o d ie s  (M ab s) p ro d u c e d  a g a in s t  B H V -1 . O n  th e  b a s is  o f  th e  E L IS A , 
th e  M abs c o u ld  b e  d iv id e d  in so  th r e e  g ro u p s . T h e  f i r s t  g ro u p  (40  M ab s, 3 8 % ) r e a c te d  
w ith  a ll s t r a in s ,  t h e  se c o n d  g ro u p  (43  M ab s, 4 1 % ) w i th  t h e  r e s p i r a to ry  a n d  g e n ita l  
s t r a in s  (B H V -1 .1  a n d  B H V -1 .2 )  w h ile  th e  t h i r d  g ro u p  (23  M a b s , 2 2 % ) o n ly  w ith  th e  
r e s p ira to ry  s t r a in s .  O n ly  5 o u t  o f  th e  a n tib o d ie s  n e u tr a l iz e d  re s p i r a to ry  a n d  g e n ita l  
s tra in s , a n d  n o n e  o f  th e m  n e u tr a l iz e d  th e  e n c e p h a li to g e n ic  s t r a in s  (1 .3 ).

T h re e  M a b s  se le c te d  f ro m  e a c h  o f  th e  3 g ro u p s , a n d  t h e  a b o v e  f iv e  n e u tra liz in g  
s t r a in s  w ere  s tu d ie d  b y  W e s te rn  b lo t .  A n tib o d ie s  o f  g ro u p s  1 a n d  3, a n d  tw o  n e u t r a 
liz in g  a n tib o d ie s  b o u n d  to  a  9 0 k  p r o te in  ( g p I I I ) ,  w h e re a s  m e m b e rs  o f  g ro u p  2 a n d  3 
n e tra liz in g  a n tib o d ie s  r e a c te d  w i th  a  7 4 k  a n d  a  130k p ro te in  ( b o th  gp l). T h e  r e s u l ts  in 
d ic a te  t h a t  r e a c t iv i ty  w i th  m o n o c lo n a l a n tib o d ie s  is  a s  s u i t a b le  fo r  th e  c la s s if ic a tio n  
o f  B H V -1  s t r a in s  a s  is  r e s t r ic t io n  e n d o n u c le a se  ( R E )  a n a ly s is  b u t  i t  c a n n o t  d is 
t in g u is h  b e tw e e n  su b g ro u p s  w ith in  t h e  g ro u p s .

Keywords: B o v in e  h e rp e s v iru s  ty p e  1, m o n o c lo n a l a n t ib o d ie s ,  E L IS A , c la s s if i
c a tio n

Infectious b o v in e  rh in o tra c h e itis  (IB R ) is a v ira l disease causing su b 
s ta n tia l  econom ic losses in  c a ttle  p o p u la tio n s w orldw ide. I t s  causative  agen t is 
IB R -IP V  virus w hich  is tax o n o m ica lly  defined  as b o v in e  herpesv irus ty p e  1 
(B H V -1). The v iru s  has been  iso la ted  from  d iffe ren t o rg an s an d  patho log ical 
en titie s  and, th u s , has been  assoc ia ted  w ith  a v a r ie ty  o f  clinical signs an d  
diseases (pneum onia, in fla m m a tio n  o f th e  u p p e r re s p ira to ry  t r a c t  and  nasa l 
m ucosa, c o n ju n c tiv itis , in fla m m a tio n  of th e  gen ita l o rg an s, abortion , ence
phalitis).

T he m arked  d iv e rs ity  of pa th o lo g ica l en tities  cau sed  b y  IB R  soon called  
for a grouping b ased  up o n  th e  biological p roperties o f th e  v irus s tra in s. A t
te m p ts  to  group th e  s tra in s  b y  th e ir  m orphological p ro p e rtie s  and  rep lica tion  
in  cell cu ltu re  h av e  fa iled . P o ly acry lam id e  gel e lec trophoresis  of th e  v ira l p ro 
te in s has y ielded c o n tra d ic to ry  resu lts . In itia lly , th e  re su lts  o b ta ined  b y  d if
fe ren t research  team s using  re s tr ic tio n  endonuclease (R E ) analysis of th e  v ira l 
D N A  were in co n sis ten t. C erta in  g roups (G regersen e t a l., 1985; M etzler e t al., 
1985) rep o rted  a co rre la tio n  be tw een  th e  D N A  re s tr ic tio n  endonuclease p a t 
te rn s  of th e  v iru s s tra in s  an d  th e  clin ical signs p ro d u ced , w hile others (M isra
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e t a l., 1983; Seal e t a l., 1985) c o n te s ted  th e  existence o f su ch  a co rre la tion . 
T h e  f i r s t  grouping sy s tem  b ased  u p o n  R E  analysis o f th e  v ira l D N A  was 
p ro p o sed  b y  M etzler e t al. (1985).

B y  cleaving th e  D N A  of B H V -1 s tra in s  iso lated  from  d iffe ren t p a th o 
lo g ica l en tities w ith  re s tr ic tio n  endonucleases H in d U l, EJcoRI an d  B sfE II , 
M e tz le r e t al. (1985) could  c learly  d istin g u ish  betw een В Н У -1 s tra in s  causing 
re sp ira to ry , gen ita l an d  en cep h a litic  signs. T hey  d esig n a ted  th e  re sp ira to ry  
g ro u p  В Н У -1.1, th e  g en ita l g roup  В Н У -1.2 and  th e  encepha litogen ic  one 
B H V -1 .3. U sing re s tr ic tio n  endonuclease  H in d l l l ,  th e y  d is tin g u ish ed  tw o 
su b g ro u p s  (B H V -1.2a, B H V -1.2b) w ith in  th e  genital g ro u p . W ith  B s tE II , 
M a g y a r (personal co m m unica tion ) found  tw o  subgroups (B H V -1 .la , BH V - 
1 .1b) w ith in  th e  g roup  o f re sp ira to ry  s tra in s . Som etim es B H V -1 .1 ty p e  s tra in s  
a re  iso la ted  from  cases o f  en cep h a litis  a n d  BHV-1.2 s tra in s  from  anim als 
sh o w in g  re sp ira to ry  signs. D esp ite  th is  fa c t, a co rrelation  b e tw een  th e  D N A  
re s tr ic tio n  p a tte rn  an d  th e  clin ical signs p roduced  is d e m o n s tra b le  for th e  
m a jo r i ty  of BHV-1 s tra in s .

T he aim  of th is  s tu d y  w as to  d e te rm in e  w hether th e  ab o v e  difference 
c a n  b e  d em o n stra ted  in  th e  an tig en ic  s tru c tu re  of v irus s tra in s  belonging to  
d if fe re n t subgroups o f B H V -1. As m onoclonal antibodies (M abs) a re  th e  m ost 
su ita b le  for de tec ting  m in im al an tig en ic  differences, in  th is  w o rk  we a tte m p te d  
to  c lassify  BHV-1 s tra in s  on th e  basis o f th e ir  antigenic s tru c tu re  using  M abs.

M ateria ls and  m ethods

Virus strains and monoclonal antibodies. In  our la b o ra to ry , 33 H u n g a rian  
B H V -1  isolates an d  an  A u s tra lia n  encephalitogenic  s tra in  w as s tu d ied  b y  R E  
an a ly s is  of th e  D N A  using  H in d l l l ,  B s tE I I  and  E coR I enzym es according 
to  M etz ler e t al. (1985). F o u r  s tra in s  belonged  to  group 1 .1a, s ix teen  to  1.1b, 
sev en  to  group 1.2a, f iv e  to  1.2b, an d  tw o  to  1.3. T hree s tra in s  rep resen tin g  
th e  g iven  group or su b g ro u p  w ere selected  from  each g roup  (on ly  tw o s tra in s  
w ere  availab le  in  1.3), a n d  th e se  14 s tra in s  were used fo r th e  E L IS A . E ach  
o f  th e  v iru s s tra in s  w as re a c te d  w ith  th e  106 M abs ra ise d  ag a in s t th e  re 
s p ira to ry  s tra in s o f B H V -1. T w en ty -fiv e  M abs against re sp ira to ry  s tra in  H B - 
144 w ere p roduced  a t  th e  D e p a rtm e n t o f E pizootio logy  o f th e  U n iv e rsity  of 
V e te r in a ry  Science, B u d a p e s t, an d  81 clones against a local re sp ira to ry  iso late 
w ere  o b ta in ed  a t th e  I s t i tu to  Z o o p ro fila ttico  Sperim en ta le  (B rescia , I ta ly ) .

Viral antigen preparation. C alf te s tic le  cell cu ltu res w ere p rep a red  in  
300 cm 2 cell cu ltu re  flasks. U pon  reach ing  confluency, th e  cu ltu res  w ere in 
o c u la te d  w ith  ap p ro x . 106 P F U  o f one of th e  14 te s t s tra in s . F o r ty -e ig h t h a fte r  
in o cu la tio n , upon  th e  d ev e lo p m en t o f 80%  cy to p a th ic  e ffec t (C P E ), th e  con
te n ts  o f  th e  cell cu ltu re  flasks w ere frozen and  thaw ed  3—5 tim es, an d  cell
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debris was rem o v ed  b y  c e n trifu g a tio n  (6000 g, 20 m in). F ro m  th e  su p e rn a ta n t, 
th e  v iruses w ere p e lle ted  b y  u ltra c e n tr ifu g a tio n  (B eckm an-28  ro to r , 100,000 g, 
90 m in). The v iru s  pelle ts w ere resuspended  in  1 m l N T E  b u ffe r (0.01 M Tris- 
H cl, 0.15 M N aCl, 0.01 M E D T A ; p H  7.2), la y e re d  on to  a 30%  sucrose cush ion  
m ade w ith  N T E , a n d  u ltracen trifu g ed  as above. T h e  p e lle t was resu sp en d ed  
in  1 m l N T E  b u ffe r.

Production o f  monoclonal antibodies. T h e  v ira l an tig en  p rep a red  as de
scribed  above w as m ixed  to  F re u n d ’s a d ju v a n t an d  used  fo r im m uniz ing  
B alb /c  mice. A fte r su b cu tan eo u s in o cu la tio n  o f  m ice w ith  th e  v iru s  an tig en  
m ixed  to  F re u n d ’s com plete  a d ju v a n t, im m u n iza tio n  w as re p e a te d  tw ice a t  
tw o-w eek  in te rv a ls  using  incom plete  a d ju v a n t. Spleen cells from  m ice h av in g  
an tib o d ies  of a t  le a s t 1 : 2000 t i t r e  in  th e  E L IS A  w ere used  for fusion. As 
m yelom a cells, SP2 tu m o u r  cells w ere used, a t  a sp lenic ly m p h o cy te /m y e lo m a  
cell ra tio  2 : 1 .  T he fusion  an d  h y b rid o m a c u ltu re  w ere ca rried  o u t as described  
b y  K ohler an d  M ilste in  (1975), using  R P M I 1640 (S erva), H A T an d  H T  (Gibco) 
m ed ia  and  P E G  1500. H y b rid o m a  clones w ere checked  fo r p o s itiv ity  b y  
E L IS A , positive  clones w ere cloned tw ice b y  lim itin g  d ilu tio n , th e n  ascites 
f lu id  was p ro d u ced  b y  in tra p e rito n e a l in o cu la tio n  o f p ris ta n e -p re tre a te d  m ice 
w ith  th e  h y b rid o m a  cells.

E L IS A .  T he  assay  was perfo rm ed  s im ila rly  to  E L IS A s developed  fo r 
IB R  v irus so fa r  (P a y m e n t e t al., 1979; Cho a n d  B ohac, 1985). T he 14 p u rified  
v iru s  s tra in s  w ere b o u n d  to  96-well f la t-b o tto m e d  G reiner cell cu ltu re  p la te s  
(16 h , 4 °C) using  50 fi 1 coating  bu ffer (1.59 g N a 2C 0 3 an d  2.93 g N a H C 0 3 in  
1 1 o f  d istilled  w a te r , p H  9.6). M onoclonal an tib o d ies  (50 /Л) d ilu ted  1 : 10 in  
w ash ing  buffer w ere added  a fte r  th ree  cycles o f  w ashing  in  w ashing  b u ffe r 
(P B S  NaCl 8 g/1, KC1 0.2 g/1, K H 2P 0 4 0.2 g/1, N a 2H P 0 4 1.15 g/1, Tw een-20 
0 .0 2 % , p H  7.2). T h e  p la tes  w ere in c u b a te d  a t  37 °C fo r 1 h . A fte r fu r th e r  
th re e  cycles o f w ash ing , th e  p la te s  w ere in c u b a te d  w ith  a goat an ti-m ouse  
im m unoglobu lin  co n ju g a te  b o u n d  to  p e rox idase  (50 p.1 p er well, 1 : 2500 d ilu 
tio n ). A fter fiv e  cycles o f w ashing, th e  s u b s tra te  (O PD ) w as d issolved in  
su b s tra te  bu ffer (24 m l 0.1 M citric  acid, 26 m l 0.2 M N a 2H P 0 4, 50 m l d istilled  
w a te r , p H  5.0) to  give a co n cen tra tio n  of 0.5 m g/m l, th e n  m ixed  w ith  30%  
h y d ro g en  perox ide  a t  a ra tio  o f 1 : 1750. A d d in g  i t  to  th e  wells a t  a vo lum e 
o f 50 /А per well, th e  em erging colour re a c tio n  w as s to p p ed  10 m in  la te r  b y  
ad d in g  2 N su lp h u ric  acid  (50 [A p e r well). T h e  ab so rb an ce  values w ere re a d  a t  
492 n m  using a L ab sy stem s M ultiskan  P lus E L IS A  in s tru m e n t. The w ork ing  
d ilu tions of an tig en , an tibod ies an d  co n ju g a te  w ere d e te rm in ed  b y  p rev ious 
t i t r a t io n , and  th e  h ig h est d ilu tio n  still g iv ing p o sitiv e  reac tio n  w as used.

Virus neutralization test. In to  th e  wells o f  96-well f la t-b o tto m e d  G reiner 
cell cu ltu re  p la te s  we m easured  ascites flu id  c o n ta in in g  m onoclonal a n tib o d y  
d ilu ted  1 : 10 in  serum -free cu ltu re  m ed ium , an d  serum -free cu ltu re  m ed ium  
co n ta in in g  100 T C ID 50 v irus a t  a ra tio  of 1 : 1 (25 [Л : 25 /А). T he p la tes  w ere
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in c u b a te d  a t  37 °C fo r 1 h , th e n  140,000 ca lf  te s tic le  cells in  200 /Д w ere ad d ed  
to  each  well. T he cu ltu res  w ere e v a lu a te d  fo r C PE  48 h  la te r .

Western blot. T hree  M abs ran d o m ly  selec ted  from  each  of th e  th re e  M ab 
g ro u p s form ed on th e  basis o f th e  E L IS A  resu lts , an d  th e  fiv e  n eu tra liz in g  
a n tib o d ie s  w ere te s te d  b y  W este rn  b lo ttin g . T h e  p ro te in s  o f th e  ISCOM  vaccine  
(M erza e t al., 1988) co n ta in in g  on ly  th e  m em b ran e  g lycopro te ins o f B H V -1 
v iru s  w ere sep a ra ted  by  p o ly acry lam id e  gel e lectrophoresis using  a B IO -R A D  
M in i-P ro te in  I I  in s tru m e n t, u n d e r reduc ing  cond itions, th ro u g h  a 11.1%  gel, 
fo r  1.5 h . T he se p a ra te d  p ro te in s  w ere tra n s fe rre d  on to  n itrocellu lose  m em 
b ra n e  w ith  an  Ancos S em i-D ry  E le c tro b lo tte r  in s tru m e n t (D en m ark ). The 
m e m b ra n e  was c u t in to  3 m m  w ide s trip s  an d  k e p t in  a p e tr i d ish  a t  —20 °C 
u n t i l  u sed . T he s trip s  w ere s a tu ra te d  b y  soak ing  th e m  in  3%  BSA  so lu tio n  for 
1 h , th e n  w ere w ashed  (in d istilled  w a te r  fo r som e seconds an d  in  P B S  for 
2 x 1 0  m in). T he s trip s  w ere in c u b a te d  o v ern ig h t a t  4 °C in  ascites f lu id  di
lu te d  1 : 100 w ith  P B S . A fte r w ashing , th e  s trip s  w ere soaked  in  g o a t a n ti
m o u se  im m unoglobu lin  so lu tio n  (H U M A N  V accine R esearch  I n s t i tu te ,  B u d a 
p e s t)  b o u n d  to  1 : 1000 d ilu ted  p erox idase  a t  room  te m p e ra tu re  fo r  3 h . A fte r 
a  fu r th e r  w ashing, 0.67 m l 3 -am ino-9 -e thy learbazo l so lu tion  d isso lved  in  d i
m e th y l su lfoxide a t  a c o n cen tra tio n  o f 0 .4 % , 10 m l 0.1 M sod ium  a c e ta te  
(p H  5.2) an d  10 /Л 30%  h y d ro g en  p e rox ide  w ere used  to  elicit th e  colour 
re a c tio n . P h a rm a c ia ’s low  m olecu lar w eigh t k i t  w as u sed  as m o lecu lar m ark e r.

R esults

O n th e  basis o f resu lts  o f th e  E L IS A s, th e  M abs could  be d iv id ed  in to  
th r e e  groups. G roup 1 inc luded  those  40 M abs w hich reac ted  p o sitiv e ly  w ith  
a ll v iru s  s tra in s . T he 43 M abs assigned to  G roup 2 re a c te d  on ly  w ith  th e  
re s p ira to ry  and  g en ita l s tra in s  an d  n o t w ith  th e  encephalitogen ic  iso la te s . The 
23 M abs inc luded  in  G roup 3 gave a p o sitive  reac tio n  only  w ith  th e  re sp ira to ry  
s tra in s  (Table 1). T he E L IS A  failed  to  d iffe re n tia te  am ong th e  su b g ro u p s (1.1a, 
1 .1b  an d  1.2a, 1.2b); i t  on ly  d isting u ish ed  th e  th re e  m ain  groups, i.e . th e  
re sp ira to ry , gen ita l an d  encephalitogen ic  s tra in s .

Table 1

R e a c tio n s  o f  m o n o c lo n a l a n tib o d ie s  in  E L IS A , v iru s  n e u tr a l iz a t io n  
(V N ) a n d  W e s te rn  b lo tt in g

Monoclonal
antibody Respiratory ELISA

Genital Encephalitogenic V N
Western

blot

G ro u p  1 (40 M ab s, 3 8 % ) + + + — g p i n

G ro u p  2 (43 M ab s, 4 1 % ) + + — 5 g p b  g p H I

G ro u p  3 (23 M abs, 2 2 % ) + — — — g p l l l
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O nly 5 ou t o f th e  106 Mabs n e u tra liz e d  the  re sp ira to ry  a n d  genital s tra in s  
in  th e  v irus n e u tra liz a tio n  te s t. N one o f  th e  Mabs n e u tra liz e d  an y  of th e  tw o  
encephalitogen ic  s tra in s .

In  W estern  b lo ttin g , th e  te s te d  M abs reacted  w ith  th e  g p H I g lyco
p ro te in  (90 k). A  c e r ta in  p a r t of th e  G roup  2 Mabs b o u n d  to  th e  g p l g lyco
p ro te in  (74 k , 130 k).

D iscussion

T he resu lts  o f th is  w ork in d ic a te  th a t ,  s im ilarly  to  D N A  restric tio n  
endonucleases, M abs are  su itab le  fo r  g ro u p in g  ВНУ-1 v iru se s , an d  the  re su lts  
o b ta in e d  w ith  th e m  show  good a g re e m e n t w ith  th o se  o f  th e  R E  analyses. 
I n  th e  an tig en -an tib o d y  reactions (E L IS A , v irus n e u tra liz a tio n , W estern  b lo t) , 
th e  v iru s  s tra in s re a c te d  accord ing  to  M etzler’s g ro u p in g  b ased  on D N A  
s tru c tu re . A clear co rre la tion  w as dem o n strab le  b e tw een  th e  genome a n d  
a n tig en ic  s tru c tu re  o f th e  viruses.

As R E  analysis o f  th e  v ira l D N A  is a m a te ria l-in ten s iv e  an d  tim e-co n 
su m in g  m ethod, M abs in  a sim ple E L IS A  are suitable fo r  th e  classification  o f 
B H V -1  stra ins. I f  a M ab is selected  fro m  each of th e  th r e e  M ab groups, a n d  
th e s e  th ree  M abs a re  used  for te s tin g  a  g iven  isolate b y  E L IS A , th e  iso late is 
respiratory if  it  re a c ts  w ith  all th re e  M abs. Genital s tra in s  re a c t  w ith  tw o M abs, 
w hile  encephalitogenic s tra in s  w ith  a  single Mab only.

R E  analysis o f  th e  v iral D N A  h a s  proved  to  be m o re  sensitive: as r e 
s tr ic tio n  enzym es can  d iffe ren tia te , in  ad d itio n  to  th e  th r e e  la rg e  groups, also 
su b g ro u p s  (H ind I I I  w ith in  th e  g e n ita l an d  B s iE II  w ith in  th e  re sp ira to ry  
s tra in s ) , Mabs can  d iscrim inate  o n ly  b e tw een  th e  th ree  m a in  groups and  fa il 
to  d istingu ish  b e tw een  subgroups.

F o rty -one  p e r c en t o f the  M abs fa iled  to  react w ith  th e  encephalitogenic  
s tr a in s , and  none o f  th e  n eu tra liz in g  an tibod ies n e u tra liz e d  th em .

These su b s ta n tia l d issim ilarities in  antigenic s tru c tu re  m a y  be re la ted  to  
th e  fa c t th a t  in  D N A  s tru c tu re  encepha litogen ic  stra ins (B H V -1 .3) differ from  
re s p ira to ry  (B H V -1 .1) and  genita l (B H V -1 .2) stra ins m o re  th a n  the  la t te r  
d iffe r from  each o th e r.
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EFFECT OF BUFK FEEDS (AEFALFA HAY, 
CORN SILAGE) ON THE METABOLISM 

AND LIVER PARAMETERS OF GROWING GEESE

M a rg it  V e t é s i 1, И . M é z e s 1, T . G a á l 2 and G y ö r g y i  B a s k a y 1
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Páter K . u . 1, Hungary; d e p a r tm e n t  of M edicine, U n iversity  of 

Veterinary Science, Й -1400 Budapest, P .0 . B ox  2, H ungary

(R eceived June 21, 1992)

Rearing experim ents were conducted w ith a total o f 90 liver hybrid geese from  
B abat, divided in to  three groups o f 30 birds each. The effect exerted by all-concentrate  
feeding (group 1), concentrate feed ing supplem ented w ith  alfalfa hay (group 2) or 
w ith  corn silage (group 3) ad libitum  on the blood glucose level, blood plasma tota l lipid, 
total cholesterol and free fa tty  acid level, and on total lip id content o f the liver was 
studied. In add ition , aspartate am inotransferase (AST) a c tiv ity  o f the blood plasm a  
and carotene, v ita m in  A and v ita m in  E  concentration o f th e  blood plasma and the  
liver were determ ined. It was found th at the blood and liver parameters o f  goose  
groups fed d ifferent diets changed w ith in  the physiological lim its typical o f the species. 
Excessive fibre intake resulted in  reduced lipid transport w ith in  the organism at an 
unchanged p lasm a cholesterol level; at the same tim e, b lood glucose level rem ained  
unchanged. A d  libitum  feeding o f  alfalfa hay and corn silage enhanced carotene and  
vitam in A transport and carotene storage but did not affect th e  transport o f v itam in  
E. The results confirm  earlier data o f the literature th a t /S-carotene and v itam in  A 
together im pair vitam in  E m etabolism .

Key words: Goose, carotene, v itam in  A, vitam in E , bulk feed, lipid, carbo
hydrate, cholesterol

Several s tu d ie s  have been p u b lish ed  on th e  e ffec t o f crude fib re  on  
c a rb o h y d ra te , lip id  a n d  v itam in  m etab o lism . In  th e ir  com prehensive w ork , 
W olever and  Je n k in s  (1986) re p o rte d  t h a t  in  v e rte b ra te s  th e  increase in  d ie ta ry  
fib re  in ta k e  is u su a lly  accom pan ied  b y  a decline in  th e  b lood  glucose level, 
ad d in g  th a t  th is  e ffec t depended  n o t  o n ly  on th e  q u a n t i ty  h u t also on th e  
q u a lity  of the  f ib re . M ost au tho rs agree th a t  crude fib re  a ffec ts  th e  a b so rp tio n  
of f a t ty  acids a n d  cholesterol in  p o u ltry  (F ish er an d  G rim inger, 1976). D if
fe ren t ty p es of f ib re  m ay  have d iss im ila r effects. T he liv e r  o f  chickens (A k iba  
an d  M atsum oto , 1980) and lay in g  h ens (M cN aughton , 1978) fed h igh levels 
o f a lfa lfa  m eal c o n ta in e d  low er levels o f lip id  an d  cho lestero l. I f  th e  f ib re  
level o f lay ing  h en  d ie ts  was in creased  b y  add ing  sun flow er seed m eal, h ep a tic  
cho lestero l co n c e n tra tio n  was fo u n d  to  rise (M cN aughton , 1978). In  ou r p re 
v ious paper (V etési e t al., 1990), we re p o rte d  on th e  e ffec t ex e rted  by  th e  ad 
libitum  feeding o f g reens as a su p p le m e n t to  co n cen tra te  on  th e  m etabo lism  of 
grow ing  geese. T h e  aim  of th is  w o rk  w as to  d e te rm in e  w h e th e r th e  su p p le 
m e n ta tio n  of co n c e n tra te  w ith  ad libitum  fed  alfalfa h a y  or co rn  silage rich  in

1* Acta Veterinaria Hungarica 40, 1992 
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f ib re , aim ed a t red u c in g  th e  costs o f rea rin g , induces changes in  th e  ca rb o 
h y d ra te , lip id  and  v ita m in  m etab o lism  o f geese, in  th e  in te g r ity  of liver 
cells, an d  in  th e  lip id  an d  v ita m in  m e tab o lism  o f th e  liver.

M ateria ls a n d  m ethods

L iver h y b rid  geese from  th e  B a b a t  goose fa rm  w ere u sed  in  th e  experi
m e n ts  (m ales an d  fem ales in  th e  sam e n u m b er). The geese w ere rea red  from  
d ay -o ld  to  10-week-old age. T he rea rin g  cond itions co rresp o n d ed  to  th e  te c h 
nolog ica l specifications com m only  used  in  H u n g a ry . A ll g ro u p s w ere k e p t, fed  
a n d  w a te red  in  th e  sam e  w ay. In  a d d itio n  to  th e  c o n c e n tra te  m ix  described 
in  T ab le  1, 20 g ch o p p ed  alfalfa  h a y  w as fed  to  each  b ird  ev e ry  d ay  to  avoid  
fe a th e r  an d  lit te r  p ick in g  (group 1, c o n tro l g roup). In  a d d itio n  to  th e  concen
t r a te  m ix , th e  e x p e rim e n ta l g roups rece iv ed  alfalfa  h a y  ad libitum  (group 2; 
a lfa lfa  h a y  fed group) or corn silage (g roup  3, corn  silage fed  group). E ach  
g ro u p  consisted  o f 30 b ird s . T he q u a n t i ty  o f  co n cen tra te  a n d  b u lk  feed con
su m ed  was m easured  da ily . D aily  av e rag e  crude  fib re  in ta k e  could  be ca lcu
la te d  accu ra te ly  from  th e  feed c o n su m p tio n  d a ta  an d  fro m  th e  d ie ta ry  fib re  
c o n te n t  checked reg u la rly .

F o r la b o ra to ry  te s ts  aim ed a t  d e te rm in in g  th e  m e tab o lic  s ta tu s  an d  
c o n d itio n  of th e  liv er, b lood  and  liv e r sam p les  were ta k e n  fro m  10 eight-w eek- 
o ld  geese in  each g roup .

T he a c tiv ity  o f a sp a r ta te  am in o tran sfe rase  (A ST; E .C .2.6.1.1) in 
d ic a tiv e  of th e  physio log ica l s ta tu s  o f  th e  liv er w as d e te rm in e d  in  th e  blood 
p la sm a  b y  th e  co lo rim etric  m ethod  d esc rib ed  b y  R e itm a n n  a n d  F ra n k e l (1957).

O f th e  p a ra m e te rs  o f c a rb o h y d ra te  m etabo lism , g lucose co n cen tra tio n  
o f  th e  b lood p lasm a w as d e te rm in ed  b y  T rin d e r’s m e th o d  (1969).

O f th e  p a ra m e te rs  o f lip id  m e tab o lism , to ta l  lip id , to ta l  cho lestero l an d  
free  f a t ty  acid c o n c e n tra tio n  o f th e  b lo o d  p lasm a an d  to ta l  lip id  co n ten t o f 
th e  liv e r  were m o n ito red . T o ta l lip id  c o n te n t  of th e  b lood  p la sm a  w as m easured  
b y  th e  su lfophospho-van illic  acid re a c tio n  (C hristie , 1982). T o ta l cholestero l 
co n c e n tra tio n  w as d e te rm in ed  b y  W a tso n ’s (1960) en zy m atic  p rocedure , while 
th e  co n cen tra tio n  of free  f a t ty  acids w as m easu red  b y  th e  co lo rim etric  m ethod  
o f D uncom be (1964).

T he caro tene, v i ta m in  A an d  v ita m in  E c o n cen tra tio n  o f b lood p lasm a 
a n d  liv e r sam ples ta k e n  from  8-w eek-old  geese was d e te rm in ed . T o ta l caro tene  
a n d  v ita m in  A c o n te n t o f th e  b lood  p la sm a  was m easu red  b y  sp ec tro p h o to 
m e try  according to  B árd o s (1988). T o ta l ca ro ten e  an d  v ita m in  A co n ten t o f 
th e  liv e r sam ples w as also d e te rm in ed  b y  sp e c tro p h o to m e try  a fte r  sap o n i
f ic a tio n  and  e x tra c tio n  w ith  p e tro leu m  e th e r  (B árdos, 1988; Mézes, 1979). 
T h e  v ita m in  E c o n te n t o f th e  b lood  p la sm a  w as d e te rm in ed  b y  B ieri’s (1964)
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Table 1

Com position and  n u tr ie n t c o n te n t o f basal d ie t

In g red ien ts  an d  ana lyses P ercen tag e

G ro u n d  com 60.20
Sunflow er meal (45% ) 20.50
A lfalfa m eal 8.00
T o ru la  y eas t 1.00
F a t  pow der (50% ) 3.00
B io m e tin  (20%  m ethionine) 1.50
B io liz in  (20%  lysine) 1.80
V itam in  and trace m ineral prem ix 4.00
T o ta l 100.00

C alcu la ted  analyses
A M E n(M J/kg) 11.70
P ro te in 16.00
E th e r  e x tra c t 3.50
C rude f ib e r 5.30
M ethionine +  cystine 0.84
M ethionine 0.60
L ysine 0.94
Calcium 1.20
P h o sp h o ru s (total) 0.60

C rude protein /A M E n (g/M J) 13.60
L ysine/A M E n (g/MJ) 0.80
M eth ion ine  +  cystine/AM E„ (g/M J) 0.71

1 Provided p e r k g  of prem ix: V itam in  A, 225,000 IU ; v ita m in  D 3 66,000 IU ; v ita m in  E , 
250 IU ; v itam in  K , 37.50 m g; v itam in  B 2, 120 m g; C a-d -p an to th en a te , 300 m g; v ita m in  B 12, 
0.25 m g; niacin, 875 m g ; choline-chloride, 7500 m g; EM Q , 2062.50 m g; zinc, 1450 m g; copper, 
100 m g; iron , 500 m g ; iod ine, 12.50 m g; m anganese, 1450 m g; selenium , 6.12 m g; phosphorus, 
5 .52% ; calcium , 22 .85% ; sa lt, 7.50%

sp ec tro p h o to m etric  m ethod . V itam in  E  c o n te n t o f  th e  liv e r sam ples w as 
m easured  accord ing  to  H aacker (1977).

S ta tis tica l an a ly s is  of th e  re su lts  w as perfo rm ed  b y  S tu d e n t’s tw o- 
sam ple t-test.

R esu lts

T he feed co n su m p tio n  an d  c rude  f ib re  in ta k e  o f th e  geese are show n in  
T ab le  2. The geese o f  group 2 (alfalfa  h a y  fed  group) consum ed th ree  tim es as 
m uch crude fib re  as th e  contro l b ird s, w hile th e  b ird s in  group  3 (corn silage 
fed  group) took  u p  60%  m ore crude  f ib re  th a n  th e  contro ls.

T able 3 c o n ta in s  th e  values o f  b lood  p a ra m e te rs  in d ica tiv e  of en erg y  
m etabo lism  an d  o f  p a ram ete rs  re flec tin g  liv e r  cond ition . T he resu lts show  
th a t  th e  feeding o f  a lfa lfa  h ay  or co rn  silage fa iled  to  induce  su b s ta n tia l changes 
in  b lood p lasm a glucose concen tra tio n .

Acta Veterinaria Hungarica 40, 1992
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Table 2

Average daily intake of feed and crude fibre (g/day)

1

G r o u p

2 3

Average d a ily  concen tra te  in ta k e 191 187 186
Average da ily  alfalfa  h ay  in tak e 10 142 —

Average da ily  corn  silage in ta k e — — 133
Average da ily  crude fib re  in tak e 10.10 30.60 16.60

Table 3

E ffec t o f d ie ta ry  fib re  in ta k e  on  blood p a ram ete rs  ind ica tive  of carb ohydra te  and lip id  m etabo lism  
and  physiological s ta tu s  o f th e  liver (m ean ±  S.D.)

P aram ete r/g ro u p 1 2 3

N u m b er o f sam ples 10 10 10

P lasm a  glucose (m m ol/L) 4.02 ±  1.54 5.50 ±  0.41 4.22 ±  0.73
P lasm a  lip id  (g/L) 5.93 ±  0.70 4.51** ±  0.56 5.11** ±  0.55
P lasm a  F F A  (m mol/L) 0.30 ±  0.05 0.25* ± 0 .0 3 0.24 ±  0.06
P lasm a  cholesterol (m m ol/L) 4.28 ±  0.12 4.50** ±  0.11 4.28 ±  0.66
P lasm a  AST a c tiv ity  (U /L) 14.00 ±  3.10 12.50 ± 3 .5 1 12.50 ±  2.26

Levels of significance: * =  P  <  0.05 1 v s 2; 1 vs 3 
** =  P  <  0.01 1 vs 2; 1 vs 3

T o ta l lip id  c o n c e n tra tio n  of th e  b lo o d  p lasm a an d  liver w as in  th e  p h y s io 
log ical range in  all th re e  groups. I t  w as rem ark ab le  t h a t  lip id  c o n c e n tra tio n  
w as low er in  th e  g roups given b u lk  feeds ad libitum  th a n  in  th e  co n tro l g roup . 
T he co n cen tra tio n  of free fa t ty  acids in d ic a tiv e  of lip id  m obilization  w as also in  
th e  physio logical ran g e . F ree f a t ty  ac id  co n cen tra tio n  was low er in  b o th  e x p e ri
m e n ta l groups th a n  in  th e  con tro l g ro u p  (average v alue: 0.3 mmol/1); how ever, 
o n ly  in  th e  case o f g ro u p  3 was th a t  d ifference s ta tis tic a lly  sign ifican t.

T he blood cho lestero l va lues m easu red  can be considered  physio log ica l 
(4 .28-4 .50  mmol/1), a n d  th e  d ifferences fo u n d  am ong th e  th ree  g roups are  
b io logically  negligible, th o u g h  th e  b lo o d  cholestero l co n cen tra tio n  of th e  alfalfa  
h a y  fed  group (g roup  2) s ig n ifican tly  exceeded  th a t  o f th e  contro l.

E lev a ted  b lood  p lasm a AST a c tiv i ty  in d ica tiv e  o f liver in ju ry  could  
n o t  be  observed  in  a n y  o f th e  groups. T h e  m in o r differences m easu red  be tw een  
th e  m ean  values (12 .5 -14 .0  U /L) h a v e  no  p rac tica l im portance .

T he blood of geese fed  alfalfa h a y  a n d  corn  silage co n ta ined  h ig h e r levels 
o f ca ro ten e  and  v ita m in  A, an d  ca ro ten e  sto rage  was m ore p ro nounced , th a n  
in  th e  contro ls. A t th e  sam e tim e , th e  s to rag e  and  tra n s p o r t  o f v i ta m in  E  
w ere p rac tica lly  u n ch an g ed  (Table 4). T he tran sfo rm a tio n  of ca ro ten e  in to  
v ita m in  A seem ed to  be m ore e ffic ien t in  th e  con tro l g roup  th a n  in  th e  ex p e ri
m e n ta l groups fed  a b u lk  feed (alfalfa  h a y  or corn silage) ad libitum.
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Table 4

Carotene, v itam in  A and vitam in E  content of plasma and liver (mean ±  S.D.)

P a ram e te r/g ro u p P lasm a L iv e r

Carotene (m g/L, mg/g)
1 0.89 ± 0 .1 8 0.37 ± 0 .0 3
2 1 .40***±0.17 0 .74**±0.17
3 1.35** ± 0 .2 7 0.69* ± 0 .2 7

Vitam in A  (HJ/L, IU/g)
1 2630.81 ± 153 .37 40 .56±21 .32
2 3202.21 **±302 .94 4 3 .0 5 ±  6.36
3 2952 .22**±  73.77 4 4 .30± 19 .98

Vitam in E  (mg/L, цg/g)
1 2 .2 0 ± 0 .2 0 6 .7 4 ± 0 .3 9
2 2 .28± 0 .24 7 .0 2 ± 0 .6 2
3 2 .3 8 ± 0 .2 5 7 .25± 0 .51

Levels o f  significance: * =  P  <  0.05 1 vs 2; 1 vs 3
** =  P  <  0.01 1 vs 2; 1 vs 3 

*** =  P  <  0.001 1 vs 2; 1 vs 3

Discussion

T he glucose co ncen tra tions m easu red  in  th e  b lood  p lasm a (4 .02-5 .50 
mmol/1) can  he considered  physio logical (M észáros, 1976; Szép e t al., 1976). 
S to ry  and  K ritc h e v sk y  (1976) fo u n d  th a t  d iffe ren t ty p e s  o f fib re  have  d issim ilar 
effects on th e  b lo o d  glucose level, a n d  th a t  th e  effect ex e rted  b y  crude f ib re  
is in fluenced  also b y  th e  level a n d  q u a lity  o f d ie ta ry  p ro te in  and  fa t. A t th e  
feeding regim en used  in  our case, h ig h  d ie ta ry  fib re  in ta k e  — derived  e ith e r  
from  alfalfa h ay  or from  corn silage feed ing  — caused  no sign ifican t changes 
in  th e  b ird s’ b lood  glucose level.

F rom  d a ta  o f th e  lite ra tu re  i t  appears t h a t  th e  effect o f fib re  on lip id  
m etabo lism  depends n o t only on th e  abso lu te  in ta k e  of f ib re  or th e  re la tiv e  
am o u n ts  of th e  d iffe ren t fib re  frac tio n s , b u t  also on th e  p ro te in  an d  lip id  
su p p ly  s ta tu s  (S to ry  an d  K ritch ev sk y , 1976). T o ta l lip id  c o n te n t of th e  b lood  
p lasm a and  liver sam ples te s ted  w as w ith in  th e  physio logical lim its  (H u n sak er 
an d  H u n t, 1964); how ever, in  th e  co n tro l geese i t  w as s ig n ifican tly  h igher 
th a n  in  those g iven  alfalfa h ay  or co rn  silage ad libitum  in  add itio n  to  th e  
co n cen tra te  fed. H ow ever, even th e  values m easu red  in  th e  con tro l group are  
n o t suggestive o f f a t ty  degenera tion  o f the liver.

Cholesterol co n cen tra tio n  o f th e  b lood p lasm a w as in  th e  physio logical 
range  in  all g roups (K arsai, 1974). E a rlie r find ings o b ta in ed  in  m am m als 
suggest th a t  to ta l  lip id  and  to ta l cho lestero l co n cen tra tio n  are  closely co rre la ted  
(K arsa i, 1974). I n  th is  experim en t co n d u c ted  w ith  geese, how ever, we fo u n d
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no  su ch  correlation . O u r d a ta  do n o t su p p o r t observ a tio n s accord ing  to  w hich 
sap o n in s  ta k e n  up  w ith  th e  feed  (in  o u r case w ith  alfalfa) w ould  decrease th e  
p la sm a  cholesterol level (C lary  e t  ah , 1960; N ew m ann e t ah , 1958). N am ely , 
th e  b lood  cholesterol level of geese fed  also alfalfa (group  2) d id  n o t change 
as com pared  to  th e  co n tro l group .

T he level o f free f a t ty  acids (F F A ), w hich re flec ts  th e  degree o f lip id  
m ob iliza tio n , d id  n o t  in d ica te  en h an ced  a n d  patho log ica l lip id  m obiliza tion . 
O n th e  co n tra ry , h igh  f ib re  in ta k e  re su lte d  in  low er F F A  co n cen tra tio n s .

B lood p lasm a A ST a c tiv ity , w h ich  ind ica tes th e  physio log ical s ta tu s  
o f  th e  liver, was in  th e  n o rm al ran g e  ty p ic a l o f th e  species th ro u g h o u t (B okori 
a n d  K arsa i, 1969; H o rv á th  an d  B okori, 1971), in d ica tin g  th a t  h igh  fib re  feed
in g  d id  n o t cause a liv e r in ju ry  d e te c ta b le  b y  enzym e d iag n o stic  te s ts . In  
ch ickens fed d iets su p p lem en ted  w ith  h ig h -fib re  alfalfa m eal, p u re  cellulose or 
rice  h u sk , A kiba  an d  M atsu m o to  (1980) observed  a decrease in  b lood  p lasm a 
A S T  ac tiv ity . S im ilar o b se rv a tio n s cou ld  n o t  he m ade in  th is  case.

O n th e  basis o f b lood  p lasm a  a n d  h ep a tic  ca ro ten e  c o n cen tra tio n  and  
th e  v ita m in  A c o n te n t of th e  liver, c a ro ten e  and  v ita m in  A tra n s p o r t  and  
c a ro te n e  storage w ere m u ch  m ore p ro n o u n ced  in  goose g roups fed  alfalfa  h ay  
o r  co rn  silage th a n  in  th e  geese fed  co n c e n tra te  only. T he ca ro ten e  — v itam in  
A  tra n s fo rm a tio n  w as, how ever, m ore e ffic ien t in  th e  co n tro l geese, as show n 
b y  b lood  p lasm a an d  h e p a tic  ca ro ten e  a n d  v ita m in  A co n cen tra tio n s  as well 
as th e ir  ra tio s . T h is can  he a t t r ib u te d  p a r t ly  to  th e  fac t t h a t  th e  co n cen tra te  
m ix  fed  con ta ined  su ffic ien t ca ro ten e  a n d  v ita m in  A to  m eet th e  req u irem en ts  
o f  geese. N am ely , i t  is know n  th a t  — as w ith  o ther n u tr ie n ts  — th e  re la tiv e  
q u a n t i ty  of abso rbed  ca ro ten e  decreases in  th e  case o f excess co n sum ption  
(S h aeffe r e t ah, 1988).

In  goose fed  b u lk  feeds (groups 2 a n d  3), v ita m in  E  c o n te n t of th e  blood 
p la sm a  an d  liver d id  n o t change. T h is o b se rv a tio n  su p p o rts  d a ta  o f th e  lite ra 
tu r e  accord ing  to  w hich  th e  h igh  level o f /5-carotene (B end ich  an d  Shapiro ,
1986), b u t even m ore o f v ita m in  A (C om bs, 1976; F rigg  an d  B roz, 1984; B lakely  
e t  ah , 1990) causes th e  b lood  p lasm a  v ita m in  E  level to  decrease, an d  th a t  
^ -c a ro te n e  an d  v ita m in  A  ex ert a synerg is tic  effect on th e  m etabo lism  of 
v i ta m in  E . P re su m ab ly , th e  in te ra c tio n  am ong  caro tene , v ita m in  A an d  v i ta 
m in  E  can  be p a r tly  a t t r ib u te d  to  th e  fa c t th a t  these  su b stan ces are  tra n sp o rte d  
in  th e  blood b o u n d  to  th e  lip o p ro te in  frac tions of th e  b lood  p lasm a and , th u s , 
a c e r ta in  “ c o m p e titio n ”  develops am ong  th em .
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D E S C R IP T IO N  O F  DOGIELIUS MOLNÁRI  N . SP . 
(M O N O G E N E A : D A C T Y L O G Y R ID A E )

F R O M  T H E  G IL L S  O F  A N  
I R A N I A N  F R E S H W A T E R  F I S H ,

CY PR IN IO N  MACROSTOMUM  (H E C K E L )

B . J a l a l i

Fisheries Co. o f I ra n , In la n d  W ater an d  A q u a cu ltu re  D e p a rtm en t, F ish  Disease 
Control Service, T eh ra n , I ra n

(R eceived O c to b er 1, 1992)

T he occurrence o f a new  Dogielius species is rep o rted  from  th e  gills of C yprinion  
macrostomum (C yp rin idae), an  endem ic f ish  o f th e  R iv e r T igris w a te r system . T he 
species is described as Dogielius molnári n . sp.

Key words: M onogenca, Dogielius, new  species, I ra n

T he fresh w ate r fish  fa u n a  of so u th -w este rn  I ra n  belongs to  th e  M esopota
m ian  fa u n a  region, an  in te rm ed ia te  zoogeographical region betw een  th e  P a lae- 
a rc tic  an d  In d ia n  g rea t regions. T he reg ion , w ith  its  riv ers  belonging to  th e  
Tigris an d  E u p h ra te s  w a te r  system , is m o stly  p o p u la ted  b y  endem ic fish  
species (B erg , 1949). D acty logyrids, th e  m a jo rity  of tvhich are s tr ic tly  host- 
specific  p a ra s ite s , h av e  been rep o rted  to  he rep resen ted  b y  several u nknow n  
species on  endem ic fishes.

T he f irs t  m onogeneans from  I ra n ia n  fishes w ere described  by  B ychow sky 
(1949) w ho re p o rte d  th e  occurrence o f th re e  Dactylogyrus an d  one Ancyro- 
cephalus species from  R iv er K ark lieh . O th e r m onogeneans have been found  
b y  J a la li  an d  M olnár (1990), M olnár an d  Ja la li  (1992), an d  G ussev et al. (1993). 
A m ong th e m , tw o  new  Dogielius species h av e  been  described , D. mokhayeri 
from  A sp ius vorax and  D. persicus from  Carassobarbus luteus, Barbus sharpeyi 
an d  B . grypus.

In  th is  p ap er, Dogielius molnári sp . n ., a m onogenean  occurring  on th e  
gill f ila m e n ts  of th e  cy p rin id  fish  Cyprinion macrostomum  in  th e  R iver Dez 
(P e rs ian  Gulf, R iv e r T igris W ate r S y stem ), is described  an d  depicted .

Materials and methods

F ish  specim ens w ere collected fro m  R iver Dez (a tr ib u ta ry  of R iver 
K h aro o n , P e rs ian  G ulf W a te r  System ). P a ra s ite s  w ere co llec ted  u n d er a s te reo 
m icroscope a t  40- to  100-fold m ag n ifica tion . M onogeneans were p icked  off,
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w ith  a p ip e tte , from  gill scrap ings alive, p laced  under a coverslip  an d  fix ed  in  
am m o n iu m  p ic ra te  so lu tion . M easu rem en ts w ere ta k e n  a n d  draw ings m ade 
usin g  a ligh t m icroscope f i t te d  up  w ith  a draw ing  eq u ip m en t. T he m easu re 
m e n ts  were ta k e n  an d  th e  te rm in o lo g y  w as used as recom m ended  b y  G ussev 
(1983). All m easu rem en ts are  g iven  in  /m i.

Results

Three Dogielius specim ens w ere fo u n d  on th e  gills o f fo u r one-year-o ld  
Cyprinion macrostomum. T hey  belonged  to  a species new  fo r th e  science, th e  
d escrip tio n  of w hich is given below :

Dogielius molnári sp. n. (F ig . 1)

H o s t:  Cyprinion macrostomum  (H eckel)
L o ca lity : R iver Dez 
Specim ens s tu d ied : 3
T y p e  m ate ria l: H o lo ty p c  deposited  in  th e  m onogenean co llection  of th e  Z oo
log ica l D e p a rtm e n t, N a tu ra l H is to ry  M useum , B u d ap est, H u n g a ry

D escrip tio n :
S m all w orm s w ith  tw o  p a irs  o f eyes. B o d y  len g th  468 (450-504), w id th  132 
(126-144). M arginal hooks w ith  a w ell-p ro jec ted  heel of b lade  20.2 (18 .2-22 .5).

F ig . 1. S chem atic  illu s tra tio n  of th e  sc lero tized  e lem ents o f D o g ie liu s  m o ln á ri n . sp. 
(a) an ch o rs; (b) b a r ;  (c) co p u la to ry  organ ; (h) m arg inal hooks
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A nchors w ith  less developed  o u te r a n d  in n e r  roo ts. P o in ts  o f th e  anchors open 
w ith  w ell-em phasized  b lades. Y e n tro a p ic a l len g th  of th e  anchors 48.2 (46 .5 - 
51), d o rsoap ica l leng th  o f  th e  anchors 31.5 (28.2-33.3). D orsal ro o t 6.8 (6 .1 -7 .1 ), 
v e n tra l ro o t 5.8 (5 .5-5 .9). The b lad e  o f  th e  p o in t 8.5 (8 .4-8 .6). C onnective 
b a r  is s lig h tly  ben t, its  la te ra l ends e n la rg e d . W id th  of th e  b a r  51 (46.5-59 .8), 
len g th  a t  th e  ends 10 (8 .3-11.6) in  th e  m id d le  4.7 (3 .8-5 .0). C opu la to ry  o rgan  
is com posed  o f an  elongated  tu b e , w ith  a  b a s a ip a r t  hav ing  an  elongated  process 
an d  a p incers-like accessory  p a r t. L e n g th  o f  th e  co p u la to ry  o rgan  34.1 (3 1 .5 - 
35.7).

D iscussion

T he genus Dogielius was f irs t d e sc r ib e d  b y  B ychow sky (1936) w ho re p o r t
ed th e  occurrence  of D. forceps from  th e  C en tra l A siatic  reg ion . I t  w as also 
B ychow sky  (1957) w ho described D. p la n u s  from  th e  R iv e r A m u -D ary a . 
L a te r  on , severa l species of Dogielius w ere  found  in  A frica (P a p e rn a , 1969, 
1973; G u eg an  e t al., 1988; G uegan a n d  L a m b e r t, 1991). O n th e  basis o f J a in ’s 
d a ta , G ussev  (1973-1974) described a Dogielius species from  th e  In d ia n  region. 
F ro m  I r a n  tw o  Dogielius species, D. mokhayeri and  D. persicus h av e  been  
described  in  th e  fram ew ork  of th e  p re s e n t  s tu d y  series (Ja la li an d  M olnár, 
1990; M o ln ár and  Ja la li, 1992). In  th e  l a t t e r  tw o papers a re g re tta b le  e rro r 
was c o m m itte d  and  th e  genus n am e “ Dogielius”  was erroneously  w ritte n  as 
'‘iDogelius,'> th ro u g h o u t.

F ro m  th e  resu lts  o b ta in ed  th e  co n c lu sio n  can be d raw n  th a t  Dogielius 
spp . are  m ore  w idespread  species th a n  i t  w as p rev iously  believed . T hus, th e  
occurrence  o f  several new  species c a n  b e  expected  in  fishes in  ev ery  reg ion  
o f th e  w orld  excep t on th e  A m erican a n d  th e  E u ro p ean  c o n tin en t.

T h e  species described  in  th is  p a p e r  w as nam ed  a fte r d r. K á lm án  M olnár, 
a w ell-know n H u n g arian  fish  p a ra s ito lo g is t.
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E F F E C T  O F A N T H E L M IN T IC S  
O N  P H O S P H A T A S E S  I N  ASCARIDIA GALLI

R am a A g g a r w a l1, S. N. Sa n y a l 2* and S. K h e r a 1

'D e p a rtm e n t of Zoology an d  d e p a r t m e n t  o f B iophysics, P a n jab  U n iv ersity , 
C handigarh-160014, In d ia

(R eceived A u g u st 27, 1992)

I n  vitro  ad d itio n  o f th e  d rugs te tram iso le  (TMS) an d  levam isole (LM S) caused  
a n  in h ib itio n  of th e  specific ac tiv ities  o f acid  p h o sp h a tase  and  M g+ + -d ep en d en t ad e 
no sin e  trip h o sp h a ta se . T he in h ib itio n  w as n o n -co m p e titiv e  in  n a tu re . No sign ifican t 
in h ib itio n  was caused b y  TMS in  th e  a c t iv ity  o f g lucose-6-phosphatase, b u t  LMS in 
h ib ite d  th e  enzym e in  a  n o n -com petitive  m an n e r. T he a c tiv ity  o f alkaline  p h o sp h a tase  
w as, how ever, increased  in  th e  p resence o f b o th  TMS a n d  LMS.

Key words: A sc a r id ia  g a lli , an th e lm in tic s , p h o sp h a tases

P h o sp h a ta se s  are know n to  p lay  a v a r ie ty  o f im p o r ta n t roles a t  th e  
tra n s p o r tin g  surfaces (L um sden , 1975; P a p p a s  an d  R ead , 1975), in  th e  e x tra 
ce llu lar d igestion  an d  p h o sp h o ry la tio n  o f n u tr ie n ts  tra n sp o r te d , secre ted  an d  
ex cre ted  (M aki an d  Y anag isaw a, 1980). D ue to  th e ir  presence a t  th e  ab so rp tiv e  
su rfaces, p h o sp h a tases  re a c t w ith  th e  su b stan ces  in  th e  ex te rn a l m ilieu (P ap p as  
an d  R e a d , 1975). A n th e lm in tic s  m ay  a lte r  th e  enzym es an d  m odify  th e  n o rm al 
m e tab o lism  of th e  ab so rp tiv e  su rfaces d u rin g  th e ir  abso rp tio n . T etram iso le  
(TMS) a n d  levam isole (LMS) are b ro a d -sp e c tru m  an th e lm in tic s  effective ag a in st 
th e  com m on  w orm  in fe s ta tio n s  of b ird s , c a tt le  an d  hum ans. LMS has been 
re p o rte d  to  be m ore ac tive  th a n  TMS (K a te s  e t a l., 1971), h u t b o th  have  a dual 
in h ib ito ry  ac tio n  on n em ato d es b y  e x e rtin g  a d irec t s tim u la to ry  effect on 
m u scu la r c o n trac tio n  (p a ra ly tic ) as well as an  in h ib ito ry  effect upon  th e  fum a- 
ra te  re d u c ta se  system  (B ossche, 1972). In  th is  w ork, th e  effect o f an th e lm in tic s  
on p h o sp h a ta se s  was s tu d ied  a t  d iffe ren t su b s tra te  co n cen tra tio n s in  a d u lt 
Ascaridia galli, in  o rder to  get a b e tte r  in s ig h t in to  th e  com plex  enzym e- 
s u b s tra te  in te ra c tio n  an d  th e  m echan ism  o f in h ib itio n  of th e  enzym e b y  th e  
drugs.

Materials and m ethods

A d u lt specim ens o f Ascaridia galli w ere co llected  from  th e  in te s tin e  of 
fowl p ro c u re d  from  local p o u ltry  fa rm s. T he w orm s w ere th o ro u g h ly  w ashed  in  
saline (0 .9%  NaCl) to  rem ove debris an d  ad h erin g  m ateria ls .

*To w hom  re p rin t req u ests  should he addressed .
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A  10%  h o m o g en ate  of th e  w orm s in  th e ir  respective  bu ffers or 0.25 M 
sucrose was cen trifu g ed  a t  2,000 g fo r 30 m in  a t  4 °C. T he su p e rn a ta n t served  
as th e  source of enzym e ac tiv ity .

A cid (ACP) a n d  alkaline p h o sp h a ta se s  (A L P) w ere e s tim a te d  b y  th e  
m e th o d  of N ate lso n  (1963). Mg + +-d ep en d en t adenosine tr ip h o sp h a ta se  (Mg + +- 
A T Pase) an d  g lucose-6 -phosphatase (G -6-Pase) w ere e s tim a ted  b y  th e  m e th o d  
o f K ieley  (1972) a n d  Sw anson (1950), resp ec tiv e ly .

T he effect o f TM S an d  LMS on  p a ra s itic  enzym es an d  th e ir  M ichaelis- 
M enten  k inetic  p a ra m e te rs  w ere s tu d ie d  b y  ad d in g  th e  drugs a t  a c o n c e n tra 
tio n  o f 0.04 mM (fin a l concen tra tion ) to  th e  s ta n d a rd  in cu b a tio n  sy stem . T his 
co n cen tra tio n  w as d e te rm in ed  on th e  basis o f in itia l la b o ra to ry  ex p erim en ts  
w here i t  was fo u n d  th a t  th e  w orm s w ere co m ple te ly  para ly sed . C om plete 
cessation  of m o tility  w as found  w ith  TM S a fte r  45 m in an d  w ith  LMS a fte r  
30 m in  a t 37 °C. V max (m axim um  o f a p p a re n t in itia l enzym e velocity ) and  
K m (su b stra te  a f f in ity  con stan t) o f th e  h e lm in th  enzym es were d e te rm in ed  b y  
assay ing  th e  enzym es a t  d ifferen t s u b s tra te  co n cen tra tio n  (L inew eaver an d  
B u rk , 1934). S im ilarly , V max an d  K m o f th e  enzym es w ere d e te rm in ed  a fte r  
in  vitro ad d itio n  o f TM S an d  LM S, a t  th e  dose level o f 0.04 m M  of each.

D ifferences b e tw een  th e  m ean  ^  SD values fo r w orm s in  d iffe ren t g roups 
w ere com pared  b y  S tu d e n t’s t- te s t. S ta tis tic a l differences w ere considered  
sign ifican t w hen P  w as 0.05 or less.

Results

T he resu lts  o f  en zy m atic  analysis  show ing specific a c tiv ity , p e rcen tag e  
in h ib itio n  and  d ru g -in d u ced  changes in  V max an d  K m are show n in  T ab les 1 
an d  2. In  vitro a d d itio n  of th e  drugs TM S an d  LMS in h ib ited  enzym e a c tiv ity  
in  A . galli. V ary in g  degrees of in h ib itio n  w ere observed  w ith  th e  d rugs: in-

ТаЫе 1

E ffects o f in  v itro  a d d itio n  of tetram isole an d  levam isole on  th e  phosphatase  enzym es of
A sc a r id ia  ga lli

E n zy m e (jum o l/100 m g 
p ro te in /m in ) C ontrol TM S %  change LM S %  change

A cid phosphatase 3 3 .0 ± 2 .0 21. ± 2 .5 * * * 36.36 15 .0±1 .8*** 54.54
A lkaline phosphatase 1 1 .9± 1 .5 15 .0 ± 2 .0 * ± 2 0 .6 6 15 .0±2 .0* ± 2 0 .6 6
G lucose-6-phosphatase 35.00 ± 2 .0 3 2 .5 0 ± 3 .0 NS 8.57 27 .98±2.0*** 22.85
Mg + +-dependent 

adenosine tr ip h o sp h a 
tase 2 4 0 .00± 10 .0 150.00±15.0*** 37.5 115.00±10.0*** 52.08

The results a re  expressed  as m ean ±  SD of 3 -4  observations 
*P <  0.05; **P <  0.01; ***P <  0.001; NSn ot significant
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Tabic 2

Effects of in  vitro addition of tetramisole and levamisole on Ymax and Itm of the phosphatases
enzymes of Ascaridia galli

V max (//m o le /100 m g  p ro te in /m in ) K m GkM)

C o n tro l TM S LM S Control TM S LM S

A cid  p h o sp h a ta s e 71.42 41.66 31.25 l . i i x i o 3 l . l l X l O 3 l . l l X l O 3
A lk a lin e  p h o sp h a ta se 20.00 33.33 33.33 0 .0 8 X 1 0 3 1.08 X i o 3 1.08 X lO 3
G lu co se -6 -p h o sp h a ta se  
M g + + -d e p e n d e n t

71.42 58.82 50.00 0.08 X 10" 0 .0 8 x 1 0 « 0 .08X 10«

a d e n o s in e  t r ip h o s p h a ta se  500 333 250 5 .8 0 X 1 0 3 5.80 X lO 3 5.80 X lO 3

Ymax =  maximum of apparent initial enzyme velocity; Km =  substrate affinity constant

h ib itio n  of th e  enzym es w as m ore m a rk e d  in  th e  presence o f LM S as com pared  
to  TM S.

A C P ac tiv ity  was red u ced  to  36 .3%  an d  54.5%  by  TM S a n d  LM S, resp ec 
tiv e ly . K m was n o t changed  b u t  V maxw as low ered, hence show ing  a non-com pe-

F ig . 1. (a) Effect of tetramisole (TMS) and levamisole (LMS) on acid phosphatase (ACP) 
in A scarid ia  galli. (b) Vmax and Km of ACP in the presence of TMS and LMS in A . galli
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F ig . 2. (a) Effect of TMS and LMS on alkaline phosphatase (ALP) in A . g  alii, (b) Vmax and 
Km of ALP in the presence of TMS and LMS in A . galli

* (b)

F ig . 3. (a) Effect of TMS and LMS on Mg' ' -dependent adenosine triphosphatase (ATPase) 
in A . galli. (b) Vmax and K m of Mg+ + -dependent ATPase in the presence of TMS and LMS

in A . galli
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F ig . 4 . (a) Effect of TMS and LMS on glucose-6-phosphatase (G-6-Pase) in A . galli. (b) Ymax 
and Km of G-6-Pase in the presence of TMS and LMS in A . galli

t i t iv e  in h ib itio n  b y  th e  drugs (F ig. 1). K m w as e leva ted  in  b o th  cases. Y max 
also show ed an  increase (F ig. 2). A T Pase w as reduced  to  37.5%  and  52.1%  
b y  TM S an d  LM S, resp ec tiv e ly , show ing n o n -co m p etitiv e  b eh av io u r (Vmax 
w as low ered  b u t  K m rem ain ed  u n affec ted ; F ig . 3). TM S caused  no s ig n ifican t 
in h ib itio n  in  th e  a c t iv i ty  of G -6-Pase b u t  LMS in h ib ited  i t  u p  to  22 .8%  K m 
show ed no change b u t  V max was low ered (non-co m p etitiv e  beh av io u r; F ig . 4).

D iscussion

In  pa rasitic  h e lm in th s , p h o sp h a tases  a re  believed to  be invo lved  d irec tly  
in  th e  ab so rp tio n  of n u tr ie n ts . I t  has been  suggested  th a t  th e ir  presence m ay  
be in d ica tiv e  of ac tiv e  tra n s p o r t  (L um sden , 1975). U sing  h istochem ical te c h 
n iques, s tro n g  A CP a c tiv ity  w as d e m o n s tra te d  in  th e  in te s tin e  of a v a r ie ty  
o f n em ato d es such as A . suum  (B orgers an d  De N ollin , 1975) an d  A . galli 
(P a rsh a d  an d  G uraya , 1978). These au th o rs  suggested  th a t  h igh  A CP a c tiv ity  
in  th e  in te s tin e  of th e se  n em ato d es m ig h t be re la te d  to  ex trace llu la r d igestion , 
a b so rp tio n  an d  o th e r re la te d  fu n c tions. A C P a c tiv ity  has also been d e tec ted

2 * Acta Veterinaria Hungarica 40, 1992
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in  th e  cuticle an d  h y poderm is of Litomosoides carinii, Brugia pahangi (M aki 
a n d  Y an ag isaw a, 1980) an d  A . galli (P a rsh a d  an d  G u ray a , 1978), in d ica tin g  
th e  im p o rtan ce  o f th e  b o d y  w all as th e  s ite  o f n u tr ie n t ab so rp tio n . C hakro- 
b a r ty  e t al. (1976) show ed th a t  TM S in h ib ite d  A CP a c tiv ity  in  A . galli. T he 
in h ib itio n  of enzym e a c tiv ity  b y  TM S an d  LMS as fo u n d  in  th is  s tu d y  sug 
gests  th a t  th e  a b so rp tio n  an d  in tra c e llu la r  d igestion  of th e  d ru g  m ay  invo lve  
lysosom es (Colán, 1971). A  decrease in  a c t iv i ty  is p ro b a b ly  due to  its  leakage 
in to  th e  m edium  as a re su lt of th e  d is ru p tio n  of ab so rp tiv e  surfaces (B orgers 
a n d  D e N ollin, 1975; H a r t  e t al., 1977). T he n o n -co m p etitiv e  n a tu re  o f enzym e 
in h ib itio n  induced  b y  th ese  drugs (K m w as n o t changed  b u t  V max was low ered) 
also  suggests th a t  s u b s tra te  b in d ing  to  th e  ca ta ly tic  site  o f th e  enzym e was 
n o t  affected .

In  th e  p re sen t s tu d y , A L P  a c tiv ity  w as d e tec ted  in  A . galli b u t  w as q u ite  
low  as com pared  to  th e  a c tiv ity  o f A C P. T h is is con sis ten t w ith  th e  find ings 
o b ta in e d  for Haemonchus contortus(K a u r  a n d  Sood, 1982). H ence, acid p h o sp h a 
ta s e  is  th e  m a jo r enzym e invo lved  in  th e  hydro lysis o f p h o sp h a te  esters  in  
g a s tro in te s tin a l n em ato d es. The a c tiv ity  o f  A L P  increased  u p o n  a d d itio n  of 
th e  drugs TMS a n d  LMS in  A . galli. B o th  K m and  V max w ere affected , in d ic a t
in g  th a t  a lth o u g h  th e  su b s tra te  a f f in ity  o f  th e  enzym e w as affec ted  a d 
v e rse ly , th e  n u m b e r o f effective enzym e m olecules av a ilab le  was qu ite  h igh . 
R afo x an id e  an d  TM S tre a tm e n t in  H . contortus also increased  A L P  a c tiv ity  
(K a u r  and  Sood, 1982). In creased  A L P  a c tiv ity  m ay  in d ica te  certa in  a l te r 
a tio n s  in  th e  tra n s p o r t  processes.

M g+ +-d ep en d en t A T Pase is w ide ly  d is tr ib u te d  in  helm in th s . K a u r  and  
Sood (1982) d e m o n s tra te d  A T Pase a c tiv i ty  in  H. contortus A T Pase is know n  
to  be  re la ted  to  energy  m etabo lism , ac tiv e  tra n sp o r t  an d  lip id  sy n th es is  
(L ehn inger, 1975). C onsequen tly , a n y  e ffec t on A T Pase m ay  resu lt in  th e  
a lte ra tio n  of these  m etabo lic  processes. T he a c tiv ity  of th is  p h o sp h a tase  u n d e r
goes a red u c tio n  in  A . galli u p o n  a d d itio n  o f b o th  TMS a n d  LMS (LMS causes 
a m ore  m ark ed  red u c tio n ). Y max is low ered  b u t  K m rem ain s unchanged , 
show ing  th a t  th e  in h ib itio n  is o f n o n -co m p etitiv e  n a tu re . A T Pase a c tiv ity  
h a s  been  re p o rte d  to  be reduced  to  som e e x te n t b y  th e  d rugs ra fo x an id e  an d  
TM S in  H. contortus (K a u r  and  Sood, 1982).

G -6-Pase a c tiv ity  show ed no s ig n ifican t change in  A . galli a fte r th e  ad d i
t io n  o f TMS w hile i t  u n d erw en t a s ig n ifican t decrease in  th e  presence o f LMS. 
In  H . contortus, TM S caused  a neglig ib le change in  G -6-Pase a c tiv ity  b u t 
ra fo x an id e  p ro d u ced  an  e leva tion  in  th e  a c t iv i ty  of th a t  enzym e (K a u r and  
Sood, 1982). G -6-Pase p resu m ab ly  has a ro le in  d igestion  an d  in  ab so rp tio n  
o f  n u tr ie n ts . N o d irec t evidence ex ists, how ever, to  su p p o rt th a t  phospho- 
h y d ro lases  p resen t a t  th e  ab so rp tiv e  surfaces fu rn ish  an y  k inetic  ad v an tag e  
in  th e  abso rp tion  o f p ro d u c ts  form ed b y  th e  hydro lysis o f g lucose-6-phosphate 
a n d  glycerol p h o sp h a te  (P a rsh ad  an d  G u ray a , 1978),
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EFFECT OF ACUTE SALI NOM YCIN-TIAMULIN 
TOXICITY ON THE LIPID PEROXIDE 

AND ANTIOXIDANT STATUS OF BROILER CHICKEN
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The combined effect, if any, of salinomycin poisoning and salinomycin-tiamulin 
interaction on lipid-peroxidative processes and the antioxidative defence system of 
the liver was studied in domestic fowl. Male broilers (28-day-old), reared on a diet con
taining 60 mg/kg salinomycin, were treated intraoesophageally with salinomycin (140 
mg/kg body mass) or tiamulin (50 mg/kg body mass). Malondialdehyde, reduced gluta
thione and cytochrome P-450 concentrations as well as glutathione peroxidase and 
catalase activities of the liver were determined. Liver malondialdehyde concentration 
rose in the salinomycin-treated group while the amount of cytochrome P-450 increased 
in both groups treated. Glutathione concentration and glutathione peroxidase activity  
of the liver decreased rapidly but hepatic catalase activity increased in both groups 
after the treatment. Manifestation of the effect exerted by salinomycin and salinomycin- 
tiamulin on lipid-peroxidative processes nearly coincided with the onset of clinical 
signs and preceded the increase of hepatic cytochrome P-450 concentration. Ac
cording to the results, the background of the previously reported incompatibility 
between salinomycin and tiamulin is the synergistic effect exerted on the antioxidant 
(glutathione) system.

Key words: Salinomycin, tiamulin, toxicity, broiler chicken, lipid peroxidation, 
glutathione

One o f th e  m ost im p o r ta n t  d rug  in co m p atib ilitie s  cu rre n tly  know n in 
th e  v e te r in a ry  p rac tice  is th e  in te rac tio n  b e tw een  som e ionophore an tib io tics 
(e.g. inonensin , sa linom ycin , narasin ) an d  tiam u lin . T he clin ical signs an d  
patho log ica l changes o f to x ic i ty  caused b y  such  d ru g  in com patib ilities  have 
been  rep o rted  b y  severa l a u th o rs  from  p o u ltry  (H o rro x , 1980; W eism an e t al., 
1980) an d  sw ine (M iller e t  ah , 1986; R o m v áry  an d  F isi, 1988; W anner, 1984).

The m echanism  o f th is  to x ic  in te ra c tio n  is n o t know n y e t. In  iso la ted  
r a t  liver p rep a ra tio n s , t ia m u lin  was found  to  reduce  th e  d eg rad a tio n  and  
elim ination  o f m onensin  (M eingassner e t ah , 1979). T he au th o rs  concluded 
th a t  co -ad m in is tra tio n  o f  th e se  drugs causes an  overdosage-like cond ition  in  
respect o f m onensin . L a c z a y  e t al. (1990), d e m o n s tra tin g  increased  ac tiv ities 
of m icrosom al enzym es a f te r  s im u ltaneous t r e a tm e n t  of chickens w ith  m on
ensin and  tiam u lin , a rr iv ed  a t  a sim ilar conclusion. In  ou r prev ious experi
m en t, we fo u n d  s ig n ifican t en h an cem en t o f th e  lip id -p e ro x id a tiv e  processes 
— w ith in  a re la tiv e ly  sh o rt tim e  — in  th e  liver d u rin g  acu te  m onensin  po ison
ing of chickens (Sályi e t ah , 1990).
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T he aims o f th e  p re se n t s tu d y  w ere to  d e tec t tim e  differences in  lipid- 
p e ro x id a tiv e  processes o f th e  liver a fte r  sa linom y cin -tiam u lin  in te ra c tio n  and  
salinom ycin  poisoning, as well as to  d e te rm in e  h ep a tic  cy to ch ro m e P-450 
co n cen tra tio n , in  o rd e r to  o b ta in  a b e tte r  u n d e rs tan d in g  of th e  m echanism s 
o f ac tion .

M ateria ls an d  m ethods

A cute po isoning  w as in d u ced  in  a group of 28-day-o ld  cockerels b y  oral 
ad m in is tra tio n  of sa lin o m y cin  (140 m g/kg  bo d y  m ass) an d  in  a n o th e r  group 
o f  b ird s by  oral t ia m u lin  t r e a tm e n t (50 m g/kg bo d y  m ass). A th ird  group 
se rved  as contro l a n d  w as tre a te d  s im u ltan eo u sly  w ith  th e  sam e volum e of 
ta p -w a te r  (0.5 m l p e r b ird ). T he d ie t o f th e  b ird s  co n ta in ed  60 m g/kg  sa lino
m y c in  before and  d u rin g  th e  ex p erim en t. Before t re a tm e n t an d  2, 8 an d  
24 h  th e rea fte r, 6 tr e a te d  an d  6 co n tro l chickens each w ere killed . T heir 
livers were frozen a n d  s to red  a t  — 18 °C u n til  processed. Before th e  analyses, 
th e  liver sam ples w ere hom ogenized  in  cold ( —4 °C) iso ton ic  saline. M alon- 
d ia ldehyde (T B A -reactive substances) w as d e te rm in ed  in  th e  in ta c t  h om ogenate  
u sin g  th e  th io b a rb itu r ic  acid  re a c tio n  (M ihara e t ah , 1980). T he g lu ta th io n e  
c o n te n t of th e  liv er h o m ogena te  w as m easu red  a fte r d ep ro te in iza tio n  b y  th e  
m e th o d  of Sedlak  a n d  L in d say  (1968). C ytochrom e P-450 (E .C . 1.14.14.1) 
c o n te n t was m easu red  b y  th e  ca rb o n  m onoxide b ind ing  m eth o d  o f O m ura  and  
S a to  (1964) in  th e  liv e r  m icrosom al frac tio n . G lu ta th io n e  p erox idase  (E.C . 
1.11.1.9) and ca ta la se  (E .C .1.11.1.6) ac tiv itie s  of th e  10,000 g su p e rn a ta n t of 
th e  liver hom ogenate  w ere d e te rm in ed . G lu ta th io n e  perox idase  a c tiv ity  was 
m easu red  using a d irec t assay  (M atkovics e t ah , 1988) an d  expressed  in  a u n it 
t h a t  corresponds to  1 nm ol g lu ta th io n e  oxidized per m inu te . C atalase a c tiv ity  
w as m onitored  b y  th e  assay  o f Beers an d  Sizer (1952) an d  expressed  in  Berg- 
m ey er u n its  (1 B. U . is th e  a m o u n t of ca ta lase  w hich decom poses 1 m eq H 20 2 
p e r m in). The enzym e ac tiv itie s  w ere re la te d  to  1 g p ro te in  c o n te n t o f th e  
su p e rn a ta n t w hich w as d e te rm in ed  using  th e  Fo lin -pheno l re a g e n t (L ow ry  
e t a l., 1951).

S ta tis tic a l analy sis  of th e  re su lts  w as done b y  th e  paired  i- te s t.

R esu lts

Clinical observations

Clinical signs ap p e a re d  v e ry  soon a fte r  salinom ycin  an d  re la tiv e ly  slowly 
a f te r  tiam u lin  a d m in is tra tio n . Two h ours a fte r salinom ycin  tr e a tm e n t,  all th e  
tr e a te d  chickens w ere s ittin g  or ly ing  on th e ir  sides. A fter tia m u lin  a d m in is tra 
tio n , th e  onset of clin ical signs w as slow er: ab o u t o n e-th ird  of th e  b ird s  show ed
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u n s te a d y  g a it and  signs of depression a t  4 h  a f te r  th e  tre a tm e n t. T he clinical 
signs subsided  8 h  a f te r  th e  tre a tm e n t an d  d isap p eared  24 h  la te r. N o m o r
ta li ty  w as observed d u rin g  th e  experim en t.

Biochemical analyses

D u rin g  th e  24-li period  of s tu d y , a m ark ed  increase was found  in  th e  
m alond ia ldehyde c o n te n t of th e  liver, b u t  on ly  in  th e  sa lin o m y c in -trea ted  
group w here th e  d ifferences were sign ifican t a t  8 h  (P  <  0.05) an d  24 h  (P  <  
0.01) a f te r  tre a tm e n t (F ig . 1).

□  T iam ulin

□  S a l i n o m y c i n  

В  C o n t r o l

2 8  2 4  h o u r s  a f t e r  t r e a t m e n t

Fig. 1. Glutathione content of the liver homogenate (/tmol/g)

G lu ta th io n e  c o n te n t of th e  liver (F ig. 2) show ed a sign ifican t (P  <  0.001) 
decrease in  b o th  g roups 2 h  a fte r t re a tm e n t an d  also 8 h  a fte r i t  (P  <  0.001 
in  th e  salinom ycin- an d  P  <  0.05 in  th e  tia m u lin - tre a te d  group). One d a y  a fte r  
th e  ex p e rim en ta l in d u c tio n  of acu te  salinom ycin  and  tiam u lin  poisoning, h e 
patic  g lu ta th io n e  c o n cen tra tio n  rose to  th e  co n tro l level.

C y tochrom e P-450 co n cen tra tio n  o f th e  liv e r show ed a m ark ed  increase  
8 h a fte r  t re a tm e n t (F ig . 3) b u t in  th e  t ia m u lin - tre a te d  group th e  d ifference 
was s ig n ifican t (P  <  0.01) only  a t th a t  tim e . O ne d ay  a fte r in to x ica tio n , b o th  
tre a te d  g roups show ed a s ig n ifican tly  (P  <  0.01) h igher cy tochrom e P-450 
co n cen tra tio n  as co m p ared  to  th e  con tro l.

G lu ta th io n e  p erox idase  a c tiv ity  w as s ig n ifican tly  (P  <  0.05) red u ced  in  
b o th  o f th e  tre a te d  g roups 2 h  a fte r t re a tm e n t, increased  to  th e  co n tro l level 
a t 8 h , a n d  rose s ig n ifican tly  (P  <  0.05) up  to  th e  2 4 th  h in  th e  tiam u lin -  
tre a te d  g roup  (Fig. 4). G lu ta th io n e  perox idase a c tiv ity  was reduced  also in  th e  
contro l g roup  during  th e  period  of s tu d y .

A da  Veter inaria Hungarica 40, 1992



254 M É Z E S  e t  al.

□  T ia m u l in  

И  S a l i n o m y c i n  

■  C o n t r o l

2  8  2 4  h o u r s  a f t e r  t r e a t m e n t

F ig .  2 .  M alondialdehyde content of the liver homogenate (,itmol/g)

Changes in  c a ta la se  ac tiv ity  w ere d iff ic u lt to  in te rp re t, since ca ta lase  
a c tiv ity  was fo u n d  to  decrease rap id ly  in  th e  co n tro l group sim ilarly  to  g lu ta 
th io n e  perox idase , w hile  i t  rem ained  n e a r ly  a t  th e  in itia l level in  th e  t r e a te d  
g roups (Fig. 5).

jumol/g :

2 5  1

D iscussion

The resu lts  o f  th is  s tu d y  are ra th e r  d iff ic u lt to  in te rp re t; how ever, th e y  
m a y  shed som e lig h t on th e  p a thoh iochem ica l even ts occurring  a fte r  to x ico 
logical in te ra c tio n  b e tw een  salinom ycin  a n d  tiam u lin , a process th a t  h a s  been  
observed  b o th  in  th e  f ie ld  and  u n d er e x p e rim e n ta l conditions.

2  8  24  h o u r s  o f f e r  t r e a t m e n t

F i g .  3 .  Cytochrome P-450 conten t of the liver (nmol/g)
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U / g  p r o t e i n  
c o n t e n t  “
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2 8  2 4  h o u r s  a f t e r  t r e a t m e n t

F ig. 4. G lutathione peroxidase activ ity  o f the liver hom ogenate (U /g  protein content
of 10,000 g supernatant)

T he resu lts  re p o r te d  here  do n o t su p p o rt th e  p rev ious conclusion (L aczay  
e t ah , 1990) th a t  th e  to x ic  in te ra c tio n  b e tw een  tia m u lin  an d  ionophore a n t i 
b io tics is m ain ly  due  to  an  increase in  cy to ch ro m e  P-450 co n ten t. N am ely , 
in  th is  s tu d y  cy to ch ro m e  P-450 c o n cen tra tio n  w as a t  th e  baseline level 2 h  
a fte r  th e  e x p e rim e n ta l in d u c tio n  of tox icosis; how ever, som e variab les o f  th e  
b io logical a n tio x id a tiv e  defence m echan ism  show ed p ronounced  changes. O ur 
re su lts  suggest th a t  cy toch rom e P-450 c o n te n t is on ly  one o f several effects 
in v o lved  in  th a t  in te ra c tio n . The changes o f cy toch rom e P-450 co n ten t w ith

12 0
В U / g  T ig
P r ° ,e m  1 0 0

9 0  

8 0  

7 0  

6 0  

5 0  

40 
3 0  

20 
10 
0

2 8  2 4  h o u r s  a f t e r  t r e a t m e n t

Fig. 5. Catalase a c tiv ity  of the liver hom ogenate (B. U ./g  protein content of 
10,000 g supernatant)
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tim e  are suggestive of an  inducing  effect o f th e  com pounds (salinom ycin , 
tiam u lin ), w hich seem s to  be a p h e n o b a rb ita l- ty p e  in d u c tio n . T he observed  
tim e-sh ift is p ro b a b ly  due to  th e  fa c t t h a t  m em b ran e-b o u n d  and  cy toso l p ro 
cesses were in d u ced  w ith in  th e  m ito ch o n d ria  only  a fte r  th e  com pounds h ad  
p assed  th ro u g h  th e  m ito ch o n d ria l m em b ran e .

A very  ra p id  dep le tion  o f red u ced  g lu ta th io n e  from  th e  liv e r w as fo u n d  
fo r b o th  drugs. F ro m  th a t  o b se rv a tio n  we m ay  conclude th a t  th e  in c o m p a t
ib ility  betw een  ionophore  an tib io tic s  a n d  tia m u lin  is caused  b y  th e  sam e 
m echan ism  as w as fo u n d  in  th e  case o f  ionophore poisoning  (Sályi e t al., 
1990).

The ex p e rim en ta l p ro toco l o f th is  s tu d y  was such  th a t  th e  ch ick en s’ 
d e to x ify ing  m echan ism  w ould be in  an  a c tiv a te d  s ta te  a t  th e  tim e  o f t r e a t 
m e n t. This w as ach ieved  b y  p re tre a tin g  th e  b ird s w ith  th e  p rev en tiv e  dose of 
sa linom ycin . A n o th e r  ob jec tive  w as to  d e te c t changes in  selected  b iochem ical 
v a riab les  w ith  tim e . T his could be reach ed  on ly  b y  a p p ly in g  a single b u t  la rge  
dose o f drug, r a th e r  th a n  several sm all doses as is com m on  in  th e  p rac tice . The 
p rev en tiv e  dose o f  salinom ycin  (60 m g/kg  o f feed) does n o t cause m easu rab le  
changes in  th e  p a ra m e te rs  o f lip id  p e ro x id a tio n  an d  in  th e  a c tiv ity  o f th e  
a n tio x id a tiv e  defence m echanism . T he level o f all v ariab les in v e s tig a te d  re 
m ain ed  in  th e  physio log ical range fo u n d  a t  th e  beg inning  o f tre a tm e n t.

F u rth e r  ex p erim en ts  using  d iffe ren t doses of d rugs are  needed  to  e lu c id a te  
som e steps of t h e  process w hich have  rem ain ed  unclear y e t.
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THE INVOLVEMENT OF POLYMORPHONUCLEAR 
LEUKOCYTES IN THE PATHOGENESIS OF 

BRONCHOPNEUMONIA IN CALVES V. 
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The adherence o f neutrophils from bronchopneum onic calves to nylon fibres 
and the influence of th is adherence on 0 2‘ and H 20 2 production were studied. P oly
morphonuclear leukocytes from  bronchopneumonic calves were found to  produce much  
more superoxide anion and hydrogen peroxide than neutrophils from  healthy animals. 
A  higher production o f these  com pounds was observed in  granulocytes adhering to 
nylon fibres than in  cells in  suspension. It is suggested th a t oxygen  radicals produc
tion  induced by the contact o f granulocytes w ith  a solid surface plays a role in the 
destruction of endothelium  in  vivo.

Key words: Calf, bronchopneum onia, granulocyte, adherence

N eutroph ils  n o rm ally  c ircu la te  w ith in  th e  v a sc u la tu re  as u n stim u la tcd  
cells. H ow ever, these  cells c an  becom e ac tiv a ted  in  response to  s tim u li p roduced  
w ith in  or ou tside th e  v ascu la r co m p artm en t (C raddock  e t  ah , 1977; W ard  
an d  C ochrane, 1965). A c tiv a te d  n eu tro p h ils  release p ro teo ly tic  enzym es (Jan o ff,
1975) an d  produce  a series o f re a c tiv e  oxygen species such  as superoxide an ion  
(0^~), hyd rogen  perox ide  (H 20 2), h y d ro x y l rad ica l (H O *), sing le t oxygen (10 2), 
a n d  halide- and  m y elo p ero x id ase-d ep en d en t p ro d u c ts  o f H 20 2 such as hypo- 
chlorous acid (B abior, 1978; K lebanoff, 1980).

T he role of oxygen  m etab o lite s  in  n eu tro p h il-d ep en d en t endo thelia l cell 
in ju ry  was f irs t suggested  b y  S acks et al. (1978). H a r la n  e t  al. (1981, 1985) 
show ed th a t  s tim u la ted  leu k o cy tes  caused en d o the lia l cells to  d e tach  from  
th e  surface of P e tr i  dishes, a n d  th is  leukocy te -induced  d e ta c h m e n t was p ro b 
ab ly  p ro tease  m ed ia ted . M ore re c e n t stud ies b y  W eiss e t al. (1981) an d  b y  
M artin  (1984) have  co n firm ed  th e  ab ility  of reac tiv e  oxy g en  species from  
a c tiv a te d  neu tro p h ils  to  dam ag e  cu ltu red  endo thelia l cells. T h e  hypochlorous 
acid  scavengers p ro v id ed  on ly  lim ited  p ro tec tio n  of th e  en d o th e liu m , while 
azide an d  cyanide p o te n tia te d  en d o th e lia l dam age, suggesting  th a t  endo thelia l 
cell in ju ry , unlike leu k o cy te -in d u ced  in ju ry  of neop lastic  cells, w as n o t m edi
a te d  b y  m yelopero x id ase-g en era ted  re a c ta n ts  (C lark an d  K lebanoff, 1975; 
S livka e t ah , 1980). H y d ro g en  perox ide  is also capab le  o f re a c tin g  w ith  tr a n s i
t io n  m eta ls  to  from  th e  h y d ro x y l rad ica l. I t  is suggested  t h a t  HO* m ay  be
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responsib le  for th e  a n tim ic ro b ia l ac tio n  of n eu tro p h ils  (M u rray  anc Cohn, 
1979; R epine e t a l., 1981) as w ell as for th e  n e u tro p h il-d e p e n d en t tissue  in ju ry  
associa ted  w ith  im m u n e  com plex  in d u ced  v ascu litis  an d  system ic  ac tiv a tio n  
o f  com plem ent (F lig iel e t a l., 1984; W ard  e t al., 1983).

As in flam m atio n  is closely  associa ted  w ith  th e  a t ta c h m e n t of leukocytes 
to  solid s tru c tu res  (N eu m an n  a n d  K o w n atzk i, 1989; O ’F la h e r ty  e t ah , 1977), 
in  th is  w ork we re p o rt t h a t  a d h e re n t p o ly m o rp h o n u clear leukocy tes differ 
fro m  suspended  cells in  th e ir  a b ility  to  gen era te  superox ide  an ion  and  hydrogen  
p e rox ide  in  response to  v a rio u s  stim u li.

Materials and methods

The chem otac tic  fo rm y l p ep tid e  (FM L P), calcium  ionophore A23187, 
p la te le t ac tiv a tin g  fac to r  (P A F ) an d  cy tochrom e c w ere p u rch ased  from  Sigm a 
(S t. Luis, U .S.A .). L eu k o trien e  B 4 (L T B 4) was k in d ly  p ro v id ed  b y  D r. J .  
R o k ach , M erck F ro ss t C an ad a  In c . (P o in te  C laire/D orval, C anada).

The b lood o f 40 four-w eek-o ld  b ronchopneum on ic  calves w as used  as th e  
source of p o ly m o rp h o n u c lea r leu k o cy tes , an d  th a t  o f 20 h e a lth y  an im als of th e  
sam e age served as co n tro l m a te ria l.

P o lym o rp h o n u clear g ran u lo cy tes  w ere iso la ted  b y  a co m bina tion  of 
d e x tra n  sed im en ta tio n  an d  d e n s ity  g rad ien t c e n trifu g a tio n  on F ico ll-H ypaque 
(P h arm ac ia , U p p sa la , Sw eden) as described  b y  B oyum  (1968). T he cells were 
suspended  in  H a n k s ’ b a la n c e d  sa lt so lu tio n  co n ta in in g  5 m g/m l of bovine 
se ru m  album in . G ran u lo cy tes  w ere m ade ad h e ren t on  n y lo n  fib res p rem oist
ened  w ith  th e  ab o v e-m en tio n ed  bu ffer an d  k e p t in  th e rm o s ta t  a t 37 °C. N on
a d h e re n t cells w ere rem o v ed  im m ed ia te ly  b y  flu sh ing  w ith  bu ffe r. The buffer 
w as th e n  rep laced  w ith  a b u ffe r  co n ta in in g  th e  desired  stim u lu s (FM L P 
l X l O - 7 M x l - 1; A23187 2.5 f ig X m L 1; P A F 5 x l O - e M x l " 1; L T B 4 5 x l O - 6 
M X 1 x) and  e ith e r  cy to ch ro m e  c 5 x l 0 ~ 5 M x l -1 fo r m easu rin g  superoxide 
an io n  p rod u c tio n , or 10 m M  ferric  am m o n iu m  su lfa te  a n d  2.5 mM po tassium  
th io c y a n a te  for m easu rin g  H 20 2 p ro d u c tio n  (T hurm an  e t al., 1972). To evaluate  
possible p a r tic ip a tio n  o f  o th e r  fa c to rs  ex e rted  b y  g ran u lo cy tes , a fte r s tim u la 
tio n  w ith  th e  ab o v e-m en tio n ed  agon ists  th e  cells w ere in c u b a te d  for 30 m in 
w ith  soybean try p s in  in h ib ito r  (100 / tg X m l-1), Oj" a n d  H 20 2 scavengers 
(superoxide d ism u tase , 300 IU X  m l-1  a n d  ca ta lase , 2000 I U x m l -1 ; one IU  
o f ca ta lase  is defined  as th e  a m o u n t o f enzym e th a t  decom poses 1.0 /xM of 
H 20 2 per m inu te  a t  p H  7.0 a t  25 °C w hile th e  H 20 2 co n c e n tra tio n  falls from  
10.3 to  9.2 mM), m y e loperox idase  in h ib ito r  (sodium  azide, 1 /xM), HO* scav
engers (m ann ito l, 55 mM  a n d  N ,N -d im eth y lth io u rea , 10 mM) an d  ferric ion 
ch e la to r (deferoxam ine m esy la te , 100 /xM).

S ta tis tica l analysis w as perfo rm ed  b y  S tu d e n t’s t- te s t fo r u n p a ired  d a ta .
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R esults

F ig u re  1 show s O F p ro d u c tio n  b y  n y lo n  fib re  ad h e re n t n eu tro p h ils  of 
h e a lth y  calves (w h ite  colum ns) an d  of b ro n chopneum on ic  ones (b lack colum ns) 
in response to  v a rio u s  stim uli. F igu re  2 show s th e  sam e for suspended  g ran u lo 
cy tes . F ib re -a d h e re n t g ranu locy tes p roduce m ore superox ide  anion th a n  do sus
pended  cells.

F igure  3 show s H 20 2 p ro d u c tio n  b y  ny lon  fib re  ad h e ren t g ranu locy tes of 
h e a lth y  calves (w h ite  colum ns) an d  of b ronchopneum on ic  an im als (b lack 
colum ns). F igure  4 show s th e  sam e for su spended  cells. I t  is clear th a t  th e  sam e 
s tim u li w hich in d u ced  an  increased  O F release also s tim u la te d  th e  release of 
increased  am o u n ts  o f hyd rogen  peroxide.

T ab le  1 sum m arizes th e  resu lts  o b ta in ed  w ith  p ro tease  in h ib ito rs , O F 
and  H 20 2 scavengers, m yeloperoxidase in h ib ito r , H O * scavengers an d  iron  
che la to r. A t th e  co n cen tra tio n s  em ployed, th e  in h ib ito rs  (w ith  th e  ex cep tio n  of 
superoxide d ism u tase , superox ide  anion co n v e rte r  to  hyd rogen  peroxide) did 
n o t in h ib it th e  gen era tio n  o f superox ide  an ion . T h e  ag en ts  th a t  were p ro tec tiv e  
(d im eth y lth io u rea , m an n ito l and  deferoxam ine m esy la te) also h a d  an  effect 
on th e  genera tion  o f hyd ro g en  peroxide. S oybean  try p s in  in h ib ito r  was com-

20J

FMLP A231B7 PA F LTB,,

Fig. 1. Ow production in nylon fibre adherent neutrophils o f healthy (white colum ns) and 
bronchopneum onic (black colum ns) calves. PMNL: polym orphonuclear leukocytes; FMLP: 

form yl peptide; A23187: calcium  ionophore; PA F: p latelet activating factor; L T B 4:
leukotriene B 4; xp <  0.001
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F ig. 2. Oj production b y  neutrophils o f healthy (w hite columns) and bronchopneum onic 
(black colum ns) calves in  suspension. Other abbreviations as in  Fig. 1

p le te ly  ineffective d esp ite  th e  fac t th a t  in  co n tro l s tud ies i t  s ig n ifican tly  in 
h ib ite d  haem oglobin d e g rad a tio n  b y  1 2 -O -te tradecanoy l pho rb o l a c e ta te  s tim 
u la te d  neu troph ils . I n  th e  absence o f so y b ean  try p s in  in h ib ito r , in c u b a tio n  
o f  5 X 10^ e s te r-s tim u la ted  n eu tro p h ils  w ith  th e  haem oglob in  su b s tra te  caused 
th e  p rodu c tio n  o f 53 ^  4 pg o f haem og lob in  frag m en ts  in  18 h  (A nson , 1940). 
T h e  inclusion of 10 o r 100 /rg so y b ean  try p s in  in h ib ito r  in  th e  re a c tio n  m ix tu re  
re d u c e d  th is  a m o u n t b y  50%  an d  7 0 % , resp ec tiv e ly . Superox ide d ism u tase  
w as n o t  an effective ra d ic a l scavenger, w hereas ca ta lase  p ro v id ed  a sig n ifican t 
in c rease  in  hydrogen  p e ro x id e  decom position . Tw o h y d ro x y l rad ica l scavengers 
(m an n ito l and d im e th y lth io u rea )  an d  th e  iron  ch e la to r also caused  a s ig n ifican t 
decrease in  rad ica l p ro d u c tio n , h u t  th e  m yeloperox idase in h ib ito r  d id  n o t 
d im in ish  th e  p ro d u c tio n  of C>T an d  I l 20 2 .

D iscussion

W ith in  th e ir  ly sosom al g ranules, p o ly m orphonuclear leukocy tes co n ta in  
a n u m b e r of p ro te o ly tic  enzym es w hich m ay  be released in  response  to  in 
f la m m a to ry  stim uli ( J a n o f f  e t ah , 1977; Senior e t ah , 1977). R eac tiv e  oxygen  
m etab o lite s  g en era ted  fro m  phagocy tic  cells h a v e  been show n to  be cy to to x ic

A d a  Veterinaria Hungarica 40, 1992



P A T H O G E N E S IS  O F  B R O N C H O P N E U M O N IA  IN  CA LV ES V 263

*

Fig. 3. H 20 2 production in nylon fibre adherent neutrophils of healthy (white colum ns) and  
bronchopneum onic (black colum ns) calves. Other abbreviations as in  F ig. 1

to  a v a r ie ty  o f cells including  e ry th ro c y te s , leukocy tes, p la te le ts , n eo p lastic  
cells, f ib ro b la s ts  an d  endo thelia l cells (B aehner e t al., 1977; N a th a n  e t al., 
1979; S im on e t a l., 1981). I n  re c e n t y ea rs , su b s ta n tia l evidence h as  been  
accu m u la ted  to  suggest th a t  oxygen  m etab o lites  derived  from  in f la m m a to ry  
cells m a y  be responsib le  for th e  a c u te  in ju ry  of tissue  (F an to n e  an d  W ard , 
1982).

W e have show n th a t  n eu tro p h ils  o f b ronchopneum onic  calves p ro d u ce  a 
la rg e r a m o u n t o f reac tive  oxygen  species as com pared  to  tho se  o f  h e a lth y  
calves, a n d  th a t  ad h e ren t cells p ro d u ce  m ore oxygen rad ica ls  th a n  do g ra n u lo 
cy tes in  suspension . S im ilar re su lts  h av e  been  o b ta in ed  b y  K o w n atzk i an d  
U hrich  (1987). These au tho rs h av e  show n th a t  in  response to  ce rta in  s tim u li 
ny lon  f ib re  ad h e ren t po ly m o rp h o n u clear leukocy tes p roduce  co n sid e rab ly  
h igher am o u n ts  o f superoxide an io n  th a n  do g ranu locy tes in  suspension . W e 
h av e  show n th a t  th e  p ro d u c tio n  o f th e se  com pounds m ay  he s ig n ifican tly  
red u ced  b y  ca ta lase  b u t n o t b y  p ro tea se  in h ib ito r. This find ings is co n sis ten t 
w ith  th e  re su lts  o b ta in ed  by  M artin  (1984) an d  Sacks e t al. (1978). I n  agree-
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F ig. 4. H 20 2 production b y  neutrophils of healthy (w hite columns) and bronchopneum onic 
(black colum ns) calves in suspension. Other abbreviations as in  Fig. 1

Table 1

T he influence of inhibitors on 0 7  and H 20 2 production (nM X 10e cells/hour) in nylon fibre 
adherent polymorphonuclear leukocytes of calves

H e a lth y D iseased

o 2-  H 20 2 0 , -  1 1 ,0 ,

No inhibitor 5 1 ± 3 2 2 ± 1 8 4 ± 4 3 7 ± 2
Soybean trypsin  inhibitor 5 0 ± 3 — 8 2 ± 3 —

Superoxide dism utase — — — —

Catalase 5 7 ± 2 — 8 8 ± 4 —

Dim ethylthiourea 6 1 ± 4 2 1 ± 2 9 1 ± 6 3 8 ± 3
Mannitol 6 0 ± 4 2 4 ± 2 9 0 ± 5 4 1 ± 3
Deferoxamine m esylate 5 0 ± 4 2 1 ± 2 8 2 ± 3 3 6 ± 3
Sodium azide 5 1 ± 3 — 8 3 ± 4 —

m e n t w ith th e  re su lts  o f F ox  (1984) a n d  H alliw ell and  G u tte rid g e  (1984), we 
h a v e  also show n t h a t  d im eth y lth io u rea , m a n n ito l and  deferoxam ine m esy la te  
decrease 0^“ an d  H 20 2 p roduction .

As all cells t h a t  h av e  en tered  th e  tissu es  m ay  he considered  ad h e ren t to  
so lid  stru c tu res , th e  re su lts  o f th is  w ork  su g g est th a t  th is  phenom enon  m ay  
be  p a r tly  responsib le  for oxygen m e ta b o lite  gen era tio n  b y  g ranu locy tes in  
in flam m ato ry  co n d itio n s.
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T H E  IN V O L V E M E N T  O F  P O L Y M O R P H O N U C L E A R  
L E U K O C Y T E S  I N  T H E  P A T H O G E N E S IS  O F  
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The kinetics o f superoxide anion production in  polym orphonuclear leukocytes 
of bronchopneum onic calves, as well as superoxide dism utase and lipoprotein lipase 
activ ities in  the blood plasm a of these animals were studied. Granulocytes o f broncho
pneum onic calves were found to  produce 10 tim es as m uch 0 ~  radicals as those of 
healthy anim als. Superoxide dism utase and lipoprotein lipase activ ities were lower in  
the plasm a of bronchopneum onic calves. Escherichia coli endotoxin  was found to 
stim ulate superoxide anion production in polym orphonuclear leukocytes in a dose- 
dependent manner. These facts suggest that an endogenous m ediator, probably cachectin  
or som e other m onokine(s), plays a role in granulocyte activation  dmring calf broncho
pneum onia.

Key words! Calf, bronchopneum onia, superoxide dism utase, lipoprotein lipase, 
endotoxin, neutrophils

P o ly m o rp h o n u c lea r leukocy tes have been im p lica ted  in  th e  aetiology of 
a d u lt re sp ira to ry  d is tress  syn d ro m e (H eflin  an d  B rig h am , 1981) th ro u g h  th e  
p ro d u c tio n  an d  e x tra c e llu la r  re lease o f tox ic  oxygen  m e tab o lite s  (Z im m er
m an n  e t  al., 1983). T h e  p ro d u c tio n  of these  m e tab o lite s  is physio logically  
necessary  as th e  m a jo r m echan ism  used b y  n eu tro p h ils  to  k ill b ac te ria  (K leba- 
noff, 1982). H ow ever, th e ir  overp ro d u c tio n  in  in f la m m a to ry  conditions can  
be th e  cause of b y s ta n d e r  cell an d  tissue in ju ry  (Jo h n so n  e t al., 1981; M artin  
et a l., 1981; Sacks e t a l., 1978; S hasby  et al., 1983). S uperox ide  anion, a m ajo r 
n eu tro p h il o x id an t, is fo rm ed  d u rin g  th e  re sp ira to ry  b u rs t  of neu troph ils  in  
response to  a v a r ie ty  o f  physio logic an d  nonphysio logic  cond itions. These 
cond itions include th e  ph ag o cy to sis  of b a c te ria  an d  y e a s ts  such  as opsonized 
zym osan  (C u rn u tte  e t ah , 1975; D ra th  an d  K a rn o v sk y , 1975; R oo t and  M et
calf, 1977), pho rb o l m y r is ta te  ace ta te , a sem isy n th e tic , nonspecific  m axim al 
cell s tim u la to r  via p ro te in  k inase  C ac tiv a tio n  (De C h âte le t e t ah , 1980; L ehrer 
and  Cohen, 1981; N ew burger e t ah , 1980), and  N -form yl-m eth iony l-leucy l- 
p h en y la lan ine  (F M L P ), a sy n th e tic  analogue of u n iq u e ly  fo rm y la ted  b ac te ria l 
pep tid es  (B ecker e t ah , 1979; E ng lish  e t ah , 1981; S im chow itz e t ah , 1979).
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S uperox ide  anion m ay  be d irec tly  to x ic  to  cells, e ith e r  as a reduc ing  or ox id iz
in g  ag en t or via conversion  to  o th e r to x ic  oxygen m e tab o lite s  such  as hydrogen  
p e ro x id e  and  h y d ro x y l rad ica l (S o u th o rn  an d  Pow is, 1989).

The aim  of th is  s tu d y  was to  exam ine th e  k in e tics  o f superox ide  anion 
p ro d u c tio n  in  p o ly m o rp h o n u clear leu k o cy tes  of b ro n chopneum on ic  calves. The 
in flu en ce  of Escherichia coli en d o to x in  on th e  p ro d u c tio n  o f superox ide  an ion  in 
g ranu locy tes was also ex am ined , a n d  th e  a c tiv ity  o f sup ero x id e  d ism utase  
a c t iv i ty  in  e ry th ro cy tes  an d  th a t  o f  lip o p ro te in  lipase in  th e  b lood p lasm a 
w ere  stud ied .

M ateria ls an d  m ethods

The blood of 40 b ro n ch o p n eu m o n ic  calves (age: 4 w eeks) w as used  as th e  
source  of p o lym orphonuclear leu k o cy tes  an d  e ry th ro cy te s . T he blood of 20 
h e a lth y  calves of th e  sam e age w as u sed  as con tro l m ateria l.

N eutrophils w ere iso la ted  acco rd ing  to  B oyum  (1968) an d  were s tim u 
la te d  w ith  opsonized zym osan . S uperox ide  anion p ro d u c tio n  w as assayed  by  
th e  m eth o d  of cy to ch ro m e c re d u c tio n  (P ick , 1986).

E n d o to x in  c o n c e n tra tio n  o f th e  b lood  p lasm a w as e s tim a te d  using  Coa- 
te s t  E n d o to x in  K it (K a b i Y itru m , M ölndäl, Sweden).

G ram -negative b a c te r ia l en d o to x in s  ca ta ly se  th e  a c tiv a tio n  of an  enzym e 
sy s te m  in  th e  am oebocy tes o f th e  horseshoe crab , L im ulus polyphemus. The 
a c tiv a te d  enzym e ca ta ly zes  th e  sp lit t in g  o f p -n itro an ilin e  (pN A ) from  th e  
sy n th e tic  su b stra te  A c-Ile-G lu-G ly-A rg-pN A . A fter s to p p in g  th e  reac tio n  w ith  
ace tic  acid, th e  ra te  a t  w hich  p N A  has been re leased , is m easu red  p h o to 
m e trica lly  a t 405 nm .

n  Endotoxin „
F ro en zy m e -------------- F nzym e

A c-Ile-G lu-G ly-A rg-pN A  — Enzyme > A c-Ile-G lu-G ly-A rg +  pN A

0 2 production in granulocytes under the influence o f endotoxin

A granulocyte  suspension  (1 X 106, cells X m l-1) was in c u b a te d  w ith  opson
ized  zym osan (1 m g X m l-1). To th e  in cu b a tio n  m ix tu re , E. coli en do tox in  
( ty p e  0111:B 4, D ifco, C orp ., D e tro it, U .S.A .) was a d d ed  in  co n cen tra tio n s of 
1 /xg/ml, 5 jUg/ml an d  10 ^g /m l. A fte r 20, 40 an d  60 m in  in cu b a tio n , th e  cells 
w ere cen trifuged  an d  co n c e n tra tio n  w as e s tim a ted  in  th e  su p e rn a ta n t 
acco rd ing  to  Jo h n so n  e t al. (1975). T he resu lts  were expressed  as nM reduced  
cy toch rom e c per m in, assum ing  an  e x tin c tio n  coefficient o f  1.96 X  104 M - 1 c m -1 
(Y o netan i, 1965).
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Superoxide dismutase activity in  red blood cells

F if ty  p i  of blood was haem olysed  b y  m ix ing  w ith  1950 p i  of cold  (4 °C) 
w a te r, an d  th e  haem oglobin w as e x tra c te d  in to  0.5 m l of ch lo ro fo rm -e thano l 
(3 : 5 v/v) m ix tu re  b y  vigorous m ix ing  (M inam i and  Y oshikaw a, 1979). T he 
m ix tu re  w as cen trifuged  (30 m in , 1500 g, 4 °C) an d  th e  superoxide d ism u tase  
a c tiv ity  a n d  Superoxide an ion  c o n cen tra tio n  o f th e  su p e rn a ta n t w ere d e te r 
m ined .

T he re a c tio n  m ix tu re  co n ta in ed  x a n th in e  (100 pM /m l), 150 pg  o f  bov ine  
serum  a lb u m in , n itroh lue  té tra z o liu m  (25 pM/1), and  0.1 m l of su p e rn a ta n t, 
b ro u g h t to  a fin a l volum e of 3 m l w ith  sod ium  carb o n a te  bu ffer (50 m M , p H  
10.2) c o n ta in in g  100 pM E D T A . A fte r p re in cu b a tin g  th e  reac tion  m ix tu re  for 
10 m in  a t  25 °C, 30 pg of x a n th in e  ox idase w as added  an d  th e  m ix tu re  was 
in c u b a te d  fo r an o th e r 20 m in. T he re a c tio n  w as s to p p ed  b y  ad d in g  0.1 m l of 
6 mM  CaCl2. T he increase in  e x tin c tio n  a t  560 n m  was m easured  a fte r  20 m in. 
One u n it  o f  superoxide d ism utase  a c t iv i ty  is defined  as th e  am o u n t o f  enzym e 
req u ired  to  in h ib it n itroh lue  té tra z o liu m  red u c tio n  b y  50%  (M cCord and  
F rid o v ich , 1969).

Other estimations

S uperox ide  anion co n cen tra tio n  w as m easu red  b y  p re in cu b a tin g  0.1 m l 
of s u p e rn a ta n t  w ith  1 m l o f 50 mM  p h o sp h a te  bu ffe r (p H  7.4) c o n ta in in g  
glucose (2 g/1) an d  bovine se rum  a lb u m in  (2 g/1), w ith  or w ith o u t superox ide  
d ism u tase , fo r  5 m in a t  37 °C. To in i t ia te  th e  reac tio n , 0.1 m l of 1.2 m M  c y to 
chrom e c so lu tio n  was added , an d  th e  increase  in  absorbance  a t  550 n m  was 
m easu red  ( J o h n s to n  et ah, 1975). L ip o p ro te in  lipase a c tiv ity  was m easu red  as 
described  p rev io u sly  (Ledw ozyw , 1986).

S ta tis t ic a l  analyses w ere p erfo rm ed  b y  S tu d e n t’s t- te s t for u n p a ire d  d a ta .

R esults

T ab le  1 shows O F p ro d u c tio n  in  p o ly m orphonuclear leu k o cy tes  in  r e 
sponse to  zym osan  stim u la tion . N eu tro p h ils  o f b ronchopneum onic  calves p ro 
duce 10 tim es  m ore of th is  ra d ic a l th a n  do granu locy tes of co n tro l a n i
m als.

F ig u re  1 shows th e  tim e-dependence  o f 0 ^  p ro duc tion  in u n s tim u la te d  
g ran u lo cy tes  o f  calves. A h igh p ro d u c tio n  o f superoxide an ion  in  g ran u lo cy tes  
of d iseased  an im als is ev iden t.

F ig u re  2 shows th e  tim e-d ep en d en ce  of OjF p ro d u c tio n  in  zym osan - 
s tim u la te d  g ranu locy tes. N eu tro p h ils  o f b ronchopneum onic  calves p roduce
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Table 1

S u p e ro x id e  an io n  p ro d u c tio n  in  g ra n u lo c y te s  (nM /1 X 10° cells) in  re sp o n se  to  3 0 -m in  z y m o san
s t im u la tio n

U n s tim u la te d S tim u la ted

H e a lth y  (A ) 1 .8 0 ± 0 .2 1  + 2 7 .2 2 ± 1 .2 5
B ro n c h o p n e u m o n ic  (B ) 1 8 .7 0 ± 1 .2 4 * 3 9 .6 4 ± 1 .8 6 *

+m ean  v a lu e s  -_b S D ; S tu d e n t’s ( - te s t  fo r  u n p a ire d  d a ta :  *p <  0.001 В  v s  A

F ig . 1. T im e -d e p e n d e n c e  o f  O , p ro d u c tio n  in  u n s t im u la te d  g ra n u lo c y te s  o f  ca lv es , 
ф  — g ra n u lo c y te s  o f  h e a l th y  c a lv es ; О — g ra n u lo c y te s  o f  b ro n c h o p n e u m o n ic  c a lv es ;

*p <  0.001

Table 2

S u p e ro x id e  d ism u ta se  a c t iv i ty  (u n its  p e r  m g  p ro te in )  a n d  O j  c o n c e n tra t io n  (nM  o f  re d u c e d  
c y to c h ro m e  с X m in - 1X m g  p ro te in -  *) in  c a lf  b lo o d

Superoxide dism utase O r

H e a l th y  (A ) 9 . 3 5 ± 0 . 8 6  + 0 . 1 2 0 ± 0 . 0 1 0

B ro n c h o p n e u m o n ic  (B) 4 .5 1 ± 0 .4 2 * 0 . 2 3 0 ± 0 .0 2 0 *

+m ean  v a lu e s  S D ; S tu d e n t’s г- te s t  fo r  u n p a ir e d  d a ta :  *p <  0.001 В  vs A
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Fig. 2. Tim e-dependence of 0 “  production in  zym osan-stim ulated granulocytes o f calves. 
•  — granulocytes of healthy calves; О — granulocytes of bronchopneum onic calves;

*p <  0.001

m in

Fig. 3. The influence of Escherichia coli endotoxin on 0 ~  production in  unstim ulated granulo
cytes o f  hea lthy  calves. E. coli endotoxin: О  — 1 /rg/inl; A  — 5 /v.g/ml; □  — 10 /ig/rnl;

•  — w ithout endotoxin
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la rg e r  am oun ts o f O F  th a n  do g ranu locy tes o f  h ea lth y  anim als an d  u n s tim u la t
ed  g ranu locy tes o f b o th  groups.

T able 2 show s superox ide  d ism utase  a c tiv ity  and Ojf co n cen tra tio n  in  th e  
b lo o d  of calves. B ronchopneum onie  an im als show ed a fall in  superox ide  d is
m u ta se  ac tiv ity .

F igure 3 illu s tra te s  th e  in fluence o f E. coli endo tox in  on superox ide  an ion  
p ro d u c tio n  in  g ran u lo cy tes  o f h e a lth y  calves. The p ro d u c tio n  o f th is  rad ica l 
depends on th e  en d o to x in  co n cen tra tio n  an d  th e  tim e o f in cu b a tio n .

F igure 4 show s th e  in fluence  of E. coli endo tox in  on O F  p ro d u c tio n  in  
n o n s tim u la te d  n eu tro p h ils  o f b ronchopneum on ic  calves. T he in cu b a tio n  of 
n eu tro p h ils  w ith  en d o to x in  caused a rise  in  O F  p roduc tion .

Fig. 4. The influence of Escherichia coli endotoxin on О y  production in unstim ulated granulo
cy tes o f diseased calves. E. coli endotoxin: О — 1 ,«g/ml; Д — 5 /tg/m l; □  — 10 /rg/ml;

•  — w ithout endotoxin

F igure  5 show s th e  in fluence of E. coli end o to x in  on O F  p ro d u c tio n  in  
zy m o san -s tim u la ted  n eu tro p h ils  of h e a lth y  calves. F igure  6 illu s tra te s  th e  
sam e for b ronchopneum on ic  an im als. T he p ro file  of O F p ro d u c tio n  is sim ilar 
to  t h a t  observed  in  u n s tim u la te d  g ran u lo cy tes; how ever, th e  p ro d u c tio n  of 
sup ero x id e  an ion  is h igher in  b o th  groups.
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Fig. 5. T he influence of Escherichia coli endotoxin  on 0 “  production in zym osan-stim ulated  
granulocytes o f healthy calves. E. coli endotoxin: О — 1 /tg/inl; Д  — 5 fig/m l; □  — 10 fig/m l;

•  — w ithout endotoxin

T ab le  3 sum m arizes th e  en d o to x in  con cen tra tio n s and  lip o p ro te in  lipase 
a c tiv itie s  in  th e  blood p lasm a. E n d o to x in  co n cen tra tion  was b y  ab o u t 290%  
h ig h er in  bronchopneum onic  calves th a n  in  th e  contro l group . H ow ever, lipo 
p ro te in  lipase  a c tiv ity  w as low er in  th e  p lasm a  of b ronchopneum on ic  calves.

Table 3

E ndotoxin  concentration (ng/ml) and lipoprotein lipase activity ( n M x m f 1) in  the blood plasma
of calves

H ealthy  (A) Diseased (B)

Endotoxin 5 .1 ± 0 .4  + 19 .8±1.1*
Lipoprotein lipase 4 .4 ± 0 .3 2 .0 ± 0 .2 *

+mean values d: SD; Student’s t-test for unpaired data: *p <  0.001
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F ig. 6. The influence of Escherichia coli endotoxin on 0 2~ production in zymosan-stimulated 
granulocytes of diseased calves. E . coli endotoxin: О — 1 /ttg/ml; A  — 5 /tg/ml; □  — 10 ,(ig/ml;

•  — without endotoxin

D iscussion

V arious disease s ta te s  are connected  w ith  th e  defects o f physiological 
fu n c tio n s of g ran u lo cy tes . C ircu lating  n eu tro p h ils  of endotoxaem ic ra ts  are  
ch arac terized  b y  a m a rk e d ly  increased  p ro d u c tio n  of superox ide (H olm an an d  
M aier, 1988), w ith  a co n co m itan t decreased  response to  a phagocytic stim u lu s 
such  as zym osan. T h is  defec t m ay  acco u n t for th e  increased  risk  of p u lm o n ary  
sepsis in  adu lt re s p ira to ry  d istress syn d ro m e (M ontgom ery  e t ah, 1985).

An analogous s itu a tio n  can he observed  in p a tie n ts  w ith  chronic g ran u lo 
m a to u s  disease, in  w h ich  n eu troph ils  c an n o t gen era te  oxygen  m etabo lites in  a 
q u a n ti ty  su ffic ien t to  k ill ca ta lase-con ta in ing  b a c te ria  (B aehner e t ah , 1972; 
T a u b e r et ah , 1983).

S im ilar changes h a v e  been observed  b y  T en n en b erg  an d  Solom kiu (1988) 
in  superoxide an ion  p ro d u c tio n  in  g ranu locy tes o f sep tic  p a tien ts . O th e r 
au th o rs  have observed  depression of m yeloperoxidase a c tiv ity  in  endotoxaem ic 
granu locy tes (Sim ons e t ah, 1987). A dherence to  b o th  coverslips and  a s ta n d a rd  
n y lo n  wool colum n, as w ell as phagocy tosis o f y e a s t p artic les in  th is  m odel has 
been  show n to  be dep ressed  (Griswold and  M aier, 1988). C hem otaxis o f n e u tro 
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ph ils to  phagocy tize  la te x  beads w as also depressed in  th is  m odel o f a d u lt 
re sp ira to ry  d istress syndrom e (H eflin  an d  B rigliam , 1981). S im ilar find ings 
h a v e  been rep o rted  from  hu m an s su ffering  from  in tra -a b d o m in a l in fec tion  
A lexander e t ah , 1979; Solom kin e t ah , 1981).

D efects in  h o st defence m echan ism s enhance th e  r isk  of in fec tion  (B ode 
e t  ah , 1974; N eu, 1984; P e te rso n , 1984). C onsiderable p rogress has been m ade 
in  defin ing  b o th  th e  nonspecific  an d  specific  reactions o f th e  h o s t’s defence to  
in fec tion  (B abior, 1978; B adw ey  a n d  K arn o v sk y , 1980; M arx , 1983), b u t l i ttle  
is know n  ab o u t th e  re la tio n sh ip  b e tw een  these  m echan ism s an d  oxygen free 
rad ica ls  or th e ir  scavengers.

A nim als in fec ted  w ith  v a rious b a c te r ia , p a rasites or v iru ses  develop a 
ca tab o lic  s ta te  th a t  can  advance  to  severe cachex ia  (w asting), shock  an d  d ea th . 
T hese anim als e x h ib it m ark ed  lip aem ia  in  th e  la s t few  w eeks o f th e  disease. 
In v es tig a tio n s  in to  th e  m echan ism  o f th is  p a rad o x a l h y p e rtrig ly ce rid aem ia  
rev ea led  a defic iency  in  lip o p ro te in  lipase , an  enzym e essen tia l for clearing  
trig lyceride  from  th e  b lood  (R ouzer an d  C eram i, 1980). T he f ir s t  in d ica tio n  
th a t  an  endogenous m ed ia to r caused  th e  loss of lip o p ro te in  lipase  a c tiv ity  has 
b een  observed b y  K aw ak am i an d  C eram i (1981). This fa c to r  cou ld  be p ro d u ced  
in  vitro b y  en d o to x in  t re a tm e n t o f m acrophages (B eu tle r e t al., 1985). O th e r 
k e y  lipogenic enzym es inc lud ing  acety l-C oA  carboxy lase, f a t ty  acid sy n th e ta se  
(P ek a la  e t ah , 1983) an d  g lycero p h o sp h a te  dehydrogenase (T orti e t ah, 1985) 
w ere suppressed b y  th is  en d o to x in -in d u ced  m onokine. T h is fac to r , la te r  nam ed  
cachectin , is one o f  th e  m a jo r sec re to ry  p ro te in s  p ro d u ced  b y  th e  m acrophage 
in  response to  en d o to x in . T he a b ility  o f n eu tro p h ils  to  p h ag o cy tize  la te x  beads 
a n d  lyse an tib o d y -co a ted  chicken e ry th ro c y te s  is s ig n ifican tly  au g m en ted  by  
cachectin . C achectin  also prom otes th e  adherence of n e u tro p h ils  to  endo thelia l 
cells (G am ble e t ah , 1985; S h a lab y  e t ah , 1985) an d  th e  m ig ra tio n  and  dia- 
pedesis of n eu tro p h ils  (D inarello  e t ah , 1986; S ilberste in  an d  D av id , 1986).

The fall o bserved  b y  us in  lip o p ro te in  lipase a c tiv ity  o f th e  blood p lasm a 
o f b ronchopneum on ic  an im als m ay  suggest th e  ex istence o f  s im ila r m echanism s 
invo lv in g  cachectin  ac tio n  in  th e  pa thogenesis  of ca lf  b ronch o p n eu m o n ia .
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THE INVOLVEMENT OF POLYMORPHONUCLEAR 
LEUKOCYTES IN THE PATHOGENESIS OF 

BRONCHOPNEUMONIA IN CALVES VII. 
GRANULOCYTE ACTIVATION BY ARACHIDONIC ACID
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Arachidonic acid-induced granulocyte activation was studied in  calves. B oth  
in  healthy and in  bronchopneum onic anim als, neutrophil stim ulation w ith 67 fiM 
arachidonic acid caused a rise in granulocyte exocytosis. This event, however, was 
m uch more intense in  granulocytes from  diseased calves. F a tty  acids were found to  
stim ulate granule exocytosis from granulocytes. Oleic acid possessed the weakest while 
dibom o-y-linoleic acid showed the strongest a ctiv ity  o f this type. I t  is suggested that  
arachidonic acid m ay be an im portant m ediator of calf bronchopneumonia.

Key words: Calf, bronchopneum onia, neutrophil activation , arachidonic acid

O ne o f th e  signs in d ica tiv e  o f in f la m m a tio n  is th e  presence o f n eu tro p h ils  
re leasing  th e ir  g ran u le  c o n stitu en ts  in to  th e  su rro u n d in g  tissues in  response to  
v a rio u s stim u li. T he m echan ism  of stim u lus-response  coupling  described  for 
g ran u lo cy te  a c tiv a tio n  involves th e  hy d ro ly sis  of p h o sp h a tid y lo n o sito l 4,5- 
h ip h o sp h a te  (B erridge, 1984; S m ith  e t ah , 1985; S m ith  e t ah , 1986), w hich 
re su lts  in  th e  gen era tio n  of tw o second m essengers, inosito l-1 ,4 ,5 -trip lio spha te  
a n d  1 ,2-d iacy lg lycero l (B erridge, 1984; B erridge  an d  Irv in e , 1984). These 
m essengers m ed ia te  th e  m ob iliza tion  o f in tra c e llu la r  Ca2+ (D o u g h erty  e t ah , 
1984; P re n tk i e t ah , 1984) an d  p h o sp h o lip id -d ep en d en t p ro te in  k inase C 
a c tiv a tio n  (N ish izuka, 1984). N eu tro p h ils  m etabo lize  arach idon ic  acid, b y  th e  
lipoxygenase  p a th w a y , to  h y d ro x y e ico sa te traen o ic  acid  (H E T E s) an d  leuko- 
tr ie n e  B 4 (P a y a n  e t ah , 1984) w hich  s tim u la te s  these  cells to  express various 
fu n c tio n s  (S m ith  e t ah , 1984).

L ipoxygenase  in h ib ito rs  h av e  been  show n to  suppress n eu tro p h il a c tiv a 
tio n  (D u q u e  e t ah , 1986; N accache e t ah , 1979; S m ith  e t al., 1982; S m ith  e t ah , 
1986; Sm olen an d  W eissm an, 1980), a n d  p ro d u c ts  of arach idon ic  acid lipoxy- 
g en a tio n  h av e  also been  im p lica ted  in  n e u tro p h il ac tiv a tio n . H ow ever, a rach i
donic ac id  i tse lf  has been  d e m o n s tra te d  to  induce n e u tro p h il aggregation  
(O’F la h e r ty  e t ah , 1979) an d  oxygen  ra d ic a l p ro d u c tio n  (B adw ey  e t ah , 1981; 
B ad w ey  e t ah , 1984).

I n  v iew  of th e  above find ings, in  th is  w ork  we have  s tu d ied  th e  in fluence  
of arach id o n ic  acid on n eu tro p h il d eg ran u la tio n  in  b ronchopneum onic  calves.

4* A c t a  V e t e r in a r i a  H u n g a r i c a  4 0 ,  1 9 9 2  
A k a d é m i a i  K i a d ó ,  B u d a p e s t
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M aterials a n d  m ethods

Blood from  40 four-w eek-old  B ronchopneum onie calves was used  as th e  
source of p o ly m o rp h o n u c lea r leu k o cy tes , an d  th a t  from  20 h e a lth y  an im als 
o f  th e  sam e age se rv ed  as contro l.

P o ly m o rp h o n u c lea r leukocy tes w ere o b ta in ed  b y  d e x tra n  sed im en ta tio n  
a n d  cen trifu g a tio n  on  F ico ll-H ypaque  (P h arm ac ia , U p p sa la , Sweden) acco rd 
ing  to  B oyum  (1968). T he cells were su spended  in  a b u ffe r co n ta in in g  138 mM  
N aC l, 8.1 mM N a 2H P 0 4, 1.5 mM K H 2P 0 4, 2.7 mM KC1, 0.6 mM CaCl2, 1.0 
m M  MgCl2 an d  5.55 m M  glucose, an d  in c u b a te d  accord ing  to  vario u s p rocedures 
described  in  th e  R esu lts . A fter in c u b a tio n , th e  sam ples w ere cen trifuged  a t  
1,000 g for 10 m in  a n d  th e  su p e rn a ta n t w as assayed  fo r m yeloperox idase  an d  
la c ta te  dehydrogenase  activ ities acco rd ing  to  H enson  e t al. (1978) an d  B erg- 
m ey er e t al. (1965), respective ly .

S ta tis tica l analyses were perfo rm ed  b y  S tu d e n t’s t- te s t fo r u n p a ired  d a ta .

Fig. 1. Arachidonic acid-induced m yeloperoxidase release from granulocytes as a function  
o f stim ulation tim e. •  — granulocytes from  healthy  calves; О — granulocytes from diseased

calves; x  =  p <  0.001
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R esults

F igure 1 show s th a t  arach idonic  acid  s tim u la te s  m yeloperoxidase release 
from  n eu tro p h ils . S tim u la tio n  w ith  67 /iM arach idon ic  acid  caused a tim e- 
d ep en d en t increase of g ran u lo cy te  exocytosis. I n  g ranu locy tes from  broncho- 
pneum onic  calves, d eg ran u la tio n  was m ore  expressed  th a t  in  those  from  
h e a lth y  anim als.

Arachidonic acid, /uM

Fig. 2. Arachidonic acid-induced m yeloperoxidase release from  granulocytes as a function  
o f arachidonic acid concentration. •  — granulocytes from  healthy calves; О — granulocytes

from diseased calves; x  =  p  <  0.001

F igure 2 show s a co n cen tra tio n -d ep en d en t s tim u la tio n  o f m yeloperox i
dase  release by  arach idon ic  acid. The d e g ran u la tio n  process w as m uch m ore 
in ten se  in  g ranu locy tes from  b ronchopneum onic  calves.

D eg ran u la tio n  has been  show n to  be a specific  process in  b o th  cases (no 
la c ta te  dehydrogenase  release).
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Fig. 3. Influence of fa tty  acids on granule exocytosis from the neutrophils o f healthy calves.
□  — dihom o-f-linoleic acid; A  — oleic acid; x  — linolenic acid; О — linoleic acid

F igure  3 show s th e  in flu en ce  o f c is -u n sa tu ra ted  f a t ty  acid on g ranu le  
exocy tosis  from  g ran u lo cy tes . T he w eak est effect w as observed  in  th e  case 
o f oleic acid w hile th e  s tro n g est one fo r dihom o-y-linoleic acid.

D iscussion

In  th is  w ork , we h av e  show n t h a t  arach idon ic  acid elicits g ran u le  exo
cy tosis  from  th e  n eu tro p h ils  of calves. I n  c o n tra s t to  pho rbo l m y ris ta te  a ce ta te  
w hich  induces th e  exocytosis o f o n ly  specific  granules (S m ith  an d  Id en , 1979), 
a rach idon ic  ac id  s tim u la tes  th e  release o f  b o th  azurophilic  and  specific g ranu le  
co n stitu en ts .

C is-p o ly u n sa tu ra ted  f a t ty  acids w ere found  to  s tim u la te  n e u tro p h il de
g ran u la tio n , an d  th e  respective  sec re to ry  capacities w ere co rre la ted  w ith  th e  
degree of u n sa tu ra tio n . The re q u ire m e n t fo r u n sa tu ra tio n  re la tiv e  to  sec re to ry  
c a p a c ity  is em phasized  b y  th e  fin d in g  of S m ith  e t al. (1987), i.e. th a t  s a tu ra te d  
f a t ty  acids do n o t s tim u la te  g ran u le  exocytosis from  n eu troph ils . T he a b ility  
o f f a t ty  acids to  s tim u la te  PM N s as a fu n c tio n  of th e  u n sa tu ra tio n  degree has 
also been  re p o rte d  fo r superox ide  an ion  p ro d u c tio n  (B adw ey e t ah , 1981).
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P o ly m o rp h o n u c lea r leukocytes exposed to  arach idon ic  acid genera te  5- 
and 1 5 -H E T E  (P a y a n  e t a l., 1984), and  5 -H E T E  has been  rep o rted  to  s tim u la te  
po lym orphonuclear g ran u lo cy te  deg ran u la tio n  (S tenson  an d  P ark e r, 1980). I t  
is conceivable, th e re fo re , th a t  arach idonic ac id -induced  PM N L  a c tiv a tio n  is 
m ed ia ted  b y  m etab o lite s  o f th e  lipoxygenase p a th w a y . L ipoxygenase in h ib ito rs  
have been  found , h ow ever, to  esert no effect on  g ranu le  exocytosis from  
arachidonic  a c id -s tim u la ted  PM N L (S m ith  e t ah , 1987).

The d a ta  p re se n te d  in  th is  w ork, to g e th e r  w ith  th e  observ a tio n  th a t  
a rach idonic  acid  can  in d u ce  an  in flam m ato ry  re a c tio n  associated  w ith  P M N L  
in filtra tio n  (Carlson e t  a l., 1985; Chang e t al., 1986), suggest th a t  a rach id o n a te  
is an  im p o r ta n t in f la m m a to ry  m ed ia to r in  ca lf b ro nchopneum on ia , s tim u la tin g  
g ranu locy te  exocy tosis.
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ACTIVITY OF SERUM CREATINE KINASE, 
LACTATE DEHYDROGENASE 

AND LD ISOENZYMES IN PIGLETS AFFECTED 
WITH CONGENITAL TREMOR: A CASE REPORT

M .Т о м к о

Departm ent of Veterinary Genetics, U n iversity  o f Veterinary M edicine in K osice, 
Kom enskeho 73, 041 81 K osice, Czecho-Slovakia

(R eceived Septem ber 2, 1992)

The activ ities o f serum creatine kinase (CK), lactate dehydrogenase (L D ) and 
LD isoenzym es were studied in 14 Prestice black pied pigs from  a herd affected w ith  
congenital tremor. Mean CK activ ity  was 19.57 +  3.56 ,ukat • I” 1 for 6 adult pigs, and 
it  was 21.03 +  1.33 /rkat • 1—1 and 20.42 +  1.23 ^ikat ■ 1“ 1 for the affected (n =  5) 
and control (n =  3) p iglets, respectively. N o significant differences were demonstrable  
betw een the groups in CK activ ity . Total serum LD and LD-4 as well as LD-5 iso
enzym e activities were higher in sows. P iglets affected w ith  congenital tremor showed  
an increase in  total LD enzym e and LD-5 isoenzym e activ ity . I t  is concluded th a t no 
relationship exists betw een congenital tremor and serum CK a ctiv ity  in  piglets. A t the  
same tim e, there is a positive relationship betw een congenital tremor and significantly  
(P <  0.01) elevated  LD enzym e and LD-5 isoenzym e activ ity . The results allow us to 
suggest that to ta l lactate  dehydrogenase and LD-5 isoenzym e activ ities could be used  
as biological markers o f congenital tremor in piglets.

Key words: Congenital trem or, piglet, creatine kinase, lactate  dehydrogenase, 
isoenzym es

In ten s iv e  selection  for m eatiness in  pigs has re su lted  in  an  increased  
inc idence  of various n eu ro m u scu la r diseases inc lud ing  co ngen ita l tre m o r in  
p ig le ts.

L ittle  is know n a b o u t th e  p rim a ry  b iochem ical changes th a t  in itia te  a 
cascade  resu ltin g  in  m uscle cram ps, fasc icu la tions, an d  a lte re d  cell m em brane 
p e rm eab ility , th e  signs o f th is  d iso rder. A selective increase  in  m em brane 
p e rm eab ility , caused  b y  a lte ra tio n s  in  th e  s tru c tu re  an d  fu n c tio n  of cellu lar 
m em branes, helps to  ex p la in  th e  leakage o f ce rta in  soluble cy top lasm ic  enzym es 
in to  th e  ex trace llu la r flu id  (D oize e t ah , 1990; D u th ie  e t al., 1989; G u p ta  e t al., 
1991; R oodenburg  e t al., 1990). E nzym ologic  d a ta  on th e se  enzym es, especially  
c rea tin e  k inase and  la c ta te  dehydrogenase , ap p earin g  in  increased  levels in  th e  
b lood  of an im als -with m y o p a th ies , are  occasionally  fo u n d  in  th e  l i te ra tu re  
(D iB a rto la  and  T ask er, 1977; H ov en  e t al., 1988; R ozkosna e t al., 1986; 
R o o d en b u rg  et al., 1990), b u t  no d a ta  have  been  rep o rted  y e t from  piglets w ith  
co n g en ita l trem o r.

C reatine k inase  (CK , EC 2.7.3.2) is an  organ-specific  cy top lasm ic  enzym e 
p re d o m in a n tly  p re sen t in  th e  ske le ta l m uscle, h e a r t an d  b ra in . T he enzym e is 
lo c a te d  in  th e  m ito ch o n d ria  w here A T P is p roduced  or consum ed , an d  catalyzes

A c t a  V e t e r in a r i a  H u n g a r i c a  4 0 , 1 9 9 2  
A k a d é m i a i  K i a d ó , B u d a p e s t
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th e  tran sfe r o f energy -rich  phosphates to  th e  p h o sp h a te -ca rrie r c rea tin e  in  
o rd e r to  form  c rea tin e  p h o sp h a te . L o ca ted  a t  th e  A T P -using  side, CK is in 
vo lved  in  th e  fo rm a tio n  o f  A TP b y  a tra n s fe r  o f th e  energy -rich  p h o sp h a te  
g roup  from  crea tine  p h o sp h a te  to  A D P . In  to ta l ,  th e re  is a c rea tin e  p h o sp h a te  
sh u ttle  w hich serves as an  in itia l sh o rt- te rm  energy  source fo r th e  m uscle 
(R oodenburg  e t ah , 1990).

L ac ta te  d eh y d ro g en ase  (LD , EC 1.1.1.27), a n o th e r cy to p lasm ic  enzym e, 
p lay s an  im p o rta n t ro le in  th e  g lycoly tic  cycle, an d  is th e re fo re  c ruc ia lly  im 
p o r ta n t  for no rm al m uscle  physio logy  (G u p ta  e t ah , 1991). L D  is p re se n t in  
v ir tu a lly  all tissues. C onsequen tly , e leva tions of th e  to ta l  enzym e a c tiv ity  in  
serum  re flec t no specific  dam age of a single tissu e  or o rgan  (M aekaw a, 1988). 
A d d itio n a l in fo rm a tio n  can  be o b ta in ed  th ro u g h  th e  sep a ra tio n  an d  q u a n t i ta 
tio n  of LD  isoenzym es com posed of four su b u n its  o f e ith e r  th e  M (m uscle) or 
th e  H  (heart) ty p e . T h e  fiv e  isoenzym es are  n u m b ered  MMMM (LD -5), MMMH 
(LD -4), M M H H  (L D -3), M H H H  (LD-2) a n d  Н Н Н П  (L D -1). LD -5 an d  LD -4 
are  associated  w ith  th e  anaerob ic  while L D -1 an d  LD-2 w ith  th e  aerobic  p a th 
w ays of c a rb o h y d ra te  m etab o lism  (D oize e t  ah , 1989), w hereas L D -3 is n o t 
s tr ic tly  classified in  e ith e r  of these  categories.

This s tu d y  w as designed  to  d e te rm in e  th e  b en efit an d  p o te n tia l costs o f 
L D  and  CK enzym es an d  L D  isoenzym es in  th e  diagnosis o f co ngen ita l tre m o r 
in  p ig lets, and  to  co rre la te  th em  w ith  th e  clinical ,aetio log ical, pa tho log ica l 
a n d  epidem iological f in d in g s (Tom ko e t ah , 1991).

M aterials an d  m ethods

The a c tiv ity  of C K , L D  and  LD  isoenzym es was d e te rm in ed  in  th e  blood 
se ru m  ob ta ined  from  14 P restice  b lack  p ied  pigs (8 p ig lets, 3 sow s, 3 boars) of a 
h e rd  affected  w ith  co n g en ita l trem or.

The pig lets w ere be tw een  5 an d  20 days old, w hile th e  sows an d  boars 
w'ere 1- to  3-year-old  b reed in g  anim als m a in ta in ed  on a b reed in g  fa rm  in  E a s t 
S lovakia . All a d u lt an im als  were fed s ta n d a rd  in d u s tr ia l feeds for la c ta tin g  
sows and  b reeding  b o ars , an d  h ad  un ifo rm  access to  w a te r.

Sam ples w ere co llected  from  five  p ig lets of tw o lit te rs  w ith  evidence of 
congen ita l tre m o r an d  fro m  a norm al h e a lth y  l i t te r  w ith  a to ta l  o f th ree  p ig lets. 
T he p a re n ts  of th e  te s te d  p ig le ts (boars an d  sows) h ad  no h is to ry  an d  show ed no 
clinical signs of th e  d isease. B lood sam ples were o b ta in ed  on five  sep ara te  
occasions from  th e  a n te r io r  vena  cav a  in  sn o u t-re s tra in ed  sows an d  boars, 
an d  from  th e  o p h th a lm ic  sinus in  p ig le ts. All sam ples w ere cen trifuged  upon  
rece ip t and  th e  serum  w as sep ara ted  in to  th re e  a liquo ts u n til  analysis , w hich 
alw ays took  place w ith in  24 h . The a liquo ts w ere used  fo r m easu ring  to ta l  CK 
an d  LD  ac tiv ity  an d  for de term in ing  LD  isoenzym e p a tte rn s .
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T o ta l CK a c tiv ity  in  se rum  w as m easu red  b y  a CK N A C -ac tiv a ted  m ethod  
(B oehringer, M annheim ). A c tiv ity  w as m easured  a t 25 °C in  an  enzym atic  
sy stem  w here A TP p ro d u ced  from  c rea tin e  p h o sp h a te  was u tilized  for th e  p ro 
d u c tio n  o f g lucose-6-phosphate , w hich  w as th e n  oxidized to  6-phospliogluco- 
n a te  u n d e r sim ultaneous red u c tio n  o f N A D P H . The red u c tio n  o f  N A D P H  was 
m o n ito red  sp ec tro p h o to m etrica lly  a t  365 nm .

T o ta l LD  a c tiv ity  in  se rum  w as d e te rm in ed  sp ec tro p h o to m etrica lly  (510 
nm ) b y  th e  red u c tio n  of N A D  -j- to  N A D H  a t  25 °C, u sing  a com m ercial k it  
(B io -L achem a, B rno , C zecho-S lovakia).

LD  izoenzym es w ere se p a ra te d  b y  a d isc-po lyacry lam ide  gel e lec tro 
phoresis b y  th e  m eth o d  o f D ie tz  an d  L u b ra n o  (1967) (cit. b y  K n u d sen  e t ab , 
1970). E lec trophoresis w as p e rfo rm ed  a t  50 v o lts  fo r 60 m in  w ith  a c u rre n t n o t 
exceeding 2.5 m illiam pères p e r  gel co lum n . T he re la tiv e  a m o u n t o f each  iso
enzym e p re sen t w as q u a n t i ta te d  b y  d en sito m étrie  scann ing  (E R I  10, Carl 
Zeiss J e n a , G erm any). A c tiv ity  b an d s  w ere v isualized  using  la c ta te  an d  N A D  
as su b s tra te s  an d  n itro  b lu e  té tra z o liu m  as f in a l h y d ro g en  accep to r. T he LD  
isoenzym e w ith  th e  h ig h es t e lec tro p h o re tic  m ob ility  to w ard s  th e  anode w as 
desig n a ted  LD-1 and  th a t  w ith  th e  low est m ob ility  LD -5 (M akeaw a, 1988).

T o ta l LD  and  CK enzym e ac tiv itie s  are  given in  k a ta ls . T he LD  iso
enzym es are q u an tified  as a p e rcen tag e  o f to ta l  LD  enzym e p resen t in  th e  
se rum .

G roup m eans, s ta n d a rd  d ev ia tio n s, s ta n d a rd  errors an d  coeffic ien ts o f 
v a r ia tio n  w ere estab lished  fo r each  fa c to r . The s ta tis tic a l sign ificance of d if
ferences betw een  groups o f an im als w as ev a lu a ted  b y  S tu d e n t’s t-te s t. D if
ferences of P  <  0.01 w ere reg a rd ed  as sign ifican t.

R esults

T ab le  1 p resen ts se ru m  c rea tin e  k inase  (CK) ac tiv ities  in  tw o  groups of 
p ig le ts  (h ea lth y  and  affected) an d  in  th e ir  p a ren ts . T he m ean  v alue  of CK 
a c tiv ity  for 6 ad u lt an im als in  th e  te s te d  g roups was 19.57 i  3.56 p k a t • 1~1, 
an d  th e  m ean  values of CK a c tiv ity  fo r all p ig le ts  in  groups 1 an d  2 were 21.03;); 
J ;  1.33 jitkat • l -1 and  20.42 J ;  1.23 p k a t  • l -1 , respectively . S ign ifican t dif
ferences in  CK a c tiv ity  w ere d em o n strab le  n e ith e r be tw een  th e  h e a lth y  an d  
th e  a ffec ted  groups no r b e tw een  m ales an d  fem ales. The m ean  serum  CK levels 
fo u n d  b y  us for pigs an d  p ig le ts  w ere d iffe ren t from  th e  reference values of 
se ru m  CK rep o rted  b y  v a rio u s au th o rs  (see Table 2).

V alues (abso lu te  an d  p e r c en t a c tiv ity )  of to ta l  LD enzym e an d  LD  iso 
enzym e ac tiv ities  found  in  th e  serum  of b o th  groups of p ig lets an d  th e ir  p a ren ts  
are show n in  Tables 3 to  5. In  p ig le ts of g roups 1 and  2, to ta l  LD  a c tiv ity  of 
th e  se rum  ranged  from  13.16 J ;  0.37 /ik a t • l -1 to  14.24 ^  0.09 /ik a t • l -1
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Tabic 1
Serum CK a c tiv ity  (//kát • К 1) in  two groups of Prestice black pied pigs

A n i m a l  (L ine) Sex
R an g e  

(m in —m ax ) M ean  ±  SD SEM cv

■g Jura — 51 (1430) м 21.97-22.26 22 .14±0.136 0.06 0.61

J* Adamosa — 11722 F
1—1 Ph

18.86-19.32 19 .09±0.189 0.08 0.99

ГД
1 Piglet 1

rv, м
F 18.87-20.45 19 .50±0.736 0.33 3.77

S Piglet 2 F 22.37-23.45 22 .99±0.499 0.22 2.17
-Ч 3

Piglet 3 
о

M 20.93-22.34 21 .64±0.560 0.25 2.59

сЗ
g  Sápon — 3001 (559) М 24.73-24.95 24 .86±0 .093 0.04 0.37

^  J8 Jurka 11623 F 16.99-17.41 17 .23±0.170 0.08 0.99

В

fS Ö Piglet 4 M 19.78-21.12 20 .49±0.563 0.25 2.75

3  Piglet 5 F 19.85-21.56 20 .52±0.738 0.33 3.60

й Piratek — 72 (559) М 19.23-19.45 19 .33±0.086 0.04 0.44

1  Sow -  17288 F 14.58-14.89 14 .78±0.123 0.06 0.83

Ом
Piglet 6 F 17.83-20.12 19 .03±1.064 0.48 5.59

Л «
U  5  Piglet 7 F 20.98-21.76 21 .35±0.342 0.15 1.60

д
Piglet 8 M 20.22-21.47 20 .89±0.552 0.25 2.64

СУ =  coefficient o f  variation; SD =  standard deviation; SEM =  standard error of the 
m ean; M =  male; F =  fem ale

Table 2
Reference values for serum CK activ ity  (/tk a t-l ') in  adult pigs

R e f e r e n c e M ean ^ SD R an g e N o t e

The Merck Veterinary 
M anual, Sixth Edition

4 .634±3 .538 1.097-8.172 Valid for ail pigs

(1986)

Vrzgula — Sokol (1987) 0 .885±0 .215 0.67-1.1 Valid for ail pigs

6 .407±4.149 1.52-16.58 Gilts, gestation day 110
5.814 Sows, gestation day 110

Reese et a l .  (1984) 4.340 Sows, lactation day 14
3.487 Sows, lactation day 26

11 .5 2 ± 3 .8 4.8 -18 .2 Belgian Landrace breed
R ozkosná et al. (1986) 2 .68± 0 .99 1 .45- 4.45 Large W hite Breed

2.11 ± 0 .6 6 1.40- 3.50 Laboratory minipigs
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T ab le  3

Serum LD activ ity  (/<kat - l -1 ) in two groups of Prestice black pied pigs

A n i m a l  (Line) Sex
R ange 

(m in —m ax ) M ean i  SD SEM cv

G
ro

up
 2

 
G

ro
up

 1

F
am

ily
 2

 
F

am
ily

 1

L
it

te
r 

P
ar

en
ts

 
L

it
te

r 
P

ar
en

ts
 

L
it

te
r 

P
ar

en
ts Jura — 51 (1430) 

Adam osa — 11722

Piglet 1 

P iglet 2

M

F

F

F

M

M

F

M

F

M

F

F

F

M

5.549-6.021

9.532-9.846

12.759-13.681

14.001-14.531

13.254-13.725

6.491-8.324

8.225-8.688

13.243-13.831

13.907-14.253

4.642-5.354

9.636-9.840

10.103-10.980

8.325-8.982

8.813-9.541

5 .78±0.094

9 .68±0.053

13 .16±0.370

0.04

0.02

0.17

0.04

0.04

0.15

0.04

0.05

0.03

0.06

0.02

0.08

0.04

0.05

1.63

0.55

2.81

0.63

0.59

4.89

0.95

0.81

0.50

2.6

0.41

1.71

1.00

1.32

14 .24±0.090  

13.56 ± 0 .0 8 0

6 .9 6± 0 .340

8 .46±0 .080

13 .64±0.110

14 .08±0.070

5 .001±0.13

9 .79± 0 .040

10 .50±0.180

8 .98± 0 .090

9 .12± 0 .120

P iglet 3

Sápon -  3001 (559) 

Jurka 11623

P iglet 4 

P iglet 5

P iratek — 72 (559) 

Sow -  17288

P iglet 6

P iglet 7 

P ig let 8

See footnote to Table 1

and  fro m  8.98 ^  0.09 /xkat • l -1 to  10.50 ^  0.18 /tk a t • 1_1, respective ly , an d  
th e  d ifference  reached  th e  level o f significance (P  <  0.01).

E le v a tio n s  in  LD-5 isoenzym e a c tiv ity  w ere n o ted  in  p ig lets affec ted  w ith  
co ngen ita l trem o r. A t th e  sam e tim e , these  p ig le ts d e m o n s tra te d  a s ig n ifican t 
(P  <  0.01) decrease in  L D -2 isoenzym e a c tiv ity  as com pared  to  th e  co n tro l 
group . N o s ign ifican t d ifferences in  to ta l  LD  an d  LD  isoenzym e a c tiv itie s  
were fo u n d  betw een  sows a n d  b o ars  of a ffec ted  (n  =  4) an d  nonaffec ted  (n =  2) 
groups o f  p ig le ts. H ow ever, to ta l  LD  a c tiv ity  an d  LD -5 isoenzym e a c tiv ity  
was s ig n ifican tly  (P  <  0.01) h igher w hile LD -2 isoenzym e a c tiv ity  was s ig n if
ican tly  (P  <  0.01) low er in  sows.

T h e  reference values re p o rte d  b y  vario u s au th o rs  for to ta l  serum  LD  a n d  
LD  isoenzym e a c tiv ity  a re  p resen ted  in  T ab les 4 an d  6.
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Table 4

Reference values for serum LD activity in pigs (//kai • 1 t) according to different authors

R eference (year) M ean ±  SD R an g e N o t e

The Merck Veterinary 
M anual, Sixth Edition  

(1986)

4 .88± 3 .13 2.67-7.09 Valid for all pigs

Vadem ecum  (Sokol, 1991) < 1 0 .0 0 Valid for all pigs

A k ita  et al. (1980) 9 .59± 0 .42 9.17-9.96 Japanese Landrace pigs

R eese et al. (1984) 2 .41±0 .61
2.378
2.53
2.68

1.052-3.79 Gilts, gestation day 110 
Sows, gestation day 110 
Sows, lactation day 14 
Sows, lactation day 28

Tucek et al. (1985) 10.132±0.926
7 .114±0.352

Piglets, 8 hours after birth 
Piglets, 21 days after birth

D oize et al. (1989) 5.28 -20 .42 Adult Landrace pigs

Szilágyi et al. (1989) 10.59±4.025

14.66±4.325

6.11

9-week-old Landrace 
piglets

7-week-old Landrace 
piglets

A dult crossbred pigs

Discussion

Serum  enzym es like c rea tine  k inase  a n d  la c ta te  dehydrogenase  are  w idely  
u sed  as ind ica to rs  o f  m y o p a th ies  in  an im als  as well as in  h u m an s (D iB arto la  
a n d  T asker, 1977; M aekaw a, 1988; K u rsa  a n d  K ro u p o v a , 1982; R oodenburg  
e t  a l., 1990; T ucek  e t a l., 1985). In  h e a lth y  in d iv id u a ls , th e  co n cen tra tio n  of 
su ch  enzym es in  th e  se ru m  is low. I t  m a y , how ever, rise b y  one or several 
o rders of m ag n itu d e  due to  an  increase in  cell m em brane p e rm eab ility , e.g. 
a f te r  m uscle d am age (D u th ie  e t al., 1989; G u p ta  e t al., 1991; R ood en b u rg  e t 
a l., 1990; T ucek  e t a l., 1985). I t  th ere fo re  ap p e a re d  to  be of in te re s t to  e lucidate  
th e  changes occu rring  in  th e  profile  o f th e se  enzym es in  ou r te s t  m ateria l 
d e riv ed  from  a co n g en ita l trem o r a ffec ted  p ig  herd .

T he d iagnostic  usefulness of se ru m  C K  an d  LD  enzym e te s tin g  in  m yo
p a th ie s  lies p rim arily  in  th e ir  high (0.57-0 .86) coefficien t o f re p e a ta b ility  (M ojto 
e t a l., 1981). T he reference  values re p o rte d  b y  d ifferen t au th o rs  for th e  tw o
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Table 5

LD isoenzym e activities, expressed as a percentage of total LD present in  the serum, in  two groups of Prestice black pied pigs

A n im al (line)
LD  isoenzym e a c tiv ity  (x  ±  Sx)

LD -1 LD -2 LD -3 LD -4 LD -5

л
C Jura 51 (1430) M 43.40 ± 0 .2 6 18 .24+0.25 18 .60+0.11 6 .4 6 + 0 .1 7 13 .30+ 0 .13
ига

ГН Цц Adamosa — 11722 F 39.80+0.61 11 .20+0.40 1 7 .02+ 0 .32 13 .34+0.33 18 .64+0.71

s
яГУ. U

Piglet 1 F 41 .62+ 0 .57 11 .26+0.29 18 .72+0.38 6 .30+0.31 22 .10+ 0 .39
í—1 о

Piglet 2 F 40 .4 6 + 0 .4 7 12 .74+0.27 17 .46+0.20 7 .08+ 0 .12 22 .26+ 0 .39

CU
sо

Piglet 3 M 43 .5 8 + 0 .2 2 11 .30+0.30 17 .00+ 0 .16 8 .78+ 0 .18 13 .34+0.66

о œ
Sápon 3001 (559) M 43.90+ 0 .21 17 .56+0.21 18 .68+ 0 .16 6 .86+ 0 .13 12 .96+0.35

«  й Jurka — 11623 F 4 1 .24+ 0 .29 10 .74+0.25 18 .30+0.23 12.76±0.21 16 .96+0.42

Sга
рц н Piglet 4 M 42 .3 4 + 0 .2 9 12 .28+ 0.14 19 .10+ 0 .20 6 .24± 0 .23 20 .04+0.45

HÍ Piglet 5 F 45 .0 6 + 0 .2 8 12.10+0.17 17 .16±0.21 7 .18+ 0 .10 18 .50+0.28

tn+->
G
о

Piratek 72 (559) M 44 .5 6 + 0 .3 2 17 .44+0.13 18 .50± 0 .25 8 .30+ 0 .18 11 .20+0.52
«

Рн Sow — 17288 F 4 5 .2 2 + 0 .3 9 12 .14+0.42 15 .3 4 + 0 .2 4 14.20+0.27 13 .30+0.43

eu
P
cH

O  h
Piglet 6 F 44 .68+ 0 .29 19 .02+0.24 19 .06+ 0.17 7 .96+ 0 .24 9 .28+ 0 .32

O
Piglet 7 F 44 .28+ 0 .26 18 .66+0.22 18 .44+ 0 .25 8 .48+ 0 .15 10 .14+0.32

Piglet 8 M 44 .50+ 0 .17 19 .38+0.09 18.96 +  0.09 9 .04+ 0 .10 8 .12+ 0 .17
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T ab le  6

Reference values for serum LD isoenzyme activities in  pigs (% of total LD activity) according to different authors

R eference (year) LD -1 LD -2 LD -3 LD -4 LD -5 N o t e

Barthel et al. (1971) 30.6 17.5 16.9 14.3 20.7 Young pigs (14-28 kg)

20.3 15.4 19.7 18.7 19.9 Slaughter group (85-110 kg)

Doize et al. (1989) 17 15 18 10 40 Landrace pigs (70-89 kg)

Michalek and Marcanik (1975) 44.4 24.9 13.6 8.8 8.3 Slovak Large W hite (over 60 kg)

(39-52) (19-26) (9-15) (4-12) (3-12)
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enzym es (T ables 2 an d  4) are  d issim ilar, w hich m ay  be due to  v a ria tio n s  in  th e  
m eth o d s o f  assay  by  lab o ra to ry .

S erum  CK a c tiv ity  is u sed  in  th e  diagnosis of m uscu la r diseases because 
of its  h ig h  tissu e  specific ity  (B ic k h a rd t, 1983). The m ean  CK levels fo u n d  fo r 
pigs an d  p ig le ts in  th is  s tu d y  w ere s ig n ifican tly  (P  <  0.01) h ig h er th a n  th o se  
re p o rte d  p rev io u sly  (Table 2). M ean CK value d e te rm in a tio n  w as n o t used  in  
p ig lets, since CK a c tiv ity  show s large  v a ria tio n s  in  y o u n g  an im als (B ick h a rd t, 
1983; R ozkosna e t ah , 1986). T he d ifference betw een  CK values fo u n d  in  th e  
p re sen t s tu d y  an d  tho se  re p o rte d  in  th e  l i te ra tu re  m ay  be due to  severa l fac to rs  
such  as (1) b reed  (Doize e t ah , 1990; L ukas e t ah, 1978; O ’B rien  e t ah , 1985; 
R ozkosna e t ah , 1986; Szilágyi e t ah , 1982; T ou lova e t ah , 1981), (2) sex  
(Jak u b o w sk i e t ah , 1988), (3) age (H effron  an d  M itchell, 1975), (4) n u tr i t io n  
(D u th ie  e t ah , 1989; T oulova e t ah , 1981), (5) rep ro d u c tiv e  s ta tu s  an d  stage  o f 
la c ta tio n  (R eese e t ah , 1984).

T he genetic  p red isposition  o f an im als to  stress was also d e m o n s tra te d  to  
enhance serum  CK a c tiv ity  (P o lta rsk y  e t ah , 1989). In  stress-suscep tib le  a n i
m als (A k ita  e t ah , 1980; B ic k h a rd t e t ah , 1977; B orgm an  e t ah , 1985; D oize 
e t ah , 1990), CK levels undergo  a m u ltip le  increase d u rin g  th e  f irs t  h o u r a f te r  
th e  s tress (H allb erg  e t ah , 1979). A ccord ing  to  o th e r au th o rs , th e  follow ing 
s tress fac to rs  could account for th e  increased  CK a c tiv ity  in  th is  s tu d y : h a n 
dling an d  m an ip u la tio n  of an im als (D oize e t ah, 1989; T ou lova e t ah , 1981), 
v e n ip u n c tu re  (K ing  and  Z apf, 1972; Sano e t ah , 1979) an d  in tra m u sc u la r  
in jec tio n  (S teiss an d  F o rsy th , 1984) of v ita m in  E  (D u th ie  e t ah , 1989; T ou lova 
e t ah , 1981).

W hile CK a c tiv ity  is m a in ly  p re sen t in  skele ta l m uscle, th e  a c tiv ity  o f 
LD  re flec ts  no dam age to  a p a r tic u la r  tissue  (B a rth e l e t ah , 1971; G u p ta  e t ah , 
1991; M aekaw a, 1988). T herefo re, ad d itio n a l in fo rm a tio n  m ay  be o b ta in ed  
th ro u g h  th e  sep a ra tio n  an d  q u a n ti ta t io n  of five  e lec tro p h o re tica lly  d is tin c t 
LD  isoenzym es (A k ita  e t ah , 1980; B a rth e l e t ah, 1971; Doize e t ah , 1989; 
M aekaw a, 1988; M ichalek an d  M arcan ik , 1975; R ozkosna e t ah , 1986).

A n increase in  to ta l  LD  a c tiv ity  above th e  u p p er lim it o f reference v alues 
(Table 4), s im ila r to  th a t  seen in  th is  s tu d y , m ay  be evoked  b y  g es ta tio n  an d  
la c ta tio n  in  sows (Reese e t ah , 1984) an d  by  m uscle c ram ps, trem b lin g  an d  
m uscle f ib re  cy top lasm ic  m em b ran e  dam age (Doize e t ah , 1990; D u th ie  e t  ah , 
1989; G u p ta  e t ah , 1991; R o o d en b u rg  e t ah, 1990) in  p ig lets affec ted  w ith  
congen ita l trem o r.

T he L D  isoenzym e p a t te rn  fo u n d  in  th is  s tu d y  la rge ly  agrees w ith  d a ta  
o b ta in ed  fo r pigs b y  B a rth e l e t ah  (1971), Doize e t ah  (1989) an d  M ichalek a n d  
M arcan ik  (1975). W e have n o t observed  age-re lated  changes in  LD  isoenzym e 
d is tr ib u tio n  as rep o rted  b y  B a rth e l e t ah (1971). As co m p ared  to  th e  re fe r
ence v a lu es  (Table 5), changes L D -4  an d  LD-5 isoenzym e a c tiv ity  in  sows 
a p p a re n tly  re flec t no rm al a lte ra tio n s  in  m etabolic processes co n cu rren t w ith
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deliv ery  and  th e  o n se t o f la c ta tio n  (W rig h t a n d  G ram m er, 1980). O n th e  o th e r 
h a n d , th e  h igher levels o f LD-5 isoenzym e could  be  due to  a genetica lly  en 
coded  stress su scep tib ility  of th e  sows te s te d  (A k ita  e t ah , 1980; R ozkosna 
e t ah , 1986).

The s ig n ifican tly  (P  <  0.01) e lev a ted  LD -5 isoenzym e values o b ta in ed  
fo r p ig lets a ffec ted  w ith  congen ita l tre m o r  m ay  be a t t r ib u te d  to  m uscle tissue 
d am ag e  (A kita  e t ah , 1980).

I t  can  be conc luded  th a t  no s ig n if ican t co rre la tio n  w as d em o n stra ted  
b e tw een  CK a c tiv ity  a n d  th e  incidence o f  co n g en ita l tre m o r  in  p ig lets. As serum  
C K  values were s im ila r for b o th  th e  a ffec ted  an d  th e  u n a ffec ted  group , we 
assum e th a t  th e  m easu rem en t of CK a c tiv i ty  is n o t usefu l in  th e  diagnosis o f 
congen ita l trem o r. A t th e  sam e tim e , th e  po sitiv e  re la tio n sh ip  found  betw een  
congen ita l tre m o r a n d  e levated  L D  enzym e an d  LD -5 isoenzym e ac tiv ities  
allow s us to  suggest t h a t  to ta l  LD  a n d  L D -5 isoenzym e a c tiv ity  m ay  be used 
as a biological m a rk e r  of congen ita l tre m o r  in  p ig lets.
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IS THERE LIPID PEROXIDATION 
INDUCED MALONDIALDEHYDE PRODUCTION 

DURING EGG SHELL FORMATION?

M . M é z e s 1 a n d  A .  H i d a s 2

d e p a r t m e n t  o f  N u tr i t io n ,  U n iv e r s i ty  o f  A g r ic u ltu ra l  S c ien ces , H -2 1 0 3  G ödöllő ,
P á t e r  K . u . 1, H u n g a r y ;  d e p a r t m e n t  o f  P o u l t r y  B re e d in g , R e s e a rc h  I n s t i tu t e  fo r  A n im a l 

B re e d in g  a n d  N u t r i t io n ,  G ödö llő , H u n g a ry

(R e c e iv e d  M ay  20, 1992)

T h e  m a rk e d  in c re a se  o b se rv e d  in  m a lo n d ia ld e h y d e  c o n c e n tra t io n  o f  th e  b lo o d  
p la s m a  a n d  l iv e r  o f  la y in g  h e n s  d u r in g  egg  sh e ll fo rm a t io n  in  a  p re v io u s  e x p e r im e n t  
(M ézes a n d  L e n c sé s , 1985) w ere  e x p la in e d  as a  p o ss ib le  c o n se q u e n c e  o f  p h y s io lo g ic a lly  
c o n tro lle d  l ip id  p e ro x id a tio n .  I n  th is  e x p e r im e n t ,  5 4 -w eek -o ld  la y in g  h e n s  w ere  t r e a te d  
in t r a u tc r in a l ly  w ith  in d o m e th a c in  (1 .0  a n d  2.0  m g /k g  b o d y  m a ss)  a f te r  o v ip o s itio n . 
T w o  o th e r  g ro u p s  o f  h e n s  w ere  t r e a te d  per os w i th  excess a m o u n ts  o f v i ta m in  E  (100  
a n d  200 m g /b ird ) .  T h e  h ig h e r  d o se  o f  in d o m e th a c in  s ig n if ic a n tly  d e c re ased  th e  P G F 2a 
p r o d u c t io n  a n d  m a lo n d ia ld e h y d e  c o n te n t  o f  th e  sell g la n d , a s  w ell as th e  m a lo n d ia l
d e h y d e  c o n c e n tr a t io n  o f  th e  p la s m a . T h e  excess a m o u n t  o f  v i ta m in  E  h a d  th e  sa m e  
e ffe c t. T h e  r e s u l ts  su g g e s t t h a t  d u r in g  egg  sh e ll fo rm a t io n  m a lo n d ia ld e h y d e  is d e r iv e d  
f ro m  p r o s ta n o id  b io sy n th e s is  r a th e r  t h a n  f ro m  a  f r e e - ra d ic a l  i n i t i a te d  lip id  p e ro x id a tiv e  
p ro c e ss . O n  t h e  o th e r  h a n d ,  th e  e x ce ss  a m o u n t  o f  v i ta m in  E  in h ib i te d  p ro s ta g la n d in  
b io s y n th e s is  a s  w ell as m a lo n d ia ld e h y d e  p ro d u c tio n .

K e y  w o rd s : M a lo n d ia ld e h y d e , p ro s ta g la n d in s ,  v i ta m in  E ,  la y in g  h e n , eg g  sh e ll 
fo rm a t io n
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S exual endocrino logical processes of th e  lay ing  h en  h av e  some specific  
p ro p erties . A n a to m ica lly , egg shell fo rm a tio n  ta k e s  p lace in  th e  u te ru s  or shell 
g land  (G ilbert a n d  P earson , 1982). P ro s tag lan d in s  are  syn th esized  in  th e  o v a ry  
an d  u te ru s  w ith in  th e  rep ro d u c tiv e  t r a c t  (W echsung, 1983; H este r e t al., 1991). 
T h ey  h av e  an  im p o r ta n t  role in  th e  co n trac tio n  o f th e  o v id u c t and  u te ru s  
(W echsung a n d  H ouvenaghe l, 1978, 1980). In d o m e th ac in , as an  in h ib ito r  of 
p ro s tag lan d in  b io sy n th es is , was found  to  delay  ov iposition  (B alog and  H este r, 
1991a) an d  h a d  an  effect also on egg-shell q u a lity  (B alog an d  H ester, 19916). 
A m ong o th e r  m olecules, cyclic endoperoxides are also fo rm ed  during  p ro s ta 
g lan d in  b iosy n th esis . One of th e  end -p ro d u c ts  of cyclic endoperoxide fo rm a 
tio n  is m a lo n d ia ld eh y d e  (G orm an , 1978). M alondialdehyde was also fo u n d  to  
be a good m a rk e r  o f u n co n tro lled  lip id  p e ro x id a tiv e  processes (G u tte ridge  
an d  Q uin lan , 1983). M alondialdehyde co n cen tra tio n  of th e  b lood p lasm a an d  
liver w as re p o r te d  to  increase m ark ed ly  during  egg shell fo rm ation  (Mézes 
an d  Lencsés, 1985) w hen i t  w as proposed to  be an  en d -p ro d u c t of p h y s io 
logically  co n tro lled  lip id  pero x id a tio n .

T he aim  o f th is  s tu d y  was to  shed  lig h t on th e  above-m entioned  p rob lem  
b y  in h ib itin g  p ro s ta n o id  b iosyn thesis  w ith  th e  generally  accep ted  cyclooxy-
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g enäse  in h ib ito r in d o m e th ac in  (S h im ada an d  A sai, 1979), an d  b y  in h ib itin g  
lip id  perox idative  processes using th e  n a tu ra lly  occurring  cha in -b reak ing  
a n tio x id a n t, v itam in  E  (P an g an am ala  an d  Cornwell, 1982).

M aterials an d  m ethods

T he ex p erim en ta l b ird s  were 54-w eek-old lay ing  hens o f th e  R hode breed . 
In d o m e th a c in  t r e a tm e n t w as carried  o u t in tra u te r in a lly  w ith  doses of 1.00 
a n d  2.00 m g/kg b o d y  m ass in  a vo lum e o f 0.5 m l, dissolved in  p ropy lene  glycol 
(E lm e tac in , L u itpo ld  G m b H , M unich). T he orig inal so lven t o f in d o m eth ac in  
w as 70%  (v/v) i-p ro p an o l. F o r th is  reason , a so lven t con tro l g roup  was tre a te d  
w ith  0.5 ml p ropy lene  glycol con ta in in g  0.1 ml p ropano l. T he b ird s’ re p ro 
d u c tiv e  s ta tu s  was ex am in ed  by  p a lp a tio n  th ro u g h  th e  cloaca: all b ird s show ed 
p o st-ov iposition  s ta tu s . Sam ples were ta k e n  a fte r  cervical d islocation  ap p ro x 
im a te ly  6 h  follow ing th e  tre a tm e n t. V ita m in  E tr e a tm e n t was perfo rm ed  
o ra lly , w ith  e n te ro so lv en t capsules (V itam in  E  capsule, C hem ical W orks of 
G. R ic h te r  L td ., B u d a p e s t)  con ta in ing  100 or 200 m g v ita m in  E  p er kg  body  
m ass. T he hens’ re p ro d u c tiv e  s ta tu s  w as th e  sam e as m en tio n ed  above. S am 
ples w ere ta k e n  a p p ro x im a te ly  24 h  a f te r  t re a tm e n t.

P ro s tag lan d in  F 2a c o n te n t o f th e  u te ru s  w as m easured  a fte r  hom ogenizing 
th e  o rg an  in  a fiv efo ld  vo lum e o f a 3 : 1 (v /v) m ix tu re  o f ace to n itrile  and  
e th a n o l, in  a P o tte r—E lv eh jem  te flo n  hom ogen izer, an d  w ith  e x tra c tio n  o f th e  
sam e  so lvent a t 60 °C fo r 10 m in. A n a liq u o t o f th e  e x tra c t  w as ev ap o ra ted  
in  v acu u m  cham ber a t  60 °C and  - 8  a t t  b y  th e  m ethod  o f B á lin t (personal 
com m unication ). R eco v ery  was d e te rm in ed  b y  th e  ad d itio n  of un labelled  
P G F 2c[ an d  was found  to  be 64.5% . P G F 2a w as q u an tified  b y  125I  rad io im m u n o 
a ssa y  (In s titu te  o f Iso to p es , H u n g a ria n  A cadem y o f Sciences, B u d ap est) . 
M alondialdehyde c o n te n t of th e  w hole u te ru s  hom ogenate  was de te rm ined  
b y  th e  m ethod  of M ihara  e t al. (1980) an d  t h a t  o f th e  b lood p lasm a was m ea
su re d  according to  P la c e r  e t al. (1966). V ita m in  E  co n ten t w as m easured  in  th e  
u te ru s  as described b y  H aack er (1976) a n d  in  th e  blood p lasm a  as recom m end
ed  b y  B ieri (1964).

S ta tis tica l analysis  o f th e  resu lts  w as perform ed b y  p a ired  S tu d e n t’s t- 
te s t  (Snedecor and  C ochran , 1976).

R esu lts

P ro stag lan d in  F 2ot co n ten t of th e  u te ru s  decreased sig n ifican tly  in  th e  
g ro u p s tre a te d  w ith  th e  h igher dose of in d o m eth ac in  (2.0 m g/kg  b.m .) an d  also 
a f te r  tre a tm e n t w ith  v ita m in  E a t  a dose o f  200 m g/b ird  (Table 1). T he low er
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Tabic 1

E ffe c t  o f  in d o m e th a c in  a n d  v i ta m in  E  t r e a tm e n t  o n  p ro s ta g la n d in  a n d  m a lo n d ia ld e h y d e  
p ro d u c tio n  o f  th e  sh e ll g la n d  o f  la y in g  h e n s  (m ea n  ±  S D )

G roup/treatm ent P G F iCt
(pg le)

Malondialdehyde
(nmol/g)

V itam in E  
(mg/g)

1. C o n tro l 538.55 3.09 0.096
(n  == 5) 102.99 0.63 0.021

2. S o lv e n t- t r e a te d 527.58 2.17 0.097
c o n tro l  (n  =  5) 147.99 0.97 0 .040

3. In d o m e th a c in 405.95 2.07 0.085
1.0 m g /k g  (n  =  5) 74.80 0.27 0 .022

4. In d o m e th a c in 267.39 1.82 0.087
2.0 m g /k g  (n  =  5) 85.54 0.42 0 .040

5. V ita m in  E 693.24 2.21 0.097
100 m g /h e n  (n  =  5) 179.61 0.46 0.006

6. V ita m in  E 344.05 2.06 0.107
200 m g /h e n  (n  =  5) 135.55 0.14 0.012

L ev e ls  o f  s ig n ific a n ce : 
1 v s  2 n . s. n . s. n . s.
2 v s  3 n . s. n . s. n . s.
2 v s  4 P  <  0.05 P  <  0.01 n . s.
1 v s  5 n . s. n . s. n . s.
1 v s  6 P  <  0.05 P  <  0.01 n . s.

dose o f  in d o m eth ac in  (1.0 m g/kg  b . m .) caused  a n o n -sig n ifican t decrease, 
while th e  low er dose of v ita m in  E  (100 m g/b ird) a n o n -sig n ifican t increase, 
in  u te rin e  p ro s tag lan d in  p ro d u c tio n  (T able 1).

M alondialdehyde c o n te n t o f th e  u te ru s  decreased  s ig n ifican tly  in  hens 
tre a te d  w ith  th e  h igher dose o f in d o m e th ac in  as well as in  th o se  receiv ing  th e  
h igher dose o f v ita m in  E (T able 1). N e ith e r in d o m eth ac in  n o r v ita m in  E  t r e a t 
m en t caused  sign ifican t changes in  th e  v ita m in  E  c o n te n t o f th e  u te ru s  
(Table 1).

M alondialdehyde c o n cen tra tio n  o f th e  b lood p lasm a decreased  sign ifi
c a n tly  in  all t re a te d  g roups b u t  th e  so lv e n t- tre a te d  con tro l (T able 2). P lasm a 
v ita m in  E  co n cen tra tio n  show ed no s ig n ifican t changes (T able 2).

D iscussion

B o th  the  cyclooxygenase in h ib ito r  in d o m eth ac in  an d  th e  n a tu ra l  c h a in 
b reak in g  a n tio x id a n t v ita m in  E  w ere found  to  reduce  th e  r a te  o f p ro s tan o id  
b iosyn thesis  in  th e  hen s’ u te ru s . T hese effects o f in d o m eth ac in  are  w ell know n. 
The resu lts  o b ta in ed  in  th e  p re sen t s tu d y  for v ita m in  E  su p p o rt som e previous 
in  vitro an d  in  vivo find ings concern ing  th e  in h ib ito ry  effect o f  v ita m in  E  on 
th e  arach idon ic  acid cascade m echan ism  (P an g an am a la  an d  C ornw ell, 1982).
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Table 2

E ffe c t  o f  in d o m e th a c in  a n d  v i ta m in  E  t r e a tm e n t  o n  b lo o d  p la s m a  m a lo n d ia ld e h y d e  a n d  v i ta m in
E  c o n c e n tra t io n  (m ea n  i  S D )

G roup/txeatm ent
M alondialdehyde

(nmol/ml)
V itam in  E

(“ g/O

E  C o n tro l 3.94 1.94
(n  =  5) 1.30 0.31

2. S o lv e n t- t r e a te d 4.04 1.84
c o n tro l  (n  =  5) 1.04 0.51

3. In d o m e th a c in 2.85 1.97
1.0 m g /k g  (n  =  5) 0.51 0.65

4. I n d o m e th a c in 2.44 1.79
2 .0  m g /k g  (n =  5) 0.32 0.56

5. V i ta m in  E 2.49 2.02
100 m g /h e n  (n  =  5) 0.18 0.21

6. V i ta m in  E 1.90 2.16
200 m g /h e n  (n  =  5) 0.18 0.91

L e v e ls  o f  s ig n ifican ce :
1 v s  2 n . s. n . s.
2 v s  3 P  <  0.05 n . s.
2 v s  4 P  <  0.05 n . s.
1 v s  5 P  <  0.05 n . s.
1 v s  6 P  <  0.01 n . s.

The resu lts  o f  th is  s tu d y  also suggest t h a t  an  excess am o u n t of d ie ta ry  
v ita m in  E  m ay  a lte r  egg fo rm atio n  an d  o v iposition  th ro u g h  its  effect ex e rted  
on p ro stag lan d in  b iosyn thesis .

The m alo n d ia ld eh y d e  co n ten t o f th e  u te ru s  a n d  th e  blood p lasm a was 
decreased  b y  b o th  in d o m eth ac in  an d /o r v ita m in  E  tre a tm e n t. T his fin d in g  
does n o t su p p o rt o u r p rev ious hyp o th esis  concern ing  a physio logically  con
tro lled  lip id  p e ro x id a tio n  during  egg shell fo rm a tio n  (Mézes an d  Lencsés, 1985) 
b u t  suggests an  a lte rn a tiv e  m echanism . M alond ia ldehyde  p ro b ab ly  does n o t 
o rig in a te  from  a free -rad ica l g en era ted  process; ra th e r ,  i t  is an  en d -p ro d u c t of 
p ro stag lan d in  b io sy n th esis . I f  i t  w ere a p ro d u c t o f lip id  pe ro x id a tio n , only  
v ita m in  E , h u t n o t in d o m eth ac in , tre a tm e n t w ould  cause a decrease, as in d o 
m eth ac in  does n o t a c t as an  a n tio x id a n t (or scavenger). T he resu lts  also d irec t 
a tte n tio n  to w ard s th e  im p o rtan ce  of p roper v ita m in  E  su p p lem en ta tio n , as 
— given a t levels in  excess of th e  req u irem en t — th a t  b io logically  ac tiv e  
m olecule m ay a lte r  th e  processes of egg shell fo rm a tio n  an d  oviposition .
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M O R P H O L O G IC A L  S T R U C T U R E  O F  T H E  
M U C O U S M E M B R A N E  A N D  S U B M U C O S A  O F  R U M E N  

I N  C A L V E S R E C E IV IN G  S Y N T H E T IC  O R  N A T U R A L  
ß -C A R O T E N E  A N D  V IT A M IN S  A D 3E *
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In an experiment conducted on 20 calves from 1 day to 12 weeks old, supple
ments of /З-carotene were fed in the form of Rovimix /9-carotene 10%, artificially 
dehydrated carrot or vitamins A D 3E. Postmortem examination carried out at 12 weeks 
showed that supplementation of /9-carotene or vitamins AD3E resulted in a better 
structural development of the ruminal papillae as compared to the control group. 
In addition, /9-carotene reduced the keratinization of the stratified squamous epithelial 
cell layer of the rumen and increased the glycosaminoglycane level of that organ wall.

Key words: /9-carotene, vitamins AD3E, supplementation, calf, rumen, mucous 
membrane, morphological structure

P o s tn a ta l  developm ent o f th e  a lim en ta ry  t r a c t  g rea tly  depends on  th e  
ty p e  an d  com position  of feeds fed  to  p re ru m in a n t calves. A p ro p erly  balanced  
d a ily  r a tio n  is essen tia l n o t on ly  for a b e tte r  developm ent of th e  d igestive t r a c t  
b u t  also fo r th e  h ighest possib le u tiliz a tio n  o f all n u tr ie n ts  co n ta in ed  in  th e  
ra tio n . D iffe ren t biologically  ac tiv e  com pounds, such as v ita m in s  an d  m icro 
elem en ts, h av e  a w ell-know n role in  th e  o p tim u m  u tiliz a tio n  o f n u tr ie n ts . M ore
over, a defic iency  of these  com pounds renders anim als suscep tib le  to  d iffe r
e n t diseases (e.g. sy m p to m a tic  d ia rrh o ea  and  pneum onia) an d  m ay  lead  to  
d e a th  (R olinsk i, 1985; W in te r, 1985; F lachow sky  e t ah , 1990), p a rticu la rly  
d u rin g  th e  f irs t  few weeks of life (L uczak , 1978; L u czak  an d  D e p ta , 1984; 
R a y , 1988; Sowers and W allace, 1990; T ioelker e t ah , 1990).

V itam in  A and  its  p recu rso r /(-caro tene belong to  such  essen tia l active 
com pounds. The tra n sp la c e n ta l t ra n s p o r t  of v ita m in  A from  m o th e r to  fe tus 
is know n  to  he re la tiv e ly  poor (B ra n s te tte r  e t ah , 1973; B árdos e t ah, 1991). 
T h u s, n ew born  calves suffer from  /(-caro tene deficiency (R zedziecki an d  Chmie- 
lew ski, 1976). To avoid  th is  defic iency , i t  is recom m ended  to  su p p lem en t th e  
ca lf  ra tio n  w ith  /(-caro tene an d  v ita m in  A (F alkow ska an d  Iw an sk a , 1978; 
Iw a n sk a  e t ah, 1986).
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The influence o f th e se  com pounds on p o s tn a ta l s tru c tu ra l developm ent 
o f th e  wall of th e  d ig estiv e  t r a c t ,  p a rtic u la rly  th e  ru m en , is n o t know n. T he 
o b jec tiv e  of th is  s tu d y  w as, therefo re , to  m o n ito r th e  in fluence  of n a tu ra l an d  
sy n th e tic  Д-caro tene  as w ell as v ita m in  A on th e  m orphological s tru c tu re  of 
th e  ru m en  wall.

M aterials an d  m ethods

The experim en ts w ere conducted  on 20 m ale calves of th e  B lack-and- 
W h ite  Low land b reed , fro m  b ir th  u p  to  12 weeks o f age. T he calves w ere b o rn  
fro m  D ecem ber to  F e b ru a ry  by  m u ltip aro u s cows. T he an im als were k e p t in  
in d iv id u a l pens an d  fed  accord ing  to  th e  s ta n d a rd  norm s of feeding an d  hous
ing . T he calves w ere fed  co lostrum  an d  w hole m ilk  up  to  3 weeks of age. S ub
seq u en tly , th e y  w ere sh if te d  to  s ta n d a rd  q u a n titie s  o f m ilk  su b s titu te  and  
co n cen tra te  m ix, a n d  h a y  given ad libitum. U p to  7 w eeks of age, th e  calves 
w ere given 0.8 kg m ilk  su b s titu te , betw een  8 an d  10 weeks o f age th e y  received  
0.6 kg , and  th e re a f te r  u p  to  11 weeks 0.4 kg m ilk  s u b s titu te  p er an im al daily . 
T he m ilk su b s titu te  w as given tw ice an d  th e  co n c e n tra te  m ix  once daily . The 
chem ical com position  o f th e  feeds is p resen ted  in  T ab le  1.

T he calves w ere ra n d o m ly  div ided  in to  4 groups receiv ing  Д-caro tene  an d  
v ita m in  A from  d iffe ren t sources (groups 2 — 5) an d  a co n tro l group (group 1) 
w ith o u t any  su p p le m e n ta tio n  (the  ex p erim en ta l p ro toco l is show n in  T ab le  2).

The feed of an im a ls  in  groups 2 an d  3 w as su p p lem en ted  w ith  R ov im ix  
Д-caro tene  (H o ffm a n -L a  R oche) co n ta in in g  100 m g of sy n th e tic  Д-caro tene 
p e r g ram  in a s tab iliz in g  m a tr ix  of ge la tin , d e h y d ra te d  an d  supp lied  w ith  a n ti
o x id a n ts . G roup 4 w as g iven  a rtific ia lly  d e h y d ra te d  ca rro ts  w hich co n ta in ed  
0.920 m g Д-caro tene p e r  g ram . These su pp lem en ts w ere given once daily , m ixed 
in  liq u id  feed.

A nim als of all g roups were s laugh te red  a t  12 weeks of age. P o stm o rtem  
ex am in a tio n  of th e  ca lves, w ith  special reg a rd  to  th e  ru m en , was perform ed 
im m ed ia te ly  a fte r s lau g h te rin g . A t th e  sam e tim e , five  pieces from  d ifferen t 
p a r ts  of th e  ru m en  w all (th e  dorsal, v e n tra l an d  c ran ia l sacs and  th e  caudo-

Table 1

Chemical composition of feeds (in %)

Feed D ry  m a tte r A sh Crude E th e r
e x tr a c t

Crude
f ib re

N-free
e x tra c t

Milk substitute 92.62 8.16 28.20 11.58 0 44.68

Mixture CJ 86.74 6.24 18.98 3.41 4.56 53.55

Meadow hay 87.45 7.06 9.52 1.21 29.79 39.87
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Design of the experiment

Group Number 
of calves Type of supplements

Doses of

period of 
treatment

in weeks

supplements for calves

daily doses

/5-carotene vit. 
(rag) AD3E (g)

l 4 without supplements

2 4 Rovimix ß-carotene 10% 0-1 5 1

3 4 Rovimix /5-carotene 10% 2-3 10 2
vitamins AD3E 4 15 2

4 4 artificially dehydrated carrot 5 20 2
6-9 25 3

5 4 vitamins AD3E 10-13 30 3

1 g vitamins AD3E: 1500 IU  of vit. A 
750 IU  of vit. D3 

10 IU  of vit. E

Table 3

The effect of supplementations with natural or synthetic /î-carotene and vitamins AD3E on the 
histochemically determined level of glycosaminoglycanes in the rumen wall

Group Type of supplements
Level of glycosaminogly
canes in ruminal wall*

from to

l without supplements 
(control group)

+ + +

2 Rovimix /5-carotene 10% + + + + + + +

3 Rovimix /5-carotene 10% 
vitamins AD3E

+ +  + + + + +

4 artificially dehydrated carrot + + + + + +

5 vitamins AD3E + + + + + +

^Intensity of colour reaction: 
+  weak
H—b slightly stronger
+  +  +  strong
+  +  +  +  very strong

Concluded level of glycosaminoglycanes: 
low
slightly higher 
high
very high
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d o rsa l as well as c a u d o v e n tra l b lind  sacs) were co llec ted  from  each ca lf  an d  
f ix e d  in  n eu tra l fo rm a lin  for m icroscopic ex am in a tio n . P a ra ff in  sections w ere 
s ta in e d  w ith  h a e m a to x y lin  an d  eosin. In  o rder to  d e te rm in e  th e  b eh av io u r of 
glycosam inoglycanes in  th e  ru m en  w all, th e  sections w ere sta in ed  b y  th e  
P A S  reaction  acco rd ing  to  M cM anus.

The following c r ite r ia  were a d o p ted  for th e  m icroscopic ev a lu a tio n  o f  th e  
ru m in a l sections: (1) degree of deve lopm en t of th e  p ap illae  (w eak, sa tis fac to ry , 
good , v e ry  good); (2) s tru c tu re  of th e  pap illae  an d  of th e  s tra tif ie d  squam ous 
ep ith e liu m  (loose, s lig h tly  loose, co m p act); (3) degree o f k e ra tin iza tio n  o f  th e  
ep ith e liu m  (w eak, sa tis fa c to ry , su b s ta n tia l) ; (4) p a t te rn  o f th e  k e ra tin  layers 
(com pact, loose, s lig h tly  loose, flu ffy , c learly  visible cells).

The level of g lycosam inoglycanes w as e s tim a ted  b y  th e  in te n s ity  o f th e  
h istochem ical co lour re a c tio n  as described  b y  S zarek  (1984). T he co n tro l 
co nsisted  of d igestion  w ith  d iastase  (P earse , 1968).

R esults

M acroscopically , th e  organs an d  tissues of all calves show ed n o rm a l 
m orphological s tru c tu re . T he h isto log ical p a tte rn  of th e  m ucous m em brane 
a n d  subm ucosa o f th e  ru m e n  in  th e  d iffe ren t g roups is described  below.

Group 1 (control, given no supplement). W ell-developed papillae  w ere seen 
in  all b u t  one ca lf  w h ich  show ed a low  degree of p ap illa ry  developm en t. T he 
s tru c tu re  of these  p ap illa e  w as s ligh tly  loose, an d  one ca lf  h a d  a p red o m in an tly  
loose stru c tu re . T he s tra tif ie d  squam ous ep ithe lia l lay ers  o f th e  ru m en  w all 
h a d  loose com position  in  m an y  sections (F ig. 1A). I n  one calf, som e areas of 
th e  ru m in a l m ucous m em b ran e  show ed on overhang ing  flu ffy  lay e r of e p ith e 
liu m  (Fig. IB ). A s u b s ta n tia l  degree of k e ra tin iz a tio n  w as alm ost co n sis ten tly  
p re se n t, b u t in on ly  few  cases did it  reach  a sa tis fa c to ry  level.

Group 2 (ration supplemented with 10%  R ovim ix ß-carotene). T he degree 
o f  developm ent of th e  ru m in a l pap illae  o f group 2 calves could be described  as 
good and  very  good. T h e ir  s tru c tu re  w as s ligh tly  loose, w ith  a g rea te r p ro p o r
tio n  being tran sfo rm ed  in to  com pact. T he s tra tif ie d  squam ous ep ithe lia l lay e r 
w as sligh tly  loose a n d  in  som e cases i t  becam e co m p ac t (F ig . 2A). K e ra tin iz a 
tio n  of th e  ep ithe lium  w as of sa tis fac to ry  degree an d  in  a few cases i t  w as s lig h t
ly  m ore developed. P a r ts  o f th e  k e ra tin  lay er w ere o ften  in su ffic ien tly  d ev e l
o ped  and  occasionally  v a ried  from  loose to  com pact. A g rea te r p ro p o rtio n  of 
th e  k e ra tin  layer h a d  w ell-visible ep ithe lia l cells p resen t in  its  s tru c tu re  (show n 
w ith  asterisks in  F ig . 2A).

Group 3 (ration supplemented with 10°/o R ovim ix ß-carotene and vitamins 
A D 3E ).  The ru m in a l p ap illae  of group 3 calves w ere v e ry  well developed w ith  
a som ew hat loose s tru c tu re , and  th e  ep ithe lium  was o ften  s lig h tly  loose (F ig . 3).
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T he s tra tif ie d  sq u am o u s ep ith e lia l lay e r was sa tis fa c to ry  developed, b u t  in  
som e cases i t  show ed a low er degree of d eve lopm en t. T he k e ra tin  lay er was 
u su a lly  co m p act an d  con ta in ed , in  add itio n  to  necro tic  cells, liv ing  cells as well 
(as in d ica ted  w ith  aste risk s  in  F ig . 3).

Group 4 (ration supplemented with dehydrated carrot) .  Calves o f  group 4 
h a d  p red o m in an tly  w ell-form ed pap illae . In  one case, th e  pap illae  were v e ry  
well developed , an d  in  a n o th e r  case th e ir  d ev e lo p m en t w as sa tis fac to ry . T he 
s tru c tu re  o f all p ap illae  as well as o f th e  ep ithe lium  was d is tin c tly  com pact in  
a b o u t 75%  o f th e  sections, an d  in  these  cases ep ith e lia l k e ra tin iz a tio n  w as 
w eaker. In  o th e r sections, th e  pap illae  h a d  a s lig h tly  looser s tru c tu re , epi- 
th e liz a tio n  w as sa tis fac to ry , an d  th e  superfic ia l ep ith e lia l la y e r  was m ostly  
co m p ac t or slig h tly  loose (F ig . 4).

Group 5 ( ration supplemented with vitamins A D 3E ) .  T he  ru m in a l pap illae  
o f g roup  5 calves w ere well or v e ry  well developed, an d  th e  tissu e  was com pact 
or s ligh tly  loose. T he s tra tif ie d  squam ous ep ithe lium  w as ra th e r  com pact (F ig . 
5A) an d  som etim es te n d e d  to  be loose. T he degree o f ep ith e lia l k e ra tin iza tio n  
could  be described  as sa tis fac to ry . In  som e places th e re  w as slig h t d esq u am a
tio n . A g rea te r p ro p o rtio n  o f th e  com pact k e ra tin  la y e r  co n ta in ed  ep ithe lia l 
cells of d is tin c t s tru c tu re  (F ig . 5B).

The h istochem ical reac tio n  of glycosam inoglycanes p re se n t in  th e  m ucous 
m em b ran e  an d  subm ucosa  o f th e  ru m en  in  calves o f g roups 1, 2 an d  4 is show n 
in  Figs IC , 2B , 4B  an d  4C. T he level of th a t  su b stan ce  in  th e  organs s tu d ied  is 
p resen ted  in  T ab le  3.

D iscussion

In  th is  s tu d y , d ifferences w ere d em o n stra ted  in  th e  m orphology  of th e  
ru m in a l m ucosa an d  subm ucosa  of 12-week-old calves, d epend ing  on w h e th e r 
th e ir  ra tio n  was su p p lem en ted  w ith  sy n th e tic  or n a tu ra l /З-caro tenc  and  v ita m in  
A D 3E . T he ru m in a l pap illae  w ere m ost developed in  th e  calves w hich received  
R o v im ix  /3-carotene 10%  w ith  or w ith o u t v ita m in  A D 3E . A lesser degree of 
p ap illa ry  d eve lopm en t w as observed  in  an im als given a m eal of d eh y d ra ted  
re d  ca rro ts  o r v ita m in  A D 3E  alone. T he w eakest dev e lo p m en t o f papillae  was 
n o te d  in  th e  co n tro l g roup . T h is fac t is su p p o rted  b y  th e  o b se rv a tio n  th a t  oral 
a d m in is tra tio n  o f /3-carotene to  calves re su lted  in  e lev a ted  levels of Д-caro tene  
an d  v ita m in  A in  th e  b lood  se rum  (Iw an sk a  e t ah, 1988). I t  can  be concluded 
th a t  th e  d ev e lopm en t of ru m in a l pap illae  observed  in  th is  s tu d y  w as due to  
th e  effect o f v ita m in  A, a v ita m in  h av in g  a d e fin ite  ro le in  th e  developm ent o f 
ep ithe lia l an d  connective  tissu e  (R olinsk i, 1985; R zedziecki an d  Chm ielew ski,
1976).

Besides th e  ab o v e-m en tio n ed  fac to rs, th e  presence o f so lid  com ponen t in  
th e  feed also in fluenced  th e  deve lopm en t of ru m in a l p ap illae . I t  is know n th a t
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calves in  th e  early  s tag e  of th e ir  life do n o t show  m uch  in te re s t  in  solid feed 
(C urn ick  et ah, 1983). A t th e  sam e tim e , P y se ra  e t ah (in  press) fo u n d  th a t  th e  
a d m in is tra tio n  of sy n th e tic  or n a tu ra l  Д-caro tene to  calves b ro u g h t a b o u t a 
tw o fo ld  increase in  th e  in ta k e  of so lid  feed (m eadow  h a y  a n d  m ix tu re  C J). I t  
w as also rep o rted  t h a t  th e  inclusion  o f  la rge  am o u n ts  o f so lid  feed  in  ca lf  ra tio n s 
n o t  on ly  stim u la ted  ru m in a l m o vem en ts b u t  also h ad  benefic ia l effects on th e  
d ev e lopm en t of th e  m ucous m em b ran e  o f th a t  organ  (Z d u n czy k  an d  Lew icki, 
1985; Szarek e t ah , in  press).

In  th is  s tu d y , an im als  n o t rece iv in g  Д-caro tene  or v ita m in s  show ed dif
ferences in  th e  degree o f k e ra tin iz a tio n  o f th e  s tra tif ie d  squam ous ep ithe lia l 
la y e r  as com pared  to  th e  o th e r g roups. H ow ever, an im als in  th e  o th e r groups 
also  show ed a low degree of k e ra tin iz a tio n  an d  d esq u am a tio n  o f ep ithe lia l cells.

T he k e ra tin  la y e r  of th e  ep ith e liu m  w as th e  loosest in  th e  co n tro l an im als, 
w hile in  o ther calves i t  w as m ore co m p ac t. A nim als receiv ing  10%  Д-caro tene, 
a lone or w ith  v itam in s  A D 3E , h ad  m ore  cells o f d is tin c t s tru c tu re  in  th e  k e ra tin  
lay e r. T he above d ifferences also ap p e a re d  to  have  re su lte d  from  th e  role of 
ep ith e lia l cells in  re tin o l m etab o lism . E xcessive d e sq u am a tio n  o f ep ithelia l 
cells, observed  in  th e  co n tro l an im als, m ig h t have re su lted  fro m  a deficiency of 
v ita m in  A, a co n d itio n  fre q u e n tly  o b serv ed  in  calves d u rin g  th e  f irs t  w eek of 
life (R olinski, 1985). As reg a rd s th e  leve l o f g lycosam inoglycanes in  th e  ru m in a l 
m ucosa  and  subm ucosa , i t  w as low er in  th e  con tro l an im als an d  h igher in  
calves given Д-caro ten e  10%  an d  v ita m in s  A D 3E . Such loca liza tio n  of glycos
am inoglycanes is in d ic a tiv e  o f b e tte r  ru m in a l fu n c tio n  an d  re su lts  in  a b e tte r  
d igestio n  of organic su b stan ces an d  c ru d e  fib re  w hen  th e  an im als are given 
Д-caro tene.
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F ig .  1. Rumens from the control calves. (A) Loose structure of the stratified squamous epi
thelium  w ith fluffy keratin  layer. (B) The keratin  layer of epithelium is seen in the form of 
fluffy overhangings. H aem atoxylin and eosin (H .-E.), X 240. (C) Weak reaction for glycos

aminoglycanes. PAS reaction according to  McManus. X240

F ig .  2 .  Rumens from group 2 calves. (A) Slightly loose structure  of the stratified squamous 
epithelium w ith  loose keratin  layer and clearly visible cells (asterisks). H .-E ., X 240. (B) Strong 
-  in places very strong — reaction for glycosaminoglycanes. PAS reaction according to

McManus, X 240



F ig . 3. Rumen from group 3 calf. W ell-developed papillae with slightly loose stratified squa
m ous epithelium having a com pact keratin layer and areas of clearly visible cells (asterisks).

H .- E . ,  X 240

F ig. 4. Rumens from group 4 calves. (A) S lightly loose structure of the stratified squamous 
epithelium . H .-E., X 240. (В , C) Differential reaction for glycosam inoglycanes (from moderate 

to very strong). PAS reaction according to McManus, X 240



F i g .  5. Rumens from group 5 calves. (A) Compact structure of the stratified squam ous epi
thelium  and keratin  layer. (B) Compact character of epithelium w ith clearly visible cells in 

the keratin  layer (asterisks). H .-E ., X 240





M O R P H O L O G Y  O F  R U M IN A L  M UCOSA IN  V IT A M IN -F E D  CA LV ES 309

} uczak, Z. and D epta, A. (1984): The behaviour of some indices of metabolism in calves w ith  
bronchopneum onia (in Polish). Zesz. Nauk. A RT O lsztyn 15, 95-102.

Pearse, F . A. G. (1968): H istochem istry: Theoretical and Applied. Volume 1. London, J . 
and A. Churchill Ltd.

Pysera, B., Iw anska, S. and W ozniak, M. (in press): E ffect of na tu ra l or synthetic addition  
of /3-carotene on the feed in take and digestibility of components of alim entary rations 
for calves (in Polish). A cta Acad. Agricult. Techn. Olst.

Roy, J .  H . B. (1980): The Calf. B utterw orths, London.
Rolinski, Z. (1985): Physiological and pharm acological aspects of the adm inistration of A -f D;J 

vitam ins injection form for th e  veterinary practice. Nowosci W et. 15, 5—14.
Rzedziecki, J . and Chmielewski, M. (1976): The role of v itam in  A in the status of im m unity 

in anim als (in Polish). M edycyna W et. 34, 594-597.
Sowers, M. R. and W allace, R . B. (1990): Retinol supplem ental v itam in A and bone sta tus. 

J. Clin. Epidemiol. 43, 693-700.
Szarek, J . ,  P ieku t, A. and Kalinowska, Z. (1985): E xperim ental larval ascaridosis in  w hite 

mice. I. Histochemical studies on th e  liver. A cta V et. H ung. 33, 25-32.
Szarek, J ., Wojciechowski, В. and Zdunczyk, Z. (in press): Pathom orphological investigations 

of in ternal organs in calves receiving hay or ensilage w ith  fade grasses (in Polish). 
M edycyna W et.

Tioelker, L. W ., Chew, В. P., T anaka, T. S. and Daniel, L. R . (1990): Effect of dietary v itam in  
A and beta-carotene on polym orphonuclear leukocyte and lym phocyte function in 
dairy cows during the early dry period. J. D airy Sei. 73, 1017-1022.

Zdunczyk, Z. and Lewicki, C. (1985): Correlation betw een feed contents and alim entary value 
of rations and the growth tim e of calves. I. D igestibility of alim entary components 
and value of rations containing various liquid feeds (in Polish). A cta Acad. Agricult. 
Techn. Olst. Zoot. 28, 75-83.

G Acta Veterinaria Hungarica 40, 1992





Acta V eterinaria Hungarica 40 ( 4 ) ,  p p . 311—321 (1 9 9 2 )

COMPARISON OF DIFFERENT COMPUTATIONAL 
METHODS FOR MEASURING ANTIRODIES 

TO AVIAN INFECTIOUS RRONCHITIS VIRUS 
IN SINGLE SERUM DILUTION

Z. PÉNZES and J .  MÉSZÁROS

V eterinary Medical Research In s titu te , H ungarian  Academy of Sciences, 
H-1581 B udapest, P . O. B ox 18, H ungary

Tw enty-eight one-day-old chickens w ith  infectious bronchitis virus (IBV ) 
m aternal antibodies were immunized w ith  stra in  H120 (Bronchovac-I, Phylaxia) in 
spray form. The chickens were kep t in an isolator. On day 42 and 56 the chickens were 
im m unized w ith  IBV strain  M41 (103-0E ID SO/0.1 ml). Serum antibody titres  were 
m easured by  bo th  serial dilution and single dilution E LISA  on day 42, 56 and  76. 
“ Twice negative average” (TNA), “ sample to  positive” (SP) and “ subtraction  m ethod”  
(SM) titres  were calculated from the serially diluted sera, and SP and SM titres  were 
calculated from  the single dilution. T itres obtained  by the different m ethods showed 
a  good correlation for sera of low, m edium  and high antibody levels. The authors 
recom mend the  use of the single dilution m ethod.

Key words: Infectious bronchitis virus, IBV, enzyme-linked im m unosorbent assay, 
ELISA , single serum  dilution, titre  calculation, im m unization

T he enzym e-linked  im m u n o so rb en t assay  (E L ISA ) w as in itia lly  d ev e l
oped b y  E n g v a ll e t al. (1971) an d  v a n  W eem an  an d  S chuurs (1971). E L IS A  is a 
m ethod  w idely  used  for de tec tin g  an tib o d ie s  to  av ian  in fec tious b ro n ch itis  
v iru s (IBV ) (Zellen an d  T horsen , 1986; T h a y e r  e t al., 1987; L an a  e t a l., 1983; 
S nyder e t a l., 1984; G arcia an d  B an k o w sk i, 1980; S n y d er an d  M a rq u a rd t, 
1989; M onreal e t al., 1985; M ockett an d  D arb y sh ire , 1981; M arq u a rd t e t  a l., 
1981; B row n e t al., 1990; Silim  an d  V enne, 1989). O ur aim  was to  develop an  
ev a lu a tio n  m e th o d  for th e  single se rum  d ilu tio n  in fectious b ro n ch itis  E L IS A  
th a t  is easy  to  perfo rm  an d  gives re su lts  t h a t  are  com parab le  betw een  d iffe ren t 
lab o ra to rie s .

Two m a jo r ty p e s  of ev a lu a tio n  can  be  u sed  for th e  in fec tious b ro n ch itis  
E L IS A  (Zellen an d  T horsen, 1986; S n y d e r e t al., 1982; L an a  e t al., 1983; 
S nyder e t al., 1984; Sacks e t al., 1988; G arc ia  an d  B ankow sk i, 1980; S n y d er 
an d  M a rq u a rd t, 1989; M onreal e t al., 1985; M o ck e tt an d  D arb y sh ire , 1981; 
M arq u a rd t e t al., 1981). A com m on c h a ra c te r is tic  of th e  tw o  m ethods is th a t  
th e y  give a t i t r e  v a lu e  w hich is easy  to  in te rp re t .  The tw o fo ld  serum  d ilu tio n  
te s t  is an  easy  b u t  co stly  an d  lab o r in te n s iv e  p rocedure. I n  th is  te s t , tw o fo ld  
d ilu tions o f th e  te s t  sera  (from  1 : 20 to  1 : 2560), along w ith  th e  sim ila rly  
d ilu te d  p ositive  an d  n egative  con tro l sera  a re  tran sfe rred  to  th e  te s t  p la te .

6 * A c t a  V e t e r i n a r i a  H u n g a r i c a  4 0 ,  1 9 9 2  
A k a d é m i a i  K i a d ó ,  B u d a p e s t
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T h e average ab so rb an ce  (OD) o f th e  n eg a tiv e  sera  is c a lcu la ted  th e n  doub led . 
T his value is ta k e n  as th e  p o sitiv ity  lim it. T he la s t d ilu tio n  o f th e  te s t  sera  
w here  th e  ab so rb an ce  is h igher th a n  th e  ca lcu la ted  double average  ab so rb an ce  
o f th e  nega tive  c o n tro l sera  is ta k e n  as th e  t i t r e  (tw ice n eg a tiv e  average, T N A  
m eth o d ).

A m ore e ffic ien t w ay  of perfo rm ing  th e  E L IS A  is to  w ork  w ith  single 
se ru m  dilu tion  (S n y d e r e t ah, 1982; S n y d e r e t ah , 1984).

Titre estimation using the “sample to positive” ( S P )  method

T itre  e s tim a tio n  w ith  ca lib ra tio n  line  is b ased  on p re lim in a ry  e x a m in a 
tio n s . A t least 40 se ra  w ith  d ifferen t t i t r e s  m u s t be ex am in ed  b y  th e  tw o fo ld  
seria l d ilu tion  m e th o d . T hen  a ca lib ra tio n  line  is c a lcu la ted  fo r th e  co rrec ted  
ab so rbance  read in g s an d  th e  t i t r e  va lues. To decrease v a r ia tio n  be tw een  dif-
„ 1 / . . . . Sample OD —  Negative OD
ie re n t p lates, S r  sam ple  to  positive ra tio , ra t io

Positve OD —  Negative OD 
o f a chosen d ilu tio n  is ca lcu la ted  fo r each  te s t  serum . A  d ilu tio n  b e tw een  
1 : 100 an d  1 : 500 shou ld  be selected , since th e  n ea r lin e a r  re la tio n sh ip  t h a t  
ex is ts  betw een  th e  lo g 10 o f th e  co rrec ted  ab so rb an ce  read in g  (log10SP) a n d  th e  
correspond ing  log10 o f  th e  observed t i t r e  (ca lcu la ted  b y  th e  T N A  m eth o d ) is 
m ore expressed w ith in  th is  d ilu tion  ran g e  (S n y d er e t ah , 1983; S n y d er a n d  
M a rq u a rd t, 1989).

Calculation o f titre using the “subtraction method”  ( S M )

In  th e  SP  m e th o d , b o th  th e  n eg a tiv e  a n d  th e  positive  con tro l se ra  are  
u sed  for th e  t i t r e  ca lcu la tio n . T he SM m e th o d  differs from  th e  SP m e th o d  in  
tw o  respects. F irs tly , on ly  th e  ab so rb an ce  o f  th e  n eg a tiv e  se ru m  is used  as in 
te rn a l  s ta n d a rd . Second ly , th e  ca lib ra tio n  cu rv e  is set up  in d e p e n d e n tly  from  
th e  t i tre s  ca lcu la ted  b y  th e  TN A  m e th o d , p ro v id in g  an  in d e p e n d e n t w ay  o f 
o b ta in in g  titre s .

P re lim in ary  e x am in a tio n  is n ecessary  fo r d e te rm in in g  th e  slope o f th e  
s ta n d a rd  curve. A p p ro x im a te ly  40 sera  w ith  d iffe ren t t i tre s  shou ld  he e x a m in 
ed  b y  th e  serial d ilu tio n  m ethod . S u b seq u en tly , for each  serum  th e  log(d ilu- 
tio n ) ( x )  va lues a re  p lo tte d  against th e  co rrec ted  log(absorbance) ( y )  v a lu es . 
To decrease v a r ia t io n  betw eens te s ts , th e  sam ple  abso rb an ce  values are  co r
re c te d  b y  th e  su b s tra c tio n  m ethod : a t  each  d ilu tio n , th e  abso rb an ce  o f  th e  
n eg a tiv e  sera is s u b tra c te d  from  th e  ab so rb an ce  o f th e  te s t  sera  (S nyder e t  a l., 
1982). A regression  line is ca lcu la ted  fo r each  te s t  serum , th e n  th e  com m on  
slope is de te rm in ed . T h e  resu lting  line re flec ts  th e  n ea r lin ea r  re la tio n sh ip  b e 
tw een  th e  log (d ilu tion ) ( x )  values an d  th e  co rrec ted  abso rb an ce  values o f  th e  
te s t  sera log(absorbance) (y )  (Snyder e t a l., 1983; S nyder an d  M a rq u a rd t, 
1989).
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M aterials and  m ethods

Imm unization

T w en ty -e igh t one-day -o ld  chickens w ith  m a te rn a l an tibod ies w ere im 
m unized w ith  A tom ist sp ray . T he sp ray  co n ta in ed  107,e E I D 50/m 3 len togen ic  
N ew castle disease v iru s N D V -6/10 o f  th e  V IT A P E S T ®  vaccine (P h y lax ia ) 
and lO4“1 E I D 50/m 3 infectious b ronch itis  s tra in  H 120 o f th e  B ronchovac-I 
vaccine (P hy lax ia ). T he chickens w ere k ep t in  iso la to r. S e ru m  an tib o d y  levels 
were de te rm ined  on d ay  42 (low -titre  group).

On d ay  42, th e  chickens w ere im m unized  in tra n a sa lly , in tra c o n ju n c tiv a l-  
ly  an d  in tra tra c h ea lly  w ith  a llan to ic  flu id  c o n ta in in g  IB V  s tra in  M411 (103 
E I D 50/0.1 m l). A ll sera  w ere te s te d  on d ay  56 (m e d iu m -titre  group).

A t th e  sam e tim e  (d ay  56), th e  th ird  im m u n iza tio n  w as carried  o u t w ith  
s tra in  M41 (o il-ad ju v a ted  v accine , 0.5 m l s.c.). A n tib o d y  levels w ere checked  on 
th e  d ay  76 (h ig h -titre  g roup).

Enzyme-linked immunosorbent assay ( E L I S A )

E L IS A  w as perfo rm ed  as described , w ith  som e m o d ifica tio n  (G arcia a n d  
B ankow ski, 1980; E ngw all an d  P e rlm an n , 1971; v a n  W eem an  and  S chuurs, 
1971). As co n ju g a te  we used  an ti-ch ick en  IgG  (w hole m olecule, 1 : 15,000 
d ilu tion) p roduced  in  ra b b its  (S igm a Chem ical C om pany , S t. Louis, M issuri, 
U .S.A .). T he su b s tra te  was TM B an d  th e  reac tio n  w as s to p p e d  w ith  4M H 2S 0 4. 
The absorbancies w ere re a d  a t  450 n m  on a L ab sy stem s M ultiskan®  P lus 
read e r th e n  d irec tly  tra n s m itte d  to  an  IBM  co m p u ter.

Evaluation

In  ou r single serum  d ilu tio n  sy stem  four wells each  are  used  for th e  p o si
tiv e  an d  neg a tiv e  co n tro l se ra  (A 1-B 2  and C 1-D 2, re sp ec tiv e ly ). To increase  
accuracy , each te s t  se rum  is m easu red  in to  tw o  w ells, th e n  th e  absorbancies 
are averaged . H av in g  re a d  th e  p la te  w ith  a p h o to m e te r , w e used  tw o d iffe ren t 
m ethods for co n v ertin g  th e  abso rb an ce  d a ta  in to  t i t r e  va lues. SP a n d  SM 
titre s  were de te rm in ed  as described  (Snyder e t ah , 1982; M ockett and  D arb y - 
shire, 1981).

Statistical analysis

T he d a ta  o b ta in ed  from  th e  E L IS A  read e r w ere tra n s fe rre d  in to  a co m 
p u te r  fo r analysis. E xcel (M icrosoft Corp., R ed m o n d , W ash ing ton , U .S.A .) 
was used for a rran g in g  d a ta , d raw ing  p re lim in ary  cu rves an d  calcu la ting  re-

1 Strain M41 is a gift from  D . J. Alexander (W eybridge, U .K .).

Acta Vetcrinaria Hungarica 40t 1992



3 1 4 P É N Z E S  a n d  M É S Z Á R O S

Table 1
T N A  titres and corrected absorbance data (SP m ethod) at different dilutions for regression analysis

Sera t i t r e lo g i.( titre ) log10(S P ) lo g ,.(S P ) b g 10(SP)
(TNA) (TNA) 1 : 80 1 : 160 1 : 320

l 160 2.204 - 0 .1 5 5 - 0 .2 2 9 — 0.210
2 40 1.602 — 0.511 - 0 .6 8 2 — 0.481
3 80 1.903 - 0 .1 1 2 - 0 .2 5 0 — 0.243
4 80 1.903 — 0.139 - 0 .2 9 1 — 0.278
5 160 2.204 - 0 .0 5 9 - 0 .0 8 9 — 0.045
6 320 2.505 0.048 0.033 0.103
7 160 2.204 0.005 - 0 .1 1 4 — 0.032
8 80 1.903 — 0.219 - 0 .2 6 8 — 0.230
9 160 2.204 — 0.108 - 0 .1 3 0 — 0.041

10 80 1.903 — 0.264 - 0 .2 8 7 - 0 .1 5 7
11 320 2.505 0.001 - 0 .0 4 7 — 0.056
12 320 2.505 — 0 .060 - 0 .1 1 6 — 0.053
13 640 2.806 0.073 0.047 0.121
14 160 2.204 — 0.101 - 0 .3 2 1 — 0.374
15 160 2.204 — 0.574 - 0 .3 5 6 — 0.304
16 320 2.505 — 0.036 - 0 .0 9 8 — 0.012
17 160 2.204 — 0 .188 - 0 .2 4 3 — 0.195
18 320 2.505 — 0.009 - 0 .1 0 9 — 0.156
19 1280 3.107 0 .079 0.113 0.171
20 320 2.505 - 0 .0 1 9 - 0 .0 6 1 — 0.063
21 160 2.204 - 0 .1 3 8 - 0 .1 1 6 — 0.126
22 160 2.204 — 0.169 - 0 .2 6 0 — 0.260
23 160 2.204 — 0.040 - 0.111 - 0 .0 8 0
24 80 1.903 - 0 .2 4 4 - 0 .3 6 5 — 0.418
25 160 2.204 - 0 .1 1 6 - 0 .1 9 5 — 0.198
26 320 2.505 — 0.019 - 0 .0 9 3 - 0 .0 4 2
27 320 2.505 0 .047 0.002 — 0.010
28 320 2.505 - 0 .0 6 4 - 0 .0 5 2 - 0 .0 5 3
29 160 2.204 - 0 .0 1 9 - 0 .0 5 7 — 0.064
30 160 2.204 - 0 .1 4 8 — 0.264 — 0.242
31 320 2.505 - 0 .0 3 5 - 0 .0 3 6 — 0.081
32 160 2.204 — 0.078 - 0 .1 5 4 — 0.186
33 80 1.903 - 0 .3 5 5 - 0 .4 2 7 — 0.389
34 160 2.204 — 0.141 - 0 .1 4 4 - 0 .1 2 5
35 320 2.505 — 0.017 - 0 .0 6 5 — 0.048
36 320 2.505 0 .022 - 0 .0 0 6 — 0.095
37 160 2.204 — 0.233 - 0 .3 2 0 - 0 .3 8 3
38 80 1.903 — 0.408 - 0 .4 0 3 — 0.343
39 160 2.204 — 0.134 - 0 .1 8 3 - 0 .1 8 2
40 320 2.505 — 0.003 0.028 0.049
41 640 2.806 0.045 0.025 0.027
42 320 2.505 — 0.137 - 0 .2 5 1 — 0.220
43 160 2.204 - 0 .2 9 9 - 0 .4 4 2 — 0.489
44 160 2.204 - 0 .1 7 8 - 0 .3 1 3 — 0.391
45 80 1.903 - 0 .6 6 6 - 0 .6 4 3 — 0.570
46 160 2.204 - 0 .2 4 6 - 0 .3 5 1 — 0.386
47 320 2.505 — 0.114 - 0 .1 2 1 — 0.110
48 160 2.204 - 0 .2 4 6 - 0 .2 8 6 - 0 .3 4 0
49 160 2.204 — 0 .283 - 0 .2 9 4 — 0.328
50 160 2.204 - 0 .3 2 4 - 0 .3 7 9 — 0.454

Acta Veterinaria Hungarica 40, 1992



M E T H O D S  F O R  M E A S U R IN G  IB V  A N T IB O D IE S 315

gression lines. A  p ro g ram  w as developed in  o u r la b o ra to ry , w hich d irec tly  re 
ceives abso rbance  d a ta  from  th e  read er, averages, d u p lica tes  i f  necessary , th e n  
calculates t i t r e s  b y  each m eth o d  described  in  th is  p ap er.

R esults

S P  method

W e d e te rm in ed  th e  d ilu tio n  w here th e  co rrec ted  abso rb an ce  read ings (SP  
m ethod) b e s t re flec t th e  d iffe ren t t i tre s  d e te rm in ed  b y  th e  serial d ilu tion  
m ethod . W e selec ted  d ilu tions 1 : 80, 1 : 160 a n d  1 : 320 an d  f i t te d  a regression 
line to  each  se t o f  d a ta . T ab le  1 sum m arizes th e  d a ta  fo r th e  analysis o f each 
selected d ilu tio n .

The re su lts  o f th e  regression line ca lcu la tio n  a re  show n in  T ab le  2.

Table 2

Constants o f the regression lines for the three selected dilutions

In te rc e p t S lope
C orrela tion
coeffic ien t

1 : 80 dilution - 1 .0 9 9 0.421 0.716

1 : 160 dilution - 1 .3 2 3 0.495 0.811

1 : 320 dilution - 1 .1 2 5 0.462 0.741

The h ig h es t co rre la tion  betw een  logln o f th e  co rrec ted  absorbance  re a d 
ing  (log10SP) a n d  th e  observed  ti tre s  (TNA m eth o d ) w as found  a t  th e  1 : 160 
d ilu tion . T he ca lib ra tio n  line fo r th e  1 : 160 d ilu tio n  is show n in  F ig . 1.

A c t a  V e t e r i n a r i a  H u n g a r i c c i  4 0 ,  1 9 9 2

Fig. 1. Calibration line for the 1 : 160 dilution
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T he eq u a tio n  for th e  ca lcu la ted  1 : 160 d ilu tio n  regression  lin e : 

i. y  =  Ь - ) -  a X X ,  th a t  is

log 10(SP) =  intercept +  slope X  log10(iitre)

ii. log lO(.ttre) =  log 1Q (^P) intercept
slope

iii. log lO(titre) =  — X log 10 (S P ) - - terCe-P- -
slope slope

iv . R eplacing  th e  co n stan ts  o f th e  ca lcu la ted  1 : 160 regression  line: 

log lO(tifre) =  2.020 X log 1 0 (S P ) -f- 2.672

V . titre =  10 (2.020  X log 10(SP) +  2.672)

Once th e  ca lib ra tio n  line h as  b een  estab lish ed , th e  eq u a tio n s  (iv , v) can  
h e  en te red  in to  a m icrocom pu ter an d  sam ple  t i tre s  can  be ca lcu la ted  in s ta n tly . 
I f  a n y  of th e  in te rn a l contro ls are  changed , th e  ca lib ra tio n  line m u s t be r e 
ca lcu la ted .

In  our la b o ra to ry , a so ftw are w as developed  for IB M  co m p atib le  com 
p u te rs  th a t  d irec tly  receives th e  ab so rb an ce  d a ta  from  th e  E L IS A  re a d e r v ia  a 
se ria l in terface  a n d  im m ed ia te ly  co n v erts  th e m  to  t i t r e  va lues. T h e  p rog ram  
uses p red e te rm in ed  co n stan ts  for ca lcu la tin g  t i tre s  th e n  s to res th e  abso rb an ce  
v a lu es  th a t  could be  used  for o th e r s ta tis tic a l analyses or en te red  in to  a d a ta 
b ase  la te r.

S M  method

T he p o s itiv e -n e g a tiv e  th re sh o ld  (PN T ) m u st be e stab lished . A b o u t 30 
k n o w n  negative  se ra  m u st be re p e a te d ly  exam ined  in  serial d ilu tio n . T he P N T  
is co n stru c ted  b y  ca lcu la tin g  th e  av erag e  abso rbance  value of th e  n eg a tiv e  sera 
in  each  d ilu tion  th e n  add ing  th re e  s ta n d a rd -d e v ia tio n -u n it va lues. T he values 
a re  fu r th e r  av erag ed  to  serve as th e  P N T . T he resu ltin g  single P N T  graphs as a 
s tr a ig h t  line an d  rep resen ts  th e  b o u n d a ry  re flec tin g  th e  u p p e r 0 .5%  of th e  
n eg a tiv es  u n d er an  assum ption  o f n o rm a lity  absorbancies (S nyder e t al., 1982; 
S n y d e r e t al., 1983). T he P N T  is show n in  F ig . 2.

The t i t re  o f a te s t  serum  can  be  d e te rm in ed  e ith e r g rap h ica lly  or alge
b ra ica lly . G raph ica lly , log10 of th e  co rrec ted  absorbance  (y  value) o f th e  serum  
is p lo tte d  aga in st log10 of th e  w ork ing  d ilu tio n  (x  value), th e n  a line  w ith  th e  
slope of th e  s ta n d a rd  line is f i t te d  th ro u g h  th e  p o in t. T he p o in t w here th e  f i t te d  
lin e  in te rsec ts  th e  P N T  is considered  th e  t i t re  o f th e  serum  (S n y d er e t ah, 
1982; Sacks e t al., 1988) (Fig. 3).
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8 0  1 6 0  3 2 0  6 A 0  1 2 8 0

N e g a t iv e  s e r u m  d ilu tio n

Fig. 2. PNT established w ith 18 sera in three repeated assays

Fig. 3. Titre is determ ined graphically by fittin g  standard[line (slope) to the'assav point ( x l ,y l )  
and extending it  through the P N T . The calculated x2 value of the intersection point is the

log of the SM titre

I f  we solve th e  p ro b lem  algebraically , th e  fo llow ing equations can be 
se t up:

i. E q u a tio n  for the  te s t  serum :

log (correc ted  ab so rb an ce)test serum =  slope X  log  (d ilu tion) -f- in te rcep t, 
th a t  is
y l  =  slope X  x l  -f- intercept

ii. E q u a tio n  for th e  P N T  line :

log (P N T )  =  constants, t h a t  is 
y2  =  constants

iii. The eq u a tio n  for th e  in te rsec tio n  p o in t:

log (P N T )  =  slope X  log (titre) -f- intercept, t h a t  is 
y2  =  slope X x2  +  intercept

iv . F rom  eq. no. i th e  in te rc e p t is: 

intercept — y l  — s lo p e X x l, then
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V . y  2 =  slope X x 2  +  y  1 — slope X x l

v i. y2  — y l  =  slopeX x2  — s lo p e X x l

v ii. y2  — y l  =  slopeX (x2 — x l )

y2  — y l
V l l l .

slope
=  x2  — x l

ix . x2  =  — ---- —  - f  *1
slope

X .  log(filre) =  l« g ( P J V T ) - lo e ( C. r ra« . j a f a . , t « nce ) i . , ,„ r„ „  +
slope

Since th e  log (PN T ) an d  th e  slope are co n stan ts , log (d ilu tion ) is th e  
w ork ing  dilu tion  w ith in  th e  lin ea r  range  of th e  s ta n d a rd  line an d  log(cor- 
re c te d  absorbance)test serum is th e  co rrec ted  absorbance  read in g , th e  t i t r e  o f a 
se ru m  can a u to m a tic a lly  be ca lcu la ted  w ith  th e  help  o f a co m p u te r. The 
c o n s ta n ts  m ust be re c a lc u la te d  i f  a n y  change occurs in  th e  E L IS A  or if  th e  
in te rn a l  negative  co n tro l changes. I f  th e  ap p ro p ria te  c o n s ta n ts  are p rov ided , 
th e  so ftw are described  p rev io u sly  is also capab le  of c a lcu la tin g  t i tre s  b y  th e  
SM m ethod .

Comparison o f T N A ,  S P  and S M  titres

Sera from  28 ch ickens o f d iffe ren t im m une s ta tu s  w ere te s te d  on d ay  42, 
56 an d  76 for a n tib o d y  to  in fec tio u s b ro n ch itis  b y  E L IS A  an d  th e  t i t re s  were 
ca lcu la ted  in  fiv e  d iffe ren t w ays. E ach  serum  was te s te d  b y  th e  seria l d ilu tion  
a n d  b y  th e  single 1 : 160 d ilu tio n  m ethod . T he th ree  g roups rep resen ted  
ch ickens w ith  low , m ed ium  an d  h igh  an tib o d y  levels (F ig. 4).

F rom  th e  seria l d ilu tio n , t i t r e s  w ere ca lcu la ted  b y  th e  T N A , SP an d  SM 
m eth o d s . W ith  th e  S P  an d  SM m eth o d s , on ly  th e  wells co n ta in in g  th e  1 : 160 
d ilu tio n  (one w ell p e r serum ) w ere used  for th e  ca lcu la tion .

W hen w orking  on ly  w ith  1 : 160 single d ilu tion , t i tre s  w ere o b ta in ed  by  
b o th  th e  SM an d  th e  SP m eth o d s. In  th a t  case, tw o id e n tic a l wells fo r th e  
sam ples and  four id e n tic a l wells fo r b o th  th e  con tro l p o sitive  a n d  n eg a tiv e  sera 
w ere  used  for th e  ev a lu a tio n .

F igure 4 show s th e  t i t re s  o f  chickens a fte r th e  f ir s t  (low  titre s ) , th e  
second  (m edium  titre s )  an d  th e  th ird  (high titre s) im m u n iza tio n . As can  be 
seen , all five m ethods show ed a d is tin c t t i t re  increase. A lth o u g h  th e  values 
o b ta in e d  b y  th e  seria l SM an d  th e  seria l SP  also co rrespond  to  th e  resu lts  of 
th e  o th e r th ree  m e th o d s, these  ca lcu la tio n s should  n o t be u sed  in  th e  every-
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d ay  p rac tice  since on ly  one well per serum  is u sed  for th e  ca lcu la tio n , an d  in 
accu ra te  m easuring  o f th e  reagen ts, p la te  defec ts , etc. can  g rea tly  influence 
th e  re su lt o b ta in ed  for th e  given serum .

D iscussion

D ifferen t ev a lu a tio n  m ethods s ig n ifican tly  differ in  te rm s o f efficacy  and 
lab o u r in te n s ity . U sing th e  tw ofold  seria l d ilu tio n  m ethod , 10 sera  can he 
exam ined  on one E L IS A  p la te , assum ing  1 : 20—1 : 2,560 d ilu tio n s. H ow ever, 
follow ing n a tu ra l in fec tion  or h y p e rim m u n iza tio n  th e  t i tre s  m ay  exceed 
1 : 2,560. In  th a t  case, only  6 sera can be checked  for end t i t r e  on one p late .

In  c o n tra s t to  th is , 44 sera can  be t i t r a te d  per p la te  w hen  using  the  
1 : 160 single d ilu tio n  SM or SP m ethod , in d e p e n d e n tly  o f th e  en d -p o in t titre s . 
B o th  th e  SM an d  th e  SP m ethods are su itab le  fo r m easuring  low , m edium  and  
h igh  a n tib o d y  levels in  th e  te s t  sera  (F ig . 4).

In  ad d itio n  to  th e  t r ia l  described, sera  fro m  several o th e r  groups were 
analysed  h y  th e  d iffe ren t m ethods. F o r th e  w hole groups, titre s  ca lcu la ted  by  
th e  SM, SP an d  T N A  m ethods co n sis ten tly  show ed  a linear re la tio n sh ip . Som e
tim es, how ever, m ark ed  t i t r e  differences w ere o b ta in ed  for a g iven  serum  by  
th e  d ifferen t m e th o d s, b u t  th is  was a t tr ib u te d  to  p la te  defects or o th e r  techn ica l 
p roblem s. These erro rs could be e lim in a ted  b y  rep ea tin g  th e  te s ts .

The question  arises w h y  we chose th e  1 : 160 d ilu tion  (an d  n o t e.g. th e  
1 : 100 or 1 : 500). F irs tly , we chose 1 : 160 because, of th e  th re e  d ilu tions 
(1 : 80, 1 : 160 and 1 : 320) used, th is  was th e  d ilu tio n  a t  w hich th e  h ighest
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co rre la tio n  (г =  0.81) occurred  be tw een  th e  log(TM A) ti tre s  an d  th e  log(SP). 
Secondly , titre s  expressed  from  th e  1 : 160 d ilu tio n  are easily  co m p arab le  w ith  
th o se  of th e  serial d ilu tio n  m ethod .

T he use o f b o th  th e  SM an d  th e  SP  is recom m ended  since th e y  m ak e  th e  
t i t r e  ca lcu la tion  m ore econom ical th a n  th e  serial d ilu tio n  m ethod . W ith  th e  
tw ofo ld  serial d ilu tio n  m ethod  10 sera  can be te s te d  on one E L IS A  p la te , 
w hile ru n n in g  th e  1 : 160 single d ilu tio n  m eth o d  44 se ra  can  be te s te d  s im u l
tan eo u sly . W hen  using  th e  SP m eth o d , one should  be carefu l to  d e te rm in e  th e  
v a lid  va lu es  for th e  positive  co n tro l serum  ab so rbanc ies since m o d era te  
changes in  abso rbance  due to  m easu rin g  erro rs, e tc . can  re su lt in  false t itre s . 
T h is applies, th o u g h t to  a lesser e x te n t, also to  th e  n e g a tiv e  sera.
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CHECKING OF IMMUNITY 
AGAINST NEWCASTLE DISEASE BY ELISA

L. T e k e s 1, E .  H o r v á t h 2 and E d i t h  N a g y 2

'Central Veterinary In stitu te , H-1581 B udapest, Pf. 2, H ungary; State Control 
Institu te for V eterinary Vaccines and Pharm aceuticals, B udapest

(R eceived Septem ber 15, 1992)

A  total o f 284 seven- to  twelve-week-old Tetra SL chickens were assigned to  
18 groups and im m unized w ith  a full or fractional dose o f m onovalent or m ultivalent 
inactivated  vaccines subcutaneously or intram uscularly. Sera were taken from  the  
birds at the tim e of challenge and tested  for antibodies to  N ew castle disease virus (NDV) 
by enzym e-linked im m unosorbent assay (E L ISA ). The vaccinated  birds were challenged  
with 106 E L D 50 of v iru lent ND V  subcutaneously. A  close positive  correlation (r =  
=  0.954) was found betw een  the protection percentage o f the different groups and 
the group’s arithm etical m ean net extinction  percentage (N E % ) calculated from the  
net extinction  values obtained for sera of birds belonging to th e  given group. N E  % 
is easy to  calculate and a good indicator of the flocks’ im m unity  status. In our case: 
if  NE%  exceeded 80, th e  protection percentage of the flock  was betw een 93.3 and 
100%; if  N E%  was betw een 60 and 80, the protection percentage was betw een 75 
and 87% , while w ith  an N E %  less than 60 the protection  percentage ranged between  
6.7 and 64.3% .

Key words: N ew castle disease, chicken, protection, E L ISA

In  th e  p a s t decades, th e  degree of im m u n ity  to  N ew castle  disease (ND) 
was m o stly  d e te rm in ed  b y  m easu ring  th e  level o f an tib o d ies  p ro d u ced  ag a in st 
th e  v iru s  b y  th e  h a e m a g g lu tin a tio n  in h ih ito n  (H I) te s t . U sing  th e  s tan d a rd ized  
te s t (A llan an d  G ough, 1974; B rugh  e t al., 1978), a close co rre la tio n  w as d em 
onstrab le  betw een  th e  H I  t i tre s  m easured  a t  th e  tim e  o f challenge an d  th e  
p ro tec tio n  o f b irds a g a in s t th e  challenge (B alia  e t al., 1976; T ó th  an d  P . J u 
hász , 1978). F o r th is  reaso n , a f te r  th e  d ev e lo p m en t o f E L IS A  te s ts , m ost 
au th o rs  com pared  th e  H I  t i t r e s  of in d iv id u a l sera  w ith  th e  t i t re s  o b ta in e d  b y  
E L IS A  (Snyder e t al., 1983; M arq u a rd t e t a l., 1985; T h a y e r e t a l., 1987; A dair 
e t al., 1989), o r t r ie d  to  e s tab lish  co rre la tio n s b e tw een  th e  E L IS A  OD values 
an d  th e  H I  t i tre s  (M iers e t  al., 1983). H ow ever, th ro u g h  th e  H I  resu lts  only  
in d irec t co rrelations cou ld  be estab lish ed  be tw een  E L IS A  values an d  p ro 
tec tio n , an d  th ese  co rre la tio n s were only  in d irec t in d ic a to rs  of th e  flock ’s 
im m une s ta tu s .

O nly few papers h a v e  d e a lth  w ith  d irec t e v a lu a tio n  o f  th e  im m u n e  s ta tu s  
of p o u ltry  flocks on th e  basis o f E L IS A  values (W ilson e t  a l., 1984). T he ev a lu 
a tio n  used  for ch a rac te riz in g  th e  degree o f p ro te c tio n  h as  fa iled  to  f in d  com 
m on use because o f its  com plex ity .
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C om m ercially availab le  k its  c a n  be  used  for m easu rin g  th e  im m u n ity  of 
b ird s  an d  flocks on ly  w ith  th e  help  co m p u te r  p rogram s sold to g e th e r  w ith  th e  
k its  (T hayer e t ah , 1987).

This p ap er describes a sim ple e v a lu a tio n  m eth o d  in  w hich  th e  g ro u p ’s 
a rith m e tic a l m ean ex tin c tio n  v a lu es , ca lcu la ted  from  E L IS A  e x tin c tio n  values 
o f  in d iv id u a l b ird s, enable  a h ig h ly  re liab le  assessm ent o f th e  flo ck ’s p ro te c 
tio n  against in fection .

M aterials and methods

Blood samples. U n tre a te d  se ru m  sam ples co llected  a t  th e  tim e  of c h a l
lenge (21—28 days a f te r  im m u n iza tio n ) from  a to ta l  o f 284 seven- to  tw elve- 
w eek-o ld  T e tra  SL chickens su scep tib le  to  N D , assigned  to  18 g roups an d  
im m unized  su b cu tan eo u sly  or in tra m u sc u la r ly  w ith  a fu ll or frac tio n a l dose of 
m ono- or m u ltiv a len t in a c tiv a te d  vaccines.

E L IS A .  T he an tig en  was p re p a re d  as described  p rev io u sly  (G oddard  et 
ah , 1988; Tekes e t ah , 1992). P o ly s ty ro l p la tes (E .I .A ., L inb ro , F low  L ab o ra 
to ries) were sensitized  a t  -j-4 °C fo r 18 h w ith  0.05 m l o f th e  an tig en  d ilu ted  
1 : 200 in  a b u ffe r (p H  5) p re p a re d  b y  m ix ing  0.1 M c itric  acid  an d  0.2 M 
N a 2H P 0 4 a t a ra tio  o f 24 : 26. T h e  p la te s  th u s  sensitized  w ere em p tied  an d  
d rie d  a t  room  te m p e ra tu re , th e n  s to re d  a t  —20 °C. T he p la te s  p rep a red  in  
t h a t  w ay  were used  fo r m ax im u m  6 m o n th s.

Positive control serum. U n tre a te d , pooled  b lood  serum  o f 10 tw e n ty - 
w eek-o ld  S P F  chickens im m unized  w ith  a fu ll dose o f a m o n o v a len t, in a c ti
v a te d  vaccine ag a in s t N D  was used  as p ositive  con tro l se rum  (H I  t i t re :  1 :1 2 8 ).

Negative control serum. U n tre a te d , pooled b lood  serum  from  10 fo rty - 
w eek-old  S P F  hens w as used as n e g a tiv e  co n tro l serum  (H I  n ega tive).

Washing solution and diluent. 0.01 M p h o sp h a te  b u ffe r (p H  7.2) c o n ta in 
ing  0.5 M NaCl an d  0 .05%  T w een 20. W hen  d ilu tin g  th e  c o n ju g a te , th is  so lu 
tio n  was su p p lem en ted  w ith  10%  h o rse  serum .

Conjugate. A n ti-ch icken  Ig G  (Sigm a) labelled  w ith  perox idase  enzym e.
Substrate. F o u r  mM te tra m e th y le n e  benzid ine (TM B, Serva) an d  0.02%  

H 20 2 was dissolved in  0.1 M a c e ta te  b u ffe r (p H  5.5).
Arresting solution. 4N  H 2S 0 4.
E L IS A  procedure. B efore u se , th e  sensitized  p la te s  w ere s to red  fo r 1 h 

a n d  th e n  w ashed th re e  tim es b y  filling  up  and  em p ty in g  th e  wells. W e m ea
su red  0.05 m l of th e  1 :100 d ilu ted  te s t  sera in to  tw o wells each  an d  0.05 m l 
a liq u o ts  of th e  1 : 100 d ilu ted  n e g a tiv e  and  positive sera  in to  fo u r wells each 
o f  th e  p late . S u b seq u en tly , th e  p la te  was in cu b a ted  a t —37 °C for 30 m in. The 
p la te  was w ashed th re e  tim es, 0.05 m l of th e  a p p ro p ria te  d ilu tio n  o f th e  con
ju g a te  was added  to  th e  wells, a n d  th e n  th e  p la te  w as in c u b a te d  a t  -j-37°C
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fo r 1 h . A fte r th ree  cycles o f w ash ing , 0.05 m l o f  th e  su b s tra te  so lu tio n  w as 
m easu red  in to  th e  wells. T he re a c tio n  w as s to p p ed  a fte r  th e  desider colour 
in te n s ity  h ad  developed (app rox . 5 m in). The co lour reac tio n  was m easu red  
a t  450 n m  w ith  a T ite rte k  M u ltiskan  R  P lus p h o to m e te r  (L absystem s).

Challenge infection. On p o stv acc in a tio n  d ay  21 -28 , th e  284 b ird s  assigned  
to  18 groups were challenged  su b cu tan eo u sly  w ith  10® E L D 50 of v iru le n t 
N D V . T he chickens were k e p t u n d e r observa tion  fo r 14 days a fte r  th e  challenge. 
B irds th a t  died w ere su b jec ted  to  p o stm o rtem  ex am in a tio n  to  d e te rm in e  
w h e th e r d e a th  h ad  been caused b y  N D .

Evaluation o f data. T he m ean  ex tin c tio n  (M E) v a lu e  o f th e  flocks w as 
o b ta in ed  b y  calcu la ting  th e  a rith m e tic a l m ean o f th e  ex tin c tio n  values (E) 
m easu red  a t  450 n m  for sera  o f b in d s  belonging to  th e  d iffe ren t flocks. N e t 
e x tin c tio n  percen tage  (N E % ) w as ca lcu la ted  b y  th e  follow ing fo rm u la :

N E %  = F lock  M E —  n eg a tiv e  s ta n d a rd  E  

P o sitiv e  s ta n d a rd  E — n eg a tiv e  s ta n d a rd  E
X 100

w here n egative  an d  positive s ta n d a rd  E  =  th e  a r ith m e tic a l m ean  o f e x tin c 
t io n  values ob ta in ed  for th e  n eg a tiv e  an d  positive se ru m  m easu red  in to  fou r 
wells each.

P ro te c tio n  w as expressed  in  p e r cen t, b y  re la tin g  th e  n u m b er o f  b ird s  
liv ing  an d  sym ptom less on postchallenge d ay  14 to  th e  to ta l  n u m b e r o f 
b ird s  challenged.

Results

T he a rith m etica l m eans o f n e t  e x tin c tio n  values o b ta in ed  for th e  d iffe ren t 
flocks, th e  s ta n d a rd  d ev ia tio n  o bserved  w ith in  th e  flocks, an d  th e  p ro tec tio n  
p e rcen tag e  of th e  flocks a fte r  challenge are  show ing in  T ab le  1. The regression 
line ca lcu la ted  from  th e  su m m arized  d a ta  b y  lin ea r regression  is p resen ted  
in  F ig . 1 ( th e  eq u a tio n  of th e  line o b ta in ed  b y  us w as y  =  0.861x — 2.207). 
T he coeffic ien t o f co rre la tion  o b ta in e d  fo r th e  above d a ta  b y  lin ear co rre la 
tio n  perfo rm ed  for th e  18 flocks is 0.954.

Discussion

T he fa ilu re  o f E L IS A  procedures to  gain  w idespread  use in  th e  case o f  
n u m ero u s  diseases w as p rim arily  acco u n ted  for b y  th e  fa c t th a t  th e  re su lts  
o b ta in e d  b y  m ethods developed b y  d iffe ren t au th o rs  could  n o t be com pared . 
T h is w as due to  th e  lack  of s ta n d a rd iz a tio n  o f positive  an d  n egative  sera  
u sed  in  th e  te s t  an d  to  th e  use o f a  v a r ie ty  of d iffe ren t ev a lu a tio n  m eth o d s.
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Table 1

N et extinction values and postchallenge protection of chickens by flock

F lo c k  no.
N u m b er o f 

chickens
N e t e x tin c tio n  

± S D %
P ro te c tio n ,

%

l 14 2 5 ± 1 5 .6 8 35.7
2 15 7 4 ± 1 9 .5 7 86.7
3 15 3 0 ± 1 1 .3 5 60
4 30 2 2 ± 1 2 .3 3 40
5 10 9 4 ± 9 .0 7 100
6 10 7 0 ± 1 7 .7 9 80
7 15 3 4 ± 6 .7 8 20
8 15 3 7 ± 8 .8 5 46.7
9 15 5 7 ± 1 0 .4 8 64.3

10 20 6 4 ± 1 8 .1 75
11 15 10± 2 .1 6.7
12 15 2 0 ± 5 .4 5 26.7
13 15 8 8 ± 9 .3 1 100
14 15 8 1 ± 1 0 .2 2 93.3
15 15 1 6 ± 7 .5 4 33.3
16 15 5 ± 1 .7 3 6.7
17 20 7 1 ± 1 3 .2 9 85
18 15 6 3 ± 1 4 .7 5 86.7

A c t a  V e te r in a r ia  H u n g a r i c a  4 0 , 1 9 9 2

Fig. 1. Regression line for the correlation o f net extinction  values (N E % ) measured in the  
different flocks with the degree of protection
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Studies using  d ifferen t k its  h a v e  revealed  th a t  E L IS A  values b e t te r  
re fle c t th e  im m une s ta tu s  o f an im als th a n  do resu lts  o f th e  H I  te s t  (M a rq u a rd t 
e t  a l., 1985; A d air e t al., 1989). T h is h as  increasing ly  called  for m e th o d s 
re liab ly  expressing th e  co rre la tion  o f  E L IS A  values a n d  p ro te c tio n  ag a in s t 
in fec tion  w ith o u t com plex ca lcu la tions.

S nyder e t al. (1983) found  a close positive co rre la tio n  (r =  0.0965) b e 
tw een  H I  t i tre s  an d  ti tre s  o b ta in ed  b y  E L IS A . T he sam e co rre la tio n  w as 
r  =  0.94 an d  r  =  0.98 accord ing  to  M a rq u a rd t e t al. (1985) an d  T h a y e r e t  al. 
(1987), respective ly . A close p ositive  co rre la tion  was d e m o n s tra te d  b e tw een  
th e  n e t ex tin c tio n  value an d  th e  E L IS A  t i t r e  as well (S n y d er e t a l., 1983). 
O n th e  basis o f th a t  corre la tion , th e  E L IS A  titre s  are  ca lcu la ted , w ith  th e  
help  o f a fo rm ula , from  th e  ex tin c tio n  v alue  o b ta in ed  fo r a single serum  
d ilu tio n .

W ilson e t al. (1984) cha rac terized  th e  ex tin c tio n  values b y  w hole n u m b ers  
ex ten d in g  from  0 to  9, ca lcu la ted  on th e  basis o f e x tin c tio n  values o b ta in ed  
fo r th e  positive serum . A close co rre la tio n  was estab lished  b e tw een  th e  values 
th u s  ob ta in ed  an d  th e  su rv ival ra te  o f  chickens.

As th e  H I  t i tre s  are a good in d ic a to r  of th e  b ird s ’ im m u n e  s ta tu s , th e  
E L IS A  titre s  are  in  close co rre la tio n  w ith  th e  H I  t i tre s  an d  th e  e x tin c tio n  
va lu es  w ith  th e  E L IS A  titre s , we th o u g h t th a t  th e  e x tin c tio n  values m u st 
also show  a sa tis fac to ry  co rre la tion  w ith  th e  degree o f p ro tec tio n .

On th e  basis o f th e  resu lts  re p o rte d  b y  Snyder e t  al. (1983) an d  W ilson  
e t  al. (1984), in  th is  s tu d y  we tr ie d  to  f in d  a d irect co rre la tio n  b e tw een  th e  
e x tin c tio n  values an d  th e  degree o f p ro tec tio n  w hich could  be expressed  in  
a sim ple w ay  an d  w ould be ty p ic a l o f  th e  group te s te d .

W e expressed  th e  a rith m e tic a l m ean  o f th e  g roup’s n e t  ex tin c tio n  v alue  
ca lcu la ted  from  ex tin c tio n s o f th e  in d iv id u a l b ird s’ serum  sam ples as p e r cen t 
o f  th e  n e t ex tin c tio n  m easu red  fo r th e  positive serum  u sed  b y  us (N E % ). 
A  close positive co rrelation  (r =  0.954) w as estab lished  b e tw een  th e  N E %  
a n d  th e  degree o f p ro tec tio n  o b ta in ed  for th e  given g roup . U sing th e  ev a lu a 
tio n  adop ted  b y  us (N E % ), b y  E L IS A  te s ts  of g roups com prising  15—30 
b ird s  we o b ta in ed  suffic ien t in fo rm atio n  ab o u t th e  im m u n ity  o f th e  d ifferen t 
g roups. O n th e  basis of th e  d a ta  show n in  Fig. 1, th e  groups te s te d  w ere 
assigned to  one of th ree  categories. I f  N E %  exceeded 80, th e  degree o f 
p ro tec tio n  o f th e  flock  was betw een  93.3 and  100% ; i f  N E %  w as betw een  
60 an d  80, th e  p ro tec tio n  percen tag e  was betw een  75 an d  8 7 % , w hile 
w ith  an  N E %  less th a n  60 th e  p ro te c tio n  percen tage ran g ed  betw een  6.7 
a n d  64.3% .

In  our opinion, th e  groups belonging  to  th e  f irs t  ca teg o ry  are  well 
p ro te c te d  ag a in st in fec tion , th o se  assigned  to  th e  second ca teg o ry  have  sa tis 
fa c to ry  p ro tec tio n , while th e  g roups belonging to  th e  th ird  ca teg o ry  h av e  
in su ffic ien t p ro tec tio n .
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The p ro tec tio n  o f  g roups assigned  to  th e  second ca teg o ry  m ust be 
checked b y  reg u la r te s ts  perfo rm ed  ev ery  th re e  w eeks, o r th e  groups m u st 
be  revaccinated . W h e n  used  in  co n ju n c tio n  w ith  th e  e v a lu a tio n  m ethod  de
scribed  above, th e  E L IS A  te s t  is considered  su itab le  for check ing  th e  im m u n ity  
o f  flocks and  po ssib ly  for rep lac ing  th e  lab o u r-in ten s iv e  H I  te s t used a t  
p resen t.

The a v a ilab ility  o f  in te rn a tio n a l s ta n d a rd  n eg a tiv e  a n d  positive sera  
w ould  also allow th e  com parison  of te s ts  perfo rm ed  b y  d iffe ren t labo ra to ries.
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PATHOGENIC PROPERTIES OF NEWCASTLE 
DISEASE VIRUS ISOLATES IN THE SUDAN
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S ix  Newcastle disease virus (ND V) isolates were obtained from disease out
breaks on different poultry farms in  the Sudan betw een  1988 and 1991. The pathogenic  
properties o f these isolates were studied in com parison to those of strain H erts 33/56. 
A ll th e  isolates were sim ilar in  th a t th ey  killed chicken embryos quickly, in  m ean  
death tim e (MDT) and em bryo lethal dose 50 per cent (E L D ä0), had higher intra
cerebral pathogenicity indices (IC PI), and produced viscerotropic lesions in  th e  in 
fected  chickens. The field  isolates had the characteristics o f the velogenic viscerotopic  
strains o f ND V. The pathogenesis o f infection caused b y  one of the isolates was studied. 
The virus was first detected in  different organs and in oral and cloacal sw abs on the  
third day  after infection.

Key words: Newcastle disease virus, pathogenicity, properties, Sudan
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T he presence  of N ew castle  disease (N D ) in  th e  S udan  was f ir s t  re p o rte d  
in  1951 (A non ., 1951). Since th e n  th e  disease h as  been  regu larly  m en tio n ed  
in  all re p o rts  o f th e  S udan  V e te rin a ry  Services. D iagnosis was based  on  th e  
clin ical signs an d  p o stm o rtem  find ings as w ell as th e  general p ic tu re  o f  th e  
d isease, h u t  th e  v irus was iso la ted  an d  id en tified  fo r th e  f irs t tim e  b y  K a rra r  
a n d  M u sta fa  (1964). Y e t, a p a r t  from  th e  w ork  done b y  B allouh  e t al. (1983), 
th e  c h a ra c te r iz a tio n  o f  th e  local iso lates has n o t been  pub lished  so fa r. This 
w ork  is a im ed  a t  th row ing  lig h t on th e  pa th o g en ic  p roperties of som e N D V  
iso la tes in  th e  S udan  on th e  basis of w orks ca rried  o u t betw een  1988 a n d  1991. 
T he p a th o g en ic  p roperties o f one local N D V  iso la te  in  chicken w ere also 
s tud ied .

Materials and methods

Chickens and embryonated hen’s eggs. Chickens an d  em b ry o n a ted  h e n ’s 
eggs w ere o b ta in e d  from  a H isex  flock  ra ised  on  th e  p o u ltry  farm  o f th e  C en tra l 
V e te rin a ry  R esearch  L a b o ra to ry  (CVRL). T he flo ck  is know n to  be free from  
N D V , salm onellas and  m ycop lasm as. Serum  sam ples were co llected  from  
e x p e rim e n ta l chickens an d  te s te d  for N D V  an tib o d ies  before use.

Virus strains. Six v iru s  s tra in s  w ere iso la ted  in  e m b ry o n a ted  h e n ’s 
eggs from  b ra in , spleen an d  lung  sam ples co llected  from  field  o u tb re a k s  of 
suspected  N D . The dates an d  places o f th e  o u tb re a k s , to g e th e r w ith  th e  h is to ry
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T ab le  1

Origin of ND V  field iso lates, date and place of the outbreaks, age and vaccination history of
affected chickens

Isolate Date of the 
outbreak Place of the outbreak

Age of the 
affected 

birds (weeks)
Vaccination 
against ND

T Y -l/90 July 1990 Tayba, 30 km  south o f K hartoum 6 +
Soba-89 July 1989 Soba, 20 km  southeast o f  Khartoum 3 —
A tb-88 June 1988 Atbara, Northern State, 300 km  north of 

Khartoum
40 —

Dik-90 Sept. 1990 Dikheinat, 15 km  south o f Khartoum 56 +
TY-2/91 Feb. 1991 Tayba, 30 km  south of K hartoum 7 +
Bag-90 Oct. 1990 E l Bagair, 35 km  south o f Khartoum 5 +

o f th e  affected  flocks, are  show n in  T ab le  1. T he isolates w ere id e n tif ie d  by  
th e  h aem ag g lu tin a tio n  in h ib itio n  (H I) te s t  a g a in s t a know n an tise ru m  (W ey- 
b rid g e , E ng land), u s in g  a s ta n d a rd  te c h n iq u e  (A llan  et ah, 1978). E a c h  iso la te  
w as passaged  in  e m b ry o n a te d  eggs tw ice . A llan to ic  flu id  w as co llec ted  from  
th e  dead  em bryos a n d  s to red  a t  — 70 °C fo r su b seq u en t ex p e rim en t. N D V  
s tra in  H erts  33/56 w as used  for com parison .

Determination o f  embryo lethal dose 50 per cent (E L D 50) and mean death 
time (MDT). T he E L D  50 per cen t e n d p o in t an d  M DT w ere d e te rm in ed  as 
described  b y  A llan  e t al. (1978).

Determination o f  intracerebral pathogenicity index (IC P I). A  to ta l  of 10 
d ay -o ld  chicks w ere in o cu la ted  in tra c e reb ra lly  w ith  0.05 m l of fresh , 1 : 10 
d ilu te d  allantoic f lu id  o f each iso la te  an d  o f  th e  H erts  s tra in . Tw o con tro l 
chicks received s te rile  n o rm al saline. T he b ird s  were observed  d a ily  for 8 
d ays an d  th e  IC P I  w as ca lcu la ted  as described  b y  A llan e t al. (1978).

Determination o f  pathogenicity to 8-week-old chickens. A to ta l  o f 42 eight- 
w eek-o ld  chickens w ere  used. E ach  fie ld  iso la te  and  th e  H e rts  s tra in  were 
s e p a ra te ly  used  fo r in fec tin g  4 chickens b y  sw ab b in g  u n d ilu ted  fresh  allan to ic  
f lu id  on to  th e  c o n ju n c tiv a  and  cloaca o f each  b ird . Two b ird s w ere housed 
se p a ra te ly  as c o n tro l in  each ex p erim en t. C linical signs w ere observed  daily  
fo r 10 days unless th e  chick d ied. T he tim e  o f d ea th  and  th e  p o stm o rtem  
fin d in g s were reco rd ed . D iffe ren tia tio n  o f th e  iso lates was done b y  th e  proce
d u re  o f H anson  (1980).

Pathogenesis o f  infection caused by a f ie ld  isolate in chicken. T he fie ld  
iso la te  designated  TY 1/90 was selected  for in fec tin g  6-w eek-old chicks, and  
v iru s  shedding w as m o n ito red  b y  o ra l an d  cloacal infection . A g roup  of 27 
b ird s  were in o cu la ted  in tra n a sa lly  w ith  a dose o f  107,5 E L D 50 p e r b ird . Three 
b ird s  were sacrificed  ev e ry  24 hours an d  th e  b ra in , spleen, lungs, tra c h e a  and  
in te s tin e  of th e  b ird s , as well as o ral and  cloacal sw abs were co llected  asep tica lly  
fo r v iru s  re iso la tion  a tte m p ts .
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Results

Six iso lates o f N D V  w ere o b ta in e d  from  fie ld  o u tb re a k s  th a t  occurred  
b e tw een  J u n e  1988 an d  F e b ru a ry  1991 (T able 1). All th e  iso la tes  ag g lu tin a ted  
ch icken  e ry th ro cy te s  an d  th e ir  h a em ag g lu tin a tin g  a b ility  w as in h ib ited  b y  
a know n N D Y -positive an tise ru m . T he iso lates grew re a d ily  in  em b ry o n a ted  
h e n ’s eggs to  t i tre s  ran g in g  be tw een  108,1 an d  1010-2 E L D 50. T he in o cu la ted  
em bryos died  w ith  haem o rrh ag es in  various organs.

T ab le  2 show s som e o f th e  p ro p ertie s  o f th e  iso la tes, in c lu d in g  E L D 50, 
M DT an d  IC P I.

T ab le  3 p resen ts  th e  clinical an d  p o stm o rtem  find ings t h a t  occurred  a fte r 
in o cu la tin g  8-w eek-old chickens w ith  th e  six  N D Y  iso la tes a n d  N D V  s tra in  
H e rts . T he in cu b a tio n  period  was 3 -5  d ays an d  th e  onset w as su d d en . D iarrhoea  
eye oedem a and  para ly sis  w ere m ark ed . D ea th  was a b ru p t  an d  occurred  
4 -6  days a fte r  infection .

T ab le  2

Some pathogenicity indices of N D V  field isolates and strain H erts 33/56

Virus isolate ELD 50%» MDT/MLD* ICPI*

T Y -l/90 108.5 49.6 1.92
Soba-89 109-Я 52.8 1.81
Atb-88 1Q10-1 48.6 1.73
Dik-90 109-1 49.0 1.65
TY-2/91 108-1 50.0 1.78
Bag-90 109-1 45.7 1.72
Herts 33/56 1010-2 48.0 1.80

’Em bryo lethal dose 50% endpoint; 2Mean death tim e (MDT) for the m inimum lethal dose 
(M LD); 3Intracerebral pathogenicity index

T ab le  3

Clinical and postmortem findings after infection of 8-week-old chickens w ith  N D V  field isolates
and strain Herts 33/56

Virus
Mean incuba

tion period 
(days)

MDT
(days)

Eye
oedema Paralysis Diarrhoea Sick Dead

Gut haemorrhages 
Proven- Intes- 
triculus tine

T Y -l/90 4 5 2/4* 1/4 4/4 4/4 4/4 3/4 3/4
Soba-89 4 4.7 4/4 0/4 3/4 4/4 4/4 4/4 4/4
Atb-88 4 5 3/4 1/4 4/4 4/4 4/4 0/4 4/4
Dik-90 3.7 5 3/4 1/4 4/4 4/4 4/4 3/4 4/4
TY-2/91 4 5 0/4 3/4 2/4 4/4 4/4 0/4 2/4
Bag-90 4 5.5 1/4 0/4 4/4 4/4 4/4 2/4 1/4

33/56 2 3.7 0/4 0/4 3/4 4/4 4/4 4/4 4/4

*Number of birds showing signs or lesions/total number of birds; MDT =  m ean death time
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T ab le  4

Detection of virus in organs and swabs o f chickens inoculated w ith  N D V  isolate TY-1/90

Days post inoculation Brain Spleen Lung-trachea
suspension Intestine Oral

swabs
Cloacal
swabs

1
2 
3

—
+ + +

— —

4 + + + + + +
5 + + + + + +
6 + + + + + +

The resu lts  o f N D Y  re iso la tio n  a tte m p ts  fro m  organs an d  sw abs of 
chickens th a t  w ere in o c u la te d  w ith  iso la te  TY 1/90 are  show n  in  T ab le  4. T he 
v iru s  was f irs t d e te c te d  on  p o stin o cu la tio n  (P I)  d a y  3 in  th e  spleen, lung- 
tra c h e a  suspension a n d  in te s tin e . F ro m  P I  d a y  6, w h en  all th e  rem ain in g  
chickens died, th e  v iru s  p e rs is ted  in  a ll th e  o rgans te s te d  an d  in  th e  oral 
an d  cloacal secre tions.

Discussion

The six iso la tes s tu d ie d  in  th e  p re se n t w ork  w ere orig inally  o b ta in ed  
from  n a tu ra l o u tb re a k s  o f  N D  invo lv ing  v a cc in a ted  a n d  u n v acc in a ted  chicken 
flocks of d ifferen t age. T h e  a ffec ted  b ird s  show ed signs suggestive of d igestive 
an d  nervous sy stem  in v o lv em en t. T he n a tu ra l  disease p ic tu re  an d  th e  p a th o 
gen ic ity  of th e  six  iso la te s  w ere co m p arab le . A ll s ix  iso la tes  w ere sim ilar in  
th a t  th e y  killed ch ick en  em bryos qu ick ly  an d  p ro d u ced  v iscero trop ic  lesions 
in  in fec ted  chickens. T hese  find ings, to g e th e r  w ith  th e  M D T and  IC P I values 
o f th e  six NDY iso la tes  as co m p ared  to  th o se  o f H e rts  s tra in  33/56, in d ica ted  
th a t  th e  local s tra in s  w ere velogenic p a th o ty p e s . T h e  iso lates seem ed to  be 
closely re la ted  to  each  o th e r  an d  w ere com parab le  to  N D V  s tra in  H erts  33/56.

R ecovery  o f th e  fie ld  iso la te  o f NCV from  m ore  th a n  one o rgan  of 
ex p erim en ta lly  in o cu la ted  chickens in d ica ted  th e  p a n tro p ic  n a tu re  o f th e  v iru s. 
B ra in , spleen, lu ng , t ra c h e a  an d  in te s tin e  as well as o ra l an d  cloacal sw abs 
are  all su itab le  fo r v iru s  iso la tion  d u rin g  th e  acu te  stag e  of th e  disease.

B o th  th e  disease p ic tu re  seen in  n a tu ra l  o u tb re a k s  an d  in  ex p erim en ta lly  
in fec ted  chickens a n d  th e  path o g en ic  p ro p ertie s  o f th e  iso la ted  N D V  stra in s  
w ere th e  sam e as th o se  described  b y  H an so n  e t al. (1973) for th e  v iscero trop ic  
p a th o ty p e  of N D V . T h e  haem orrhag ic  v iscera l lesion p ro d u ced  b y  N D V  w as 
prev iously  rep o rted  fro m  th e  S udan  (K hogali, 1971; E isa , 1979; G affar E lam in  
e t ah , 1981). B a llo u h  e t al. (1983) s tu d ied  som e p ro p ertie s  of N D V  stra in s
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iso la ted  be tw een  1963 an d  1979. E ig h t o u t o f 12 iso la tes  w ere found  to  be 
velogenic an d  4 w ere m esogenic.

In  conclusions, i t  can  be e stab lish ed  th a t  velogenic v iscero trop ic  N D V  
is th e  m ost p re v a le n t N D V  s tra in  in  th e  S udan  an d  th e  s tra in  responsib le  
for th e  h e a v y  a n n u a l losses o f th e  c o u n try ’s p o u ltry  in d u s try .
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J .  E c k er t , E . K u t z e r , M . R om m el, H .- J .  B ü r g e r , W . K ö r t in g ; Veterinärm edizinische  
Parasitologie, begründet von Boch, J .  und  Supperer, R . (V e te r in a ry  P a ra s i to lo g y ,  fo u n d e d  b y  
B o c h , J .  a n d  S u p p e re r ,  R .) .  4 th  e d it io n , V e r la g  P a u l  Р а г у , B e r lin  a n d  H a m b u rg ,  1992. 920 
p a g e s ,  w i th  254  i l lu s t r a t io n s  a n d  68 ta b le s .  P r ic e :  D M  1 5 8 .—

T h e  f i r s t  e d it io n  o f  B o c h  a n d  S u p p e re r ’s “ Veterinärmedizinische Parasitologie” w a s 
p u b l is h e d  in  1971 a n d  w a s  re g a rd e d  a  m o s t  u p - to -d a te  te x tb o o k  d e a lin g  w i th  p a r a s i t ic  in fe c 
t io n s  o f  th e  m a in  d o m e s tic  a n im a l sp e c ie s  in  s e p a ra te  c h a p te r s  a n d  p ro v id in g  th e  u s e r  w i th  
m a n y  re le v a n t  so u rc e s  o f  re fe re n c e s  a t  t h e  e n d  o f  su b -c h a p te rs .  T h a t  e x c e lle n t  b o o k  o f  408 
p a g e s  in c lu d e d  106 i l lu s t r a t io n s ,  m o s t  o f  w h ic h  w e re  o r ig in a l p h o to g ra p h s ,  a n d  12 ta b le s .  T h e  
se c o n d  e d it io n  in  1977 a m o u n te d  to  517 p a g e s , 160 i llu s t r a tio n s  a n d  20 ta b le s .  I t  w a s  in  1983 
t h a t  t h e  3 rd  e d it io n  o f  B o c h  a n d  S u p p e re r ’s V e te r in a ry  P a ra s i to lo g y  w a s  p u b l is h e d ,  th e n  w i th  
th e  c o o p e ra tio n  o f  P ro fe sso r  J .  E c k e r t  (Z ü r ic h ) , E .  K u tz e r  (V ie n n a) a n d  M . R o m m e l (H a n n o v e r ) .  
T h a t  b o o k  r a n  to  533 p a g e s , in c lu d e d  192 i l lu s t r a t io n s  a n d  28 ta b le s ,  a n d  c o n ta in e d  m o re  
in fo rm a t io n  o n  p a r a s i t ic  d iseases  o f  w ild  a n im a ls ,  r a b b i t s  a n d  bees .

T h e  fo rm e r  a s so c ia te s , to g e th e r  w i th  P ro fe sso r  H . J .  B ü rg e r  (G ie sse n ) a n d  W . K ö r t in g  
(H a n n o v e r ) ,  h a v e  n o w  e n te re d  o n  B o c h ’s a n d  S u p p e re r ’s in h e r i ta n c e ,  in te n d in g  to  p r e p a re  a  
c o m p re h e n s iv e  t e x tb o o k  o f  v e te r in a r y  p a ra s i to lo g y  b o th  fo r  s tu d e n ts ,  te a c h e r s  a n d  v e te r in a r y  
p r a c t i t io n e r s  in  G e rm a n -sp e a k in g  c o u n tr ie s .  T h e  sco p e  b y  w h ic h  th e y  e x te n d e d  th e  b o o k  (920 
p a g e s ,  254 i l lu s t r a t io n s ,  68 ta b le s )  i ts e l f  i l lu s t r a te s  th e  e n o rm o u s ly  in c re a s e d  a m o u n t  o f  in fo r 
m a t io n  in c lu d e d  in  th e  r e c e n t  e d it io n .

H a v in g  su m m a r iz e d  th e  m o s t  im p o r t a n t  d e f in it io n s  a n d  a b b re v ia t io n s  o n  4 p a g e s , a  
g e n e ra l,  10 0 -p ag e  lo n g  c h a p te r  fo llo w s d e a lin g  in  su b -c h a p te rs  w i th  t h e  s y s te m a tic s  a n d  t a x o n 
o m y  o f  p ro to z o a  a n d  m e ta z o a ;  h o s t -p a r a s i te  re la tio n s h ip  (su s c e p tib il i ty ,  r e s is ta n c e ,  im m u n i ty ,  
e tc .) ;  p a th o g e n e s is  o f  p a r a s i t ic  in fe c tio n s  ( fa c to rs  o f  p a th o g e n ic i ty  a n d  v iru le n c e  in  p a ra s i te s ,  
b io lo g ic a l a n d  e co lo g ica l b a c k g ro u n d , m e c h a n ic - to x ic - ly tic - im m u n o b io lo g ic a l  e ffe c ts ) ;  d ia g 
n o s t ic  p ro c e d u re s ;  p e c u l ia r i t ie s  o f  th e  e p id e m io lo g y  o f  p a r a s i t ic  in fe c tio n s ;  e p id e m io lo g y  a n d  
th e  b a s is  o f  p a r a s i te  c o n tro l;  a  m o s t  c o m p re h e n s iv e  re v ie w  o f  th e  e f fe c t  o f  p a r a s i te s  o n  th e  
e n v iro n m e n t .  T h e re  is  a  r e c e n t ,  e x h a u s tiv e  b ib lio g ra p h y  a t ta c h e d  to  e a c h  s u b -c h a p te r .  In c lu d e d  
in  th is  c h a p te r ,  16 ta b le s  c o n ta in  m a n y  d a ta  u se fu lly  a m p lify in g  th e  t e x t .  T h is  co n cise  c h a p te r  
re p la c e s  to  som e e x te n t  a n d  u p d a te s  to p ic s  w h ic h  u se d  to  b e  d isc u sse d  in  a  s e p a ra te  b o o k  
(T h . H ie p e , R . B u c h w a ld e r  a n d  R . R ib b e c k :  “ A llg em ein e  P a ra s i to lo g ie ”  (G e n e ra l  P a ra s i to lo g y ) ,  
F is c h e r  V e rlag , S tu t tg a r t ,  N e w  Y o rk , 1981).

T h e  c o n tr ib u to r s ,  fa i th fu l l  fo llo w ers  o f  th e  fo u n d e rs ’ b o o k  s t r u c tu r e ,  c o n tin u e d  to  d e a l 
w i th  p a r a s i t ic  in fe c tio n s  in  th e  o rd e r  o f  h o s t  spec ie s . T o  c h a p te r s  o n  r u m in a n ts  (255 p a g e s ), h o r s 
es (79  p a g e s ), p ig s (73 p a g e s ), dogs a n d  c a ts  (128 p a g e s ), r a b b i t s  (18 p a g e s ) ,  p o u l t r y  (85 p a g e s ), 
w ild life  ( ru m in a n ts ,  w ild  ho g , h a re ,  p h e a s a n t  a n d  p a r tr id g e ;  22 p a g e s ) ,  n e w  c h a p te r s  o n  
h e d g e h o g s  (6 p a g es )  a n d  f is h  (63 p a g e s )  a re  a d d e d . I n  a d d it io n  to  th e  t r a d i t io n a l ly  sp e c if ie d  i n te r 
a c t io n s  c au sed  b y  p ro to z o a , h e lm in th s  a n d  a r th ro p o d s  in  d if fe re n t  h o s t  sp e c ie s , re c e n tly  e m e rg ed  
in fe c tio n s  (e .g . n e o sp o ro s is  in  c a rn iv o re s  a n d  ru m in a n ts ,  c ry p to s p o r id io s is  in  v a r io u s  sp ec ie s , 
sp h a e ro s p o ro s is  in  f ish , e tc .)  a re  a lso  d isc u sse d . T h e  e n o rm o u s  a m o u n t  o f  l i t e r a tu r e  h a d  in e v i t 
a b ly  to  b e  se lec te d . T h u s , m a n y  re fe re n c e s  f ro m  th e  e a r l ie r  e d itio n s  w e re  o m i t t e d  to  g iv e  ro o m  
fo r  r e c e n t  o n es; th e  a u th o r s  o f  v a r io u s  c h a p te r s  m a d e  th e  se lec tio n  in  a  h ig h ly  p ro fe s s io n a l w a y . 
A n y o n e  in te re s te d  in  th e  in c id e n c e  o f  a  sp e c if ic  p a r a s i te  in fe c tio n , in  e p id e m io lo g y , m o rp h o l
o g y  a n d  life  cy c le , p a th o g e n e s is ,  d ia g n o s is , th e r a p y ,  c o n tro l  o r  p u b lic  h e a l th  s ig n if ic a n c e  w ill 
f in d  th e  b o o k  a  w e a l th  o f  r e le v a n t  re fe re n c e s . T h e  g e n e ra l in d e x  a n d  2 a p p e n d ic e s , 36 p a g es  
lo n g , in c lu d e  in  a lp h a b e t ic a l  o rd e r  b o th  t r a d e  n a m e s  a n d  g e n e ric  n a m e s  o f  t h e  a n t ip a ra s i t ic
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d ru g s  u se d  in  d if fe re n t  h o s t  sp e c ie s , re fe r r in g  a lso  to  t h e i r  r e g is t r a t io n  s ta g e  in  G e rm a n -sp e a k in g  
c o u n tr ie s  as w ell as th e  n a m e  o f  t h e  m a n u fa c tu r e r s  — a  u se fu l  m e a n s  o f  q u ic k  o r ie n ta t io n .

O n ly  a  few  s t a te m e n t s  c a n  b e  t r a c e d  in  t h e  te x tb o o k  w h ic h  m ig h t  p e rh a p s  b e  a rg u e d  
(e .g . t h e  v a lid i ty  o f  E im er ia  m iv a ti;  E . tenella: m a x im u m  o f  o o c y s t  o u tp u t  a p p ro x . 10 d a y s  
a f te r  in fe c tio n ).

T h e  a c c e p ta n c e  o f  t h e  n o m e n c la tu re  g u id e lin e s  (S N O A P A D ) b o t h  o f  t h e  W o rld  A sso c ia 
t io n  fo r  th e  A d v a n c e m e n t  o f  V e te r in a ry  P a ra s i to lo g y  a n d  th e  W o r ld  F e d e r a t io n  o f  P a r a s i to 
lo g is ts  a n d  th e  c o n s is te n t  u s e  o f  “ -o s is”  to  d e n o te  p a r a s i t ic  in fe c tio n s  w ill c e r ta in ly  c o n tr ib u te  
to  b r in g in g  th e  lo n g  d is p u te  o n  th is  issu e  to  a n  e n d . T h e  t e x t  is  c le a r ly  w r i t te n ,  w ell i l lu s t r a te d  
a n d  e d ite d  w ith  c a re . T h e  t r e m e n d o u s  a m o u n t  o f  in fo rm a t io n  b r o u g h t  to g e th e r  o n  p a ra s i te s  
a n d  p a ra s i t ic  in fe c tio n s  b y  th e  su c c esso r t e a m  o f  a u th o r s  m a k e s  t h e  b o o k  a  w o r th y ,  u p d a te d  
c o n tin u a tio n  o f  th e  p r e v io u s  e d it io n s . I t  h ig h ly  d e se rv e s  ro o m  o n  t h e  b o o k sh e lv e s  o f  n o t  o n ly  
v e te r in a r y  s tu d e n ts ,  b u t  a lso  v e te r in a r ia n s ,  p a ra s i to lo g is ts ,  p a th o lo g is ts ,  im m u n o lo g is ts ,  p h a r 
m a c o lo g is ts , spec ific  le g is la t iv e  c o rp o ra t io n s ,  c o n s e rv a t io n is ts  a n d  a ll  b io lo g is ts  w h o  w o rk  
w i th  a n y  to p ic  of, o r  a re  i n te r e s te d  in , t h e  p a r t i c u la r  w a y  o f  l ife  r e la te d  to  p a ra s i t is m .

I s tv á n  V a r g a

C lyde A. K ir k b r id e : Laboratory D iagnosis o f  Livestock A bortion. T h ird  e d it io n . 
I o w a  S ta te  U n iv e r s i ty  P re s s ,  A m es, Io w a , 1990. 274 p a g e s , i l l u s t r a te d ,  p a p e rb a c k .  IS B N  
0 -8138-1593-2 . P r ic e : U S D  2 6 .95 .

T h e  th ird  e d it io n  o f  “ Laboratory D iagnosis o f  Livestock A b o rtio n '’, t h e  w o rk  o f  D r .  C. A . 
K irk b r id e  a n d  h is  35 c o -a u th o r s ,  is  a  p e r fe c t  m a n u a l  b o th  in  i t s  c o n te n ts  a n d  p re s e n ta tio n .  
I n  a d d it io n  to  e m p h a s iz in g  t h e  m o s t  im p o r ta n t  d ia g n o s tic  a sp e c ts  o f  a b o r t io n  b y  a n im a l spec ie s , 
i t  p ro v id e s  th e  r e a d e r  w i t h  a  sp e c ia l k n o w le d g e  c o m p ris in g  a ll  th e  d e ta i ls  o f  la b o r a to r y  w o rk .

T h e  b o o k  is a n  in d is p e n s a b le  r e fe re n c e  p r im a r i ly  fo r  sp e c ia lis ts  o f  p a th o lo g ic a l  a n a to m y , 
h is to p a th o lo g y  a n d  t h e i r  c o m p le m e n ta ry  la b o r a to r y  e x a m in a t io n s .  I t s  c le a r  a r ra n g e m e n t  a n d  
th e  th e o re tic a l  a n d  p r a c t ic a l  k n o w le d g e  p ro v id e d  o n  a b o r t io n  in  d i f f e r e n t  a n im a l  sp ec ie s  m a k e  
t h e  b o o k  a n  a t t r a c t iv e  a n d  v a lu a b le  re fe re n c e  fo r  v e te r in a ry  s tu d e n t s  a s  w ell. T h e se  fe a tu re s  
m a k e  th e  b o o k  s u i ta b le  f o r  a ro u s in g  th e  in te r e s t  o f  r e a d e rs  le s s  f a m il ia r  w i th  t h e  n a r ro w e r  
sp e c ia l f ie ld  a n d , t h u s ,  f o r  w in n in g  o v e r  t a le n te d  s tu d e n ts  fo r  r o u t in e  d ia g n o s tic  a n d  re se a rc h  
a c t iv i t y  a t  v e te r in a ry  i n s t i t u t e s .

Laboratory D iagnosis o f  Livestock A bortion  is  s im ila r ly  u se fu l  fo r  v e te r in a r y  p ra c t i t io n e r s .  
B y  d e sc rib in g  th e  d e f ic ie n t  s y m p to m a to lo g y  p re c e d in g  a b o r t io n s  a n d  th e  c h a ra c te r is t ic  b u t  
n o n sp e c if ic  les ions o c c a s io n a lly  sh o w n  b y  th e  fe tu s e s  a n d  f e ta l  m e m b ra n e s ,  th e  a u th o r s  
e m p h a s iz e  th e  n e c e s s i ty  o f  la b o r a to r y  e x a m in a tio n s . A t  th e  sa m e  t im e ,  t h e  r e a d e rs  re ce iv e  
a c c u ra te  in fo rm a tio n  o n  t h e  c o r re c t  e v a lu a t io n  o f  d ia g n o s tic  f in d in g s .

A lre a d y  th e  i n t r o d u c to r y  c h a p te r s  a re  in d ic a tiv e  o f  a  s p e c ia lis t  w h o  h a s  d e a l t  w i th  th e  
d ia g n o s is  o f  a b o r t io n  f o r  a  lo n g  t im e  a n d  o n  a  h ig h  lev e l. T h e  im p o r ta n c e  o f  th e  c o r re c t  t im e  
a n d  m e th o d  o f s a m p le  c o lle c tio n  a n d  s h ip m e n t  to  t h e  la b o r a to r y  c a n n o t  b e  o v e re m p h a s iz e d . 
T h e  o b je c tiv e  e v a lu a t io n  o f  g ro ss  p a th o lo g ic a l  c h a n g e s  a n d  th e  e x p e r t  p e rfo rm a n c e  o f  h is to -  
p a th o lo g ic a l  e x a m in a t io n s  a r e  n o n e  th e  less  im p o r ta n t .

T h e  a u th o rs  g iv e  a  d e ta i le d  d e s c r ip t io n  o f  th e  n u m e ro u s  f a c to r s  t h a t  m a y  b e  in v o lv e d  
in  t h e  a e tio lo g y  o f  in fe c tio u s  a n d  n o n - in fe c tio u s  a b o r t io n s .  B y  l is t in g  th e s e  a g e n ts  a n d  d e sc rib 
in g  th e i r  e ffec t, t h e  a u th o r s  in d ic a te  t h a t  so m e  o f  th e  a b o r t i f a c ie n ts  a re  e i th e r  n o  lo n g e r  
d e te c ta b le  a t  th e  t im e  o f  a b o r t io n  o r  th e y  e x e r t  th e i r  e f fe c t in d ir e c t ly ;  t h u s ,  t h e i r  p re se n c e  
c a n  b e  in d ic a te d  b y  c y to lo g ic a l  o r  o th e r  f in e  s t r u c tu r a l  e x a m in a t io n s  o r  b y  th e  h ig h  lev e ls  o f  
a n tib o d ie s  p ro d u c e d  a g a in s t  th e m . B y  w r i t in g  d o w n  a ll th e s e  f a c ts ,  P ro fe s s o r  K irk b r id e  f u r 
n ish e s  a n  e x p la n a tio n  f o r  t h e  lo w  (30 -4 0 % )  su ccess r a te  o f  d ia g n o s tic  e v a lu a t io n  o f  a b o r te d  
fe tu s e s  a n d  fe ta l  m e m b ra n e s  s u b m it te d  fo r  la b o r a to r y  e x a m in a t io n  a ll  o v e r  th e  w o rld .

I t  is  v e ry  u se fu l  t h a t  P ro fe sso r  K irk b r id e  h a s  d e v o te d  a  s e p a ra te  c h a p te r  to  th e  e v a lu a 
t io n  o f  se ro lo g ica l e x a m in a t io n s  d u r in g  a b o r t io n ,  as t h a t  e v a lu a t io n  is o f te n  in c o n s is te n t  
b e c a u se  o f  th e  i n t r o d u c t io n  o f  n e w  m e th o d s , th e  u se  o f  lo c a lly  p r e p a r e d  re a g e n ts ,  a n d  th e  
v a r y in g  im m u n o lo g ic a l k n o w le d g e  o f  th e  sp e c ia lis ts .

I t s  c o n s ta n t  e f fo r t  to  a id  th e  id e n t i f ic a t io n  o f  p r im a ry  a e tio lo g ic a l  a g e n ts  in v o lv e d  in  
c a u s in g  a b o r tio n  is  a  g r e a t  a d v a n ta g e  o f  th e  b o o k . I t  is  v e ry  u se fu l  t h a t  th e  sp ec ific  t e s ts  
s u i ta b le  fo r  d e te rm in in g  t h e  p a th o g e n ic i ty  o f  d if f e re n t  b a c te r i a l  s t r a in s  a n d  th e  p ro c e d u re s  
fo r  d e te c tin g  v iru se s  im p l ic a te d  in  a b o r t io n  a re  d e sc rib e d  s e p a ra te ly  b y  d ise ase  a n d  b y  p a th o 
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g en . D e ta ile d  d a ta  a re  g iv e n  o n  th e  p r e p a r a t io n  o f  re a g e n ts  a n d  s o lu t io n s ,  m a k in g  th e  d ia g n o s tic  
te s ts  su ff ic ie n tly  r e p ro d u c ib le .

I n  th e  g e n e ra l  o v e rv ie w , th e  a u th o r  p o in ts  o u t  th e  p o ss ib le  in c id e n c e  o f c o n c o m ita n t  
in fe c tio n s , o r  in c lu d e s  w o rk s  in  th e  re fe re n c e  l is t  t h a t  in fo rm  th e  r e a d e r  a b o u t  su c h  in fe c tio n s . 
T h e  h ig h ly  p ro fe s s io n a l  a n d  ra t io n a l  s e le c tio n  o f  re fe re n ce s  d e se rv e s  sp e c ia l m en tio n .

I t  is a  p i ty  t h a t  th e  d e sc rip tio n  o f  e f f ic ie n t  a n d  sp ec ific  m ic ro b io lo g ic a l e x a m in a tio n s  
o f  sem en  sa m p le s  is  m is s in g  f ro m  th e  c h a p te r  d e v o te d  to  la b o r a to r y  e x a m in a tio n s  (o f  f e ta l  
o rg a n s , s to m a c h  c o n te n ts  a n d  p la c e n ta , a s  w ell a s  th e  b lo o d  a n d  v a g in a l  se c re tio n  o f th e  a b o r te d  
fe m a le ) . N a m e ly , d e s p i te  th e  s t r in g e n t  se m e n  c o n tro l  m e a su re s  a d o p te d  w i th  th e  s p r e a d  o f  
a r t i f ic ia l  in s e m in a tio n ,  e x p e r ie n c e  show s t h a t  se m en  s till  p la y s  a  ro le  in  t r a n s m i t t in g  in fe c tio n .

T h e  p a r t  d e a lin g  w i th  c o m p le m e n ta ry  e x a m in a tio n s  u n f o r tu n a t e ly  lac k s  a  d e s c r ip t io n  
o f  m e th o d s  s e rv in g  f o r  th e  e v a lu a tio n  o f  m ilk  sa m p le s . S u c h  te s ts  m a y  b e  n e ce ssa ry  in  c o n 
n e c t io n  w i th  s p o ra d ic  o r  m ass  a b o r t io n  o c c u rr in g  in  c e r ta in  c a t t le  h e rd s  o r  sheep  f lo c k s , 
w h e n  e x c re tio n  o f  p a th o g e n s  v ia  th e  m ilk  m u s t  b e  d e te rm in e d  in  a  c e r ta in  p a r t  o f  th e  s to c k  
o r  o n  h e rd  lev e l.

I n  s u m m a ry ,  i t  c a n  b e  s ta te d  t h a t  t h e  b o o k  e d ite d  b y  P ro fe s s o r  K irk b r id e  is  a n  in d is 
p e n sa b le  to o l  fo r  l a b o r a to r y  sp e c ia lis ts  a ll o v e r  th e  w o rld . I t  p r o v id e s  b o th  b e g in n e rs  a n d  
e x p e r ie n c e d  sp e c ia lis ts  w i th  th e o re tic a l  a n d  p r a c t ic a l  g u id e lin es  fo r  d e te c t in g ,  a n d  e v a lu a t in g  
th e  ro le  of, p a th o g e n ic  a g e n ts  t h a t  p la y  a  ro le  in  a b o r t io n  a n d  r e p ro d u c t iv e  d iseases o f l iv e s to c k .

M a r ie t ta  R á d y

K la u s  B ic k h a r d t : K om pend ium  der allgemeinen inneren M e d iz in  und  Pathophysiologie 
f ü r  Tierärzte. F i r s t  e d it io n .  V e rlag  P a u l P a r e y ,  B e r lin  a n d  H a m b u rg ,  1 992 . 231 p a g es , 15 ta b le s  
a n d  55 f ig u res , p a p e r b a c k .  P r ic e : D M  3 6 .—

T h e  a u th o r  r e c o m m e n d s  th e  b o o k  f i r s t  o f  a ll to  v e te r in a r y  s tu d e n ts  a n d  v e te r in a r y  
p r a c t i t io n e r s .  T h e  te x tb o o k  c h a ra c te r  is  in d ic a te d  b y  th e  f a c t  t h a t  t h e  w o rk  w as p u b lis h e d  in  
th e  P a re y  S tu d ie n te x te  se ries . A c co rd in g  to  th e  a u th o r ’s in t r o d u c t io n ,  th e  b o o k  is b a s e d  o n  
m a n y  y e a r s  o f  e x p e r ie n c e  a n d  th e  w r i t te n  sk e tc h e s  o f h is  le c tu re s ,  a n d  i t s  p r in c ip a l a im  is  to  
se rv e  as a n  a id  to  s tu d e n t s  in  fo llo w in g  th e  le c tu re s . A c co rd in g ly , t h e  b o o k  does n o t  in c lu d e  
th e  w h o le  sco p e  o f  v e te r in a r y  p a th o p h y s io lo g y ;  a t  th e  sam e  t im e , i t  c o n ta in s  m a n y  sp e c ie s-  
sp e c if ic  p a th o p h y s io lo g ic a l  c h a ra c te r is t ic s  t y p ic a l  o f  d o m e s tic  a n im a l  sp ec ie s  (ho rses, c a t t le ,  
sw in e , c a rn iv o re s ) .  T h e  w o rk  is d iv id e d  in to  19 c h a p te r s  a n d ,  w i th in  t h e  l a t t e r ,  n u m e ro u s  s u b 
c h a p te r s .  I t  h a s  a  c le a r  a n d  concise  s t r u c tu r e .  D e c im a l c la s s if ic a t io n  w ith in  th e  c h a p te r s  
e n a b le s  r a p id  r e a d e r  o r ie n ta t io n .

T h e  f i r s t  f iv e  c h a p te r s  d e a l w ith  th e  re g u la tio n  a n d  p a th o lo g ic a l  p ro c esses  o f  th e  o rg a n 
ism ’s in te r n a l  m ilie u , c e llu la r  m e ta b o lism , a n d  th e  a b n o rm a li t ie s  o f  t h e  b lo o d  e le m en ts . T h e  
su b s e q u e n t  c h a p te r s  fo llo w  a  c la ss if ic a tio n  b y  o rg a n  sy s te m  ( r e s p i ra t io n  a n d  re sp ira to ry  m e t a b 
o lism , h e a r t  a n d  b lo o d  c irc u la t io n ,  m u s c u la tu re ,  l iv e r ,  d ig e s tiv e  o rg a n s , u r in a ry  t r a c t ,  c e n t r a l  
n e rv o u s  sy s te m ), o r  a r e  d e v o te d  to  sp e c if ic  to p ic s  o f  p a th o lo g ic a l  m e ta b o lis m  a n d  re g u la tio n  
(g e n e ra l a d a p ta t i o n  s y n d ro m e , s tre s s , p r o te in  m e ta b o lism  a n d  e n z y m o p a th ie s ,  c a rb o h y d ra te  
a n d  l ip id  m e ta b o lis m , f lu id  b a la n c e , a c id -b a s e  b a la n c e , b o n y  s y s te m  a n d  m in e ra l m e ta b o lism , 
th e rm o re g u la tio n ) .

T h e  d e ta i le d  tables a t  th e  e n d  o f  th e  b o o k  c o n ta in  th e  m o s t  im p o r t a n t  c lin ica l re fe re n c e  
v a lu e s  o f  d o m e s tic  a n im a ls ,  th e  re fe re n c e  v a lu e s  o f  c e r ta in  la b o r a to r y  v a r ia b le s  o f  th e  b lo o d , 
a n d  th e  f a c to rs  o f  c o n v e rs io n  f ro m  c o n v e n tio n a l  to  S I  v a lu e s . T h e  q u e s t io n s  g iv en  a t  t h e  e n d  
o f  th e  b o o k , r e la t in g  to  th e  d if fe re n t  c h a p te r s ,  e n a b le  s tu d e n ts  to  c h e c k  th e i r  ow n k n o w le d g e .

T h e  d if fe re n t  p a th o p h y s io lo g ic a l  m e c h a n ism s  a n d  th e  m e c h a n is m  o f  p a th o lo g ic a l r e g u la 
t io n  a re  i l lu s t r a te d  b y  d id a c t ic  illustrations w h ic h  h e lp  th e  r e a d e rs  u n d e r s ta n d  th e  t e x t .  S o m e  
o f  th e  f ig u re s  a p p e a r  r a th e r  c o m p lic a te d  o n  f i r s t  in sp e c tio n , w h ile  a  few  o th e rs  p ro v id e  a n  
in c o m p le te  i l lu s t r a t io n  o f  p a th o lo g ic a l  p ro c e sse s . T h e  b o o k  c o n ta in s  n o  p h o to g ra p h s , o b v io u s ly  
to  re d u c e  th e  p r ic e , a s  th e  w o rk  is i n te n d e d  fo r  s tu d e n ts .  F o r  t h e  r e v ie w e r , a  sp ec ia l f e a tu r e  
o f  th e  b o o k  is t h a t  i t  p ro v id e s ,  b esid es th e  p a th o p h y s io lo g y  o f  d o m e s tic  a n im a ls ,  a  b r ie f  sy m p to m 
a to lo g y  o f  th e  d i f f e r e n t  d ise ases ; m o re o v e r , th e  p o ss ib le  m e th o d s  o f  t r e a tm e n t  a re  a lso  
d e sc rib e d  c o n c ise ly  a t  th e  e n d  o f  th e  in d iv id u a l  c h a p te rs .

A  g re a t  a d v a n ta g e  o f  th e  b o o k  fo r  v e te r in a r y  s tu d e n ts  is  t h a t  i t  p ro v id e s  g u id e lin e s  
a b o u t  th e  p a th o lo g ic a l  fu n c tio n in g  o f  o rg a n s  a n d  o rg a n  s y s te m s  o f  se v e ra l a n im a l sp e c ie s . 
I t  c a n  b e  a  u se fu l  re fe re n c e  fo r  v e te r in a r y  p r a c t i t io n e r s  w ho  w ish  to  b r u s h  u p  th e ir  k n o w le d g e
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o f  p a th o p h y s io lo g y . A s th e  w o rk  is a  te x tb o o k  r a th e r  t h a n  a  m a n u a l,  i t  is  q u i te  u n d e rs ta n d a b le  
t h a t  r e a d e rs  w ish in g  to  go m o re  d e ep ly  in to  t h e  d i f f e r e n t  to p ic s  m u s t  c o n s u l t  o th e r  m a n u a ls .

I n  su m m a ry , i t  c a n  b e  s t a te d  t h a t  th e  b o o k  is  a  u se fu l re fe re n ce  f o r  v e te r in a r y  s tu d e n ts ,  
a s  w e ll a s  fo r  s tu d e n ts  o f  a g r ic u ltu r a l  a n d  b io lo g ic a l sc ien ces , in  le a rn in g  th e  s u b je c t -m a t te r  o f  
p a th o p h y s io lo g y .  I n  a d d i t io n ,  i t  p ro v id e s  a  b r i e f  in s ig h t  in to  v e te r in a r y  in te r n a l  m ed ic in e , 
g iv in g  a  concise  d e s c r ip t io n  o f  th e  m o s t  i m p o r t a n t  c lin ica l sig n s r e s u l t in g  f ro m  th e  p a th o -  
m e c h a n is m  o f  d if fe re n t  d ise a se s . V e te r in a ry  p r a c t i t io n e r s  g e t a n  o v e rv ie w  o f  th e  p a th o g e n e s is  
o f  d ise a se s  o f  th e  m o s t  im p o r t a n t  d o m e s tic  a n im a l  sp ec ie s  a n d  o f  t h e  e sse n c e  o f  p a th o lo g ic a l 
p ro c e ss e s  u n d e r ly in g  th e  d ise a se  sy m p to m s .

K á ro ly  VÖRÖS

A c t a  V e t e r in a r i a  H u n g a r i c a  4 0 ,  1 9 9 2
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