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INFLUENCE OF OXYTOCIN AND PROSTAGLANDIN 
ON SEMEN CHARACTERISTICS AND PROCESS 

OF EJACULATION IN BUFFALO BULLS

M. A.  R.  I b r a h im

D epartm ent of Animal P roduction , F acu lty  of Agriculture,
Kafr El-Sheikh, T an ta  U niversity , E gypt

(Received Septem ber 1, 1987)

The effect of oxytocin and  prostaglandin  on ejaculate characteristics of bulls 
was studied. One ejaculate each was collected from four bulls after injecting them  
in tram uscularly  w ith saline, and used as control. D ifferent doses of oxytocin (G. R ichter 
Pharm aceutical W orks, B udapest; 0, 5, 10 and 20 IU ; E xperim ent 1) and prostaglandin 
F 20, (E nzaprost, Chinoin, B udapest; 0, 0.5, 1 and 2 mg; E xperim ent 2) were injected 
in tram uscularly  in a series of 4 x 4  L atin  squares in  both trea tm en ts, separately, th a t  
is 36 samples altogether. One ejaculate was collected and evaluated after each injec
tion. Twelve semen samples from bulls trea ted  w ith  20 IU  oxytocin, 2 mg prostaglandin 
and non-treated  controls were extended w ith freshly prepared yolk citrate buffer and 
cooled a t 5 °C for four days (E xperim ent 3). Subsequently, the survival ra te  was 
exam ined daily. A com parative study  was also performed to  examine the in  vitro 
supplem entation of semen samples w ith  oxytocin and prostaglandin (n =  3). The 
samples were extended as m entioned above (E xperim ent 4). In  bulls trea ted  w ith 
prostaglandin and oxytocin no significant difference was found in the num ber of sperm a
tozoa per m l, bu t ejaculate volume and the num ber of motile sperm/ejaculate were 
significantly (P  <  0.05) increased. The concentration of sperm atozoa was significantly 
increased a fter prostaglandin trea tm en t alone. No significant increase in  sperm ou tp u t 
was obtained after injection of oxytocin. Sperm atozoa were extended a t 5 °C for four 
days. The ejaculates collected from  bulls p retreated  w ith bo th  oxytocin and p rosta
glandin showed no significant difference from  the control. Semen samples supplem ented 
in  vitro w ith  bo th  hormones (20 IU  oxytocin and 2 mg prostaglandin/m l of pooled 
semen) showed a significant difference (P  <  0.05) from the control. The results are 
discussed as a possible means o f im proving the bulls’ semen ou tpu t and sperm sur
vival ra te .

Keywords: Oxytocin, p rostaglandin , semen characteristics, ejaculate, m otile, 
sperm, semen, ou tpu t, buffalo bull.

The  ev idence  fo r oxy tocin  re lease  a t  co itus in  th e  fem ale suggested  a 
possible para lle lism  in  th e  m ale (B ell e t  ah , 1975). In  th e  blood p lasm a o f 
m ale an im als a  3- o r 4-fold increase  in  o x y to c in  a c tiv ity  w as found  a f te r  
g en ita l s tim u la tio n  im m ed ia te ly  befo re  a n d  sh o rtly  a fte r  service (F itz p a tr ic k , 
1966). E w y e t al. (1972) and  B arow iez e t al. (1972) found  th a t  during  sem en 
collection o x y to c in  a c tiv ity  w as in c reased  in  th e  p lasm a of boars. T he h ig h es t 
level was m easu red  during  th e  f in a l ph ase  o f e jacu la tion .

In  th e ir  ex p erim en ts  on ra b b its  F je lls tro m  e t al. (1968) o b ta in ed  in d ire c t 
ev idence th a t  o x y to c in  s tim u la ted  th e  accessory  sex g lands. B ereznev (1963) 
rep o rted  th a t  o x y to c in  s tim u la ted  co n trac tio n s  o f th e  ep id idym is and  d eferen t

1* Acta Veterinaria Hungarica 36,1988 
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4 IBRAHIM

d u c t in  bulls. A lso, n o rep in ep h rin e , ace ty lcho line , p ro s tag lan d in  an d  o x y to c in  
w ere found  to  p ro d u ce  an  increase in  th e  c o n tra c tility  o f th e  tu n ic a  a lbug inea , 
consisting  m a in ly  o f an  increase  o f  to n ic ity . E llis e t al. (1980) an d  M ohy 
E l-D een  (1984) fo u n d  th a t  o x y to c in  s tim u la te d  c o n tra c tility  o f th e  sem in i
ferous tu b u le s  a n d  te s tic u la r  capsu le  o f  th e  r a t  an d  m ink . C o n tra c tility  o f  th e  
sem iniferous tu b u le s  fac ilita tes  sp erm  re lease  an d  flow  as well as sperm  t r a n s 
p o r t  th ro u g h  th e  te s tis  in to  th e  ep id id y m is.

E l-A zab  e t  al. (1974), K n ig h t (1974), S h arm a  an d  H ay s (1976), K len n er 
a n d  B oryczko (1980) an d  A lkass a n d  Ib ra h im  (1984) fo u n d  th a t  in jec tio n  of 
o x y to c in  im m e d ia te ly  before e ja c u la tio n  caused  an  increase in  th e  n u m b e r of 
sp e rm ato zo a  p e r  e ja c u la te  an d  also in  sem en  volum e in  th e  hu ll, ra b b it  an d  
ra m . Several a t te m p ts  have  been  m ad e  to  im prove  sperm  tra n s p o r t  an d  fe r
t i l i ty  by  in je c tin g  an im als w ith  h o rm ones. T h e  significance of p ro s tag lan d in  in  
sp e rm  tra n s p o r t  has been d e m o n s tra te d  in  ra b b its  an d  hulls (B aad er an d  
E l-K erab y , 1982).

On large  an im als , especially  bu ffa loes, th e  in fluence  o f such  horm ones on 
sp erm  b eh av io u r has been li t t le  s tu d ie d .

The o b jec tiv e  o f th e  p resen t w o rk  w as to  s tu d y  th e  in fluence  o f t r e a t 
m en t w ith  o x y to c in  an d  p ro s ta g la n d in  (to g e th e r or sep a ra te ly ) on sperm  o u t
p u t ,  m o tility  a n d  su rv iv a l a t  5 °C.

M ateria ls an d  m ethods
A n im a ls

F our bu ffa lo  hu lls, p ro v id ed  b y  th e  F a c u lty  o f A gricu ltu re , K a fr  E l 
S heikh  E x p e rim e n ta l S ta tio n , w ere u sed . T h e  average b o d y  m ass o f  th e  bu lls 
w as 600 kg  a n d  th e ir  age was th re e  y ea rs  on th e  average. T he an im als w ere 
rea red , fed  an d  tr e a te d  accord ing  to  th e  ro u tin e  m an ag em en t sy stem  used  a t  
th e  s ta tio n . T h ey  w ere free of d iseases, h ad  a h ea lth y  ap p earan ce  an d  n o rm al 
sem en  ch a rac te rs . All th e  an im als w'ere sex u a lly  m a tu re .

Sem en evaluation

A single e ja c u la te  w as co llec ted  from  each bu ll in  b o th  ex p erim en ts- 
(experim en ts 1 a n d  2). All e jacu la tes  w ere exam ined  fo r e jacu la te  vo lum e, 
p e rcen tag e  o f sp e rm  show ing p rog ressive  m o tility , an d  sperm  c o n cen tra tio n  
( X l O 9), to ta l  n u m b e r  o f m otile  sp e rm /e jacu la te  ( х Ю 9) (p a ram e ters  s tu d ie d  
in  ex perim en ts 1 an d  2).

E xperim en t 1

D ifferen t doses o f o x y toc in  (0, 5, 10 a n d  20 IU ) w ere ad m in is te red  in t r a 
m uscu la rly . T h e  in te rv a l be tw een  o x y to c in  in jec tion  an d  e jacu la te  co llection

Acta Veterinäria Hungarica 36,1938



EFFECT OF OXYTOCIN AND PROSTAGLANDIN ON BULL SEMEN 5

w as a t  m ost 10 m in . All th e  anim als w ere  s tim u la te d  sexually , using th re e  
m o u n ts , before h o rm o n a l tre a tm e n t an d  sem en co llection . T he n u m b er o f  
sam ples w as 16.

E xperim en t 2

T be sam e design  w as used as in  e x p e rim e n t 1, w ith  th e  exception  th a t  
d iffe ren t doses o f  p ro s tag lan d in  (0, 0 .5 , 1 an d  2 m g) w ere in jec ted  in t r a 
m uscu larly .

E xperim en t 3

Sem en sam ples collected from  each  b u ll in  ex p e rim en ts  1 (n =  16) a n d  
2 (n =  16) w ere d ilu te d  an d  ex tended  w ith  fre sh ly  p re p a re d  yo lk  c itra te  b u ffe r. 
F re sh ly  collected  n o rm a l sem en sam ples (n  =  4) w ere e x te n d e d  w ith  th e  sam e  
yo lk  c itra te  b u ffe r w ith o u t any  su p p lem en t an d  used  as con tro l. The e x te n d e r  
co n ta in ed  2 .9%  sod iu m  c itra te  (d e h y d ra te d ), 20%  egg y o lk , 500 meg s t r e p to 
m ycin  and  500 IU  penicillin  per m l. T h e  av erag e  d ilu tio n  ra te  was 1 : 10 fo r 
all th e  tre a tm e n ts .

T he sam ples w ere  refrigerated  a t  5 °C fo r fo u r d ay s . D up lica te  s u b 
sam ples w ere ta k e n  d a ily  an d  exam ined  fo r sperm  m o tility  a t  a m ag n ifica tio n  
o f X 300.

E xperim en t 4

Pooled sem en sam ples were o b ta in e d  from  fo u r buffalo  bulls an d  d is 
t r ib u te d  in to  th re e  p la s tic  vials (n =  3). To th e  f ir s t  v ia l 20 IU  o x y to c in /m l 
sem en, w hile to  th e  second 2 mg p ro s ta g la n d in  F 2a/m l sem en  was added . T h e  
th ird  v ia l served  as con tro l. The sam e e x te n d e r  w as u sed  as in  ex p erim en t 3, 
a n d  th e  average  d ilu tio n  ra te  was 1 : 1 0  fo r  all th e  th re e  sam ples. The sam p les  
w ere re frig e ra ted  a t  5 °C and  were e x a m in e d  da ily  fo r sperm  m o tility  a t  a 
m agn ifica tion  o f  X 300, as in  ex p erim en t 3.

A c o m p ara tiv e  s tu d y  was p e rfo rm ed  b e tw een  ex p e rim en t 3 and  e x p e r i
m en t 4 as reg a rd s  th e  su rv ival of sp e rm  m o tility  d u rin g  p reserva tion .

S ta tis tic a l an a ly sis  w as carried  o u t as described  b y  Snedecor an d  C och
ra n  (1971).

R esu lts

Sem en c h a rac te ris tic s  o b ta ined  fo r  buffa lo  bu lls in jec ted  w ith  d iffe ren t 
doses o f o x y to c in  o r p ro stag lan d in  a re  show n in  T ab le  I .  T he applied  doses 
ex e rted  a s ig n ifican t effect on some o f  th e  t r a i ts  s tu d ied . In jec tio n  of 5, 10 or
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Table I

Effect of different doses of oxytocin and prostaglandin on semen quality 
and sperm o u tp u t in  buffalo bulls

S em en  ch a rac te ristic s
O xytocin , IU /an im a l

0 5 10 20

Semen volume, ml 2.41 4- 0.25“ 2.80 +  о.28й 3.40 +  0.38e 3.80 4- 0.12d
Sperm concentration, X l0 9/m l 1.13 ±  0.11“ 1.18 4  0.32“ 1.15 ±  0.22“ 1.12 ±  0.20“
Sperm concentration,

X  109 per ejaculate 2.69 +  0.76° 3.31 +  0.87“ 3.93 4- 0.11“ 4.29 +  0.88“
Sperm m otility, % 86.30 ±  4.78“ 82.50 ±  6.45“ 86.25 ±  4.78" 87.50 ±  5.00“
No. of motile sperm per

ejaculate, Xl O9 2.31 ±  0.12“ 2.81 +  0.87" 3.43 +  l . l l c 3.78 ±  0.93d
%  increase of sperm

output/ej aculate — 23 46 57
%  increase of ejaculate volume — 16 41 58
%  increase of motile

sperm /ejaculate — 21 48 64

S em en  ch a rac te ristic s

Semen volume, ml
Sperm concentration, X 109/m l
Sperm concentration,

X 109 per ejaculate 
Sperm m otility, %
No. of motile sperm per 

ejaculate, X  109 
%  increase of sperm 

output/ej aculate 
%  increase of ejaculate volume 
%  increase of motile 

sperm/ejaculate

P ro stag lan d in , m g /an im al

0 0.5 1 2

2.50 ±  0.37“ 3.00 +  0.14й
1.15 ±  0.25“ 1.11 ±  0.19"

2.92 ±  0.99“ 3.31 +  0.53й
85.00 ±  7.07“ 83.75 ±  4.80"

2.46 ±  0.86“ 2.79 ±  0.40й

— 14
— 20

_ 13

3.50 ±  0.29е 3.90 ±  0.37d
1.19 ±  0.26“ 1.18 ±  0.22“

4.41 +  1.03e 4.61 +  1.10d
87.50 ±  2.88“ 87.50 ±  0.50“

3.85 +  0.87e 4.00 +  0.75d

51 58
40 56

56 63

a. b, c, d \ j ftan vajues with  different superscripts are significantly different (P  <  0.05). 
E ach value represents the mean of four buffalo bulls

20 IU  o x y toc in  a n d  0.5, 1 or 2 m g p ro s ta g la n d in  s ig n ifican tly  increased  th e  
sem en  vo lum e (P  <  0.05). T he m ean  v a lu e s  of p ercen tile  increase  due  to  
tr e a tm e n t  w ere 16.0, 41.0 an d  58 .0%  a n d  20.0, 40.0 an d  5 6 .0%  fo r th e  d if
fe re n t doses o f o x y to c in  an d  p ro s ta g la n d in , respectively .

No sign ifican t difference w as fo u n d  in  th e  num ber o f sp e rm ato zo a  p er m l 
a n d  sperm  m o tility  a f te r  in jec tion  o f  o x y to c in  or p ro s tag lan d in , as co m p ared  
to  th e  co n tro l sam ples. T he to ta l n u m b e r  o f  sperm atozoa p e r  e ja c u la te  (sperm  
o u tp u t)  w as in  a p o s itiv e  co rre la tion  w ith  th e  doses in jec ted  in  b o th  t r e a t 
m en ts . H ow ever, s ig n ifican t (P  <  0.05) co rre la tions w ere o b ta in ed  on ly  fo r 
th e  p ro s tag lan d in  t r e a tm e n t  (14, 51 a n d  58 %  increase a f te r  th e  in jec tio n  o f
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0.5, 1 an d  2 m g  p rostag lan d in , re sp ec tiv e ly ). T he increase  in  sperm  o u tp u t  
w as large  b u t  n o t  s ta tis tic a lly  s ig n ifican t in  th e  case o f oxy to c in  t r e a tm e n t 
(23.0, 46.0 an d  57 .0%  increase in  sp e rm  o u tp u t  a fte r  th e  in jec tio n  o f 5, 10 
a n d  20 IU  o x y to c in , respectively).

T he o v era ll m eans of increase in  m o tile  sperm  p e r e jacu la te  w ere 21.0, 
48.0 an d  64 .0%  a n d  13.0, 56.0 a n d  6 3 .0%  fo r oxy toc in - an d  p ro s tag lan d in - 
t re a te d  an im als, respective ly . T he d ifferences w ere in  a po sitiv e  co rre la tio n

Tabic II

Sperm storability after injection of buffalo bulls 
w ith  prostaglandin and oxytocin before semen collection

D u ra tio n  o f 
s to rag e  a t  

5 °C 
(h)

Control P ro s ta g la n d in  F za O x y to c in

S u rv iv a l  r a te ,  %

l 6 7 .5 +  5.9 68.5 +  4.1 6 7 .0 +  4.2
24 45.5 +  5.5 4 5 .0 +  5.3 44.5 +  5.5
48 3 3 .5 +  4.7 34.5 ±  4.4 3 4 .0 +  3.9
72 2 6 .5 +  2.4 26.5 +  3.4 2 7 .0 +  2.6
96 1 8 .5 +  4.7 18.5 ±  5.8 1 8 .0 +  4.8

Mean, X 38.3 +  19.0“ 38.6 +  19.3“ 38.1 +  18.8“

I s 191.5 193.0 190.5
f x ! 8793.25 8952.00 8678.25

b’ c Mean values w ith different superscripts are significantly different (P <  0.05). E ach 
value represents the mean of four buffalo bulls

Table II I

Effect of adding prostaglandin or oxytocin to the semen 
extender on the storability of buffalo bull spermatozoa

D u ra tio n  o f 
s to ra g e  a t

5 °C
Control

2 m g  p ro s ta -  
g lan d in /1 0  m l 
d ilu te d  sem en

20 IU  o x y 
to c in /10 m l 

d ilu te d  sem en

01) S u rv iv a l  r a t e ,  %

l 6 4 .5 +  7.9 7 2 .0 +  7.5 6 7 .0 +  4.8
24 4 7 .0 +  6.7 5 5 .5 +  2.9 49.5 +  6.0
48 3 7 .0 +  4.8 4 4 .5 +  6.4 4 0 .5 +  6.4
72 2 9 .0 +  5.6 3 9 .0 +  6.2 3 3 .5 +  7.1
96 2 0 .0 +  7.8 3 0 .5 +  5.5 2 3 .5 +  7.8

Mean, X 39.5 +  17.0“ 48.1 ±  î e V 42.7 +  16.0 ‘
Z x 197.5 241.5 213.5
Z  X 2 8979.25 12,695.75 10,204.75

“’ *’ c Mean values with different superscripts are significantly different (P <  0.05). E ach 
value represents th e  mean of four buffalo bulls
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w ith  th e  doses ap p lied  and  w ere s ig n ifican t (P < 0 .0 5 ) . T h e  su rv iv a l ra te  
a n d  s to ra b ility  o f buffa lo  bu ll sp e rm a to zo a  collected a fte r  p ro s tag lan d in  or 
o x y to c in  in jec tio n  a re  given in  T ab le  I I .  T he resu lts  show  th a t  in jec tio n  o f 
p ro s ta g la n d in  an d  o x y to c in  d id  n o t  cause  sign ifican t d ifferences in  th e  su r
v iv a l ra te  an d  s to ra b ili ty  of sperm , as co m p ared  to  th e  co n tro l sam ples. T he 
m o ti l i ty  o f sp e rm ato zo a  was sim ilar to  t h a t  found  fo r th e  con tro l sam ples. 
T h e  su rv iv a l r a te  o f  sem en sam ples su p p lem en ted  in  vitro  w ith  20 IU  o x y toc in  
o r  2 m g p ro s tag lan d in  is sum m arized  in  T ab le  I I I .  M ean sperm  m o tility  w as
39 .5 , 48.1 an d  4 2 .7 %  fo r con tro l sam ples, p ro s tag lan d in  a n d  o x y toc in  t r e a t 
m e n ts , re spec tive ly . T h e  differences a re  sign ifican t (P  <  0.05). T he a d d itio n  
o f  p ro s tag lan d in  o r o x y to c in  to  sem en ex ten d e rs  sig n ifican tly  im proved  sperm  
m o tility . The m ean  sp erm  m o tility  o b ta in e d  for p ro s tag lan d in  su p p le m e n ta 
t io n  w as alw ays su p erio r and  im p ro v ed  th e  su rv ival o f  sp erm ato zo a  d u rin g  
sem en  sto rage  a t  5 °C th ro u g h o u t th e  fo u r days of s to rag e  m ore th a n  d id  
o x y to c in  tre a tm e n t. A nalysis o f v a rian ce  show ed th a t  th e  m ean  m o tility  p e r 
cen ta g e  o f sp e rm ato zo a  d ilu ted  w ith  an  ex ten d e r co n ta in in g  2 m g p ro s ta 
g lan d in  or 20 IU  o x y to c in  h ad  a s ig n ifican t im prov ing  effect on th e  su rv iv a l 
r a te  o f buffalo b u ll sperm atozoa .

D iscussion

T he resu lts  o f ex p erim en ts  1 a n d  2 clearly  d e m o n s tra te  th e  effect of 
p ro s ta g la n d in  or o x y to c in  in jec tio n  on sem en volum e. C om bined d a ta  from  
th e s e  tw o ex p erim en ts  show  a 29.0 a n d  3 8 .6%  increase in  e jacu la te  v o lum e, 
a  42 an d  41%  in crease  in  th e  to ta l  n u m b e r  o f sperm  p er e jacu la te , an d  a 44.3 
a n d  44 .0%  increase  in  m otile  sperm , as co m p ared  to  th e  co n tro l. A fter in je c t
in g  th e  bulls w ith  p ro s ta g la n d in  or o x y to c in , th e  rise in  th e  n u m b e r o f sp e rm a 
to z o a  per e jacu la te  w a s  a ttr ib u ta b le  to  an  increase in  b o th  sem en vo lum e 
a n d  n u m b er of sp e rm  p e r m l (sperm  co n cen tra tio n ). C opu lation  raises th e  
o x y to c in  co n ten t o f th e  b lood, an d  th e  m ale  duc ts  co n ta in  c o n trac tile  tissu es  
sen s itiv e  to  h o rm o n e  tre a tm e n t. T he re su lts  o f th e  p resen t w ork  are  co n sis ten t 
w ith  d a ta  re p o rte d  b y  K n ig h t (1974), E l-A zab  e t al. (1974), S h arm a  an d  
H a y s  (1976) an d  A lkass an d  Ib ra h im  (1984) who found  th a t  o x y toc in  m ig h t 
in flu en ce  th e  secre tion  ra te  of th e  m ale  accessory  sex g lands. T h is was re flec ted  
in  th e  increase o f e ja c u la te  volum e. I t  is logical to  suggest th a t  o x y to c in  or 
p ro s ta g la n d in  m a y  p la y  an  im p o r ta n t ro le  in  e jacu la tio n , a process p ro b a b ly  
d ep en d in g  on re flexes arising  d u rin g  co itu s . D a ta  o b ta in ed  so fa r  in d ica te  
t h a t  u n d er ce rta in  cond itions o x y to c in  m a y  affect th e  m ale  d u c t sy stem , 
re su ltin g  in  increased  sperm  passage r a te . E v idence  o b ta in ed  d u rin g  th e  p re se n t 
s tu d y  suggests t h a t  p ro s tag lan d in  in je c tio n  has a positive  effect on th e  r a te  of 
sp e rm  passage an d  on sperm  o u tp u t. P rev io u s resu lts  in d ica ted  th a t ,  w hen
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ad m in is te red  im m ed ia te ly  before sem en  co llection , o x y to c in  increased  sp e rm  
c o n cen tra tio n  a n d  e jacu la te  volum e in  a  sim ilar degree as th e  in jec tio n  o f 
p ro s tag lan d in  F 2a, w hile p ro stag lan d in  w as m ore p o te n t in  increasing  th e  r a te  
o f sperm  passage  in  th e  m ale ducts a n d  h a d  a s tro n g er effect on th e  secre tio n  
o f th e  accessory  sex  glands. S m ooth  m uscle  is know n to  be p resen t in  th e  
lim itin g  m em b ran e  o f th e  sem iniferous tu b u le s  an d  can  be a c tiv a te d  in  vitro  
b y  o x y toc in  o r p ro s tag lan d in  (S harm a a n d  H ays, 1976). On th e  o th e r h a n d , 
several in v e s tig a to rs  rep o rted  resu lts  c o n tra d ic tin g  th e  above find ings. B iel- 
lansk i an d  T isch n er (1968) repo rted  t h a t  th e  to ta l  d a ily  o u tp u t  of sp e rm ato zo a  
w as n o t a ffec ted  sig n ifican tly  by  o x y to c in  in jec tio n . T h is is in  full ag reem en t 
w ith  ou r f in d in g s o b ta in ed  for o x y to c in  t r e a tm e n t in  th e  p resen t s tu d y .

E l-A zab  e t al. (1974), Beneit e t  a l. (1980) and  B o ttin g  (1981) fo u n d  no 
evidence th a t  o x y to c in  stim u la ted  c o n tra c tio n  or secre tion  in  th e  accessory  
sex g lands in  m ale  go a t, bu ll and ram . T h e  resu lts  o b ta in ed  in  th is  s tu d y  show  
th a t  th e  m ale  re p ro d u c tiv e  system  o f b u ffa lo  bulls responds to  th e  a d m in is tra 
tio n  o f o x y to c in  o r p rostag lan d in . T h is  is v e ry  im p o r ta n t in  o rder to  co llect a 
good e jacu la te  vo lum e from  buffalo b u lls . R esu lts  o f th e  p resen t s tu d y , o b 
ta in e d  on th e  effect o f horm one su p p le m e n ta tio n  of sem en ex tenders, a re  in  
fu ll ag reem en t w ith  tho se  of Chang e t  a l. (1973), M arley  e t  al. (1976), G w llory  
e t al. (1979) an d  B aad e r an d  E l-K erab y  (1982) w ho found  th a t  sperm  tra n s p o r t  
and  fe r tility  could  he im proved  by  a d m in is te rin g  horm ones to  anim als, o r b y  
add ing  th e m  to  th e  ex tenders. On th e  o th e r  h an d , we fo u n d  th a t  an im als  
in jec ted  w ith  ho rm ones show ed no im p ro v e m e n t in  sperm  su rv ival ra te  a n d  
s to ra b ility  a t  5 °C. O nly  a few stud ies h a v e  been  done on th e  in fluence o f such  
horm ones on b u ll sp erm atozoa  in  vitro , a n d  research  on th is  sub jec t has b een  
com plete ly  lack in g  fo r th e  sperm  of b u ffa lo  bulls. T h e  p re sen t find ings show  
th a t  th e  sp erm  o f buffalo  bulls re sp o n d s to  such  ho rm one su p p lem en ta tio n  o f 
th e  ex ten d ers . W e can  conclude t h a t  bu ffa lo  sperm  can  be im proved  an d  
sperm  o u tp u t  can  be increased  u n d e r p ra c tic a l cond itions b y  th e  tre a tm e n ts  
ad m in is te red , a fa c t essen tia l for a r tif ic ia l  in sem in a tio n  in  buffaloes.
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SOME IMMUNE REACTIONS INDUCED IN PIGS 
BY AN ATTENUATED AUJESZKY’S DISEASE VACCINE
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1 D epartm ent of Epizootiology, U niversity  of V eterinary Science,
H-1581 B udapest, P. O. Box 22; and 

3 Central V eterinary Institu te, H-1149 B udapest, Tábornok u. 2, H ungary

(Received A ugust 7, 1987)

Ten pigs aged 3 months were im m unized once w ith  a live vaccine containing 
a ttenua ted  Aujeszky’s disease virus (AyV). Two pigs each were killed by bleeding on 
days 4, 7, 14, 21 and 28 after vaccination , and  samples were taken  from their blood, 
tissues and organs.

By immunofluorescence (IF )  v iral antigen was dem onstrable a t the site of 
injection up to  day 7. In  the lym ph node and  spleen samples the antigen persisted up 
to day 21. In  the tonsils it was dem onstrable only on day 7, while all the spinal cord, 
brain, and  in tervertebral ganglion sam ples were negative.

Circulating immune complexes (IC) were dem onstrable in the peripheral blood 
already on day 4, before the v irus-neutralizing (VN) antibodies appeared. The IC 
persisted up to  day 14. The tissue sam ples did no t contain deposited IC.

Up to  postvaccination day 4, im munom orphological changes characteristic of 
the inductive stage, accompanied b y  enhanced phagocytic activ ity  and appearance of 
secondary follicles, developed in th e  lym phoid organs.

Sensitization of the organism was indicated by  the lym phocyte-stim ulation tes t 
(LST) and the im munorosette fo rm ation  te s t from  the 7 th  and 4 th  day, respectively. 
A ntibody-dependent cytotoxic reactions m easured on xenogenous target cells were 
detectable from  days 4-7 onward. T he resu lts furnish evidence th a t , in addition  to  
the VN antibodies, the cell-mediated im m une response plays an  im portant role in  the 
developm ent of im m unity following vaccination.

Keywords: Aujeszky’s disease, pig, hum oral im mune response, cell-mediated 
im m une response, immunomorphological changes, immune complexes.

In  recen t years i t  has been p ro v e d  th a t ,  besides th e  h um ora l im m u n e  
response, ce ll-m ed ia ted  im m une re a c tio n s  h a v e  a decisive role in  th e  deve lop 
m en t of im m u n ity  ag a in st herp esv iru ses , inc lu d in g  A u jeszk y ’s disease v iru s  
(AyV; D avies an d  C arm ichael, 1973; R ouse  an d  B ab rick , 1974; R ussel, 1974; 
R osenberg  an d  N o tk ins, 1974; S m ith  a n d  M engeling, 1977; R o ttin g h au s  e t a l., 
1978; G u tek u n st, 1979; A shw orth  e t  a l., 1979; W ittm a n n  e t al., 1985a). L ittle  
is know n a b o u t th e  cell-m ediated  im m u n e  reac tio n s induced  b y  vaccines used  
in  th e  im m u n o p ro p h y lax is  of A u je szk y ’s disease (B earan  e t al., 1980; O irscho t 
an d  G ielkens, 1984; W ittm a n n  e t a l., 19856), an d  th e  fac to rs  hav in g  a ro le in  
th e ir  reg u la tio n  have  also rem ained  u n c lea r.

In  th e  p re sen t experim en ts we s tu d ie d , in  ad d itio n  to  th e  persistence  of 
th e  a t te n u a te d  A yV  vaccine v irus a n tig e n , th e  im m unom orpho log ical changes
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o ccu rrin g  in  th e  d iffe ren t organs a n d  tissu es , th e  k inetics o f fo rm a tio n  of 
c irc u la tin g  im m une  com plexes (IC), a n d  th e  d evelopm en t of h u m o ra l an d  cell- 
m e d ia te d  im m une  responses.

M aterials a n d  m ethods

E xperim enta l an im als. Tw elve L arge  W h ite  pigs, aged 3 m o n th s  an d  
o b ta in e d  from  an  A u jeszk y ’s disease free h e rd , were used . T en  o f th e  pigs 
rece iv ed  a single 1-m l dose of an  a t te n u a te d  AyV vaccine c o n ta in in g  th e  
B a r th a  s tra in  (B a r th a , 1961), in tra m u sc u la r ly . Two pigs served  as co n tro l.

Two pigs each  w ere killed b y  b leed in g  on  days 4, 7, 14, 21 an d  28 a f te r  
v acc in a tio n . B lood sam ples w ere ta k e n  from  th e  ex p e rim en ta l an im als  in  
h ep arin ized  tu b e s  a n d  in  those  w ith o u t an tico ag u lan t. Sam ples w ere ta k e n  
fro m  th e  site  of in o cu la tio n , from  th e  reg io n a l ly m p h  nodes, sp leen , to n sils , 
lu m b a r  segm ent o f  th e  sp inal cord, a n d  b ra in  stem , for h isto log ical an d  e lec tron- 
m icroscopic  ex am in a tio n . C ry o sta t sec tions w ere p rep a red  from  th e  tissu e  
sam p les  for im m unofluo rescence  (IF ) . T h e  reac tions of leucocy tes se p a ra te d  
fro m  th e  spleen, ly m p h  node an d  b lood  sam ples w ere exam ined  b y  in  vitro  
c e llu la r  te s ts . T he tw o  con tro l pigs w ere k illed  b y  b leeding on d ay  4 a n d  14, 
re sp ec tiv e ly , an d  sam p led  as above.

A u je szky ’s disease virus antigen. V irus suspension  o f 108 T C ID 5O/0.1 m l 
c o n c e n tra tio n , o b ta in e d  from  pig  k id n e y  cell m onolayers, w as p u rified  m e
ch an ica lly  and , su b seq u en tly , t r e a te d  w ith  a d e te rg en t m ix tu re  c o n ta in in g  
so d iu m  d eoxycho la te , T R IT O N -X  a n d  b e ta -m e rca p to e th a n o l (M edveczky an d  
T u b o ly , 1981).

Virus neutraliza tion  (  V N )  test. T he  V N  te s t  w as p erfo rm ed  as described  
in  m anuals.

Lym phocyte separation. L eucocy tes w ere sep a ra ted  from  h ep arin ized  
b lo o d  sam ples w ith  F icoll P aque . Cell d e n s ity  w as a d ju s ted  to  106/m l in  H a n k s  
so lu tio n  con ta in in g  10%  fe ta l ca lf se rum . T h e  spleen an d  ly m p h  node sam ples 
w ere  suspended  in  P B S  in a glass hom ogen izer. F rom  th e  cell suspensions th e  
leuco cy tes  were se p a ra te d  sim ilarly  as from  th e  blood sam ples, an d  resu sp en d ed  
to  g ive a d en sity  o f  5x10® cells/m l. 1.5-m l volum es of th e  cell suspensions 
w ere  m easured  in to  L eigh ton  tu b e s , a n d  an tig en  so lu tions w ere a d d ed  as 
re q u ire d  in  th e  d iffe ren t te s ts .

Lym phocyte stim ula tion  test ( L S T ) .  To each  cell suspension  0.1 m l AyV 
a n tig e n  so lu tion  w as added , an d  th e  r a te  o f  b lastogenesis w as d e te rm in ed  b y  
a u to ra d io g ra p h y , on th e  basis o f 3H -T d R  in co rp o ra tio n , as described  earlie r 
(K iss and  T ubo ly , 1981).

Im m unorosette form ation  ( R C F ) .  A fte r  p re tre a tm e n t w ith  ta n n ic  acid , 
a 1 %  sheep red  b lood  cell (SRBC) suspension  was tre a te d  w ith  an  eq u a l

Acta Veterinaria Hungarica 36,1988



IMMUNE REACTIONS IN  PIGS VACCINATED AGAINST AUJESZKY’S DISEASE 13

volum e o f an tig e n  so lu tion , th e n  0.1-m l vo lum es w ere ad d ed  to  th e  ly m p h o c y te  
suspensions in  th e  L eighton  tu b es . T h e  p ro p o rtio n  of ro se tte -fo rm in g  cells w as 
read  m icroscopically  (F riem el, 1980).

Cytotoxic (C T ) reaction. SR B C s th a t  h a d  h o u n d  AyV an tig en  se rv ed  as 
ta rg e t cells. T he reaction  w as ca rried  o u t as described  p rev iously  (K iss an d  
T ubo ly , 1981), w ith  th e  m od ifica tion  th a t  each  sam ple w as su p p lem en ted  w ith  
50 fi\ o f ten fo ld  d ilu ted  an ti-A yV  serum  o f 1 : 8 t i tre .

D etection o f  circulating im m une complexes ( I C) .  To d e tec t IC  in  th e  b lood  
serum , a m o d ifica tion  (M ayr e t al., 1982) o f  th e  p rec ip ita tio n  te s t  p e rfo rm ed  
w ith  p o ly e th y len e  glycol (P E G ) 6000 (H ask o v a  e t al., 1978) w as ap p lied . 
S p ec tro p h o to m e try  was p erfo rm ed  a t  450 n m ; a 10%  aggrega ted  sheep  IgG  
so lu tion  t r e a te d  in  a w a te rb a th  o f 63 °C fo r 30 m in  w as used as s ta n d a rd . 
T he p resen ce  o f v ira l an tigen  or IgG  in  th e  p re c ip ita te  w as assessed b y  E L IS A  
(Nel an d  S tev en s, 1980) as follow s: th e  p re c ip ita te  w as f irs t w ashed  in  3 .75%  
PE G -6000 so lu tion , th e n  d issolved in  P B S  (p H  7.2). A nti-A yV  se ru m  an d  
an ti-p ig  p e rox idase  con juga te  (H U M A N , B u d ap est)  w ere used  as im m u n e  
reagen ts.

H istological and electron-microscopic exam ina tions. T he  tissue sam ples w ere 
em bedded  in  p a ra ffin  (T uboly  e t al., 1984). F o r e lec tron  m icroscopy, pieces of 
a p p ro p ria te  size from  th e  spleen an d  u p p e r cerv ical ly m p h  node o f  tw o  pigs 
each, k illed  b y  bleeding on d ay  4 a n d  14, w ere fixed  in  2 .5%  g lu ta ra ld e h y d e  
buffered  w ith  sodium  caco d y la te , th e n  in  1%  osm ium  te tro x id e . S ections from  
D u rcu p an -em b ed d ed  sam ples w ere c u t w ith  an  OM U-3 “ R e ic h e rt”  u l t r a 
m icro tom e, co u n te rs ta in ed  w ith  u ra n y l a c e ta te  an d  lead  c itra te , an d  ex am in ed  
in  a P h ilip s  201-CS e lectron  m icroscope.

Im m unofluorescence ( I F )  tests. A d irec t I F  m eth o d  was used  to  d e te c t 
v irus a n d  v ira l an tigens. C ry o sta t sec tions o f th e  tissu e  an d  o rg an  sam ples 
w ere in c u b a te d  for 60 m in w ith  an ti-A yV  co n ju g a te  (B ioveta , C zechoslovakia), 
w ashed in  P B S  for 3 x 1 0  m in , covered  w ith  a 1 : 3 m ix tu re  o f g lycero l an d  
PB S, a n d  a coverslip  w as p laced  o n to  th e m . T he te s t  w as read  w ith  an  N U -2 
Zeiss m icroscope.

T he sam e  tissue an d  organ  sam ples w ere te s te d  fo r d ep o sited  IC  as 
follow s: th e  sam ples were covered  w ith  an ti-p ig  IgG  F IT C  co n ju g a te  (Miles, 
W ien), th e n  tre a te d  and  e v a lu a te d  as described  above.

R esu lts

T he d e te c ta b ility  of AyV an tig en  in  th e  tissue  and  organ  sam ples by  
I F  is show n in  T able I.

D ue to  v ira l an tigen  accu m u la ted  on th e  su rface of m acrophages, th e  
whole, o r p a r t  o f th e , cell su rface  ex h ib ited  g ran u la r fluorescence. I n  th e
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Table I

AyV antigen demonstrable by the IF  te s t a t the site 
of injection and in the different organs

S ite s  a n d  o rg an s
P o s tv ac c in a tio n  days

4 7 14 21 28

Site of injection + + + + +  - _ _
Lymph node + + + + +  + + + —
Spleen +  + + +  + + + —
Tonsils — + — —
Spinal cord — — — — —
Brain stem — — — — —

Table II
YN antibodies and IC in the blood serum

P o s tv ac c in a tio n  d ay s

4 7 14 21 28

VN antibodies — — 1 : 2  1 : 4 1 : 4
IC, + + + —
mg/ml 0.070 0 . 1 0 0 0 . 0 2 0  0 . 0 0 0 . 0 0

IC =  circulating immune complex (equivalent to  10% aggregated porcine IgG)

reg io n a l ly m p h  n o d e  th e  “ p o sitiv e”  m acro p h ag es occurred  in  groups in  th e  
p a ra c o rtica l zone (F ig . 1) or, occasionally , d ispersed  in  th e  co rtex . I n  th e  
sp leen  th e  v ira l a n tig e n  bound  to  m acro p h ag es w as seen in  groups a ro u n d  th e  
fo llicu lar cen tres o r  dispersed in  th e  p a re n c h y m a ; in  th e  tonsils  i t  show ed a 
s im ila r d is trib u tio n .

D a ta  on th e  ap p earan ce  a n d  p e rs is ten ce  o f c ircu la ting  IC , a long  w ith  
th e  V N  titre s , a re  g iven  in  T ab le  I I .  N o d ep o sited  IC  w ere d em o n strab le  b y  
I F  in  c ry o s ta t sec tio n s o f th e  tissu e  a n d  o rg an  sam ples te s ted .

The resu lts  o f th e  LST an d  R C F  te s t  a re  show n in T ex t-figs 1 a n d  2, 
re spec tive ly .

A com parison  o f th e  LST re su lts  has rev ea led  th a t  th e  s tim u la tio n  in d e x  
o f  b lood  ly m p h o cy te s  reached  th e  m ax im u m  on d ay  21, an d  decreased  su b 
seq u en tly . On th e  o th e r  h an d , th e  b lasto g én ie  tra n sfo rm a tio n  o f sp leen  an d  
ly m p h -n o d e  ly m p h o cy te s  increased  u p  to  d a y  28.

The resu lts  o f  th e  R C F te s t  a re  a b o u t th e  sam e e ith e r b lood  or sp leen  
ly m p h o cy tes  are  ex am ined . H ow ever, th e  ly m p h o cy te s  of ly m p h  node orig in  
b o u n d  ab o u t 5 0 %  less an tigen-sensitized  re d  b lood  cells on th e ir  su rface  on 
d a y s  21 and  28.

T he sp ec tro p h o to m e tric  d a ta  o f CT reac tio n s  of b lood, spleen an d  ly m p h - 
n o d e  lym p h o cy tes  are  given in  T ex t-fig . 3. O n d a y  4, blood ly m p h o cy tes  h ad
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d e te c ta b le  c y to to x ic ity  in  a xenogenous sy s tem : b y  d ay  7 th is  decreased  to  0 
an d  increased  ag a in  u p  to  d ay  28. Spleen an d  ly m p h -n o d e  cells lysed th e  
ta rg e t  cells only  a f te r  d a y  7. T he con tro l sam ples w ere n eg a tiv e .

H isto logically , on p o stv acc in a tio n  day s 4 an d  7 a t  th e  s ite  of in jec tion  
th e re  w as a se rous-haem orrhag ic  in filtra tio n  ex ten d in g  to  th e  corium , sub-

7.
25

4 7 14 21 28 days
Text-fig. 1. Results of the  lym phocyte-stim ulation te s t (solid line: blood; broken line: lym ph

node; dotted line: spleen)

7.
25-

-I----------------------------------------1-----------------------------------------1-------------------------------------------T - -------------------------------1-------------------

4 7 14 21 28 days

Text-fig. 2. Results of the  R CF tes t (solid line: blood; broken line: lym ph node; dotted  line:
spleen)
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Text-fig. 3. Results of th e  an tibody-dependent cytotoxic (CT) reactions (solid line: blood; 
broken line: lym ph node; dotted  line: spleen)

cu ta n e o u s  connective tissu e , an d  m uscles. T he in f iltra tio n  consisted  o f m ono
n u c le a r  cells, p o ly m o rp h o n u c lea r in f la m m a to ry  cells, an d  an  increasing  p ro p o r
tio n  o f fib rob lasts . T he p erim y siu m  of th e  su rro u n d in g  m uscle tissu e  co n ta in ed  
p ro life ra tiv e  in f iltra tio n , focal or d iffuse, m ain ly  consisting  o f  ly m p h o cy tes , 
ly m p h o b la s ts  an d  h is tio cy te s  (F ig . 2). P a r t  of th e  h is tio cy tes  h a d  swollen 
n u c le i show ing p e rich ro m asia  an d  c o n ta in e d  a fo rm atio n  resem bling  an  acido
ph ilic  inclusion bo d y  (F ig . 3). E lec tro n  m icroscopy revea led  th a t  th e  ch ro m atin  
su b s ta n c e  o f th e  n u c le i w as a tta c h e d  to  th e  n uc lear m em b ran e  an d  show ed 
c e n tra l  condensation  (F ig . 4); how ever, no v ira l pa rtic le s  w ere seen. I n  th e  
reg io n a l ly m p h  node th e  follicles w ith  a secondary  reac tiv e  cen tre  h ad  in 
c reased  in  nu m b er, becam e  d is tin c tly  o u tlin ed , an d  co n ta in ed  p y ron inoph ilic  
ly m p h o b la s ts  (cen tro b la s ts  an d  im m u n o b las ts ) hav ing  large  n ucle i w ith  pale 
c h ro m a tin  su b stan ce  (F igs 5 a n d  6). T h ey  w ere su rro u n d ed  b y  a ring , so-called 
“ co ro n a ” , consisting  o f sm all ly m p h o cy tes . In  th e  sinusoids th e re  w as m acro 
p h a g e  p ro life ra tion  a n d  en h an ced  p h ag o cy tic  a c tiv ity . I n  th e  M alp igh ian  bodies 
o f  th e  spleen, in  th e  v ic in ity  o f  th e  c e n tra l a rte ries follicles h av in g  a large 
seco n d a ry  reac tiv e  c e n tre  developed , w hereas th e  w id th  of th e  p e r ia rte rio la r  
zone consisting  of d iffe re n tia ted  sm all ly m p h o cy tes  did n o t change as com pared  
to  th e  con tro l (F ig. 7). I n  th e  m ucosa o f  th e  tonsils, follicles h av in g  a secondary  
re a c tiv e  cen tre  h ad  becom e d is tin c t, sh a rp ly  delin ea ted  as co m p ared  to  th e  
c o n tro l (Fig. 8) an d  th e ir  average  d iam e te r  increased . T he ep ith e liu m  was 
in f il tra te d , in  segm ents o r d iffusely , b y  lym p h o cy tes  an d  ly m p h o b la s ts . The 
b ra in , lu m b a r sp inal co rd , in te rv e r te b ra l ganglia and  scia tic  nerv e  (n. ischiadi-
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eus) w ere negative . No v ira l p a rtic le s  w ere seen in  th e  o rg an s b y  elec tron  
m icroscopy.

O n postv acc in a tio n  d a y  14 no inclusion  bodies w ere observed  in  th e  
n u c le i o f h istiocy tes a t  th e  s ite  o f in jec tio n . In  th e  ly m p h o id  o rgans, m ain ly  
a ro u n d  th e  germ inal cen tres , m a rk e d  p ro life ra tio n  of p la sm a  cells w as n o ted , 
in  com parison  w ith  th e  ea rlie r s ta te .

B y  po stv acc in a tio n  d ay s 21 an d  28 ang io fib ro b last tis su e  rich  in  f ib ro 
b la s ts  h ad  appeared  a t  th e  s ite  o f  in jec tio n  (in th e  p u n c tu re  ch an n e l an d  
a ro u n d  it) . L a te r  on th is  w as rep laced  b y  connective tissu e  co n sisting  of m a tu re  
f ib ro c y te s  an d  collagenic f ib re s . O n d ay  28 in  th e  ly m p h o id  organs p a r t  of 
th e  follicles con ta ined  m o d e ra te  n u m b ers  o f ly m p h o b las ts : a t  th e  sam e tim e , 
th e y  w ere richer in  b lood  capilla ries an d  re ticu la r  fib res.

D iscussion

I n  th e  p a s t decades th e  k in e tics  o f a n tib o d y  p ro d u c tio n  in d u ced  b y  
v iru le n t AyV, or b y  vaccines u sed  in  th e  p ro phy lax is o f  A u jeszk y ’s disease of 
p igs, has essen tia lly  been  e lu c id a ted  (B a rth a  an d  K o jn o k , 1962; S u rján  an d  
K o jn o k , 1965; M cF erran  a n d  D ow , 1975; T an y i et al., 1978). H ow ever, l i ttle  
is k n o w n  ab o u t th e  ce ll-m ed ia ted  im m u n e  response an d  its  reg u la tio n .

T he p resen t ex p erim en ts  h a v e  revealed  th a t  p a r t  o f  th e  im m unom or- 
pho log ica l changes develop ing  a f te r  th e  ad m in is tra tio n  o f  a n  a t te n u a te d  AyV 
v acc in e  closely co rre la te  w ith  th e  p ersistence  of th e  v ira l an tig en . In  essence: 
th e  acidophilic  inclusion bod y -lik e  fo rm atio n s w ere observed  in  th e  h is tio cy tes  
a t  th e  s ite  o f v acc in a tio n  o n ly  u n til  th e  v ira l an tigen  d isap p eared . I n  th e  
ly m p h  follicles th e  ly m p h o b la s ts  decreased  in  n u m b er a f te r  th e  m acrophage- 
b o u n d  an tig en  h ad  been e lim in a ted .

As to  th e  d ignostic  im p o rta n c e  of th e  inclusion bod y -lik e  fo rm atio n s 
seen a t  th e  site  o f in jec tio n  a n d  th e  ap p earan ce  o f v ira l a n tig e n  in  th e  to n sils , 
i t  shou ld  be n o ted  th a t  v iru le n t AyV in fec tion  leads to  th e  d eve lopm en t of 
“ re a l”  in tra n u c le a r  inc lusion  bodies (Csontos and  Széky , 1966; B erg m an n  
a n d  B ecker, 1976). W ith  know ledge of th e  tim e  of v ac c in a tio n , v ira l an tig en  
d em o n strab le  in  th e  to n s ils  does n o t im p a ir  th e  re lia b ility  o f th e  I F  te s t  
(M ocsári an d  Süveges, 1985) in  th e  diagnosis o f A u jeszky’s disease.

IC  developing  as a re su lt o f an tig en -an tib o d y  coup ling  d u rin g  v ira l 
in fec tio n s have  been show n to  be  ab le  to  a lte r  th e  p a th o m ech an ism  an d  course 
o f  ce rta in  diseases (O ldstone an d  D ixon , 1971; T rau tw e in , 1982). On th e  o th e r 
h a n d , as “ p o sitive”  or “ n e g a tiv e ”  signals th e y  m ay  p la y  a n  im p o r ta n t ro le  in  
im m u n o reg u la tio n  (T heofilopoulos an d  D ixon , 1979; K ö lsch  e t a l., 1980). O ur 
re su lts  show  th a t  IC can  be  d e m o n s tra te d  as early  as d a y  4 a f te r  a d m in is tra 
t io n  o f th e  a tte n u a te d  v iru s  vaccine , i.e. before d e tec tab le  levels o f V N  a n t i 
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bod ies appear. T h ey  re a c h  th e  m ax im um  on d ay  7 an d  d isap p ear b y  d a y  14. 
P a ra lle l to  th is , th e  L S T , R C F  and  CT reac tio n s increase  in  in ten sity . As no 
d ep osition  of IC w as fo u n d  in  th e  tissues, i t  can  be assum ed  th a t  th e  IC  b ind  
to  im m u n o co m p eten t cells an d  ac t as a “ p o sitiv e”  signal on th e  fu n c tio n  of 
th e  la tte r .

T he sen s itiv ity  o f  th e  LST induced  b y  AyV has b een  s tu d ied  b y  several 
a u th o rs  (A shw orth  e t a l., 1979; A lva-V aldes e t al., 1983; W ittm a n n  e t al., 
1976; O irschot, 1978). W ittm a n n  e t al. (1985a) re p o rte d  t h a t  th e  ly m p h  node 
a n d  spleen cells o f p ig s  ex p erim en ta lly  in fec ted  w ith  v iru le n t v iru s gave a 
p o s itiv e  response to  a n  in  vitro an tigen ic  stim u lu s 4 -6  day s a fte r in fection . 
T h e  b lood ly m p h o cy tes  o f pigs in fec ted  in  th e  sam e w ay  re a c t from  d a y  6 
o n w ard  (B earan  e t a l., 1980). In  sam ples from  an im als im m unized  w ith  an  
a t te n u a te d  vaccine, th e  p o sitive  s tim u la tio n  in d ex  a p p e a re d  betw een  day s 7 
a n d  14 (O irschot an d  G ielkens, 1984). In  th e  p resen t ex p erim en ts , in  sam ples 
ta k e n  from  th e  v a c c in a te d  pigs b y  d ay  4 th e  r a te  o f b lastogenesis d id  n o t 
re a c h  th e  th resho ld  o f  p o s itiv ity ; a positive s tim u la tio n  in d e x  w as f irs t rep o rted  
as la te  as d ay  7.

As show n b y  im m u n o ro se tte  fo rm a tio n , b lood  lym p h o cy tes  form ed 
ro se tte s  w ith  an tig en -sen sitized  SRBCs fro m  d a y  4, w hereas lym phocy tes 
iso la te d  from  th e  sp leen  an d  ly m p h  nodes from  d a y  7 o n w ard . A com parison  
w ith  resu lts  o f o th e r  te s ts , such  as th e  leucocy te  m ig ra tio n -in h ib itio n  procedure  
(G u te k u n s t, 1979) or th e  sk in  te s t  (S m ith  an d  M engeling, 1977), w hich in  th e  
n a tu ra l ly  in fec ted  p igs are  positive a lread y  on d ay  4 an d  7, respective ly , 
show s th a t  th e  R C F  te s t  ind ica tes sen sitiza tio n  of th e  organ ism  as early  as 
th e  la t te r  procedures.

O ur resu lts  co n cern in g  th e  cy to to x ic  c a p a c ity  in d u ced  b y  th e  a tte n u a te d  
vacc in e  are d ifferen t f ro m  tho se  rep o rted  fo r sam ples o f  ex p erim en ta lly  in fec ted  
p igs an d  those im m u n ized  w ith  an  in a c tiv a te d  vaccine (W ittm a n n  et al., 1985a; 
W ittm a n n  e t al., 19856). W ith  ly m p h o cy tes  se p a ra te d  fro m  th e  blood of 
ex p erim en ta lly  in fec ted  p igs, W ittm a n n  e t al. (1985a) d e m o n s tra te d  an tib o d y - 
d ep e n d e n t CT reac tio n s  fro m  days 9 -11  onwTard . T he reac tio n s  decreased in  
in te n s i ty  betw een  d a y  14 a n d  d ay  21. W e assum e, how ever, th a t  in  th e  ea rly  
s ta g e  o f th e  im m une  response  to  AyV an  an tib o d y -in d e p e n d e n t CT cap ac ity  
m a y  also develop.

Sum m arizing  th e  in  vitro  reac tions o f  p e rip h era l ly m p h o cy tes  observed  
in  th e  p resen t s tu d y , i t  c a n  be s ta te d  th a t  th e  ce ll-m ed ia ted  im m une response 
also  p lays an  im p o r ta n t  role in  th e  d eve lopm en t o f im m u n ity  in  pigs v a c 
c in a te d  w ith  an  a t te n u a te d  A ujeszky’s disease vaccine.
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Fig. 2. Thigh muscle from a pig immunized w ith A ujeszky’s disease vaccine. On day  4 a t  the 
site of injection there is lympho-histioeytic infiltra tion  am ong the muscle fibres. H aem atoxylin

and eosin (H. and E .), X63

Fig. 1. A n t i g e n - c a r r y i n g  m a c r o p h a g e s  i n  t h e  l y m p h  n o d e .  I F ,  X 300



Fig. 3. Detail of Fig. 2. An inclusion body-like form ation (arrow) in the nuclei of some histio
cytes. H. and E., X400

Fig. 4. Thigh muscle from a pig immunized w ith A ujeszky’s disease vaccine. In  the nuclei of 
some histiocytes p a rt of the chrom atin is a ttached  to  th e  nuclear membrane, while the rem ain
ing p a rt is conglomerated centrally. No viral particles are seen. Electron m icrograph, X 30,000



Figs 5 and 6. Popliteal lym ph node from  a pig immunized w ith Aujeszky’s disease vaccine. 
On day 7 in the germinal centres of the cortex the nuclear chrom atin of some lym phoblasts 
is conglom erated centrally (im m unoblast, IB), while in others the chrom atin substance shows 
irregular granular distribution (centroblast, CB). II. and E., x400  (Fig. 5) and electron

m icrograph, X 6400 (Fig. 6)



Fig. 7. Spleen from a pig im m unized with Aujeszky’s disease vaccine. On day 7, the follicles 
having a secondary reactive centre are large (F), b u t the periarteriolar lym phocytic zone 

around the a. centralis (arrow) is narrow. H. and E ., X63

Fig. 8. Pharyngeal tonsil from  a pig immunized w ith Aujeszky’s disease vaccine. On day 7 
the enlarged follicle having a secondary reactive centre is sharply delineated. H. and E., X 63
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A COMPLEX METHOD FOR EVALUATION 
OF SKIN-SENSITIZING TESTS

É v a  V e r m e s , R ó z s a  I m r e  and P ir o s k a  F e k e t e

P lan t Protection and A grochem istry Centre, Pesticide Toxicology Laboratory , 
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A complex m ethod is described for evaluation of skin-sensitizing tests in which 
erythem a is also rated  a t th e  subcutis side, and  to ta l and differential cell counts are 
performed in  the responding skin/exudate sm ears. The m ethod enables a rap id , quan
tita tive  and reliable recognition and  classification of the various sensitization responses 
including contac t derm atitis.

Keywords: Skin sensitization, q uan tita tive  classification, ery them a, skin/exudate 
smears.

Since th e  re p o rt o f L a n d s te in e r  a n d  Ja c o b s  (1935) th e  d e m o n s tra tio n  of 
sk in  sen sitiza tio n  has s till been  perfo rm ed  m acroscopically . T h e  e v a lu a tio n  o f 
th e  sk in -sensitiz ing  p ro p ertie s  o f  a chem ical requires th e  u se  o f 40 -50  guinea  
p igs w ith  th e  m o st reliab le m e th o d s  (B uech ler, 1965; M agnusson an d  K lig m an , 
1969; M arzulli an d  M aibach, 1977). T h e  g re a t n u m b er o f  an im als, in c lu d in g  
so lv en t and  p o sitiv e  con tro ls , m akes i t  possib le  to  o b ta in  v a rio u s  se m iq u an 
t i ta t iv e  ind ices, b u t  each  w ith  su b jec tiv e  e lem ents.

E x ten sio n  o f e ry th e m a  an d  degree o f oedem a can  be  q u a n tif ie d , b u t  
th e se  p a ram e te rs  are  m a in ly  c h a ra c te ris tic  o f th e  e x u d a tiv e  in f la m m a to ry  
reac tio n s  (G ad an d  D u n n , 1986). C o n tac t d e rm a titis  is, how ever, c lassified  as 
a  de lay ed -sen sitiza tio n  response  (S alv in , 1965) w ith  p red o m in an ce  o f th e  p ro 
life ra tiv e  stage  of in flam m atio n .

W e h av e  th ere fo re  developed  a com plex  m ethod  fo r e v a lu a tio n  o f  th e  
v a rio u s  sk in -sensitiz ing  te s ts  b y  ra tin g  e ry th e m a  also a t  th e  su b cu tis  side and  
d e te rm in in g  to ta l  an d  d iffe ren tia l cell co u n ts  in  th e  sk in /e x u d a te  sm ears.

M ateria ls an d  m ethods

A n im a ls  and treatments

E ig h ty -fo u r a lb ino gu inea  pigs o f th e  D P H  stra in  (L A T I, G ödöllő, H u n 
g ary ) w ere used . T he te s t  m a te ria ls  w ere applied  b y  ep icu tan eo u s  (ec.) or 
in tra d e rm a l (id.) ro u te , on  th e  scap u la r reg ion  of each an im al, a f te r  d ép ila tio n
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o f  an  area of a p p ro x im a te ly  3 0 x 6 0  m m . T he sensitiz ing  tre a tm e n ts  d e ta iled  
in  T ab le  I  were c o n d u c te d  over 10 co n secu tiv e  d ay s. O ne week la te r  th e  c h a l
lenge doses w ere a p p lie d  on th e  opp o site  f la n k s  o f th e  an im als in  th e  sam e 
m an n er.

D eterm ination o f  the extension o f  erythema

E xtension  o f  e x te rn a l e ry th em a  w as d e te rm in ed  a t  various in te rv a ls  
a f te r  challenge b y  m easu rin g  th e  m in im al an d  m ax im a l d iam eters o f  th e  
resp o n d in g  sk in  a rea . T h e  sk in  w as th e n  ca re fu lly  peeled  from  th e  m uscles 
a n d  resected  u n d e r deep  e th e r  an aesthesia . T he sk in  sam ples were th e n  tu rn e d  
to  th e  ligh t w ith  th e  e x te rn a l side an d  d iam e te rs  o f  e ry th e m a  visible from  th e  
in n e r  side were ta k e n  as before (Figs 1 a n d  2). T h e  size o f th e  e ry th em a to u s  
a re a  w as expressed  in  m m 2 b y  m u ltip ly in g  th e  tw o  d iam ete rs .

Preparation o f  sk in  cytosmears

The skin sam ples in  th e  cen tre  o f response  w ere c u t in to  tw o, and  sm ears 
w ere p repared  b y  p ressin g  th e  fresh  c u t surfaces to  c lean  slides. T h e  d ry  
sm ears  were fixed  in  m e th a n o l for 5 m in , th e n  s ta in ed  w ith  h aem ato x y lin  an d  
eosin . The to ta l  cell c o u n t w as d e te rm ined  in  10 v isu a l fie lds per sm ear w ith  
p a ra lle l perfo rm ance o f  d iffe ren tia l co u n t in  th e se  fie ld s, s im ilarly  to  t h a t  o f 
leucocy tes, un d er a m ag n ifica tio n  o f X 400.

T he a p p licab ility  o f  o u r m ethod  is exem plified  b y  ev a lu a tio n  of th e  sk in - 
sensitiz ing  ab ility  of Ip a m  40 and  D N CB w ith  so lv en t con tro ls  in  gu inea pigs 
(T able  I).

Results and  discussion

T he sen sitiza tio n  responses to  th e  chem icals used  w ere classified acco rd 
in g  to  D raize’s in d ex  (1959). The resu lts  a re  p re sen ted  in  T ab le  I.

E xtension  o f  erythema

The e ry th em a  a t  th e  subcu tis  side a p p ea red  la rg e r th a n  th e  ex te rn a l one 
in  each  case since sco ring  w as free from  d is tu rb an ces  b y  oedem a, th ick en in g  
o f  ep iderm is and  grow ing  hair. The d ifference am ong  w eak , m odera te  an d  
s tro n g  responses can  be d em o n stra ted  b y  figures (T able I I ) .  The d ifference 
b e tw een  th e  e x te rn a l a n d  in te rn a l e ry th e m a  scores is p a r tic u la rly  g rea t in  
an im als  tre a te d  w ith  Ip a m  40. Supposedly , th e  degree o f  th e  sensitizing  re 
sp o n se  could be s tro n g e r  since e ry th em a  could  be recogn ized  a t  th e  su b cu tis  
s ide  w hen no e x te rn a l re sponse  was no ted .
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Table I

T est materials, animals used in sensitizing tests and classification 
of the sensitization responses according to  Draize (1959)

T e s t  m a te ria l
C o n cen tra 

t io n ,
g /v  %

V olum e,
m l V ehicle R o u te

N o. o f  
anim als 
tre a te d

J u d g in g  o f  
s e n sitiz a tio n  
resp o n ses  on  
th e  b a s is  o f  

D ra iz e ’s in d ex

Distilled water — 0.5 _ ec. 1 2 N egative

Ethanol, dehydrated 0.5 - ec. 1 2 Negative
DNCB 0.1 0.5 ethanol ec. 1 2 W eak
DNCB 1.0 0.5 ethanol ec. 1 2 M oderate
DNCB 0.1 0.1 sunflower oil id. 24 Strong
Ipam  40 20.0 0.5 distilled water ec. 1 2 W eak

DNCB =  dinitro-chloro-benzene; Ipam  40 =  a pesticide containing 40% ammonium-N- 
m ethyldithiocarbam ate; ec. =  epicutaneous (topical) application; id. =  intraderm al injection; 
DNCB and Ipam  40 were applied a t subirritative dosages

Table II

Extension o f the erythem atous areas a t the external and a t the subcutis (internal) side 
a t various intervals after challenge

T e s t  m a te ria l/R o u te

24 h 48 h 72 h 96 h J u d g in g  o f  
s e n sitiz a tio n  
resp o n ses  on  
th e  b a s is  o f 

D ra iz e ’s in d exE x t ./ In t .

D istilled warer ec. 0/0 0/0 0/0 0/0 Negative

E thanol ec. 10/50* 0/30 30/50* 30/30* Negative
0.1%  DNCB ec. 71/130 50/150 32/60 0/0 W eak

Sub- 1.0% DNCB ec. 110/180 95/149 86/145 102/100 M oderate
irritative 0.1%  DNCB id. 158/202 400/495 188/592 128/543 Strong

.20.0% Ipam  40 ec. 130/160 68/247 80/247 0/118 W eak

For explanation, see footnote to Table I
* The unusual erythem a caused by ethanol was probably due to contam ination/im purities 

of ethanol, a  fac t supporting the need of using solvent controls

Total cell count

B ased  o n  ou r prev ious ex p erim en ts , th e  cell co u n t is d irec tly  re la te d  
w ith  th e  s e v e rity  of in flam m atio n .

In  o u r exam ple (T able I I I )  th e  d ifference in  to ta l  cell co u n t b e tw een  
th e  w eak a n d  m o d era te  sk in  responses is conspicuous b u t  i t  varies d isp ro p o r- 
tio n a lly  fro m  th e  m o d era te  to  s tro n g  reac tio n s . T he fac t is due to  a severe 
oedem a p ro d u ced  by  in tra c u ta n e o u s ly  a d m in is te red  D N C B , w hich re su lte d  in  
a decrease in  to ta l  cell co u n t (Fig. 3). T h e  su b seq u en t cy tosm ears fro m  th is  
tre a tm e n t w ere  also rich e r in  cells.
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Table III

Total cell counts in skin/exudate smears per visual field (x 4 0 0 ) a t various intervals after challenge

T e s t  m a te ria l/R o u te

24 h 48 h 72 h 96 h J u d g in g  o f  sen sitiza 
tio n  resp o n ses  on  th e

(m ean ± SD)
b asis o f  D raize  s 

in d ex

Distilled w ater ec. 0 .9 3 +  0.83 1 .2 3 +  1.41 0 .9 3 +  1.01 1 .0 3 +  1.23 Negative
E thanol ec. 2 .0 0 +  1.82 1 .5 0 +  1.22 1 .3 3 +  1.21 1 .8 7 +  2.73 Negative

0.1% DNCB ec. 4 .7 8 +  4.61 5 .4 9 +  6.71 2 .9 0 +  3.06 2 .3 7 +  2.47 W eak
sub- 1.0% DNCB ec. 69.34 ±  74.92 60.20 ±  55.71 38.46 ±  29.36 2 5 .1 4 +  27.93 Moderate
irritative 0.1% DNCB id. 16.93 ±  10.92 36.47 ±  20.51 70.17 ±  49.29 10.53 ±  14.94 Strong

20.0% Ipam  40 ec. 6.17 ±  6.80 9.47 ±  9.49 12.60 ±  18.46 8.97 ±  14.81 Weak

For explanation, see footnote to Table I

Table IV

Differential cell counts (per cent) in the skin/exudate smears a t various intervals after challenge

T e s t  m a te ria l/R o u te

24 h 48 h 72 h 96 h Ju d g in g  o f 
sen sitiza tio n

SE EO L Y M A S E E O LY M A S E EO LY M A S E E O LY MA
th e  b asis  o f  

D ra iz e ’s in d ex

Distilled w ater ec. 18 0 56 26 18 l 72 9 4 0 77 19 6 0 66 28 Negative
Ethanol ec. 20 0 67 13 18 0 67 15 15 2 74 9 1 0 4 71 15 Negative

0.1% DNCB ec. 1 1 2 64 23 1 0 l 59 30 1 2 3 61 24 6 1 71 2 2 W eak
Sub- 1.0% DNCB ec. 65 1 5 29 44 l 26 29 8 1 46 45 3 1 82 14 Moderateirri- 0.1% DNCB id. 23 6 48 23 30 2 35 33 25 3 39 33 3 1 41 55 Strong

1.20.0% Ipam  40 ec. 14 1 33 52 2 0 36 62 4 1 52 43 9 1 55 35 Weak

For explanation, see footnote to Table I
SE: segmented neutrophilic leucocyte; EO: eosinophilic leucocyte; LY: lym phocyte; MA: macrophage
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T h e cell co u n t in  response  to  Ip a m  40 w as s lig h tly  h igher com pared  to  
th e  low  dosage of D N C B  an d  th e  sm ears from  th e  so lv en t contro ls w ere very  
p oor in  cells.

D ifferen tia l count

C o n tra ry  to  th e  p rev ious m eth o d s, th e  q u a lita tiv e  com position  o f  th e  
cy to sm ears  (Table IY) can  in d ica te  th e  p ro life ra tive  c h a ra c te r  of in flam m atio n  
an d  re p re se n t th e  com plete  sphere o f cell ty p es occu rrin g  in  co n tac t d e rm a titis  
(B en aceraff an d  G reen, 1969; D av id  an d  D av id , 1972; U h r, 1966).

T he sen sitiza tio n  response is th e  m ost d e m o n s tra tiv e  in  th e  ex u d a te  
from  an im als tre a te d  ec. w ith  1%  D N C B . A t 24 h  a f te r  challenge, th e  sm ears 
co n ta in ed  segm ents in  h igh  p ro p o rtio n , ch a rac te ris tic  o f  th e  v a scu la r s tage  of 
in fla m m a tio n . T h ey  w ere g rad u a lly  rep laced  b y  m o n o n u c lea r e lem ents rep re 
sen tin g  th e  p ro life ra tiv e  stage . W ith in  th is  s tage  th e  m acrophages an d  ly m 
p h o cy tes  increased  in  n u m b e r fo r 72 an d  96 h , re sp ec tiv e ly .

T he p a tte rn  o f sk in  sen sitiza tio n  in  th e  case o f  D N C B  corresponds to  
th e  general p a tte rn  o f th e  d e lay ed -ty p e  sen sitiza tio n  responses: invasio n  of 
p o ly m o rp h o n u c lea rs  fo r 4 -8  h , follow ed b y  m o n o n u c lea r e lem ents: m acro 
ph ag es, th e n  ly m p h o cy tes . H ow ever, in  th e  case o f Ip a m  40 th e  sk in  sam ples 
a lre a d y  co n ta in ed  m acrophages in  a h igh p ro p o rtio n  24 h  a f te r  challenge.

I n  su m m ary , th e  m e th o d  p re sen ted  here offers sev era l a d v an tag es  over 
th e  tra d it io n a l  m acroscopic ev a lu a tio n . D ue to  i ts  com p lex ity , i t  enables a 
ra p id , q u a n tita tiv e  an d  re liab le  ju d g in g  of th e  sen s itiz a tio n  responses.

D e te rm in a tio n  of e ry th e m a  a t  th e  subcu tis  side to g e th e r  w ith  to ta l  an d  
d iffe ren tia l coun ts in  th e  respond ing  sk in /ex u d a te  sm ears p rovides ob jec tive  
an d  rep ro d u c ib le  d a ta . T hese p a ram e te rs  are  a t  th e  sam e tim e  good indices of 
th e  c h a ra c te r  o f th e  in f la m m a to ry  responses, in c lu d in g  c o n ta c t d e rm a titis . 
E a r ly  p resence  o f m acrophages in  h igh  p ro p o rtio n  in  th e  sk in  is p a rtic u la r ly  
im p o r ta n t  from  th is  resp ec t.

B ased  on th ese  d a ta  an d  o u r th ree -y ear experience  we suppose th a t  th is  
m e th o d  can  serve as a new  ap p ro ach  to  a m ore re liab le  ev a lu a tio n  sy stem  of 
th e  v a rio u s sk in -sensitiz ing  te s ts .
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Fig. 1. E rythem a a t the subcutis side from a guinea pig trea ted  ec. w ith ethanol, 24 h after
challenge

Fig. 2. E rythem a a t the subcutis side from a guinea pig trea ted  ec. w ith 1.0% DNCB, 24 h
after challenge





Fig. 3. Skin-cytosm ears from  guinea pigs (a) 24 h after ec. challenge w ith ethanol; (b) 24 h 
after ec. challenge w ith  1.0%  DNCB; (c) 24 h after id. challenge w ith 0.1% DNCB; (d) 72 h 

after id. challenge w ith 0.1%  DNCB. H aem atoxylin-eosin, X750
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DIACETYL REDUCTASE ACTIVITY 
IN THE EXTRACTS OF F A S C I O L A  G I G A N T I C A

N e e t a  A g a r w a l 1 and M a d a m  M . G o il 2

1 Animal N utrition  Division, Ind ian  V eterinary Research In s titu te , Izatnagar, U. P., 
35/G/5, Civil Lines, Bareilly-243001, U. P., Ind ia ;

2 B-43, Bldg-11, P iram al N agar, Goreagon W est, Bombay-400062, India

(Received Septem ber 28, 1987)

D iacetyl reductase catalyzed the reduction  of diacetyl, using either N A D PH  
or NADH as hydrogen donors. The enzyme had a higher affin ity  for N A D PH  th an  
for NADH. I t  showed m axim al activ ity  a t  pH  6.0. At pH  6.0 and  0.016 mM N AD PH, 
the apparen t K m for diacetyl has been estim ated  to be 0.092 mM. The enzyme does 
no t require m etallic ions for activ ity . Thiol blocking agents showed little  effect, ind icat
ing th a t the enzyme does n o t possess — SH groups a t the active site. The characteristics 
of diacetyl reductase from Fasciola gigantica are similar to  th a t  of the same enzyme 
from  beef liver on the basis of pH , K m value and the effect of m etallic ions on its activ ity .

Keywords: D iacetyl reductase, ac tiv ity , characteristics, ex tract, Fasciola
gigantica.

D iace ty l red u c ta se  (ace to in : N A D + ox idoreductase , EC  1.1.1.5), w h ich  
b rin g s  ab o u t th e  en zy m atic  tra n s fo rm a tio n  o f d iacety l to  ace to in  coupled  to  
N A D P H  or N A D H  o x id a tio n , has been  rep o rted  from  b a c te r ia  (B ran en  an d  
K e e n a n , 1970; S ilber e t  al., 1974; K an ek o  e t  al., 1986), m am m alian  tissues 
(G ab rie l e t a l., 1971; B urgos an d  M artin , 1972; P rovecho  e t al., 1984) an d  
b ird  tissues (B urgos e t al., 1974; Diez e t a l., 1974). An u p - to -d a te  scann ing  o f  
th e  lite ra tu re , how ever, show s th a t  th is  enzym e has n o t b een  s tu d ied  so fa r  in  
a n y  o f  th e  p a ra s itic  h e lm in th s . T herefo re , i t  appeared  ju s tif ia b le  to  in v es tig a te  
th e  presence, i f  an y , o f d iace ty l re d u c ta se  a n d  its  ch a rac te ris tic s  from  Fasciola  
gigantica , a tre m a to d e  h av in g  w idesp read  occurrence in  th e  bile d u c ts  o f b u f
faloes ( B ubalus bubalis) ,  w hich  are  h ig h ly  prized dom estic  an im als in  In d ia  
fo r m ilk  and  m eat.

T h is com m u n ica tio n  re p o rts  th e  p resence  and ce rta in  ch a rac te ris tic s  o f 
d ia c e ty l red u c ta se  in  th is  tre m a to d e .

M ateria ls an d  m ethods

A d u lt F . gigantica  specim ens w ere co llected  from  th e  bile  duc ts  o f  b u f
faloes s laugh te red  a t  th e  local a b a tto ir  an d  w ashed several tim es in  cold n o r
m al saline (0.72 w /v , N aCl). O n ly  flu k es t h a t  had  d isgorged th e ir  caecal con
te n ts  com plete ly  w ere selected  fo r enzym e p u rifica tion . T h e  su b seq u en t o p e ra 
tio n s  w ere carried  o u t a t  0 -4  °C. T he biochem icals used in  th e  p resen t s tu d y  
w ere o b ta in ed  from  Sigm a C hem ical Co. (S t. Louis, MO, U .S .A .).
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T he enzym e a c t iv i ty  w as m easured  b y  follow ing th e  ra te  of change o f  
abso rb an ce  a t 340 n m  (1 cm  lig h t p a th )  w ith  Spectronic-21  a t 30 °C. T h e  
re a c tio n  m ix tu re  (1.5 m l) co n ta in ed  50 mM  p h o sp h a te  b u ffe r (pH  6.1), 0.016 
m M  N A D P H , 5 mM  d ia c e ty l, an d  th e  enzym e. One u n it  o f  enzym e was defined  
as th e  am oun t w hich  o x id ized  1 /tm ol N A D P H  p er m in .

T he worm s w ere hom ogenized  in  a b len d er fo r 2 to  3 m in  in  3 vo lum es 
o f  0.1 M p h o spha te  b u ffe r  (p H  7.0) co n ta in in g  5 mM  2-m ercap to eth an o l. T h e  
h o m o g en ate  was c e n tr ifu g e d  a t  22,000 g  fo r 30 m in  a t  4 °C (Sorval M odel 
RCo-8) and  th e  s u p e rn a ta n t  flu id  w as o u r cru d e  e x tra c t. M axim um  m easu rab le  
a c t iv i ty  for d iace ty l re d u c ta se  was in  th e  frac tio n  p re c ip ita tin g  a t 4 °C w ith  
60 %  sa tu ra te d  a m m o n iu m  su lp h a te  a fte r  rem o v al o f  th e  p rec ip ita te  fo rm ed  
w ith  30%  sa tu ra tio n . T h e  p rec ip ita te  w as dissolved in  a m in im al vo lum e o f 
0.1 M phosphate  b u ffe r  (p H  6.1) an d  d ia lyzed  o v ern ig h t in  cold ag a in st 100 
vo lum es of th e  sam e b u ffe r . This enzym e p re p a ra tio n  w as used  for th e  c h a r 
a c te riz a tio n  stud ies. A ll observations w ere m ade in  th re e  or four e x tra c ts .

F o r d e te rm in a tio n  o f p H  o p tim a, a  series of 50 m M  phosphate  b u ffe r 
(p H  5.5 to  8.0) an d  a series o f 50 mM T ris-IIC l buffers (p H  8.5 to  9.5) w ere 
used  u n d er th e  s ta n d a rd  assay  conditions.

U sing th e  ab o v e -m en tio n ed  assay  m ix tu re  w ith  d iffe ren t co ncen tra tions 
o f d iace ty l, its  K m v a lu e  w as dete rm in ed  b y  th e  L inew eaver-B urk  doub le  
rec ip rocal p lo t.

F o r cofactor sp ec if ic ity  th e  sam e co n cen tra tio n s  (0.016 mM) of N A D P H  
or N A D H  were used  in  th e  above assay  m ix tu re .

5 6 7 8 9 10
pH

Fig. 1. Effect of pH  values on the enzyme activ ity . The assay m ix ture  (1.5 ml) contained 
50 mM phosphate buffer (pH  5.5 to 8.0) or Tris-HCl (pH  8.5 to  9.5), 0.016 mM N A D PH ,

5 mM diacetyl, and the  enzyme
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Fig. 2. Lineweaver-Burk plot for Fasciola gigantica diacetyl reductase by  Varying diacetyl 
concentrations. The assay m ixture contained 50 mM phosphate buffer (pH  6.1), 0.016 mM 
N A D PH , the  enzyme, and 1 mM, 0.5 mM, 0.25 mM , 0.1 mM, 0.0625 mM, or 0.05 mM diacetyl

To observe th e  effect of th io l b lo ck in g  agents an d  m e ta l che la to rs , th e  
enzym e w as in c u b a te d  w ith  1 mM co m p o u n d  for 5 m in a t  room  te m p e ra tu re  
a n d  th e n  assayed  fo r enzym e ac tiv ity .

R esu lts

D iace ty l red u c tase  from  F. gigantica  show ed m ax im u m  a c tiv ity  a t  p H  
6.0 (F ig . 1).

T he K m va lu e  for d iace ty l was 0.092 m M  (Fig. 2).

Table I

Effect of additives on diacetyl reductase activity

Concert- o,o a c tiv a tio n  ( + )  
A d d itiv e  n a t io n  o r in h ib itio n  (— )

(mM) '  '

Metal chelators
EDTA 1 +  10
Phenanthroline 1 -  3.74
Na-pyrophosphate 1 no effect
Cysteine 1 +  3.3

Thiol blocking agents
Iodoacetic acid 1 +  10.2
Iodoacetamide 1 +  15.7
N-ethylmaleimide 1 -  4.5

The above values are the m eans of the four extracts
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Table II

D ata on optim um  pH  and diacetyl K m values of diacetyl reductase 
from different tissues

T issue p H  o p tim a Km
(m M )

R eferen ce

Fasciola gigantica* 6.0 0.092 Present paper
Beef liver 6.1 0.0398

0.067
Martin and Burgos (1972) and 
Diez e t al. (1974)

Pigeon liver 5.6-6.0 3.1 Diez et al. (1974) and 
Burgos et al. (1974)

R at liver — 48 Gabriel et al. (1971)
Lactobacillus casei 4.5 2.1 Branen and K eenan (1970)
Aerobacter aerogenes 5.8 1.2 Larsen and Storm er (1973) 

and Johansen et al. (1973)
Escherichia coli 6.0 4.4 Silber et al. (1974)

* Averages based on three extracts

C ofactor sp ec ific ity  stud ies rev ea led  th a t  N A D P H  gave b e tte r  re sponse  
th a n  N A D H , as th e  enzym e a c tiv ity  w as 0.24 u n its /m l w ith  N A D P H  a n d  
0.18 un its /m l w ith  N A D H .

As show n in  T ab le  I , th e  effect o f  th io l b locking  ag en ts  (iodoacetic ac id , 
io d o ace tam id e , N -ethy lm ale im ide) an d  m e ta l chela to rs (E D T A , p h e n a n th ro - 
line , N a-p y ro p h o sp h a te , an d  cysteine) w as sligh t an d  in sig n ifican t.

D iscussion

The resu lts  re p o rte d  above show  th a t  d iace ty l red u c ta se  p re p a ra tio n s  
fro m  F . gigantica  a re  able to  ca ta ly ze  th e  red u c tio n  o f d iace ty l, coup led  to  
th e  o x id a tio n  o f e ith e r  N A D P H  or N A D H . T he enzym e h a d  a h igher a f f in i ty  
fo r N A D P H  th a n  fo r N A D H , sim ilarly  to  th e  enzym e from  b eef liver (P ro v ech o  
e t a l., 1984).

T he p H  o p tim u m  (6.0) fo r th e  e x p e rim e n ta l enzym e is close to  t h a t  fo r 
b e e f liver (M artin  an d  B urgos, 1972), p igeon  liver (Diez e t al., 1974), Aero- 
bacter aerogenes (L arsen  an d  S to rm er, 1973), a n d  Escherichia coli (Silber e t  a l., 
1974). These values (T able I) in d ica te  t h a t  th e  red u c tio n  of d iace ty l is m a x im a l
ly  fav o u red  a t  a ro u n d  p H  6.0.

T he low K m v a lu e  of d iace ty l in  th e  p re sen t enzym e is sim ilar to  t h a t  o f 
b ee f liv er rep o rted  b y  M artin  an d  B urgos (1972) an d  Diez e t al. (1974), in d ic a t
ing  th a t  in  b o th  cases d iacety l ap p ears  to  be  a fav o u rab le  su b s tra te . T h e  K m 
va lu es  of d iace ty l fo r d iace ty l red u c ta se s  fro m  o th e r  sources, re p o rte d  b y  
v a rio u s w orkers, show  v e ry  w ide v a r ia tio n  (T able I I ) .
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T he lack  o f  a n y  su b s ta n tia l effect o f  m e ta l ch e la to rs  on d iacety l r e 
d u c tase  from  F . gigantica  show s th a t  th e  enzym e does n o t  require  m eta llic  
ions fo r its  a c tiv ity  (Table I I ) . N o n -req u irem en t o f m eta l ions for the  a c tiv ity  
o f  d iace ty l red u c tases  has also been re p o rte d  from  b eef liv er (Burgos a n d  
M artin , 1972), p igeon  liver (D iez e t ah , 1974), an d  Streptococcus diacetylactis 
(Seitz e t al., 1963).

W hen te s te d  w ith  th io l blocking ag en ts  (Table I I ) ,  th e  te s t enzym e 
show ed little  effect, in d ica tin g  th a t  i t  does n o t  possess — SH  groups a t  th e  
ac tiv e  site . T his ch a rac te ris tic  does n o t a p p e a r  to  h av e  been  stud ied  so fa r  
fo r th is  enzym e fro m  o th e r sources.

I t  is concluded  th a t  th e  presence o f d ia c e ty l red u c ta se  in  F . gigantica  
h as  been  reco rded  fo r th e  f irs t  tim e . The c h a rac te ris tic s  o f th is  enzym e show  
i t  to  be sim ilar to  t h a t  found  in  b eef liver on th e  basis of p H , K m value, h ig h er 
a ff in ity  for N A D P H , and  lack  o f effect o f m eta llic  ions on its  ac tiv ity .
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CHLAMYDIA-INDUCED ABORTION IN A HORSE

R . G l á v i t s , T . M o l n á r  and M a r ie t t a  R á d y  

Central V eterinary In s titu te , H-1149 B udapest, T ábornok u. 2, H ungary 

(Received April 1, 1987)

In  two equine fetuses (twins) aborted  in the 7th m on th  of pregnancy, chlam ydiae 
were dem onstrated by  light-m icroscopic exam ination of sm ears m ade from the stom ach 
contents and fetal m em branes and  by transm ission electron m icroscopy of the livers. 
The aetiological involvem ent of o ther abortifacient infective agents was ruled oud

Necropsy of th e  fetuses revealed icterus, enlargem ent o f th e  spleen, liver an t. 
certain lym ph nodes, scattered  petechial or, occasionally, ex tensive haemorrhages in. 
the subcutaneous tissue, skeletal muscles, under the serous and  in  the mucous m em 
branes, and in th e  p lacentae.

Histologically there  was serous hepatitis characterized b y  activation and, in 
some places, focal proliferation  of cells of the m ononuclear phagocyte system (MPS) 
and fetal extram edullary  haem ocytopoiesis, vacuolar degeneration of parenchym al cells 
in the centrolobular areas, lym pho-histiocytic infiltration of th e  periportal tissues, and 
signs of cholestasis. In  addition , in th e  spleen and lym ph nodes hyperaem ia and pro
liferation of MPS and haem ocytopoietic cells, among the m yocardial fibres focal lym pho- 
histiocytic infiltrations, in  th e  lungs hyperaem ia, in the  k idneys bilirubin nephrosis, 
and in  the placentae haem orrhages were seen.

By transm ission electron microscopy, chlam ydial developm ental stages were 
identified in vacuoles s itua ted  in th e  cytoplasm of MPS cells in  th e  liver.

Keywords: Chlam ydia, abortion, horse, gross pathology, histopathology, electron 
microscopy.

L ittle  is know n a b o u t ch lam y d ia l diseases of th e  h o rse . E arlier, ch lam y 
diae h ad  been in c rim in a te d  as p o te n tia l aetiological ag e n ts  o f  recurring  irido- 
cyclochoroiditis (so-called m oon-b lindness) of a d u lt ho rses; how ever, a tte m p ts  
a t  iso la ting  th em  from  affec ted  horses consis ten tly  fa iled  (S to rz , 1971). E x p e ri
m en ta l in fection  w ith  a  c h la m y d ia  s tra in  iso la ted  fro m  cap rin e  pneum on ia  
re su lted  in  pneum onia  in  horses (S aito , 1954). O thers (P o p o v ic i and  H ia s tru , 
1968) iso la ted  ch lam yd iae  from  th e  b lood of a y oung  fo a l d iseased in p n e u 
m on ia ; how ever, th e y  fa iled  to  re p o rt on an y  in fec tion  ex p e rim e n t perfo rm ed  
w ith  th is  s tra in . B lanco  L oizelier (1968; c ited  b y  P ie n a a r  a n d  S chu tte , 1975) 
d em o n stra ted  th e  p a th o g e n  in  th e  b ra in  of a d u lt ho rses a n d  in v estig a ted  its  
possible ro le in  th e  ae tio lo g y  o f  th e  so-called h e p a to c e reb ra l syndrom e.

Follow ing e x p e rim e n ta l in fec tio n  w ith  ch lam y d iae , E rasm u s (personal 
com m unication , 1973; c ited  b y  P ie n a a r an d  S ch u tte , 1975) observed  ab o rtio n , 
w hereas on th e  basis o f  s im ila r ex perim en ts O stro v sk i (1981) repo rted  th a t ,  
as com pared  to  th e  co n tro l, ex p e rim en ta lly  in fec ted  m ares  delivered foals o f 
low er v iab ility  and  b o d y  m ass a t  fu ll te rm .
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On one occasion each , in  th e  R epub lic  of S ou th  A frica  an d  in  Spain  
c h lam y d iae  were b ro u g h t in to  ae tio log ical connection  w ith  sp o n tan eo u s ab o r
t io n  in  m ares (B osm an  e t  al., pe rsona l com m unication , 1973; c ited  b y  P ien aa r 
a n d  S chu tte , 1975; B lanco  Loizelier e t a l., 1976).

Case rep o rt

Two equine fe tu ses (tw ins) an d  p lacen tae  ab o rted  in  th e  7 th  m o n th  of 
p re g n a n c y  w ere su b m itte d  fo r d iagnostic  ex am ina tion . C ase h is to ry  ind ica ted  
n o  o th e r  abortions or a p p a re n t clin ical disease am ong th e  m are s . A t necropsy  
o f  th e  fetuses, ic te ru s , considerab le  en la rg em en t of th e  sp leen , liv e r  an d  certa in  
ly m p h  nodes, an d  sc a tte re d  p e tech ia l o r, ra re ly , ex tensive h aem o rrh ag es  in  th e  
su b cu tan eo u s  conn ec tiv e  tissu e , ske le ta l m uscle, u n d e r th e  v a rious serous 
m em b ran es, in  th e  m ucous m em branes an d  p lacen tae  w ere  seen.

H isto logically  th e re  w as serous h e p a titis  in b o th  fe tu se s  (F ig . 1), ch a r
a c te riz ed  by  a c tiv a tio n  a n d , in  p laces, focal p ro lifera tion  o f  cells o f th e  m ono
n u c le a r  phagocy te  sy s tem  (M PS) an d  th o se  o f fe ta l e x tra m e d u lla ry  haem ocyto- 
po iesis , vacuo lar d eg en e ra tio n  o f h e p a to c y te s  in  th e  c e n tro lo b u la r  areas, p ro 
n o u n c e d  ly m p h o -h is tio cy tic  in f iltra tio n  in  th e  p erip o rta l tis su es , an d  signs of 
cho lestasis . The sp leen  a n d  th e  ly m p h  nodes exam ined  ( th e  p o r ta l  an d  p eri
b ro n c h ia l lym ph  nodes) ex h ib ited  h y p e raem ia  and p ro life ra tio n  of th e  M PS 
cells an d  of cells p a r tic ip a tin g  in  haem ocytopoiesis (F ig. 2). A m ong  th e  m yo
c a rd ia l  fib res th e re  w ere, in  p laces, focal ly m p h o -h is tio cy tic  in filtra tio n s  
(F ig . 3), w hereas in  th e  lungs h y p e raem ia  and , here an d  th e re , d e tach m en t of 
th e  alveo lar ep ith e liu m , in  th e  k id n ey s b iliru b in  nephrosis, a n d  in  th e  p lacen
ta e  circum scribed  h aem o rrh ag es an d  oedem a w ere observed .

In  sm ears p re p a re d  from  th e  fe ta l stom ach  c o n te n ts , su rface of th e  
g a s tr ic  m ucosa a n d  from  th e  fe ta l m em branes, and  s ta in e d  according to  
S ta m p , large n u m b ers  o f  b r ig h t red  fo rm atio n s  (ch lam ydiae) w ere  seen, m ain ly  
in tra c e llu la r ly  in  th e  cy to p la sm  o f d e tach ed  ep ithelia l cells b u t  free ly  as well.

T ransm ission e lec tro n  m icroscopy  rev ea led  th a t  c h la m y d ia e  w ere located  
in  th e  M PS cells, or in  th e  d eg en era ted  rem n an ts  th e re o f , o f  th e  hepa tic  
s in u so ids, and  w ere su rro u n d ed  b y  th e  cell m em brane. I n  th e se  cells all th e  
th r e e  developm enta l s tag es  o f ch lam y d iae  w ere found , a rra n g e d  in  groups: 
n a m e ly , th e  so-called in itia l bodies (form s 0.5 to  0.7 /u n  in  d iam e te r, bound  
b y  double  m em brane a n d  filled  w ith  a cy to p lasm  of low  e lec tro n -d en s ity ), th e  
in te rm e d ia te  bodies 0.4 to  0.6 /л n  in  d iam e te r, show ing e lec tro n -d en se  cy to 
p la sm ic  cong lom erations, an d  th e  so-called  e lem en tary  bod ies 0.3 to  0.4 /un  
in  d iam ete r, filled  w ith  a  m a in ly  electron-dense, co n g lo m era ted  cy top lasm  
(F ig . 4).

B acterio logical ex a m in a tio n  of th e  fe ta l stom ach c o n te n ts , liver, lungs 
a n d  spleen, ca rried  o u t p a ra lle l in  th e  presence of 0 2 and  C 0 2, w as consis ten tly
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n eg a tiv e , sim ilarly  to  v iro log ica l ex am in a tio n  o f th e  sp leen , lungs, p erib ro n ch ia l 
an d  m esen teric  ly m p h  nodes fo r th e  presence of rh in o p n eu m o n itis  an d  o th e r 
v iruses.

F o r  lack  of te s t  sam ples, serological ex am in a tio n  o f th e  a b o rte d  an d  
o th e r m are s’ blood fo r ch lam y d ia l an tib o d ies  was n o t possib le.

D iscussion

B ased  upon th e  ligh t-m icroscop ic  ex am in a tio n  of sm ears an d  im pression  
p re p a ra tio n s  and  th e  h is to p a th o lo g ica l an d  e lectron-m icroscopic  e x am in a tio n  
of c e r ta in  organs, th e  aetio log ical in v o lv em en t of ch lam y d iae  in  th e  n a tu ra l  
case o f equ ine  ab o rtio n  observed  b y  us seem s h igh ly  p ro b ab le , even w ith o u t 
hav 'ing iso la ted  th e  p a th o g e n  an d  d e m o n s tra te d  seroconversion . O ur o b se rv a 
tio n s , a long  w ith  th e  few p e r tin e n t d a ta  availab le  in  th e  l ite ra tu re  (B osm an  
e t a l., personal co m m u n ica tio n , 1973, c ited  b y  P ie n a a r  an d  S ch u tte , 1975; 
B lanco  Loizelier e t a l., 1976), suggest th a t ,  a lth o u g h  ra th e r  in freq u en tly , a 
fe to p a th ic  effect of ch lam y d iae  shou ld  be reckoned  w ith  also in  th e  horse . 
A t th e  sam e tim e, ce rta in  au th o rs  (S tu d d e rt, 1969) re p o rte d  considerab le  sero 
conversion  in  horses in  connection  w ith  ch lam yd ia l in fec tion . B lanco L oizelier 
e t al. (1976) rep o rted  equ in e  ab o rtio n  accom pan ied  b y  fever an d  p o ly a r th r itis . 
M ost o f th e  abo rtions o ccu rred  in  th e  8 th  m o n th  of p reg n an cy . In  th e  p re se n t 
case, th e  case h is to ry  in d ica ted  no  clin ically  a p p a re n t disease am ong m ares , 
an d  no  ab o rtio n s o th e r  th a n  th e  one re p o rte d  occurred  in  th e  given b re e d 
ing season .

T h e  gross an d  h is to p a th o lo g ica l lesions seen in  th e  fe ta l o rgans w ere 
sim ilar to  th o se  found  in  ov ine an d  bov ine  fetuses a b o rte d  due to  ch lam y d ia l 
in fec tio n  (Shew en, 1980; G láv its  e t  a l., 1982), th e  on ly  d ifference being  th a t  
in  horses p lacen titis  w as less severe th a n  in  th e  o th e r tw o  species. In  a d d itio n  
to  th e  p lacen tae  an d  th e  fe ta l s to m ach  co n ten ts , ch lam y d iae  w ere p re se n t in  
th e  M PS cells as w ell, in d ica tin g  th a t  in  th e  fe tuses ch lam y d iaem ia  h a d  
developed . In  th e  c y to p la sm  of these  cells th e re  w ere signs in d ica tiv e  o f 
ch lam y d ia l grow th.
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Fig. 1. Pronounced lym pho-histiocytic infiltration in the periportal areas of the liver. H aem a-
toxylin and eosin (H -E.), X 160

Fig. 2. P roliferation of cells participating in extram edullary  haemocytopoiesis, including 
giant cells (m egakaryocytes), in the red pulp of th e  spleen. H-E., X 160



Fig. 4. Developm ental stages of chlamydiae (IB  =  initial bodies, IMB =  interm ediate bodies, 
EB =  elem entary bodies) in rem nants of some MPS cells, in a m em brane-bound cavity, in 

th e  liver. Electron m icrograph, X 14,300

Fig. 3. L y m p h o - h i s t i o c y t i c  i n f i l t r a t i o n  a m o n g  t h e  m y o c a r d ia l  f ib r e s .  H - E . ,  X l 6 0
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EFFECT OF TRICHOTHECENE MYCOTOXINS 
(SATRATOXIN H AND T-2 TOXIN)

ON THE LYMPHOID ORGANS OF MICE

R . G lÁVITS and A. VÁNYI

Central V eterinary  In s titu te , H-1581 B udapest, P . O. Box 2, H ungary 

(Received A ugust 27, 1987)

Changes induced by  two trichothecene mycotoxins, sa tra tox in  H and T-2 
toxin, in the lym phoid organs (spleen, thym us, prepatellar and  mesenteric lym ph 
nodes) of 120 mice were exam ined by morphological (gross pathological, light and 
electron microscopic) m ethods. Different doses of the  m ycotoxins were adm inistered 
in traperitoneally , on one occasion to  groups of 10 mice each.

The two m ycotoxins, which are similar in  chemical struc tu re , were found to  
produce similar lesions in  th e  lym phoid organs. In  the killed mice as well as in those 
th a t  had died after m ycotoxin adm inistration  there  was lym phocyte depletion and 
necrosis in bo th  the B-cell-dependent and T-cell-dependent regions of th e  lym phoid 
organs. The severity  o f th e  changes was dose dependent and th e  lesions could be clas
sified into one of grades I - IV  on the basis of the histological findings. By comparing 
the LDS0 values obtained for the two trichothecene m ycotoxins, sa tra tox in  H proved 
to  be about five tim es as toxic as T-2 toxin.

Keywords: T richothecene, m ycotoxin, satratoxin  H , T-2 toxin , mouse, m or
phology, lym phoid organs.

C attle , sheep an d  horses affected  w ith  stach y b o try o to x ico sis  ex h ib it 
u lc e ra tiv e  in flam m atio n  o f  th e  d igestive t r a c t  m ucosa, genera l h aem orrhag ic  
d ia th es is , reduced  n u m b e r o f c ircu la ting  leucocy tes, and  seco n d ary  infections 
(D an k o , 1972; D an k o  a n d  S zerafin , 1976). D an k o  and  K ra sz n a i (1976) observed  
decreased  h e te ro h aem ag g lu tin in  t i tre s  an d  a reduction  in  th e  n u m b er of im - 
m u n o ro se tte -fo rm in g  cells in  m ice, absence o f cell-m ediated  im m une  response 
in  guinea-pigs, an d  severe  ly m p h o cy te  d ep le tion  in  th e  B -cell-dependen t a n d  
T -ce ll-dependen t reg ions o f  th e  ly m p h  nodes in  sheep in tra p e rito n e a lly  in jec ted  
w ith  cu ltu re  e x tra c ts  o f Stachybotrys atra. I la j tó s  e t al. (1983) found  th a t ,  
th ro u g h  th e ir  im m u n o su p p ressiv e  effect, s ta c h y b o try o to x in s  predispose sheep  
to  b a c te ria l com plica tions caused  b y  Pasteurella haemolytica.

In  chickens a ffec ted  b y  T-2 tox icosis, also an u lce ra tiv e  in flam m atio n  
o f  th e  d igestive t r a c t  m ucosa  an d  a tro p h y  o f th e  lym phoid  o rg an s (lym phocy te  
d ep le tio n  and  necrosis) w ere found  (B itay  e t al., 1979, 1981). Mice d iseased in  
T -2 toxicosis show ed in c reased  su scep tib ility  to  h e rpesv irus (F rien d  e t a l., 
1983) and  Listeria  monocytogenes in fections (Corrier an d  Z ip rin , 1986). S tu d y 
in g  th e  effect ex e rted  b y  T-2 to x in  on p ig le ts, R afa i and  T u b o ly  (1982) observed  
a p ronounced  su p p ressio n  o f th e  ce ll-m ed ia ted  and  h u m o ra l im m une  response 
b o th  in  vitro an d  in  vivo. F rie n d  e t al. (1983) d istingu ished  fo u r grades in  th e  
se v e rity  of regressive lesions p roduced  b y  T-2 to x in  in  th e  th y m u s  of m ice
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(ly m phocy te  d ep le tio n , ly m p h o cy te  necrosis, in d is tin c t dem arca tio n  o f  th e  
c o rte x  an d  m edu lla).

T he purpose o f  th e  p resen t w ork  w as to  s tu d y  a n d  com pare th e  p a th o 
logical changes p ro d u c e d  in  th e  ly m p h o id  organs o f  m ice b y  tw o d iffe ren t, 
b u t  chem ically  sim ila r, trich o th ecen e  m yco tox ins, s a tra to x in  H  (p roduced  by  
Stachybotrys atra) a n d  T-2 to x in  (p ro d u ced  b y  F u sa riu m  sporotrichioides).

M aterials an d  m ethods

M ice. One h u n d re d  and  tw e n ty  m ale , C F L P  Swiss a lb ino  mice of 20—24 g 
b o d y  m ass were u sed . F u r th e r  tw o g roups o f 10 m ice each  served  as u n tre a te d  
c o n tro l an d  co n tro l t r e a te d  w ith  veh ic le  only .

M ycotoxins. T -2 to x in  was p ro d u ced  in  our la b o ra to ry , using F u sa riu m  
tr ic inctum  syn. sporotrichioides (B a ta  e t al., 1983) a n d  w as id en tified  and  
q u a n ti ta te d  b y  th e  c a p illa ry  ch ro m ato g rap h ic  m eth o d  described  earlier (V ányi 
e t a l., 1982; B a ta  e t a l., 1983). S a tra to x in  H  was a k in d  g ift from  Á rpád  B a ta  
(D e p a rtm e n t of B io ch em is try  and  F o o d  T echnology, B u d a p e s t T echnical U n i
v e rs ity ) . D im eth y l su lp h o x id e  (DM SO) w as used as so lv en t.

Treatment. T h e  m ice were t re a te d  in tra p e rito n e a lly  as show n in  T ab le  I . 
T h e  m ice th a t  d ied  a f te r  t re a tm e n t a n d  th e  su rv iv in g  anim als k illed  48 h  
a f te r  tre a tm e n t w ere necropsied  an d  ex am in ed  for gross patho log ical lesions. 
F o r  h is to p a th o lo g ica l ex am in a tio n  th e  sp leen , th y m u s  a n d  th e  p rep a te lla r  an d  
m esen te ric  ly m p h  n o d es were fixed  in  .5%  fo rm alin  (p H  7.2) buffered  w ith  
N a H 2P 0 4 and  N aO H . Frozen  and  p araffin -em b ed d ed  sec tions were p rep a red . 
T he sections w ere s ta in e d  w ith  P . M ayer’s acid h a e m a lau n  an d  eosin.

Electron m icroscopy. D etails from  th e  spleen an d  m esen teric  ly m p h  node 
o f tw o  m ice t re a te d  w ith  sa tra to x in  H  (1.75 m g/kg  b o d y  m ass) an d  o f tw o 
o th e r  m ice tre a te d  w ith  T-2 to x in  (4 m g /kg  bo d y  m ass) and  su b seq u en tly  
k illed  b y  b leeding w ere  c u t in to  fra g m e n ts  o f a p p ro p ria te  size and  fix ed  in  
2 .5 %  g lu ta ra ld eh y d e , th e n  in  1%  osm ium  te tro x id e  b u ffe red  w ith  sodium  
caco d y la te . T he d e ta ils  to  be ex am in ed  b y  elec tron  m icroscopy h ad  been 
se lec ted  on th e  basis  o f  th e  ligh t-m icroscop ic  find ings. A fte r em bedd ing  in  
D u rcu p an  resin, sec tions were cu t w ith  an  u ltram ic ro to m e  an d  exam ined  in  an  
e lec tro n  m icroscope.

R esu lts

T he L D 50 of s a tra to x in  was fo u n d  to  be 1.51 m g /k g  b o d y  m ass.
T ab le  I  show s th e  n u m b er of d e a th s  th a t  occurred  in  th e  groups tre a te d  

w ith  sa tra to x in  H  o r T -2 tox in . M ost d e a th s  to o k  p lace  b e tw een  th e  8 th  an d  
2 4 th  h o u r a fte r t re a tm e n t .
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Table I

Design o f the experiment and m ortality  among mice

M ycotox in S a tra to x in  H T-2

C o n tro l

T re a te d  
w ith  U n 

veh ic le  t r e a te d  
only

Dose (mg/kg 
body mass) ip. 1.0 1.15 1.30 1.45 1.60 1.75 1.90 2.05 2 . 2 0 2.0 4.0 8.0

Number of
deaths/group* -  5 2 4 5 10 7 8 10 3 4 9 — —

* Each group consisted of 10 mice

Table II

Mycotoxin-induced changes in the lymphoid organs

The cortex and medulla of the 
thymic lobes

slight lymphocyte depletion (in- I 
volving maximum 40% of the

. lym phocyte population)
are distinct ----- 1—_----1-------------------- :------------- —

pronounced lym phocyte depletion I I  
(40-80% ) bu t only slight 
lym phocyte necrosis

The B-cell-dependent and T-cell- 
dependent zones of the spleen and 
lym ph nodes are not

distinct

severe lym phocyte depletion I I I
(above 80%) and marked 
lymphocyte necrosis

very  severe lym phocyte depletion IV 
(95-100%) and necrosis extend
ing to  the reticular framework

A t necropsy , m ice t h a t  had  died o f  e ith e r  m yco tox in  exh ib ited  h y p erae - 
m ia in  th e  spleen, liv e r, k idney  and  lu ngs. T h e  m esen teric  blood vessels w ere  
d ila ted  a n d  filled  w ith  b lood  and, occasionally , a serous ex u d a te  h ad  a ccu 
m u la ted  in  th e  p e rica rd iu m . In  one m ouse o f  b o th  g roups th e  sto m ach  a n d  
sm all-in testin a l m ucosa w as slightly  sw ollen  an d  hyperaem ic  and  e x h ib ited , 
here an d  th e re , p e tech iae . R arely  th e re  w ere  superfic ia l erosions of th e  m ucous 
m em brane in  th e  fu n d u s  o f th e  stom ach . T h e  con tro l m ice an d  th e  m ice k illed  
48 h a fte r  m y co to x in  t re a tm e n t did n o t e x h ib it  ap p reciab le  gross p a th o lo g ica l 
lesions a t  necropsy .

B y lig h t an d  e lec tro n  m icroscopic e x a m in a tio n , s im ilar h is to p a th o lo g ica l 
changes w ere found  in  th e  lym phoid  o rg an s o f  m ice tre a te d  w ith  e ith e r  o f  th e  
tw o m y co tox ins. T h e  o n ly  differences o b serv ed  w ere in  th e  sev erity  o f  th e  
changes.

As co m p ared  to  th e  contro l (F ig. 1) th e re  was a s tr ik in g  reduc tion  in  th e  
n u m b er o f ly m p h o c y te s  (lym phocyte  d ep le tio n ) in  th e  co rtex  o f th e  th y m u s ,
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in  th e  germ inal cen tre s  an d  p a ra c o rtica l zones of th e  ly m p h  nodes (in reg ions 
o f  th e  B -cell-dependen t and  T -ce ll-d ep en d en t ly m p h o cy te  po p u la tio n s), in  th e  
germ ina l cen tres o f  th e  M alpighian bodies (B -cell-dependen t regions) a n d  in 
th e  p e ria rte rio la r  ly m p h o cy te  zones (T -cell-dependen t regions) o f th e  sp leen  
(F igs 2, 3 an d  4). As a resu lt, th e  abo v e-m en tio n ed  zones h ad  becom e less 
d is tin c tly  d e m a rc a ted  from  the  su rro u n d in g  regions. M ost o f th e  ly m p h o cy te s  
t h a t  h ad  rem ain ed  in  these  regions show ed signs of d eg enera tion  or necrosis 
(karyopycnosis , k a ry o rh ex is). T he cell m em b ran e  and  nu c lea r m em b ran e  h ad  
u n d erg o n e  ly tic  changes, th e  s tru c tu re  o f  th e  cy top lasm  d is in teg ra ted , th e  cell 
organelles h ad  becom e swollen, d is ru p te d , an d  fre q u e n tly  w ere seen as a m o r
p h o u s fo rm atio n s. T h e  ch rom atin  su b s ta n c e  of th e  nucleus h ad  been  t r a n s 
fo rm ed  in to  a h ig h ly  electron-dense su b s ta n c e  of am orphous s tru c tu re  or 
fo rm ed  lum ps (F igs 4, 5 and  6). In  ly m p h o id  tissues s till co n ta in in g  ly m p h o 
cy te s , th e  re ticu lo cy te s  an d  e ry th ro c y te s  seem ed in ta c t. H ow ever, w hen  p ra c 
tic a lly  all th e  ly m p h o cy te s  h ad  d isap p ea red , some re ticu lo cy tes  or g roups of 
re ticu lo cy tes  show ed signs of d eg en era tio n  or necrosis. B ased  upon  th e  se v e rity  
o f  th e  observed  changes, four grades w ere fo rm ed  (Table I I ) .  G rade I I I  an d  
IV  changes w ere on ly  seen in  m ice t h a t  h a d  died follow ing t re a tm e n t w ith  
la rg e  doses of e ith e r  o f th e  m y co to x in s , w hereas lesions o f g rade I  a n d  I I  
w ere ch a rac te ris tic  o f  m ice tre a te d  w ith  sm aller doses; th e se  an im als su rv iv e d  
u n ti l  killed b y  b leed ing . There was no  d ifference betw een  th e  exam ined  o rg an s 
(th y m u s , sp leen, p re p a te lla r  and  m esen te ric  ly m p h  nodes) o f th e  sam e an im a l 
in  th e  severity  o f lesions.

D iscussion

T he tw o trich o th ecen e  m yco to x in s  (sa tra to x in  H  an d  T-2 to x in ) p ro 
d u ced  sim ilar changes (lym phocy te  d ep le tio n  an d  necrosis) in  th e  ly m p h o id  
o rg an s o f mice dy in g  o f to x in  tre a tm e n t a n d  tho se  killed b y  b leed ing  a f te r  su ch  
tre a tm e n t. T he se v e rity  of th e  lesions depended  on th e  to x in  dose a p p lied . 
B ased  upon  th e  h istopa th o lo g ica l fin d in g s  fo u r grades (G rades I  to  IY ) cou ld  
be  d istin g u ish ed . F rie n d  et al. (1983) also  d iffe ren tia ted  fo u r sev e rity  g rades 
o f  th e  regressive lesions induced in  th e  th y m u s  o f mice b y  T-2 to x in . I n  o u r 
ex p e rim en t, in  th e  ly m p h o id  organs o f  m ice tre a te d  w ith  th e  sm aller doses 
d ep le tio n  and  necrosis affected  on ly  th e  ly m p h o cy tes . T he re ticu lo cy te  f ra m e 
w o rk  o f these  o rg an s rem ained  in ta c t ,  ren d erin g  possible th e ir  re p o p u la tio n  
b y  ly m p h o cy tes . T h e  fa c t th a t  b o th  th e  B -cell-dependen t an d  T -ce ll-d ep en d en t 
reg ions of th e  ly m p h o id  organs w ere a ffec ted  ind ica tes  th a t  in  th e  to x in -  
tr e a te d  an im als b o th  th e  hum oral an d  th e  cell-m ed iated  im m u n e  sy s tem  w ere 
su ppressed . O th e r in v es tig a to rs  re p o rte d  im p a ired  resistance  to  various p a th o 
gens (including  b o th  e x tra -  and  in tra c e llu la r ly  p ro life ra ting  agents) in  d iffe re n t
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species o f an im als exposed  to  sa tra to x in  H  (D anko , 1972; D anko  an d  K raszn a i,
1976) an d  T-2 to x in  (F rien d  e t ak , 1983; C orrier an d  Z ip rin , 1986).

B ased  upon  th e  L D 50 values sa tra to x in  H  w as five  tim es as to x ic  as 
T-2 tox in .
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Fig. 1. Detail of lym ph node from an untreated  control mouse. Germinal centre and p a ra 
cortical zone rich in lym phocytes. Haem atoxylin and eosin (H E ), X 160

Fig. 2. Detail of lym ph node from a mouse injected in traperitoneally  w ith 1.60 mg/kg body 
mass satratoxin  H. The animal died 24 h after treatm ent. Note lym phocyte depletion and 
indistinct structure in th e  germinal centres of the cortex and in the paracortical zones. H E ,

X160



I

Fig. 3. D etail of Fig. 2. Note groups of degenerated lymphocytes in the reticulocytic fram e
work of the lym ph node. H E, X400

Fig. 4. D etail of the spleen from  a mouse in jected  intraperitoneally w ith  4.0 mg/kg body 
mass T-2 toxin. The anim al died 24 h after tre a tm en t. There are only few lym phocytes, w ith 
d isin tegrated  nuclei, in the germ inal centre and periarteriolar lym phocyte zone of the Mal

pighian body. H E , X 160



Fig. 5. Detail of the spleen from a mouse injected in traperitoneally  w ith 1.75 mg/kg body 
mass satratoxin  H and killed by bleeding 48 h thereafter. Top: necrotic lym phocytes with 
shrunken nuclei; middle and bottom : in tact erythrocytes and reticulocyte. Electron micro

graph, X9600

Fig. 6. D etail of the m esenteric lym ph node from a mouse injected intraperitoneally  with 
4 mg/kg body mass T-2 tox in  and killed by bleeding 48 h thereafter. The cell m em branes of 
the two necrotic lym phocytes have undergone lysis, th e  struc tu re  of their cytoplasm has 
disintegrated, and the chrom atin substance of their nuclei has become a strongly electron- 

dense mass devoid of distinct structure. E lectron m icrograph, X 14,300
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MILK PRODUCTION AND CERTAIN PARAMETERS 
OF ENERGY METABOLISM IN DAIRY COWS 

FED RATIONS OF VARYING ENERGY 
AND CRUDE PROTEIN CONTENTS AND FAT

M e l i n d a  M a g d u s 1, S. F e k e t e 2, L. У. F r e n y ó 3, О. M is k u c z a 1
and L. K o t z4
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1 BOSCOOP Jo in t E nterprise , B udaörs, Nefelejcs u. 2, H ungary

(Received M ay 12, 1987)

T w enty  cows in m id-lactation were used in self-controlled experiments. A fter 
feeding th e  in itial ration  corresponding to  the calculated energy and crude p ro te in  
requirem ents of the dairy cows (100%  E -100%  P), four groups were formed as follows: 
Group A (80%  E -100%  P), Group В (100%  E -120%  P), Group С (80% E-120%  P), 
and Group D (100%  E -120%  P). In  Group D, 20% of th e  energy was contributed  by 
fat. A fter a transition  period the above rations were fed for tw o weeks.

A lterations in numerous blood param eters as well as in milk composition were 
indicative of a disturbed energy metabolism . The relative or absolute excess of crude 
protein resulted in  increased blood and  milk urea concentrations. A close negative 
correlation (r =  —0.90) was found betw een milk urea concentration  and the so-called 
urea ferm entation  potential (U FP) of th e  ration  fed.

E nergy deficiency was indicated by  a decrease in m ilk production, blood glucose 
and milk protein  concentration, and by increased to ta l lipid and cholesterol levels of 
the blood plasm a. The differences showed th a t the adverse effects of reduced energy 
and increased crude protein in take were added together. In  Group C a pronounced 
increase of insulin concentration was observed, for which several possible explanations 
are suggested.

Effects of feeding fa t (Group D) included a m arked increase of to ta l lipid and 
cholesterol concentrations of the  blood plasma, a pronounced rise of milk urea and 
milk fat. levels, and a decrease in milk protein and blood glucose concentrations. As 
regards fa t ty  acid composition of the milk, the proportions of stearic acid and linoleic 
acid rose and  th a t  of oleic acid decreased.

Keywords: D ietary energy, crude protein, fat, metabolism , milk production, 
dairy cow.

In  h igh-y ie ld ing  d a iry  cows la c ta tio n  perfo rm ance an d  chances o f a new  
concep tion  g re a tly  depend  on th e  w ell-balanced  n u tr ie n t  su p p ly  (F arries, 1983; 
G a ttin g e r an d  B au m g artn e r, 1985). As m ilk  p ro d u c tio n  rises, it  becom es m ore  
a n d  m ore d ifficu lt to  provide th e  cows w ith  th e  en erg y  required  (L iip p in g  
an d  K au fm an n , 1979). U nder con d itio n s of th e  u n iq u e  n itrogen  m etab o lism  
ch a rac te ris tic  o f  ru m in an ts , energ y -d efic ien t feeding can  cause p ro te in  d e f i
c iency  even if  th e  crude p ro te in  su p p ly  is ad eq u a te  (K au fm an n , 1976; M iller 
e t  al., 1982). T h e  am o u n t of am m o n ia  p roduced  d u rin g  ru m en  fe rm e n ta tio n
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d ep en d s on b o th  th e  energy  an d  c rude  p ro te in  co n ten t o f th e  ra tio n  (R offler 
a n d  S a tte r , 1974), since these  fac to rs  a ffec t th e  p ro te in  su p p ly  s ta tu s  o f 
ru m in a n ts  in  a com plex  m anner.

In a d e q u a te  energy  su p p ly  m ay  lead  to  d istu rbances o f  th e  in te rm ed ia ry  
m etab o lism . In  severe cases i t  m ay  p la y  a ro le in  th e  dev e lo p m en t of num erous 
d iseases such as d iseases o f th e  ru m e n , abom asum , liv er a n d  fee t (L iipping 
a n d  K au fm an n , 1979; S tö b er an d  D irk sen , 1982; Jo h n so n , 1984). Changes in  
m ilk  com position  m ay  in d ica te  an  u n b a la n c e d  energy s ta tu s  even  before th e  
c lin ica l sy m ptom s o f diseases ap p ear. A cco rd ing  to  F arries (1983), th e  p ro te in  
a n d  fa t  co n ten ts  o r f a t ty  acid  com position  o f  th e  m ilk undergo  changes before 
a  considerab le  decrease in  m ilk  y ie ld  occurs. T he energy a n d  p ro te in  supp ly  
s ta tu s  o f d a iry  cows is w ell re flec ted  in  changes of m ilk u re a  con cen tra tio n s 
(E c k a r t ,  1980; O ltn e r an d  W ik to rsso n , 1983).

In su lin , an  anabo lic  ho rm one, e x e r ts  a p ronounced  in fluence  on th e  
en e rg y  balance  o f cows (B ines an d  H a r t ,  1982). I t  s tim u la tes  p ro te in  and  lip id  
sy n th es is  an d  in h ib its  th e  ca tab o lism  o f th e se  substances (B a sse tt, 1975). T he 
co n c e n tra tio n  of in su lin  co rre la tes w ith  m ilk  p roduction  (H a r t  e t ah, 1978). 
I n  ru m in a n ts  n o t on ly  vo la tile  f a t ty  ac ids (YFAs) b u t also am m onia  p lays 
a  ro le  in  th e  s tim u la tio n  o f insu lin  re lease  (Y isek, 1984). T he q u a n t i ty  of d ie ta ry  
en e rg y  an d  c rude  p ro te in  is o f decisive im p o rtan ce  in  causing  a lte ra tio n s in 
th e  b lood  co n cen tra tio n s  of th e se  co m p o u n d s. T he increased  energy  dem ands 
o f  h igh-y ie ld ing  cows can  less an d  less be  sa tis fied  b y  th e  co n v en tio n a l feeding 
m e th o d s . In c reasin g  th e  p ro p o rtio n  o f c o n c e n tra te  in  th e  r a tio n  is u n fav o u r
ab le  from  b o th  th e  h e a lth  an d  th e  econom ic aspec t (Van B eukelcn  e t al., 1982). 
A possib le w ay  of ra is in g  th e  energy  c o n te n t of th e  ra tio n  is to  supp lem en t i t  
w ith  fa t  (P a lm q u is t an d  Je n k in s , 1980).

P rev ious s tud ies rev ea led  th a t  feed in g  fa t  exerted  an  adverse  effect on 
ru m in a l fe rm en ta tio n  processes (H en d erso n , 1973). T herefore, feed ing  fa ts  in  a 
q u a n t i ty  exceeding 5 %  o f th e  d ry  m a tte r  o f th e  feed is considered  undesirab le  
in  reco m m en d atio n s m ade for ru m in a n ts  (K irchgessner, 1982; N R C , 1978). 
O n th e  o th e r h an d , som e researchers h a v e  observed  th a t  th e  energy  su p p ly  
s ta tu s  can be im p ro v ed  an d  m ilk  p ro d u c tio n  as well as m ilk  fa t  co n ten t can  
b e  increased  b y  feed ing  h igh  fa t  ra tio n s  to  cows (P alm q u ist an d  C onrad, 1978; 
S m ith  e t ah, 1978; K ronfe ld  e t ah , 1980). E specially  th e  so-called  p ro tec ted  
fa ts , w hich  have  been  su b jec ted  to  specia l tre a tm e n ts , seem  to  be  favourab le  
in  ru m in a n t feed ing  (M attos an d  P a lm q u is t , 1974; B lum  e t al., 1985), b u t  
u n tre a te d  (n a tu ra l)  fa ts  m a y  also be b en efic ia l w hen added  to  th e  ra tio n  in  a 
p ro p o rtio n  h igher th a n  th e  u su a l 2 %  o f th e  d ry  m a tte r  (S to rry  e t ah , 1974; 
H e in rich s  e t ah , 1981).

T he ob jec tive  o f  th e  p re sen t e x p e rim e n ts  was to  s tu d y  th e  effect o f 
ra tio n s  o f energy  an d  cru d e  p ro te in  c o n te n ts  d ifferent from  th e  req u irem en ts  
on  som e blood p a ra m e te rs  re flec tin g  th e  cow s’ energy an d  lip id  m etabo lism
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an d  on a lte ra tio n s  in  m ilk  com position . F u rth e rm o re , th e  role o f th e  energy- 
source w as s tu d ie d , b y  ensu ring  p a r t  o f th e  ra t io n ’s energy  co n ten t from  
n a tu ra l (u n p ro tec ted ) fa ts .

M aterials and  m ethods

T w en ty  H o ls te in -F ries ian  R x cows o f a large-scale  d a iry  farm  were u sed . 
T he ex p erim en t la s te d  six  w eeks. T he cows w ere be tw een  d a y  150 and  d a y  240 
o f  th e ir  la c ta tio n . B efore th e  exp erim en t average  m ilk  p ro d u c tio n  was b e tw een
16.3 and  24.0 FCM  k g /d ay . T he cows were a llo tte d  to  four experim en ta l g roups 
o f five an im als each  (G roups A, B, C and  D ). A verage m ilk  p roduction  as w ell 
as th e  n u m b er an d  p h ase  o f  la c ta tio n  were th e  sam e in  th e  fou r groups.

The e x p e rim e n ta l period  consisted of th re e  phases in  w hich d iffe ren t 
feeding regim es w ere used  (Table I). In  th e  f ir s t  p h ase  (days 1 to  14) all e x p e ri
m en ta l cows rece iv ed  a so-called “ basal ra t io n ” correspond ing  to  th e ir  b o d y  
m ass and  m ilk  p ro d u c tio n  level (N RC, 1978). T w e n ty  p er cen t of th e  en e rg y  
req u irem en t w as m e t b y  m ix ing  co rn -sta rch  in  th e  co n cen tra te . In  the  second  
(“ tra n s itio n ” ) p h ase  (days 15 to  28) d ifferen t feed ing  regim es w ere in tro d u ced  
in  th e  four g roups. F ro m  d ay  15, s ta rch  w as o m itte d  from  th e  ra tio n  fed  to  
cows o f G roup A; th u s , th e  energy  co n ten t o f  th e ir  ra tio n  decreased to  8 0 %  
o f th e  req u irem en t. C rude p ro te in  in tak e  w as le f t unch an g ed . Cows of G roup В 
received u rea  in  a m o u n ts  increasing  from  d a y  to  d a y : as a re su lt, from  d a y  28 
o f th e  ex p erim en t th e se  cows w ere given 20%  excess crude  p ro te in . S im ila rly  
to  G roup B, in  G roup  C th e  N co n ten t of th e  ra tio n  w as increased b y  2 0 % , 
while its  energy  c o n te n t w as reduced  to  80 %  b y  o m ittin g  s ta rch . The c ru d e  
p ro te in  c o n te n t o f  th e  ra tio n  fed to  G roup D cows w as g radua lly  ra ised  to  
120%  of th e  ca lc u la ted  req u irem en ts , an d  20 %  of th e  energy  was c o n tr ib u te d  
b y  E nergom ix  (a p u lverized  fa t  p re p a ra tio n  co n ta in in g  50%  stab ilized  a n d  
em ulsified an im al f a t  an d  50%  flaked  corn). I n  th e  th ird  phase of th e  e x p e ri
m en t (days 29 to  42) th e  ra tio n s  described above  wrere fed th ro u g h o u t. W h en  
needed , th e  q u a n t i ty  of th e  ra tio n s was co rrec ted  for th e  cows’ m ilk p ro 
duction .

Blood sam ples w ere ta k e n  a t  th e  end  o f th e  f ir s t  phase  (sam pling tim e  1), 
in th e  m iddle o f th e  second phase (sam pling tim e  2), an d  a t  th e  end of th e  th i r d  
phase (sam pling  tim e  3), a lw ays before th e  m orn ing  feeding. The sam ples 
were assayed fo r b lood  glucose (G) co n cen tra tio n , to ta l  lip id  (TL) and  to ta l  
cholesterol (TCh) c o n cen tra tio n  o f th e  b lood  p lasm a, and  for AST a c tiv ity . 
P lasm a u rea  (P U ) co n cen tra tio n  was d e te rm in ed  b y  a specific en zy m atic  
m ethod  (F a w c e tt a n d  S co tt, 1960) based  on B e rth e lo t’s reac tion . The in su lin  
co n cen tra tio n  o f  th e  b lood  p lasm a was d e te rm in ed  w ith  a horm one analy sis  
k it  based  on 125I-lab e lled  in su lin  (C h atto ra  a n d  W a tts , 1986). On tw o occasions
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(a t  sam p lin g  tim es 1 an d  3) th e  f a t ty  ac id  com position  o f b lood p lasm a lip ids 
w as ex am in ed  by  gas c h ro m a to g ra p h y  (H u sv é th  e t al., 1982).

M ilk p ro d u c tio n  w as recorded , a n d  m ilk  fa t and  m ilk  p ro te in  co n ten ts  
w ere de te rm ined . M ilk u rea  (MU) c o n c e n tra tio n  was also d e te rm in ed  b y  
B e r th e lo t’s m ethod , u sin g  m ilk w hey. T o  o b ta in  m ilk w hey , m ilk  sam ples were 
d ep ro te in ized  w ith  u ra n y l ace ta te  a n d  cen trifuged  a t  8000 rp m  fo r 10 m in.

Also on tw o occasions (sam pling  tim e s  1 and 3), we d e te rm in ed  th e  
q u a n t i ty  o f long-chain  f a t ty  acids in  th e  m ilk  sam ples. F o r th is  p u rp o se , m ilk 
lip id s  w ere e x tra c te d  (H u sv é th  e t a l., 1982) and, w ith  H C l-m ethano l, f a t ty  
ac id  m e th y l esters w ere produced  as describ ed  b y  C hristie  (1973). T he te s t  
m a te r ia l  was dissolved in  chloroform  a n d  th e  fa t ty  acids w ere s e p a ra te d  w ith  
a P ack a rd -B eck er 419 ty p e  gas c h ro m a to g ra p h . C H R O M O SO B B  W H P  o f 100 
to  120 m esh  was used  as solid su p p o rt a n d  10%  CS-10 as liq u id  phase . S ta t is 
t ic a l  ev a lu a tio n  o f th e  d a ta  o b ta in ed  w ith in  and  am ong th e  ex p e rim en ta l 
g ro u p s a t  th e  d ifferen t te s tin g  tim es w as p erfo rm ed  b y  D u n can ’s te s t ,  analysis 
o f v a ria n c e , and  co rre la tio n  and  reg ression  calcu lations (S teel an d  T o rrie , 1960; 
S v áb , 1981).

R esu lts

A lte ra tio n s in  G, T L , TCh an d  P U  co ncen tra tions an d  A ST a c tiv i ty  in  
th e  v a rio u s  ex p erim en ta l groups are  sh o w n  in  Table I I .

Blood G concentration  decreased b y  20 to  30%  in  all fou r e x p e rim e n ta l 
g ro u p s. A t sam pling tim e  2 th e  values o b ta in e d  for G roup C w ere s ig n ifican tly  
d iffe re n t from  those  o f  G roup A (2.32 a n d  2.66 mmol/1). B lood G c o n c e n tra 
tio n s  low er th a n  th e  base line  level p e rs is te d  u p  to  th e  end  o f th e  ex p e rim en t; 
h o w ev er, th e y  d id  n o t  d ro p  below th e  lo w er lim it of th e  physio logical ran g e .

A t sam pling tim e  2, T L  concentration  w as increased in  G roups A, В a n d  D , 
a n d  p ra c tic a lly  u n a lte re d  in  G roup C (2 .21-2 .28  g/1). T here w ere s ig n ifican t 
d ifferences betw een  sev era l o f th e  g ro u p s . T he g rea test increase in  T L  was 
fo u n d  in  G roup D (2.71 to  3.99 g/1). A t sam pling  tim e  3, in  G roups A  a n d  C 
r a th e r  low  T L  co n cen tra tio n s  were m e a su re d ; how ever, even th ese  exceeded  
th e  b ase lin e  level b y  m ore  th a n  50% . In  G ro u p  D an even h igher T L  c o n c e n tra 
tio n  w as found  a t  sam p lin g  tim e 3 (4.14 g/1), as com pared  to  tim e  2.

TC h concentration increased  in  a ll g roups during th e  ex p erim en t. H ow 
ev er, in  th e  tw o g roups fed  an  en e rg y -d efic ien t diet (G roups A  a n d  C) th is  
in c rea se  w as m uch less expressed (3 .18 a n d  3.04 mmol/1, resp ec tiv e ly ). In  
G ro u p  D TCh increased  to  nearly  tw o  a n d  a h a lf  tim es th a t  of th e  baseline 
level (from  2.28 mmol/1 to  5.28 mmol/1).

Blood p lasm a A S T  activity  re m a in e d  w ith in  th e  physio log ical ran g e  
th ro u g h o u t th e  ex p e rim en t in  all e x p e rim e n ta l groups (betw een  19.0 and
31.4 U /l).
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B aseline P U  concentration  (a t th e  f irs t  sam pling) w as a ro u n d  4 mmol/1. 
B y  th e  second sam p lin g  in  G roup A i t  h ad  increased  b y  m ore  th a n  50%  (from  
4.29 to , 6.82 mmol/1). A sim ilar, a lm ost tw ofo ld , increase  in  P U  co n cen tra tio n  
w as found  in  G roups В a n d  C (from  4.15 to  8.10 mmol/1 an d  from  4.23 to  
8.28 mmol/1, resp ec tiv e ly ). T he m ost p ronounced  co n c e n tra tio n  change (a b o u t 
120% ) w as found  in  G roup D , in  cows th a t  h ad  received  f a t  su p p lem en ta tio n  
(from  3.96 to  8.52 mmol/1).

Changes in  p la sm a  in su lin  concentration  are show n in  p er cen t o f th e  
baseline values (F ig . 1). I n  G roup A in su lin  c o n cen tra tio n  decreased to  29%  
o f th e  in itia l va lu e . In  G roup В a sligh t, tra n s ie n t decrease  (sam pling tim e  2) 
was followed b y  a 86 %  increase  up  to  th e  end  of th e  ex p erim en t. T he m ost 
s trik in g  change w as fo u n d  in  G roup C, w here a t  th e  en d  o f th e  ex p erim en t 
in su lin  co n cen tra tio n  w as 4.4 tim es h igher th a n  th e  o rig inal va lue . In  G roup D 
th e  co n cen tra tio n  o f th is  horm one rem ained  p rac tica lly  u n a lte red .

A m ong th e  b lood  p lasm a  lip ids, o f th e  long-chain  f a t ty  acids p a lm itic  
acid  (C16.0), s te a ric  acid  (C18;0), oleic acid  (Clg;1) a n d  linoleic acid (C18;2) 
occurred  in  th e  h ig h est p ro p o rtio n  (T able I I I ) .  T he p ro p o rtio n  of m y ris tic  
ac id  and  p a lm itic  ac id  decreased  sig n ifican tly  in  all g roups an d  a slight re d u c 
t io n  in  th e  p ro p o rtio n  o f  stea ric  acid w as found  in  a ll g roups b u t G roup A.

Tabic I

Composition and nutritive value of the rations

F eeds an d  th e i r G roups a n d  ra t io n s
p a ra m e te rs

B asa l ra t io n A В c D

Energy : protein ratio , % 100 : 100 80 : 100 100 : 120 80 : 120 100 : 120*
Corn silage, kg 18.0 18.0 18.0 18.0 18.0
Alfalfa hay, kg 4.5 4.5 4.5 4.5 4.5
Concentrate, kg 2.0 2.0 2.0 2.0 2.0
Mineral supplement 

(Boscaphos II), g 140 140 140 140 140
Starch, kg 1.5 — 1.5 — —

Urea, g — — 120 120 120
Energomix-50, kg — — — — 0.9
D ry m atter, kg 11.93 10.58 12.05 10.70 11.39
Crude fibre, kg 2.44 2.44 2.44 2.44 2.44
N Ej, MJ** 84.70 67.76 84.70 67.76 84.70
Crude protein, g*** 1743 1743 2092 2092 2092
Crude fat, g 245 245 245 245 650
Ca, g 99 99 99 99 99
P ,g 55 55 55 55 56
U FP, g**** - 9 1 - 1 1 5 -2 1 1 - 2 3 5 - 2 3 0

* 20% of the energy given by fa t; ** milk-producing net energy; ***N x6 .25 ; **** urea 
ferm entation potential (Burroughs et al., 1974)

Acta Veterinaria Hungarica 36, 1988



A
cta V

eterinaria H
ungarica 36, 1988

Table II

Blood param eters tested at the first, second and th ird  sampling time (mean ±  SD)

B lood  glucose 
(mmol/1)

(G) T o ta l  lip id  (TL) 
(g/1)

T o ta l cho lestero l (TCh) 
(mmol/1)

U rea  (P U ) 
(mmol/1)

A ST a c tiv ity
(U/t)

9
Оb

О 1 2 3 1 2 3 • 2 3 1 2 3 1 2 3

A 3.12 2.66e 2.66c 2.21 3.01b 3.22* 1.5 3.0е 3.18c 4.29 6.82c 6.80c 29.8 23.2 18.4
± 0 .16 ± 0.22 ± 0 .24 ±0.30 ±0.27 ± 0.39 ±0.27 ± 0.56 ±0.57 ± 0.50 ± 0 .7 ± 0 .4 ± 7 .1 ± 5 .9 ± 1 .5

В 3.06e 2.406 2.54ь 2.50 3.24af’ 3.56ab 2.04 3.86e 3.70c 4.15 7.95c 8.10c 25.0 31.1 19.2
±0.25 ±0.31 ± 0.15 ±0.43 ± 0.39 ±0.32 ±0.61 ± 0.34 ±0.57 ± 0 .54 ± 1 .3 ±0.67 ± 4 .0 ± 3 .6 ± 3 .5

С 3.00 2.Ъ2Ь 2.70ь 2.21ab 2.28ai> 3.34 1.6 2.88a 3.04a 4.23 9.30ac 8.28ac 29.0 25.8 20.4
±0.21 ± 0.16 ± 0.19 ± 0.39 ±0.47 ±0.36 ±0.22 ± 0.68 ±0.55 ± 0.56 ±0.53 ± 0.66 ± 4 .9 ± 4 .4 ± 1 .6

D 3.24 г.бо" 2.12b 2.71 3.99c 4.14e 2.28 4.3е 5.28c 3.96 1.16e 8.52e 30.6 27.4 19.0
± 0 .44 ±0.36 ± 0.20 ±0.32 ±0.31 ± 0 .24 ± 0.68 ±0.67 ±0.48 ± 0.55 ± 0.96 ±0.27 ± 4 .6 ± 5 .4 +  4.4

NS A - C NS NS A - C A - D NS A - D A - D NS A - C A -  В NS NS NS

Significance 
level of the

A - D
C - D

B - D
C - D

B - C
C - D

B - C
B - D

C - D A - C
A - D

inter-group
differences

B - C
B - D

C - D

Comparison of the values obtained for the same param eter at different sampling times: values indicated w ith the same superscript 
do not differ significantly; P  <  0.05; b: P  <  0.01; e: P  <  0.001
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Table III

F a tty  acid composition of the blood plasma (mean ±  SD)

E x p e rim e n ta l g ro u p s an d  sam p lin g  tim es
C om parison  o f  th e  groups 

a n d  o f  tw o  sam pling  
tim es b y  t te s t

F a t ty  acid A В c D

1 3 1 3 1 3 1 3

^ 12 :0 4.09 
±  1.65

13.0 
+  3.19

4.9 
+  0.14

9.76 
±  4.04

2.46 
+  1.93

9.27 
+  0.51

4.23 
+  0.97

7.83 
+  2.06

*-"14:0 12.32" 
±  3.61

5.11" 
+  0.80

lO ^l*  
+  1.79

4.596 
+  0.78

9.31c 
+  3.52

4.91е 
+  1.04

9.92d 
+  2.04

3.79d 
+  1.11

P <  0.01; 6: P  <  0.001 
c: P <  0.001; d ; p  <  0.001

^ 1 6 ;0 10.74" 
±  1.90

7.20“ 
+  0.26

10.504 
+  1.69

8.236 
+  1.24

13.75е 
+  5.82

8.00е 
+  0.15

12.824 
+  2.90

8.25d 
+  1.12

" :  P <  0.01; * : P <  0.05 
e : P <  0.05; d : P  <  0.05

*-46:1 3.15 
±  0.53

2.36 
+  0.34

3.19 
+  0.88

2.97 
±  0.50

3.56 
+  0.28

2.81 
+  0.43

4.43 
+  0.89

3.23
± 0.17

^ i 8 ;o 10.76 
±  2.68

12.02 
+  0.78

12.96 
+  1.03

11.87 
±  0.49

13.26 
+  1.38

12.54 
+  0.78

13.42 
+  1.69

11.87 
+  0.51

8.3 
±  2.58

8.95** 
+  0.73

9.09 
+  1.37

9.42 
+  1.51

11.70 
+  2.09

10.28 
+  0.50

9.50 
+  1.31

10.81** 
+  1.08

** A - D  P <  0.05

1̂8;2 30.48 
+  11.75

31.98* 
+  2.25

31.29 
+  3.10

31.15* 
+  11.74

26.86
+6 .45

31.67* 
+  0.87

22.33
+8.31"

35.06* 
+  2.61"

* A, 13, C - D  P <  0.05 
P <  0.05

*-■18:3 4.75 
±  0.36

4.12 
+  0.41

5.39 
+  1.16

4.48 
+  0.69

4.09 
+  1.41

4.69 
+  0.47

5.62 
+  1.66

4.91
± 0 .79

Qo:3 3.23 
±  1.32

2.61
+0.58

2.78 
+  0.39

2.96 
+  0.65

3.22 
+  0.54

2.81 
+  0.40

4.15 
+  1.24

2.88
±0.88

*-■20:4 4.65 
±  2.07

3.88 
+  0.86

3.63 
+  0.47

4.73 
+  1.40

4.21 
+  1.33

4.48 
+  0.35

4.90 
+  0.14

3.32
± 0 .12

*-■24:0 3.56 
±  2.4

4.58 
+  1.07

2.73 
+  1.74

6.12 
+  1.63

3.73 
+  0.2

4.55 
+  1.46

4.01 
+  0.77

4.38
± 0 .27
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Table IV

Changes in milk production, milk protein concentration and bu tte rfa t percentage (mean ±  SD)

P a ra m e te rs  a n d  sa m p lin g  tim es

M ilk p ro d u ctio n , 
k g /d ey

M ilk p ro tein ,
%

B u tte r f a t ,0/Jo
S ignificance levels o f  th e  

difference be tw een  m ean s 
o f  th e  d iffe ren t sam plings

1 2 3 1 2 3 1 2 3

A 17.00“ 18.36“ 13.206 4.17 4.37 4.27 3.49c 3.68 з .;2 с ", i>, d. p  <  0.05
± 2 .0 3 6 ±2.42 ± 2.20 ± 0.23 ±0.75 ±0.45 ± 0.25 ± 0 .50 ± 0.80 c: P  <  0.001

B 15.22“ 12.16“ ^ . O O 6 3.95c 4.33c 4.54d 3.37 4.24 3.63 “• Ь’ с: P  <  0.05
+  1.10 ± 2 .58 ±2.65 ± 0 .5 6 d ± 0 .64 ± 0 .34 ±0.17 ± 0 .36 ±0.67 d: P  <  0.001

C 15.30“ 11.24c ю .го6 4.62c 4.17 4.53 3.60 3.78 3.63 “> c: P  <  0.01
+ 0 .8 3 1’ ± 2 .4 ±2.95 ±0.41 ± 0.40 ± 0.49 ±0.32 ± 0.63 ± 0.29

D 17.26“ 14.32“ U .O O 6 4.64c 3.86' 3.74d 3.29е 3.88е З . в ^ “> b. c.d ,e ,S . p  <  0 05

+ 2 .036 ±1.21 ± 1.00 ± 0 .39d ±0.27 ±0.21 ± 0 .37 / ± 0 .52 ± 0 .56

Significance 
level of the 
inter-group 
differences

NS C - D  
P  <  0.05

C - D  
P  <  0.05

NS NS A - D  
P <  0.05

B - D  
P  <  0.01

C - D  
P <  0.05

NS A - В 
P  <  0.01

NS
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L U J L?,J UU D
S a m p lin g  tim es

Fig. 1. Blood plasm a insulin concentrations a t the three sampling tim es, expressed as per cent 
o f th e  baseline value (** significance level of the difference betw een Groups A, В and C:

P  <  0.01)

MU, mmol/!

Fig. 2. Milk urea (MU) concentrations a t  the three sampling tim es (* P  <  0.05; ** P  <  0.01; 
*** P  <  0.001) in Groups А, В, C and D
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Table V

F a tty  acid composition of the milk (mean ±  SD)

СЛto

G roups a n d  sam pling  tim es

F a t ty  acid A В C D

1 3 1 3 1 3 1 3

^10:0 3.23 
+  0.37

3.51
± 0.28

2.62
± 0.80

3.37
± 0.86

2.79
±0.45

2.93
±0.51

3.31
± 0.59

3.55
± 0.94

Cl2:0 4.09
± 0.69

5.17
±0.43

3.67
± 0.56

4.96
± 0.99

3.36
± 0.48

4.62
± 0.85

3.94
± 0 .59

5.14
±0.41

^14;0 12.36
± 1.49

14.64
± 1.03

11.58
± 0.68

12.19
± 1.18

12.02
± 0.68

14.59
± 3 .24

12.69
± 1.09

13.08
±1.07

Cl5;0 3.13
± 0.59

4.56
±0.86

3.29
± 0.46

5.10
± 1 .14

3.49
± 0 .54

4.45
±0.81

3.08
± 0.73

5.38
± 1.18

^16:0 33.81s
±2.61

30 A2abc 
± 1 .14

34.37a
±5.42

27.71Ла
±2.22

35.46л
± 1.50

27.00*
± 1.42

30.70a
±2.97

26.68c
± 1 .64

Cle;i 3.46
±0.57

4.02
± 0.46

3.46
± 0.29

4.97
± 0 .59

3.47
±0.75

4.76
±1.01

2.87
± 0.40

4.37
±0.43

Cl8;0 10.12
±2.42

11.14
±1.87

9.50
± 1.34

11.57
± 1 .74

9.07
±0.51

10.83
± 0.99

9.16
± 0.72

12.53
± 1.38

^18:1 22.79
± 3 .1 4 c

18.98
± 1 .24c

24.77s
± 4 .48

19.91s
± 2 .59

23.78c
± 1.65

19.27c
± 1.29

22.30c
± 2 .04

19.08c
± 0.90

*-■18:2 1.90
± 0 .5 9 °

2.52d
± 0 .3 2 °

2.52
±1.03

3.20
± 0.78

2.40°
± 0 .74

3.42d
± 0 .3 8 °

1.87s
± 0 .49

3.41
± 0 .3 6 °

*-■18:3 1.48
± 0.40

1.46
± 0.30

1.06
± 0.66

2.00
± 0.66

1.61
±0.31

1.97
±0.77

7.0
± 0 .15

1.78
±0.32

Significance level of 
the difference 
between samplings

A: P  <  0.05 
B: P  <  0.01 
C: P  <  0.01 

P  <  0.01

л : P  <  0.05 
s : P <  0.05

Л: P <  0.001 
s : P  <  0.01 
c : P <  0.01 

P  <  0.05

л : P  <  0.001 
S : P  <  0.01 
c : P  <  0.01 
D: P  <  0.001

Significance level of the inter-group differences: a: P  <  0.05; *’c ’ ^  e: P  <  0.01
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In  G roup D th e  p ro p o rtio n  o f oleic acid  increased . A considerab le  rise in  th e  
p ro p o rtio n  o f linoleic acid  occurred  in  G roups C an d  D  (from  26.8 to  31.6%  
an d  from  22.3 to  35 .1% , respec tive ly ).

T he production param eters  s tu d ie d  are show n in  T ab le  IV . A  m ilk  p ro 
d u c tio n  d rop  w as found  in  all fo u r groups a t  sam pling  tim e  2, th e  degree of 
w hich  decrease, how ever, v a ried  b y  group . In  G roup  C th e  m ilk  y ield  k e p t 
decreasing  fu r th e r  up  to  th e  end  of th e  ex p erim en t.

A t th e  beg inn ing  of th e  ex p erim en t, m ilk  p ro te in  concentration  w as b e 
tw een  3.95 an d  4 .65% . In  G roup A i t  d id  n o t change con sid erab ly  even  la te r  on. 
O n th e  o th e r h an d , in  G roup В a 2 0 %  rise (from  3.95 to  4 .64% ) w as observed. 
In  G roup C, a fte r  a tra n s ie n t decrease (from  4.62 to  4 .17% ), m ilk  p ro te in  
co n cen tra tio n  re tu rn e d  to  th e  in itia l level (4 .58% ). In  G roup D th e re  w as a 
b ig  difference betw een  m ilk  p ro te in  values m easu red  a t  th e  f irs t  an d  th ird  
sam pling : a 20%  d rop  occurred  fro m  4.64 to  3 .74% , w hich  is s ig n ifican tly  
low er th a n  th e  average values o b ta in ed  for th e  o th e r groups.

B utterfa t content w as b e tw een  3.29 an d  3 .57% . In  G roup A i t  decreased 
from  3.68 to  3 .12% , w hile in  G roups В an d  C n e a rly  id en tica l va lu es  w ere 
m easu red  a t  th e  beg inn ing  an d  a t  th e  end  o f th e  ex p e rim en t (3.57, 3.60 and  
3 .63% ). On th e  o th e r h a n d , in  th e  m ilk  o f G roup D cows b u t te r f a t  co n ten t 
u n d e rw en t a n ea rly  20%  rise  (from  3.29 to  3 .84% ).

-300 -200 -100

MU,mmol/l

10

8

7

■6

-5

A

-3

2

1

100 UFP.g

Fig. 3. Relationship betw een urea ferm entation  potential (U FP) of the feeds and milk urea
(MU) concentrations
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M ilk  urea ( M U )  concentration  was in  close co rre la tio n  (r =  -(-0.86; 
P  <  0.01) w ith  th e  P U  level. A t th e  beg inn ing  o f th e  ex p erim en t th e  group 
averages ranged  b e tw een  3.04 a n d  4.24 mmol/1 (F ig . 2). In  G roup A , M U con
c e n tra tio n  increased  b y  n e a rly  4 0 % ; in  th e  o th e r  g roups a s till g rea te r  con
c e n tra tio n  change w as fo u n d : in  G roups В an d  C, M U increased  b y  ab o u t 150 
a n d  by  more th a n  2 0 0 % , resp ec tiv e ly , b y  th e  tim e  o f th e  second sam pling. 
I n  G roup D a s im ila r  c o n c e n tra tio n  change w as o bserved  as in  G roup B.

In  th e  fa t ty  acid  com position o f  m ilk  lip ids  (T able  V) considerab le  a lte ra 
tio n s  occurred in  th e  p ro p o rtio n  o f p a lm itic  ac id  a n d  oleic acid . T h e  p ro p o r
t io n  of bo th  of th e se  f a t ty  acids decreased  in  all fo u r g roups; in  G roups В 
a n d  C the  change w as m ore exp ressed  th a n  in  G roups A an d  D. In  G roup D 
o n ly  th e  co n tr ib u tio n  o f s tea ric  ac id  an d  linoleic acid  increased  considerab ly . 
C om paring  th e  v a rio u s  groups a t  th e  end o f th e  e x p e rim en t, o n ly  in  G roup A 
d id  th e  p ropo rtio n  o f  p a lm itic  ac id  exceed 30% , w hereas in  th e  sam e group 
th e  proportion  o f lino le ic  acid  rem a in ed  s ig n ifican tly  (P  <  0.01) low er.

W e exam ined  th e  con n ec tio n  b e tw een  m ilk  u re a  co n c e n tra tio n  (y, mmol/1) 
o f  cows in  th e  d iffe ren t g roups a n d  th e  U F P  va lu es  (x , g) o f th e  fiv e  d ifferen t 
feed s form ulated  b y  us (basal, А, В , C an d  D). U F P  (u rea  fe rm e n ta tio n  p o te n 
t ia l)  expresses th e  en e rg y  an d  p ro te in  ra tio s  of th e  d iffe ren t d ie ts  an d  m ixed 
feed s, and th e  d ig e s tib ility  o f th e ir  p ro te in  in th e  ru m en  (B urroughs e t ah, 
1974). A close n eg a tiv e  co rre la tio n  (r =  —0.90; P  <  0.001) w as fo u n d  betw een  
th e se  tw o p a ra m e te rs  (F ig . 3). In  th e  ran g e  s tu d ied  b y  us, th e  lin ea r  re la tio n 
sh ip  could be d esc rib ed  b y  th e  eq u a tio n  y  =  0.928 — О.ОЗх.

D iscussion

In  th e  p re se n t e x p e rim en t we s tu d ied  th e  effect o f ra tio n s  w ith  energy 
a n d  crude p ro te in  c o n cen tra tio n s  d iffe ren t from  th e  o p tim u m  on d a iry  cows 
in  m id-lac ta tion . I n  one o f th e  ex p e rim en ta l g roups (G roup D) m ost of th e  
en e rg y  req u irem en t w as m et b y  a su p p lem en t o f h igh  fa t  c o n te n t ad d ed  to  the  
ra t io n . Our choice fe ll on  th is  perio d  of la c ta tio n  to  avo id  th e  possib le con
fo u n d in g  effects o f  h o rm o n a l changes associated  w ith  p a r tu r it io n  an d  inv o lu 
tio n . For crude p ro te in  overfeed ing  th e  excess N w as p ro v id ed  b y  adding , 
a f te r  an adequa te  a d a p ta t io n  period , u rea  to  th e  c o n cen tra te . U rea  is rap id ly  
a n d  com pletely h y d ro ly sed  in  th e  ru m en  an d  is su itab le  fo r rev ea lin g  re la tio n 
sh ip s  betw een N overfeed ing  an d  en erg y  su p p ly  s ta tu s .

In  our ex p e rim en ts  n e ith e r  a  20%  energy  defic iency  (G roup A) n o r a 
2 0 %  crude p ro te in  overfeed ing  (G roup  B) caused m etabo lic  d iso rders. S im i
la r ly  to  the  o b se rv a tio n  rep o rted  b y  S m ith  e t al. (1978), su p p le m e n ta tio n  of 
th e  feed m ix w ith  f a t  h a d  a fav o u rab le  d ie te tic  effect.

O f th e  b lood p a ra m e te rs  te s te d , G co n c e n tra tio n  rem ain ed  w ith in  th e  
physio logical ran g e  th ro u g h o u t. N e ith e r  d id  th e  v a ry in g  energy  su p p ly  level
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re su lt in  sign ifican t differences b e tw een  th e  groups. O ur re su lts  su p p o rt th e  
o p in ion  o f R eid  an d  H inks (1963), w ho claim ed th a t  in  ru m in a n ts  b lood  glucose 
leve l w as n o t su itab le  for assessing th e  energy  supp ly  s ta tu s .

T he tra n s ie n t decrease in  b lood  G level observed in  G roups В an d  C m ay  
h a v e  been  induced  b y  sup p lem en tin g  th e  feed w ith  u rea , as i t  h a d  been  fo u n d  
ea rlie r in  sheep (L eonard  e t al., 1977).

T he s trik in g  rise o f th e  T L  level found  in  G roup D can  be a t t r ib u te d  to  
f a t  su p p lem en ta tio n  (A strup  e t a l., 1976; P a lm q u is t an d  C onrad , 1978). T he 
co n cen tra tio n  rise observed in  G roup  A is a conco m itan t o f energy  deficiency. 
T h e  increase of th e  T L  level in  G roup  В is rem ark ab le  since i t  w as accom pan ied  
b y  a  sim u ltaneous rise in  th e  c o n c e n tra tio n  of insu lin , a ho rm one  o f a n t i 
lip o ly tic  p ro p e rty . P resum ab ly , th e  am m onia  derived  from  th e  d ie ta ry  u rea  
m u s t  h av e  resu lted  in  an  en h an ced  ad rena line  p ro d u c tio n . As opposed  to  
in su lin , ad rena line  has a lip o ly tic  effect (Sym onds e t a l., 1981). A sim ilar 
s i tu a tio n  occurred  in  G roup C, w here  energy  deficiency w as coup led  w ith  c rude  
p ro te in  overfeeding. The an tilip o ly tic  effect o f th e  h igh in su lin  co n cen tra tio n s  
m easu red  in  th a t  group m u st h a v e  b een  com pensated , b y  th e  tim e  o f th e  th ird  
sam p lin g , b y  horm ones s tim u la tin g  lip id  m obilization , or th e  large  am o u n ts  of 
am m o n ia  p ro d u ced  m ay  h av e  b locked  th e  action  of in su lin  (Yisek, 1984).

As opposed to  o thers (T a in tu rie r  e t a l., 1984), we o bserved  a rise  in  th e  TCh 
le v e lin  all four groups. N am ely , cho leste ro l co n cen tra tio n  w as u su a lly  th e  h ighest 
a t  th e  end  of th e  f irs t  th ird  o f  la c ta t io n  (K w eon e t a l., 1986), an d  th e  low est 
a f te r  p a r tu r it io n  (P ethes e t a l., 1984). In  o u r s tu d y , a lread y  a t  sam pling  tim e  
1 w e found low er TCh co n cen tra tio n  th a n  th a t  m easured  in  th e  sam e phase  
o f la c ta tio n  b y  o th ers  (K w eon e t a l., 1986). S u p p lem en ta tio n  o f th e  feed  w ith  
f a t  ra ises th e  cholesterol co n cen tra tio n  o f th e  blood p lasm a in  ru m in a n ts  (S h arm a  
e t  a l., 1978; W ren n  e t al., 1978), as i t  w as seen in  G roup D o f o u r ex p erim en t. 
I n  c o n tra s t w ith  w h a t is seen in  m onogastric  an im als, in  ru m in a n ts  th e  fa t  
a d d e d  to  th e  d ie t is n o t ke togen ic . In  an im als w ith  a com posite  s to m ach , 
decom position  o f chylom icrons an d  V L D  lipop ro te in s ta k e s  p lace in  e x tra h e p a tic  
tissu es , in d a iry  cows p rincipally  in  th e  u d d er (P a lm q u is t an d  M atto s, 1978).

AST a c tiv ity , w hich is an  in d ic a to r  of possible h e p a tic  d y sfu n c tio n s, d id  
n o t  change considerab ly  in  e ith e r  o f th e  groups d u rin g  th e  ex p e rim en t. This 
allow s us to  conclude th a t  th e  ex p e rim en ta l diets d id  n o t  cause  ap p reciab le  
d am ag e  to  th e  liv e r paren ch y m a. T h u s , th e  s ta tu s  of th e  liv e r  d id  n o t in fluence  
m ilk  an d  p lasm a u rea  (MU an d  P U ) level. A ltera tions in  M U  can , th e re fo re , 
be considered  a good in d ica to r o f th e  energy  and  crude  p ro te in  su p p ly  s ta tu s . 
T h e  M U values m easured  a t  th e  b eg in n in g  o f th e  ex p erim en t (3 .04-4 .24  inmol/1) 
fa ll in  a range ind ica tiv e  of a w ell-balanced  energy an d  N  su p p ly  m eeting  th e  
req u irem en ts  (E c k a rt, 1980; O ltn e r  an d  S jan n ja , 1982). I n  G roup  A th e  rise 
o f  u re a  co n cen tra tio n s was less expressed  th a n  in  th e  g roups w hich  w ere 
o verfed  w ith  c ru d e  p ro te in . T h e  g re a te s t co n cen tra tio n  rise w as p ro d u ced  by
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ra tio n s  defic ien t in  e n e rg y  b u t  co n ta in in g  su p ra o p tim a l q u an titie s  of crude 
p ro te in  (sim ultaneous re la tiv e  and  ab so lu te  N overfeeding). Cows given f a t  
su p p lem en ta tio n  h a d  h ig h  m ilk and  p la sm a  u rea  levels, suggesting  th a t  
a lth o u g h  fa t su p p le m e n ta tio n  of th e  d ie t can  im p ro v e  th e  energy supp ly  
s ta tu s  o f  ru m in an ts  (K ro n fe ld , 1976; B ald w in  e t a l., 1985), i t  has no influence  
on th e  p ro te in  sy n th e s iz in g  a c tiv ity  of th e  ru m en  m icro flo ra  (B lum  et a l., 1985; 
L ü p p in g  and  K a u fm a n n , 1979; R ohr e t a l., 1978). T he close n eg a tiv e  co rre la tion  
fo u n d  betw een  th e  U F P  o f th e  feeds an d  M U co n c e n tra tio n  proves th a t ,  w ith in  
th e  ran g e  stud ied  b y  us (U F P  =  90-235; M U  c o n cen tra tio n  =  2 .5 -10  mmol/1), 
M U  co n cen tra tio n  is a  good  in d ica to r of th e  energy  an d  p ro te in  supp ly  s ta tu s  o f 
th e  ru m en  m icroflora.

I n  G roup D , f a t  su p p lem en ta tio n  o f  th e  d ie t e x e rte d  a s ign ifican t effect 
on th e  f a t ty  acid co m p o sitio n  of th e  b lood  p lasm a. A fte r  th e  ingestion  o f large 
a m o u n ts  o f fa t, th e  p ro p o r tio n  of pa lm itic  ac id  w as fo u n d  to  decrease in  calves 
(W ren n  e t al., 1978). T h eo re tica lly  th e  u p ta k e  o f excess f a t  m igh t also h av e  
acco u n ted  for th e  in c re a se d  p roportion  o f  linoleic ac id , th o u g h  m ost o f th e  
u n s a tu ra te d  f a t ty  ac ids g e ttin g  in to  th e  ru m e n  w ith  th e  feed  becom e s a tu ra te d  
b y  m icroorganism s (K e p le r  e t al., 1966), a process re su ltin g  in  an  increased  
p ro p o rtio n  of stea ric  ac id . W hen large a m o u n ts  o f c o n c e n tra te  are fed , th e  
s a tu ra t in g  a c tiv ity  o f  m icroorgan ism s decreases (P a lm q u is t an d  Jen k in s , 1980) 
a n d , th u s , p a r t  o f th e  f a t  leaves th e  fo restom achs in  u n s a tu ra te d  s ta te . In  th e  
beg in n in g  of th e  p re se n t ex p erim en t r a th e r  large q u a n titie s  o f s ta rch  w ere fed 
(co rrespond ing  to  2 0 %  o f  th e  d ie ta ry  energy). S upposed ly , th is  could have  
red u ced  th e  s a tu ra tin g  a c tiv i ty  of b ac te ria .

T he increased p ro p o rtio n  of linoleic acid  observed  in  G roup C m ig h t 
in d ic a te  an  enhanced  lip id  m obilization  from  th e  fa t  d ep o ts , a process observed  
b y  us in  energ y -d efic ien t sheep earlier (M agdus e t a l., 1985). On th e  o th e r 
h a n d , th e  ch a rac te ris tic , opposite  co n cen tra tio n  changes o f  stea ric  acid and  
oleic acid , w hich are ty p ic a l  o f  early  la c ta tio n  an d  energy  deficiency, were n o t 
o b serv ed  in  any  of th e  g ro u p s (H u sv é th  e t  a l., 1982).

T he progress o f la c ta t io n  p layed  a ro le  in  th e  re d u c tio n  o f m ilk  p ro d u c
tio n  in  all four groups. T h is  fac t, how ever does n o t a ffec t th e  in te rp re ta tio n  
o f  o u r d a ta , since th e  m ilk  p ro duc tion  d ro p  w as accom pan ied  b y  a sligh t 
decrease  of m ilk u re a  c o n cen tra tio n  (by  0.06 mmol/1 p e r  one kg  of m ilk ; 
K irch g essn er e t al., 1986).

T he m ore p ro n o u n ced  m ilk p ro d u c tio n  drop  o bserved  in  G roup C m ay  
h a v e  been  a ttr ib u ta b le , a t  leas t in  p a r t ,  to  th e  m ark ed  d isp ro p o rtio n a ten ess  
ex is tin g  betw een  th e  e n e rg y  an d  crude p ro te in  c o n te n t o f th e  feed. In  G roup D 
fa t  su p p lem en ta tio n  so m ew h a t increased th e  p ersistence  o f m ilk  p ro d u c tio n  
(M ay n ard  e t al., 1941; H e in rich s  et al., 1981).

In  G roup A fed  a n  energy -deficien t d ie t we could  n o t  observe th e  decrease 
in  m ilk  p ro te in  c o n c e n tra tio n  rep o rted  b y  K irchgessner e t al. (1986). In  G roup
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В a b u n d a n t c ru d e  p ro te in  and  sa tis fa to ry  energy  su p p ly  led  to  an  increase  in  
m ilk p ro te in  co n cen tra tio n  (Mac Leod e t a l., 1984). In  ru m in a n ts  blood glucose 
and  vo la tile  f a t ty  acids co n s titu te  th e  m ain  energy  source  o f m ilk p ro te in  
syn thesis  (P elissier e t al., 1986). F a t  feed ing  decreases th e  co n cen tra tio n s of 
th e  above tw o  m etabo lites and  does n o t p ro m o te  m icrob ia l p ro te in  sy n th es is  
in  th e  ru m en  (P a lm q u is t and  M oser, 1981). P re su m ab ly , th is  is w hy we fo u n d  
in  G roup D a  decrease in  m ilk p ro te in  co n cen tra tio n , w h ich  w as observed  b y  
o th ers  w hen  feed ing  soybean oil o r ta llo w  to  cows (C lap p erto n  and  S teele , 
1985). D esp ite  th e  ra th e r  la rge  d ro p  of m ilk  p ro d u c tio n , n e ith e r  m ilk p ro te in  
n o r b u t te r fa t  c o n te n t changed  in  G roup C.

T he energy -deficien t d ie t fed  in  G roup  A  re su lted  in  decreased b u t te r f a t  
co n ten t. O n th e  o th e r  han d , in  G roup D th e  g rea te r f a t  in ta k e  led to  a  co n 
sid e rab ly  in c reased  b u tte r fa t  p ercen tag e  (P a lm q u is t an d  C onrad , 1978; W ren n  
e t a l., 1978). T h is w as in d ica ted  b y  th e  g re a te r  increase  o f  th e  p ro p o rtio n  of 
s tea ric  acid  a n d , p resum ab ly , linoleic ac id  th a n  in  th e  o th e r  groups (m aize, 
w hich w as th e  c a rr ie r  of th e  fa t  su p p lem en t, is rich  in  lino leic  acid). In  G roups 
В an d  C th e  e lev a ted  insu lin  c o n c e n tra tio n  accoun ted  fo r  th e  decreased  p ro 
p o rtio n  of p a lm itic  acid and  oleic acid , b y  in h ib itin g  lip id  m obilization  fro m  
th e  f a t  depo ts.

A lte ra tio n s  o f  insu lin  co n cen tra tio n  in  d iffe ren t d irec tio n s w ere cau sed  
b y  a com bined  ac tio n  of several fac to rs . I n  G roup A, d ecreased  energy in ta k e  
an d  reduced  fo rm a tio n  of p ropionic  ac id  (om ission o f  s ta rc h  from  th e  b a sa l 
d iet) p lay ed  a ro le  (B ines and  H a r t,  1982). In  G roups В a n d  C th e  large am o u n ts  
o f  am m onia  p ro d u ced  in  th e  ru m en  m u s t h av e  en h an ced  th e  secre tion  o f 
insu lin , in d u ced  in su lin  resistance  an d  decreased  th e  m etab o lic  clearance o f 
th e  horm one (Visek, 1984).
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DIGESTION AND FAECAL MINERAL CONTENT 
OF VIRGINIAMYCIN-FED RABBITS EXPOSED  

TO PHYSIOLOGICAL AND SIMULATED STRESS

S. F e k e t e , L. Ma e r t e n s * and Gy . T ö lg y e si

D e p artm en t o f  A nim al N u tr itio n , U n iv e rs ity  o f V e te rin a ry  Science, 
H-1400 B u d ap est, P .O . B o x  2, H u n g a ry ;

* R esearch  S ta tio n  fo r Sm all A n im al B reed in g , B-9220 M erelbeke, B elgium

(R eceived J u ly  20, 1987)

T he effect o f v irg in iam ycin  on  n u tr ie n t  d ig estib ility  a n d  faecal m ineral c o n te n t 
w as s tu d ied  in ra b b its . The dose w as 30 m g/kg feed. I n  p a r t  o f th e  ex p erim en ta l 
p e rio d , th e  ra b b its  received ACTH, 0.5 IU /k g  bo d y  m ass. S u p p lem en ta tio n  o f  th e  feed  
w ith  v irg in iam y c in  im proved  p ro te in  d ig es tib ility  b y  a b o u t  4 % . A t th e  sam e tim e , 
th e  d ig es tib ility  o f crude ash  decreased  b y  10% . T he d ig es tib ility  coefficients o f  en erg y  
a n d  organ ic  m a t te r  d id  n o t change. A C T H  tre a tm e n t d id  n o t  in fluence n u tr ie n t  d i
g estib ility , e ith e r in  ra b b its  fed th e  b a sa l d ie t or in th o se  g iven  th e  v irg in iam y c in - 
su p p lem en ted  d ie t. V irg in iam ycin  su p p le m e n ta tio n , as w ell as A C TH  tre a tm e n t,  a lte re d  
th e  m in era l com position  of tb e  faeces (K  + , N a +, Cu2+) a n d , p a rticu la rly , th e  ra tio  o f 
ce rta in  m in era l e lem en ts (N a : K).

K eyw ords: V irg in iam ycin , stre ss , d ig es tib ility , faeces m ineral, ra b b it .

W hen  ad d ed  to  th e  feed, v irg in iam y c in  im proves feed u tiliz a tio n  in  
p o u ltry  an d  swine (Pow ley  e t al., 1981; Miles e t al., 1984), increases th e  av e rag e  
d a ily  b o d y  m ass gain  an d  reduces losses caused b y  en te ric  d isorders (B erga- 
m asch i, 1979). A t a dose ra te  of 20 m g /kg  o f feed, v irg in iam y cin  w as fo u n d  
to  e x e r t a beneficial effect on th e  p ro d u c tio n  p a ram e te rs  in  ra b b its  (O k erm an ,
1982). C o n tra rily , Solca e t al. (19806) re p o rte d  t h a t  v irg in iam y cin  fa iled  to  
a lte r  th e  average  d a ily  body  m ass gain  a lth o u g h  it  d id  im prove  feed efficiency . 
C arregal e t al. (1984) failed  to  d e m o n s tra te  an y  beneficial effect o f v irg in ia 
m ycin  on e ith e r  b o d y  m ass gain or feed  efficiency. Y andaele  (1980) rev iew ed  
th e  s tu d ies  con d u c ted  on v irg in iam ycin  b y  various researchers an d  m ad e  th e  
follow ing s ta te m e n ts : w hen m ixed in  th e  feed a t a dose ra te  of 20 m g/kg , th e  
a n tib io tic  im proved  th e  average d a ily  b o d y  m ass gain  an d  feed u tiliz a tio n  o f 
grow ing ra b b its  b y  5 to  10% . P re g n a n t does fed on v irg in iam y c in -su p p le 
m en ted  d ie ts  b rin g  fo r th  young ra b b its  w eighing  5 g m ore a t  b ir th . T h e  com 
p o u n d  is p rac tica lly  a to x ic : no ad v erse  consequences occur even a f te r  fiv e- to  
ten -fo ld  overdosing. E x p erim en ts  w ith  p o u ltry , calves an d  ra b b its  h av e  show n 
th a t  no v irg in iam ycin  residues are le f t o v e r in  th e  m eat.

In v es tig a tio n s  in to  its  m echan ism  o f ac tion  h av e  revealed  th a t  v irg in ia 
m ycin  reduces th e  n e t  m ass of th e  sm all in te s tin e  a n d  caecum  (K ing , 1974) 
an d  th e  th ick n ess  of th e ir  m ucous m em b ran e  (K ing , 1971; C o s ta -B a ttlo ri, 
1976). A ccord ing  to  th e  detailed  an a ly s is  perfo rm ed  b y  Solca e t al. (1980a),
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p r im a rily  th e  w all o f  th e  in te s tin a l p o rtio n s  p lay in g  an  im p o r ta n t ro le in 
a b so rp tio n  becom es th in n e r , in d ica tin g  th e  hea lin g  o f a subclin ical in f la m 
m a tio n .

R uffin i-C astrov illi e t al. (1980) s tu d ie d  th e  effect o f v irg in iam ycin  on 
th e  food-hygien ic v a lu e  o f tab le  ra b b its . T h e y  found  th a t ,  th o u g h  v irg in ia 
m y c in  changed th e  f a t ty  acid com position  o f th e  f a t  d epo ts, th is  change w as 
n o t  d e tr im e n ta l to  th e  k itch en  value o f  th e  ra b b its .

I n  th e  d ig e s tib ility  stud ies p erfo rm ed  b y  R igon i e t al. (1980) v irg in ia 
m y c in  im proved  th e  d ig estib ility  of p ro te in , f a t  an d  gross energy , and  slig h tly  
w orsened  th a t  o f c ru d e  fib re . T he N re te n tio n  an d  fa t  in co rp o ra tio n  of grow ing 
ra b b its  increased  b y  2 0 %  and  4 % , re sp ec tiv e ly , a change fav o u rab le  fo r th e  
consum er. T he s tu d ie s  done by  P arig i-R in i (1981) on w ean ling  ra b b its  also 
show ed  th a t  v irg in iam y c in  im proved  en erg y  an d  crude  p ro te in  d ig estib ility  
a n d  increased  N re te n tio n .

T he stud ies m e n tio n e d  above h a d  b een  ca rried  o u t u n d e r  good, w ell- 
co n tro lled  e x p e rim e n ta l conditions. U n d e r co n d itions o f u p -to -d a te  a n im a l 
p ro d u c tio n  an im als a re  freq u en tly  exposed  to  stresso rs an d  ge t in to  a s ta te  
o f  s tre ss  (M arina a n d  T onkonglas, 1982). E x tre m e  a m b ie n t te m p e ra tu re s  
(C hristison  an d  J o h n so n , 1972), m a ln u tr it io n  (S m ith  e t al., 1975) or o v e r
crow ding  (M aertens a n d  D eG roote, 1984) m a y  ac t as stresso rs. E lev a ted  b lood  
glucocortico id  level is know n  to be one o f th e  ch a rac te ris tic  fea tu res  of stress  
co n d itio n  (Selye, 1956). T h is im pairs th e  o rg an ism ’s resis tan ce  aga in st in fec
tio n  (L u  c t al., 1982) an d  m ay  lead  to  a lte ra tio n s  in  th e  com position  o f th e  
in te s tin a l flo ra  (K o v ács e t al., 1980).

In  th e  p re se n t w o rk  we exam ined  th e  effect o f v irg in iam ycin  on th e  
r a b b i ts ’ digestion  n o t  o n ly  u n d er o p tim u m  co n d itio n s b u t  also in  stress co n d i
tio n  elicited b y  a d m in is te rin g  ACTH , a m e th o d  w idely  used  fo r s im u la tion  o f 
s tre ss  (F riend  e t a l., 1977; D avies an d  S iopes, 1985). C onsidering th a t  b o th  th e  
e le v a te d  blood co rtico s te ro id  level an d  v irg in iam y c in  feed ing  can  a lte r  th e  
a b so rp tio n  of c e r ta in  m inerals (R oe, 1974; H e n ry  e t al., 1986), th e  m inera l 
com position  of faeca l sam ples collected in  v a rio u s  stages o f th e  ex p erim en t 
w as determ ined .

M aterials an d  m ethods

T en  fem ale r a b b its  of th e  C alifo rn ian  b reed , aged 4 -5  m on ths a n d  
2.9 zb 0-3 kg in  b o d y  m ass, were used. T h e  an im als  w ere assigned to  tw o  m ain  
ex p e rim en ta l g ro u p s: co n tro l (C) an d  a n tib io tic - tre a te d  (A). T h e  d iet of th e  
l a t te r  ra b b its  c o n ta in e d  30 m g v irg in iam y c in  (S m ith  a n d  K line, B russels) 
p e r  kg . The g ra n u la te d  feed of 0 .5 x 1 .0 -1 .2  cm  p e lle t size consisted  of 11%  
co rn , 15%  w h ea t, 1 2 %  oa ts, 5%  w h ea t b ra n , 14%  e x tra c te d  sunflow er m eal,
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2 %  e x tra c te d  soybean  m eal, 35%  alfalfa  m eal, 2 %  d rie d  sugar-bee t p u lp , 
2 %  F av o rit-5 0  (a f a t  p re p a ra tio n ), 1%  A P-17 (ca lc ium  p h o sp h a te ), 0 .5 %  
sodium  chloride and  0 .5 %  v itam in -m icro e lem en t p rem ix  (B C R ). The ch em 
ical com position  of th e  d ie t is show n in  T ab le  I.

T he tw o groups of ra b b its , each consisting  o f 5 an im als , w ere p laced  
in to  m etabo lic  cages an d  offered feed an d  d rin k in g  w a te r  ad  lib itu m . T he

Table I

Chemical com position of th e  experim ental d ie ts

C o n stitu en ts* C ontro l (C)
A n tib io tic -  
t r e a te d  (A)

D ry  m a tte r , % 89.20 89.30
Crude ash , % 4.85 4.90
Crude p ro te in , % 20.48 20.53
Crude fib re , % 11.70 11.65
Crude fa t, % 5.0 4.9
N-free e x tra c t,  % 57.97 58.02
Gross energy, M J/kg 18.61 18.62

* D ry  m a tte r  is expressed in  pe r cen t o f th e  d iet, all o th er v a lu es are expressed in  pe r 
cen t of d ry  m a tte r

anim als w ere w eighed in d iv id u a lly  every  M onday an d  F r id a y . T he ex p erim en t 
la s ted  six  w eeks. T he f ir s t  w eek w as th e  p re p a ra to ry  p h a se , w hereas th e  2nd  
an d  3rd  w eeks rep resen ted  th e  m ain  (collection) phase  o f  th e  basic d ig estib ility  
s tu d y . In  th e  fo u rth  w eek A C TH  tre a tm e n t of all ra b b its  w as s ta r te d , w ith  
daily  in tra m u sc u la r  doses o f  0.5 IU /k g  b o d y  m ass (E x a c tin  in jec tab le , G. R ic h 
te r  P h a rm a c e u tic a l W orks, B u d ap est) . T h e  fo u rth  w eek w as reg ard ed  as tr a n s i
tio n  period . In  th e  su b seq u en t tw o w eeks A CTH  tr e a tm e n t  w as c o n tin u ed  
an d  a new  d ig estib ility  s tu d y  w as perfo rm ed  to  e lu c id a te  th e  re la tio n sh ip  of 
ex p erim en ta lly  in d u ced  stress  an d  d igestion . I t  shou ld  be  n o ted  t h a t  we 
d e lib e ra te ly  chose a sm all A CTH  dose to  sim ula te  physio log ica l s tress co n d i
tions (S a tte rlee  e t al., 1977; R u d o lph , 1982).

F aeca l sam ples w ere collected  w eekly  from  each  ra b b i t .  A fter rem o v in g  
acc id en ta l so ft faeces co n tam in a tio n , th e  faecal sam ples w ere sto red  a t  — 24 °C 
u n til  an a ly sed . C hem ical ex am in a tio n  o f  th e  feed a n d  faeces was p erfo rm ed  
accord ing  to  th e  reco m m en d atio n s o f th e  A.O.A.C. (1970). Gross energy  con
te n t  w as d e te rm in ed  w ith  an  a d iab a tic  bom b  calo rim eter. T he faeces m inera ls  
w ere assayed  b y  a to m -ab so rp tio n  sp e c tro p h o to m e try  (P e rk in -E lm er, 1979), 
co lo rim etry  an d  tu rb id im e try . In  ca lcu la tin g  th e  d ig es tib ility  coefficients, th e  
q u a n ti ty  o f  caeco troph  w as n o t ta k e n  in to  considera tion  (F ek e te  an d  B okori, 
1985). S ta tis tic a l ev a lu a tio n  w as carried  o u t as describ ed  b y  P earce (19651.
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R esults

The m ean d ig e s tib ility  coefficients m easu red  in  th e  2 n d  an d  3rd  w eek 
( “ physiological s ta te ” ), in  th e  4 th  w eek (“ tra n s itio n  p e rio d ” ) an d  in  th e  5 th  
a n d  6 th  w eekof th e  e x p e rim e n t (“s im u la ted  s tre ss : A CTH  tr e a tm e n t” ) are  sum -

Table I I

E ffe c t o f 30 m g/kg v irg in iam y c in  given in  th e  feed  on th e  d igestib ility  coefficients (DC) in 
d ifferent periods o f th e  ex p erim en t in th e  con tro l (C) and an tib io tic -tre a te d  (A) group

(m ean ±  SEM )

D ig es tib ility  coeffic ien ts (DC), %

G roup d r y  m a t t e r c ru d e  ash  <organ ic  m a t te r c ru d e  p ro te in gross en e rg y

C A C A C A C A C A

W eek s 2-3 75.7 75.4 48.9’* 38.7 77.3 77.3 79.7* 84.5* 75.2 75.4
1.1 0.9 2.4 2.9 1.1 0.7 1.4 1.1 1.2 0.9

W eek  4 76.3 75.2 41.4 32.2 78.3 77.3 80.6 83.5 76.0 75.3
1.3 2.5 7.5 5.7 1.6 2.4 0.4 2.2 1.4 2.4

W eeks 5-6 76.0 74.9 55.1'* 43.6* 77.3 76.3 80.3* 83.7* 75.5 74.5
0.4 0.4 0.4 3.3 0.5 0.4 0.1 0.8 0.4 0.3

W eek s 2-6 75.9 75.2 49.6** 38.9** 77.4 76.9 80.0** 84.0** 75.4 75.0
0.5 0.5 1.8 2.1 0.5 0.5 0.6 0.6 0.5 0.5

* P  <  0.01; ** P  <  0.05
DC D igestib ility  coefficient

Table I I I

M ineral com position o f faeca l sam ples, grouped according to  an tib io tic  supp lem en tation  
an d  ACTH trea tm e n t (m ean  +  SEM)

G roups a n d  n u m b er  o f sam ples

M ineral У  irg in ia m y  cin- 
f re e  d ie t ,  no  

A C T H  tre a tm e n t  
(n  =  10)

V irg in iam ycin- 
free  d ie t, to ta l  

(n  =  25)

V irg in iam y cin  N o  A C T H  
su p p le m e n ta tio n  t r e a tm e n t  
(30 m g /k g  feed) (n =  20)* 

(n  =  25) '  '

A C TH  
tre a tm e n t 
(n  = 20)*

P o tassiu m , g/kg 4.8 + 1.05 5 .2 +  1.3 4.1 + 1.0 4 .0 +  1.1 5.1 + 1.2
C alcium , g/kg 1 7 .6 + 0.65 1 7 .8 +  2.3 1 8 .0 + 2.1 1 7 .9 +  1.3 1 7 .2 + 2.7
P h o sp h o ru s, g/kg 16.2 + 1.05 1 6 .3 +  2.1 16.0 + 2.0 1 6 .3 +  1.1 15.2 + 2.6
S u lp h u r, g/kg 3.7 + 0.36 3 .8 +  0.6 3 .9 + 0.6 3 .6 +  0.5 3 .9 + 0.7
M agnesium , g/kg 5 .8 + 0.39 5 .7 +  0.6 5 .4 + 0.7 5 .7 +  0.7 5 .4 + 0.9
Sod ium , g/kg 1.8 + 0.65 1 .6 +  0.6 2.1 + 0.7 2 .1 +  0.7 1 .7 + 0.7
A lum in ium , mg/kg 1 8 2 .0 + 74.0 16 5 .0 +  80.0 213 .0+ 152 .0  2 1 8 .0 + 1 5 3 .0 181 .0+105 .0
Iro n , m g/kg 7 4 8 .0 + 1 6 0 .0 812 .0+234.0 911 .0+239 .0  8 1 5 .0 + 1 5 0 .0 949 .0+295 .0
M anganese, mg/kg 2 1 5 .0 + 15.0 20 9 .0 +  16.0 2 1 0 .0 +  23.0 2 1 3 .0 +  16.0 21 1 .0 + 16.0
Z inc, m g/kg 3 1 7 .0 + 27.0 3 2 1 .0 +  30.0 3 2 2 .0 +  25.0 3 2 0 .0 +  25.0 32 7 .0 + 32.0
C opper, m g/kg 5 5 .0 + 1.4 5 5 .0 +  2.6 6 6 .0 +  18.0 6 0 .0 +  10.0 5 7 .0 + 4.0
Silicon, mg/kg 5 .0 + 0.4 5 .0 +  0.6 5 .0 + 0.6 6 .0 +  0.5 5 .0 + 0.7

* Faecal sam ples co llected  in  th e  tran s itio n  period  (week 4) are n o t  included
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Fig. 1. In fluence  o f v irg in iam ycin  (s tr ia ted  co lum ns) a n d  A C TH  tr e a tm e n t  (b lack  co lum ns) 
on  th e  m in eral co n te n t o f ra b b it  faeces (for d e ta iled  d a ta  see T ab le  I I I )

m arized  in  T ab le  I I .  V irg in iam ycin  su p p le m e n ta tio n  o f th e  ra tio n  h ad  p ra c 
tic a lly  no in fluence  on th e  d igestib ility  o f  d ry  m a tte r , o rgan ic  m a tte r  and  gross 
energy. T he d ig estib ility  o f crude ash , on  th e  o th e r  h a n d , w as low er (b y  9.2 
to  11.5% ) th ro u g h o u t th e  exp erim en t in  th e  ra b b its  fed th e  a n tib io tic -su p p le 
m en ted  d ie t. V irg in iam ycin  feeding d e fin ite ly  im p ro v ed  c ru d e  p ro te in  d iges
tib ility . T h e  in te r-g ro u p  differences w ere sig n ifican t (P  <  0.05 an d  P  <  0.01) 
in  all phases o f  th e  ex p erim en t b u t  in  th e  4 th  w eek.

C onsidering th e  en tire  6-week e x p e rim e n ta l period , th e  da ily  m ean  b o d y  
m ass gain  o f th e  v irg in iam ycin -fed  an d  co n tro l ra b b its  w as 11.75 2.3 a n d
9.9 i  4.3 g, re spec tive ly , as de te rm in ed  b y  w eekly  w eighings. The d ifference 
is n o t s ig n ifican t.

T he m inera l com position  of th e  50 in d iv id u a l faecal sam ples (faecal 
sam ples co llected  from  10 ra b b its  w eekly , over a period  o f 5 weeks) of v irg in ia - 
m y c in -tre a ted  an d  A C T H -trea ted  ra b b its  is show n in T ab le  I I I .  The m in era l 
com position  o f th e  10 faecal sam ples co llec ted  from  ra b b its  receiv ing n e ith e r  
an tib io tic  su p p lem en ta tio n  n o r A CTH  tre a tm e n t  (con tro l g roup , 2nd a n d  3 rd  
weeks) is g iven fo r com parison . I t  can  be seen th a t ,  a lth o u g h  n o t sig n ifican tly , 
v irg in iam y cin  decreased  faecal K + an d  increased  faecal N a + an d  Cu2+ co n 
c e n tra tio n . A CTH  tre a tm e n t seem ed to  e x e r t an  opposite  effect on th e  faeca l 
co n cen tra tio n  o f these  m inerals. T he faecal c o n cen tra tio n  o f Ca, P , S, Mg, A l, 
Fe, Mn, Z n  an d  Si was a lte red  n e ith e r  b y  v irg in iam y cin  feed ing  nor b y  A C T H  
tre a tm e n t.
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D iscussion

W e found  th a t  th e  d ig es tib ility  o f  p ro te in  w as im p ro v ed  b y  v irg in ia - 
m y c in  su p p lem en ta tio n . This fin d in g  is co n sis ten t w ith  th e  re su lts  o f  R igoni 
e t  al. (1980) a n d  P arig i-B in i e t al. (1981). T he la t te r  a u th o rs  observed  an  
im p ro v e m e n t in  th e  d ig estib ility  o f  en e rg y  as well; how ever, in  th e  p re sen t 
e x p e rim en t we d id  n o t fin d  such  an  im p ro v em en t. I t  shou ld  be n o te d  th a t  
P a rig i-B in i e t al. (1981) used grow ing  ra b b its , w hereas o u r ex p erim en ts  w ere 
c o n d u c ted  w ith  a d u lt  ra b b its  o f s ta b le  in te s tin a l flo ra . V ervaeke  e t al. (1979) 
a t t r ib u te  th e  benefic ia l effect o f v irg in iam y c in  to  th e  fa c t th a t  th is  an tib io tic  
in h ib its  th e  g row th  o f  b ac te ria  p ro d u c in g  organic acids (lac tic  acid , b u ty r ic  
ac id , acetic  acid) a n d  am m onia. T h is  m eans th a t  b y  red u c in g  p ro te in  a n d  
c a rb o h y d ra te  loss i t  im proves th e  d ig e s tib ility  o f th ese  su b stan ces . O u r re su lts  
su g g est th a t  in  a d u lt ra b b its  (from  th e  v iew p o in t o f d igestive  physio logy  th e  
ra b b i ts  used in  th e  p re se n t ex p erim en ts  can  be considered  a d u lt;  L ebas, 1973; 
H u llá r  an d  G ip p ert, 1986) v irg in iam y c in  im proves on ly  p ro te in  d ig estib ility .

As A CTH  tre a tm e n t failed to  a l te r  th e  d ig estib ility  o f  n u tr ie n ts , no co r
re c tio n s  for possib le s tress cond itions a re  needed  if  th e  an im als’ req u irem en ts  
a re  expressed  in  te rm s  o f d igestib le en erg y .

F o r th e  en tire  6-w eek e x p e rim e n ta l period  th e  da ily  average  b o d y  m ass 
g a in  o f ra b b its  fed  th e  v irg in iam y c in -su p p lem en ted  d ie t exceeded  th a t  o f th e  
co n tro ls  b y  1.75 g, a difference n e ith e r  s ta tis t ic a lly  s ig n ifican t n o r b io log ically  
im p o r ta n t . T his f in d in g  is n o t su rp ris in g  since th e  g ro w th -p ro m o tin g  a n t i 
b io tic s  are  know n to  be  m ost effective a n d  econom ically  successful in  y o u n g  
an im a ls  of h igh g ro w th  ra te  (K ovács, 1970).

T he m inera l com position  o f th e  faeces was w ith in  th e  ranges re p o rte d  
e a r lie r  (F eke te , 1984). F o r m ost o f th e  e lem ents B okori a n d  Tölgyesi (1986) 
re p o r te d  sim ilar co n cen tra tio n s ; h ow ever, th e y  found  th re e  o r fo u r tim es 
h ig h e r  p o tassiu m  co n cen tra tio n s  th a n  th e  m ean  value o b ta in e d  in  th e  p re se n t 
s tu d y . In  ou r op in ion  th is  d isp a rity  can  b e  exp la ined  b y  th e  fa c t th a t  in  th e ir  
case  th e  faecal sam ples co llected  u n d e r p ra c tic a l cond itions m ig h t h av e  becom e 
c o n ta m in a te d  w ith  u rin e , w hich is r ic h  in  p o tassium  (W ood an d  Lee, 1985).

V irg in iam ycin  te n d e d  to  decrease, w hereas A CTH  tre a tm e n t  te n d e d  to  
in c rea se , th e  p o ta ss iu m  co n cen tra tio n  o f  th e  faeces, w hile th e  faecal c o n c e n tra 
t io n  o f  sodium  an d  co p p er changed  in  th e  opposite  d irec tio n . U pon  th e  effect 
o f  v irg in iam y c in  th e  К  : N a ra tio  o f  th e  faeces decreased  from  3.25 to  1.95 
(F ig . 1), suggesting  th a t  A CTH  tr e a tm e n t  m a y  ex ert an  a ldoste rone-like  effect 
n o t  o n ly  on th e  m inera ls  p resen t in  th e  u rin e  b u t  also on th o se  co n ta in ed  b y  
th e  faeces. This is physio logically  possib le  as p o tassium  m a y  ge t in to  th e  colon 
b y  ac tiv e  tra n s p o r t  (P hillips e t al., 1966). T h e  effect o f v irg in iam y cin  is reverse . 
A s opposed  to  w h a t w as rep o rted  b y  R oe (1974) an d  H e n ry  e t al. (1986), 
ca lc iu m  and  m anganese  excre tion  d id  n o t  change.

A d a  Veterinaria Hungarica 36, 1988



E F F E C T  O F  V IR G IN IA M Y C IN  O N  D IG E S T IO N  A N D  F A E C E S  M IN E R A L 67

R eferences

A.O.A .C . (1970): Official M ethods of A nalysis. 1 1 th  E d. A ssocia tion  o f  Official A naly tical 
C hem ists, W ash ing ton , D .C.

B ergam asch i, A. (1979): V irg in iam ycin  an d  p e rfo rm an ce  p rom otion  p a ra m e te rs  o f eva lu a tio n , 
zoo technical re su lts  an d  w ork ing  p ro g ram s. In : P iana, G. a n d  P iv a , G. (eds) P e r
form ance  in  A nim al P ro d u c tio n . M inerva M edica, M ilano, p p . 251-267 .

B okori, J .  a n d  Tölgyesi, Gy. (1986): C o m para tive  s tu d y  on th e  q u a n ti ty  o f  m ineral e lem ents 
ex cre ted  in  th e  faeces b y  th e  ra b b it  ( Oryctolagus cuniculus domesticus)  and  wild ra b b it  
(Oryctolagus cuniculus). A c ta  V et. H ung . 34, 11—18.

C arregal, R . D ., Pereire, M. C. an d  Silva, P . C. (1984): E ffect o f v irg in iam y c in  in  ra b b it’s 
ra tio n  (in  P o rtu g a l). R ev . Soc. B ras. Z ootec. 13, 470—474.

C hristison , G. I. and  Jo h n so n , H . D. (1972): C ortisol tu rn o v er in  h e a t-s tre s se d  cows. J .  A nim . 
Sei. 35, 1005-1010.

C o sta -B attlo ri, P . (1976): E xperien ces a b o u t th e  u tiliza tio n  of v irg in iam y c in  in  th e  ra b b it  
b reed ing  (in F rench). 1er Congrès In t .  Cunicole, D ijon, No. 26.

D avies , G. S. and  Siopes, T . D . (1985): A drenal cortical response o f to m  p o u lts . P o u lt. Sei. 
64, 2189-2194.

F e k e te , S. (1984): The n u tr it io n a l v a lu e  of ra b b it  excrem ent fed  to  ra b b it .  J .  A ppl. R a b b it  
R es. 7, 138-141.

F e k e te , S. an d  B okori, J .  (1985): T he effect o f th e  f ib e r and p ro te in  leve l o f th e  ra tio n  u p o n  
th e  ceco trophy  of ra b b it .  J .  A ppl. R a b b it  R es. 8, 68—71.

F rie n d , T . H ., Po lan , C. E ., G w azdauskas, F . C. an d  H eald , C. W . (1977): A drenal gluco
corticoid  response to  exogenous ad ren o co rtico tro p in  m ed ia te d  b y  d en sity  and  social 
d isru p tio n  in  la c ta tin g  cows. J .  D a iry  Sei. 60, 1958-1963.

H en ry , P . R ., A m m erm an, C. B. a n d  Miles, R . D . (1986): Influence o f  v irg in iam y c in  and d ie ta ry  
m anganese  on p e rfo rm an ce , m anganese  u tiliza tio n  and  in te s t in a l  t r a c t  w eigh t o f  
bro ilers. P o u lt. Sei. 65, 321-324.

H u llá r , I . a n d  G ippert, T . (1986): T he effect o f b reed  and  sex on  d ig es tib ility  coefficients o f 
b ro iler ra b b its  of 6 -12  w eeks of age (in H u n g arian ). Á lla tten y ész té s  és tak a rm án y o zás  
35, 365-367.

K ing , J .  O. L. (1971): T he feed ing  of V irg in iam ycin  to  growing ra b b its . V et. R ec. 89, 677—679.
K ing , J .  O. L. (1974): T he effects o f pelle ting  ra tio n s  w ith  an d  w ith o u t a n  an tib io tic  on  th e  

g ro w th  ra te  of ra b b its . V et. R ec. 94, 586-588.
K ovács, F ., T en k , I. and  F o d o r, É . (1980): C hanges o f in te s tin a l f lo ra  a n d  of glucocorticoid  

level in  fem ale ra b b its  in  d ifferen t s tages o f  rep ro d u c tio n  (in  H ung arian ). M agyar 
Á lla to rvosok  L ap ja  35, 264-270.

K ovács, J .  (1970): V e te rin a ry  P harm aco lo g y  (in  H ungarian ). M ezőgazd. K iadó . B u d ap es t, 
pp . 211-214.

L eb as, F . (1973): V aria tions o f th e  ra b b it’s d ig es tib ility  coefficients o f d ry  and  organic m a t
te rs , o f crude p ro te in  in  dependence o f age, b reed  and sex (in  F re n c h ). A nn. Biol. an im . 
B iochem . B iophys. 13, 767.

L u , Y -S ., P ak es, S. P ., R ehg , J .  E . an d  R ing ler, D . H . (1982): P a th o g e n ic ity  o f se ro type  12: 
A Pasteurella múltoddá  in  hyd ro co rtiso n e  tre a te d  and  n o n tre a te d  ra b b its . L ab . A nim . 
Sei. 32, 258-262.

M aertens, L . an d  D eG roote, G. (1984): In flu en ce  of th e  n u m b er o f f ry e r  ra b b its  pe r cage on 
th e ir  perform ance. J .  A ppl. R a b b it  R es. 7, 151-155.

M arina, L . P . an d  T onkonglas, V. P . (1982): S tress an d  A nim al P ro d u c tio n  (in R ussian). 
S tiin tz a , K isiniev.

M iles, R . D ., J a n k y . D . M. a n d  H arm s, R . I I . (1984): V irg in iam ycin  a n d  bro ile r perform ance. 
P o u lt. Sei, 63, 1218-1221.

O kerm an , F . (1982): In flu en ce  o f v irg in iam y c in  on  grow th , feed conversion  and  v iab ility  of 
m e a t ra b b its  (in F ren ch ). R ev . Agric. 35, 3039-3049.

P arig i-B in i, R . (1981): Im p ro v em en t o f th e  n u tr i t iv e  value of feeds co n ta in in g  v irg in iam ycin  
fo r grow ing ra b b its  a n d  v eal calves. In t .  Conf. on Feed A d d itiv e s , B u d ap est, 1, 57-61.

P earce , S. C. (1965): B iological S ta tis tic s : an  In tro d u c tio n . M cG raw -H ill Book C om pany, 
N ew  Y ork.

P e rk in -E lm er (1979): A n a ly tica l M ethods fo r A tom ic  A b so rp tio n  S p ec tro p h o to m etry . T he 
P erk in -E Im er C orp., N o rw alk , C.T.

P h illip s, S. F . and  Code, C, F . (1966): A b so rp tio n  of po tassium  in  th e  sm all and  th e  large  
in te s tin e . Am . J. Physio l. 211, 607—613.

Pow ley, J .  S., Cheeke, P . R ., E n g lan d , D . C., D avidson , T. P . a n d  K en n ick , W . H . (1981):

5* Acta Veterinaria Hungarica 36,1988



6 8 F E K E T E  e t  al.

Perform ance of g row ing-fin ish ing  sw ine fed h igh  levels o f a lfa lfa  m eal: effects o f  a lfa lfa  
level, d ie ta ry  a d d itiv e s  a n d  an tib io tic s . J .  A nim . Sei. 53, 308-316 .

R ig o n i, M., R uffin i-C astrov iffi, C., Corino, C. an d  N o rd io -B ald issera , C. (1980): A p p a ren t 
d igestib ility  o f n u tr ie n ts  a n d  m ate ria l a n d  energetic  b a la n ce  in  grow ing ra b b its  fed  
v irg in iam ycin  ad d ed  d ie t. U n d  W orld  R a b b it  Congress, B a rce lo n a , 2 , 121-125.

R o e , D . A. (1974): E ffec ts  o f  d ru g s on n u tr it io n . Life Sei. 15, 1219-1234.
R u d o lp h , W. (1982): P e rso n a l in fo rm a tio n .
R uffin i-C astrov illi, C., Solca, F . a n d  N ord io-B ald issera , C. (1980): P a t te r n  o f f a t ty  acids in  

dep o t fa ts  o f ra b b its  fed  w ith  v irg in iam y c in  added  d iets. U n d  W o rld  R a b b it Congress, 
B arcelona, 1, 73—76.

S a tte rlee , D. G., R oussel, J .  D ., G om ila, L . F . an d  Segura, E . T . (1977): E ffec t o f ex tragenous 
cortico trop in  a n d  c lim a tic  cond itions on  bovine  ad ren a l c o rtica l function . J .  D a iry  
Sei. 60, 1612-1623.

Selye, H . (1956): T he S tress  o f L ife. M cG raw -H ill Book C om pany  In c .,  N ew  Y ork.
S m ith , R . D., H ansel, W . a n d  C oppock, C. E . (1975): P lasm a  ad ren o co rtico id  response to  

cortico trop in  in  d a iry  c a tt le  fed  h igh  silage d iets. J. D airy  Sei. 58, 1708-1712.
Solca, F . M., Rosi, F . a n d  N o rd io -B ald issera , C. (1980a): H isto log ica l fin d in g s in  s tud ies on  

v irg in iam ycin  as a u x en ic  in  grow ing ra b b its . U n d  W orld  R a b b it  Congress. B arcelona, 
1, 77-80.

S o lca , F . M., Rosi, F . a n d  N o rd io -B ald issera , C. (19806): S tudies on  v irg in iam y c in  as au xen ic  
in  growing ra b b its . U n d  W o rld  R a b b it  Congress, B arce lona , 2, 126—130.

V an d ae le , W . (1980): V irg in iam y cin , a  p erfo rm ance  p ro m o te r for ra b b its . I ln d  W orld R a b b it  
Congress, B arce lona , 2 , 119—120.

V erv aek e , I. J . ,  D ecuypere , J .  A ., D ierick , N . A. and  H enderickx , H . K . (1979): Q u a n tita tiv e  
in  v itro  ev a lu a tio n  o f th e  energy  m etab o lism  influenced  b y  v irg in iam y c in  and  sp ira 
m ycin  used as g ro w th  p ro m o te rs  in  p ig  n u tr it io n . J .  A nim . Sc . 49, 846-856.

W ood , D. H . and  Lee, A. K . (1985): A n e x am in a tio n  of sodium , p o ta ss iu m  and  osm otic con
cen tra tions in b lood  a n d  u rin e  o f arid-zone an d  in  th e  la b o ra to ry . A u st. W ildl. R es. 12, 
173-182.

A cta  Veterinaria Hungarica 36, 1988



Acta Veterinaria Hungarica 36 ( l —2 ) ,p p . 69-80 (1988)

EFFECT OF SALINOMYCIN, FLAYOMYCIN 
AND AYOPARCIN ON SOME 

PHYSIOFOGICAL TRAITS OF GROWING LAMBS, 
WITH PARTICULAR RESPECT 
TO RUMEN FERMENTATION

H e d v ig  F é b e l , Ma r ia n n e  S z e l é n y i , J o lá n  J é c sa i 
and B . J uh ász

In s t i tu te  for A n im al N u tr itio n , R esearch  Centre fo r A n im al P ro d u c tio n  a n d  N u tritio n , 
H-2053 H erceghalom , H u n g a ry

(R eceived  A pril 22, 1987)

The effec ts  ex erted  b y  th e  g ro w th -p ro m o tin g  a n tib io tic s  sa linom ycin , f lav o - 
phospholipol (F lav o m y cin ) a n d  avo p arc in  w ere s tu d ied  in ex p erim e n ts  conducted  w ith  
ru m en -fis tu la ted  w ethers. A  s tu d y  was m ade  o f how  th ese  com p o u n d s influenced  
ru m en  fe rm e n ta tio n  an d , th ro u g h  th e  la t te r ,  c e r ta in  b lood p a ram e te rs . Salinom ycin  
w as found  to  a ffe c t ru m in a l ca rb o h y d ra te  m etab o lism  in th e  f irs t  p lace , b y  decreasing  
th e  m olar ra tio  o f ace tic  acid  an d  b y  ra is ing  th a t  o f  p rop ion ic  acid . U n d e r cond itions 
o f in ten siv e  fa tte n in g  th is  effect is o f  p rim e im p o rta n ce . S a linom ycin  feeding re su lted  
in  a  s ig n ifican t re d u c tio n  o f blood am m onia  a n d  to ta l  ace tic  acid  con cen tra tio n s . 
F lav o m y cin  in d u ced  a lte ra tio n s  in  ru m en  n itro g e n  (N ) m etab o lism  b y  reducing  am m o 
n ia  co n ce n tra tio n  in  th e  ru m en . O f th e  th re e  g ro w th  p ro m o ta n ts  te s te d , av o p arc in  
resu lted  in  th e  h ig h es t ru m en  p H  values fav o u rab le  fo r p ro teo lysis a n d  un fav o u rab le  fo r 
vo latile  f a t ty  acid  (V FA ) p ro d u c tio n  as ev idenced  b y  red u ced  to ta l  V F A  co ncen tra tions .

Keywords: Salinom ycin , avoparc in , F lav o m y c in , g ro w th -p ro m o tin g  an tib io tic s , 
lam b , physio logy , ru m en  fe rm e n ta tio n .

O f th e  p u b lica tio n s  dealing  w ith  possib le app lica tio n s o f b io logically  
ac tiv e  com pounds, w orks b y  C halupa  (1977) a n d , in  H u n g a ry , Ju h á sz  (1982) 
gave a d e ta iled  descrip tio n  o f th e  applied  chem icals an d  o th e r  substances 
in c lud ing  an tib io tic s  w ith  a g row th  p ro m o tin g  effect. A n tib io tics  used  in  
ru m in a n t feeding, am ong  th e m  salinom ycin  (Sacox®, H o ech st), f lav o p h o sp h o - 
lipo l (F lavom ycin® , H oechst) an d  av o p arc in  (A voparcin® , A m erican  C yan- 
am id  Co.) have been  d em o n stra ted  to  increase b o d y  m ass gain  an d  to  im prove  
feed efficiency w hen  fed  a t  a low  dose ra te . T h e  in te rn a tio n a l l ite ra tu re  con
ta in s  ex p erim en ta l d a ta  for c a ttle  in  th e  f ir s t  p lace (B u rg sta lle r e t al., 1981; 
B erger and  F a h e y , 1983; H icks e t al., 1985; L eitgeb  e t a l., 1985; B arc lay  e t 
a l., 1986). R a th e r  few  d a ta  are  availab le  fo r sheep  (F ro e tsch e l e t al., 1983; 
B edő e t al., 1985; M erchen an d  Berger, 1985; K o b ay ash i e t a l., 1986).

T he m etab o lic  effects o f salinom ycin , F lav o m y cin  a n d  avo p arc in  used  
as g ro w th  p ro m o ta n ts  were also s tu d ied  b y  a n u m b e r o f in v es tig a to rs . H ow 
ever, th e  resu lts  o b ta in ed  are co n tra d ic to ry  in  som e respects . All th ree  g ro w th  
p ro m o ta n ts  are  know n  to  affect c a rb o h y d ra te  m etabo lism  in  th e  ru m en  an d  
to  produce  s ig n ifican t changes in  th e  en erg y  balance  o f ru m in a n t an im als.
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A t th e  sam e tim e , th e y  ex e rt an  in flu en ce  on ru m en  p ro teo lysis , as ev idenced  
b y  a reduc tion  in  am m onia-N  c o n c e n tra tio n . T hese re su lts  w ere o b ta in e d  in  
ex p erim en ts  w ith  b ee f c a ttle  in  th e  f ir s t  place. E x p e rim e n ts  c o n d u c ted  w ith  
sheep  have  been  re s tr ic te d  to  m a tu re  an im als. T he ob jec tiv e  o f th e  p resen t 
w o rk  w as to  com pare  th e  effects o f  salinom ycin , F lav o m y cin  an d  av o p a rc in  on 
ru m e n  fe rm e n ta tio n  in  grow ing lam b s an d  to  d e te rm in e  how  these  an tib io tic s  
in flu en ced  ru m en  fe rm e n ta tio n  processes an d , th ro u g h  th e  la t te r ,  c e r ta in  blood 
p a ra m e te rs .

M ateria ls an d  m ethods

M erino w e th e r lam bs o f 18 k g  s ta r t in g  b o d y  m ass w ere used. P rev io u sly  
th e  anim als h a d  been  f i t te d  u p , su rg ica lly , w ith  J a r r e t ’s ru m en  f is tu la  in  th e  
d o rsa l sac o f th e  ru m en . A fte r a w o u n d  healing  period  o f 2 w eeks, a t  18 kg

Table I

E ffec t o f salinom ycin on  to ta l  vo la tile  fa tty  acid co ncen tra tion , 
C2 : C3 ra tio  and u rea  c o n ten t o f th e  rum en  flu id

T im e  o f 
sam pling  

(ho u rs  a f te r  
feeding)

G roup
T o ta l  V F A  

(mmol/1) C* : Ca
U rea

(mmol/1)

0 Control X
± S D

56.72
10.15

2.13
0.28

2.67
0.59

Salinom ycin X
± S D

54.35
5.97

1.89
0.24

3.58*
0.25

1.5 Control X
± S D

79.16
11.54

1.58
0.08

2.91
0.60

Salinom ycin X
± S D

94.81
13.03

1.37
0.28

4.59**
0.29

2.5 Control X
± S D

94.61
13.78

1.83
0.18

2.87
0.75

Salinom ycin X
± S D

104.31
13.41

1.33**
0.19

3.35
0.22

3.5 Control X
± S D

98.25
10.43

1.96
0.07

2.66
0.81

Salinom ycin X
± S D

99.77
4.88

1.24***
0.12

2.93
0.22

5 C ontrol X
± S D

90.81
10.25

1.85
0.27

2.53
0.87

Salinom ycin X
± S D

98.30
3.17

1.19**
0.21

2.62
0.24

6.5 Control X
± S D

84.67
7.14

1.83
0.18

2.23
1.03

Salinom ycin X
± S D

98.78
10.83

1.14**
0.21

2.44
0.32

* P  <  0.05; ** P  <  0.01; *** P  <  0.001
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Salinomycin Flavomycin Avoparcin

Fig. 1. p H  an d  am m onia  c o n cen tra tio n  changes in  th e  ru m en  f lu id  o n  grow th p ro m o ta n t 
feeding (® : p H ; # :  am m o n ia; b ro k en  line : co n tro l; solid line: g ro w th  p ro m o ta n t;  * P  <  0.05;

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

b o d y  m ass th e  w ethers w ere p laced  in  m etabolic  cages. F o u r  w ethers w ere 
u sed  fo t each g row th  p ro m o ta n t. A tw o -co m p artm en t, self-contro lled  e x p e ri
m e n t w as carried  o u t: in  th e  f i r s t  s tag e  th e  basa l d ie t, a n d  in  th e  second one 
im m ed ia te ly  follow ing th e  f ir s t  th e  d ie t su pp lem en ted  w ith  th e  g row th  p ro 
m o ta n t to  be te s te d  w as fed  to  th e  sam e four w ethers. B o th  phases la s te d  
21 days. T he g row th  p ro m o ta n ts  w ere ad m in is te red  a t  th e  follow ing dose 
ra te s :  sa linom ycin  20 m g/kg of feed , F lav o m y cin  15 m g /kg  o f  feed, av o p a rc in  
24 m g/kg o f feed. T he w ethers consum ed  a ra tio n  o f  800 g daily  (n u tr itiv e  
v a lu e : N E ni 7.89 M J/kg; N E g 5.23 M J/kg ; digestib le c rude  p ro te in  157.03 g/kg) 
in  tw o p a r ts , a t  8.30 o’clock a .m . an d  a t  15 o’clock p .m . A t th e  m orn in g  
feed ing  100 g m eadow  h a y  w as offered  in  ad d itio n  to  th e  d ie t. D rink ing  w a te r  
w as availab le  ad  lib itu m . S am pling  to o k  place a t  th e  en d  o f  th e  f ir s t  an d  
th e  second phase (on d ay  21) in  each  ex p erim en t. B lood a n d  ru m en  flu id  sam ples 
w ere ta k e n  before feeding an d  1.5, 2.5, 3.5, 5.0 an d  6.5 h  a fte r  feeding. T he 
p H  of th e  ru m in a l flu id  w as m easured  w ith  a PH M -27 ty p e  p H  m eter (R a d io 
m eter, C openhagen) im m ed ia te ly  a fte r  each  sam pling. R u m in a l flu id  sam ples 
w ere f ilte red , cen trifuged  an d  assayed  fo r various c o n s titu e n ts  as follow s.
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V olatile  fa t ty  acids (V FA s) w ere d e te rm in ed , a f te r  p re c ip ita tio n  w ith  m eta- 
phosphoric  acid , w ith  a  CHROM -41 gas c h ro m a to g rap h  (Supelco B u lle tin  
749E , 1975). A m m o n ia  a n d  u rea  co n cen tra tio n s  of th e  ru m e n  w ere m easured  
b y  th e  B erth e lo t re a c tio n  (K lin isches L ab o r. M erck, 1974). T he to ta l  lac tic  
ac id  co n cen tra tio n  o f  th e  rum in a l flu id  w as d e te rm in ed  b y  a p h o to m etric  
m icro -m ethod  (V elosy, 1979).

The blood sam p les  w ere assayed  fo r am m onia, u re a  an d  to ta l  lac tic  
ac id  concen tra tions, u s in g  th e  m ethods m en tio n ed  above. B lood glucose co n 
c e n tra tio n  was d e te rm in e d  using  o -to lu id ine  as reag en t (H y v ä rin e n  and  N ik- 
k ilä , 1973) and  se ru m  to ta l  p ro te in  co n cen tra tio n  b y  th e  b iu re t m eth o d  
(B á lin t, 1962).

Table II

E ffec t o f F lavom ycin  on to ta l  v o la tile  fa tty  acid  (V FA ) 
concentra tion  and  ace tic  acid: 

p rop ion ic  acid ra tio  o f th e  rum en flu id

Tim e of 
sam pling 

(hours after 
feeding)

Group
T otal VFA 

(mmol/1) CS:C,

0 Control X
+  SD

53.31
9.97

2.10
0.29

Flavom ycin X
± S D

70.90*
8.70

1.92
0.35

1.5 Control X
+  SD

95.99
16.68

1.64
0.23

Flavom ycin X
± S D

95.83
14.58

1.53
0.09

2.5 Control X
± S D

112.91
19.39

1.46
0.24

Flavom ycin X
± S D

106.39
12.29

1.56
0.26

3.5 Control X
+ S D

121.88
10.90

1.58
0.10

Flavom ycin X
+  SD

108.86
7.71

1.44
0.19

5 Control X
± S D

99.80
10.16

1.61
0.13

Flavom ycin X
± S D

108.76
6.69

1.55
0.24

6.5 Control X
+  SD

91.25
10.16

1.82
0.16

Flavom ycin X
± S D

109.06*
7.46

1.58
0.25

* P  <  0.05
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Fig. 2. E ffec t of g row th  p ro m o ta n ts  on  th e  m o la r %  o f ace tic  acid , p rop ion ic  acid  an d  n -b u ty r ic  
acid  ( O :  ace tic  acid ; a : propionic acid ; ■ : n -b u ty r ic  acid ; b ro k en  line: co n tro l; solid  line: 

g row th  p ro m o ta n t;  * P  <  0 .05; ** P  <  0.01

R esu lts

C hanges induced  in  ru m en  fe rm e n ta tio n  b y  th e  g row th  p ro m o ta n ts  
te s te d  a re  show n in  Tables I , I I  a n d  I I I  an d  in  F igs 1 an d  2. R esu lts  s ign ifi
c a n tly  d iffe ren t from  th e  con tro l are show n, to g e th e r  w ith  th o se  re fe rred  to  
in  th e  D iscussion. O f th e  V F  As te s te d , th e  p e rcen ta l co n cen tra tio n s  o f  iso- 
b u ty r ic  acid, isovaleric acid and  n -v a le ric  acid  are  n o t given, since th e se  com 
p o u n d s  failed  to  induce  changes. S im ilarly , no d ifference w as found  be tw een  
sa lin o m y cin - an d  F lav o m y c in -trea ted  w e th e rs  in  to ta l  la c ta te  co n c e n tra tio n  of 
th e  ru m e n  and  betw een  F lavom ycin - an d  avoparc in -fed  an im als in  ru m in a l 
u re a  co n ten ts .

T ab le  I  and  Fig. 1 in d ica te  th a t  sa linom ycin  feed ing  failed  to  a l te r  to ta l  
V F A  co n cen tra tio n  an d  p H  o f th e  ru m en , as com pared  to  th e  co n tro l. H ow 
ev er, a t  th e  la s t fo u r d e te rm in a tio n s  th e  acetic  acid : p ropionic  acid  ra tio  w as 
s ig n ifican tly  low er. Before and  1.5 h  a f te r  feed ing  ru m in a l u rea  an d  am m o n ia  
co n cen tra tio n s  of th e  tre a te d  w eth ers  w ere sig n ifican tly  h igher th a n  th o se  of 
th e  co n tro ls ; how ever, la te r  on no  such  d ifference w as d em o n strab le .

I n  lam bs fed  F lavom ycin  th e  m o st im p o r ta n t change occurred  in  a m 
m on ia  co n cen tra tio n  o f th e  ru m in a l f lu id  (F ig . 1). Before an d  3.5 h  a f te r
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feed ing  a s ig n if ican tly  low er value  w as m easu red . A m m onia co n c e n tra tio n  
w as low er a t  th e  o th e r  te s tin g  tim es, to o ; how ever, because o f th e  fa ir ly  h igh  
s ta n d a rd  dev ia tio n s o b ta in ed  for th e  co n tro l, th e  difference w as n o t sig n ifican t. 
F ig u re  1 shows t h a t  th e  p H  o f th e  ru m in a l f lu id  w as sig n ifican tly  low er before 
feed ing . A t th a t  tim e  a sign ifican t increase  w as observed  in  to ta l  Y F A  co n 
c e n tra tio n  of th e  ru m e n . O n th e  o th e r  h a n d , in  th e  acetic  ac id : p rop ion ic  
ac id  ra tio  s ig n if ican t differences w ere n o t o b ta in ed  a t  a n y  o f th e  te s tin g  
tim e s  (Table I I ) .

A voparcin  p ro d u c e d  sign ifican t changes in  ru m en  p H  an d  in  to ta l  Y F A  
a n d  to ta l  la c ta te  c o n c e n tra tio n  o f th e  ru m in a l f lu id  (F ig. 1, T ab le  I I I ) .  F ig u re  1 
show s th a t  in  th e  av oparc in -fed  g roup  ru m e n  p H  w as h igher th a n  in  th e  
c o n tro l group th ro u g h o u t th e  ex p erim en t. H ow ever, avo p arc in  failed  to  a lte r  
th e  am m onia c o n c e n tra tio n  of th e  ru m in a l f lu id . I t  can  be seen in  T ab le  I I I  
t h a t  a t  th e  la s t fo u r  ex am in a tio n s to ta l  V F A  co n cen tra tio n  w as s ig n ifican tly

Table III

E ffec t o f  avoparc in  on to ta l  vo la tile  f a t ty  acid  (V FA ) and  to ta l  
lac tic  acid  co ncen tra tion  and  C2 : C3 ra tio  o f th e  ru m en  f lu id

T im e o f  sa m p lin g  
(ho u rs  a f te r  

feed ing)
G roup

T o ta l  V F A  
(m m ol/1) C ,:C S

T o ta l  
la c t ic  ac id  
(mmol/1)

0 Control X
± S D

49.01
12.26

2.35
0.16

1.42
0.05

A voparcin X
± S D

43.11
7.25

2.04
0.36

1.32
0.16

1.5 Control X
± S D

94.01
8.97

1.50
0.49

1.77
0.11

A voparcin X
± S D

80.68
13.52

1.30
0.26

1.86
0.50

2.5 Control X
± S D

111.55
14.15

1.40
0.43

1.53
0.12

A voparcin
+  SD

83.11*
13.04

1.33
0.37

1.35*
0.18

3.5 Control X
+  SD

117.31
6.17

1.31
0.34

1.50
0.04

A voparcin X
± S D

90.77**
8.14

1.30
0.39

1.32***
0.03

5 Control X
+  SD

127.61
19.07

1.31
0.60

1.50
0.08

A voparcin X
± S D

94.86*
12.56

1.34
0.43

1.55
0.18

6.5 Control X
± S D

119.61
15.58

1.26
0.37

1.40
0.09

A voparcin X
+  SD

87.30
10.53

1.37
0.53

1.42
0.16

* P  <  0.05; ** P  <  0.01; *** P  <  0.001
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Table IV

Blood am m onia  concentra tions in  lam bs fed d ifferen t g ro w th  p rom otan ts

T im e  o f sam pling  (h)

0 1.5 2.5 3.5 5 6.5

5E ±  SD

Control 95.66 81.48 85.87 87.77 86.07 81.18
+ 9 .7 7 ±  7.74 ±  9.17 ± 5 .3 5 ± 4 .7 5 ±  5.62

Salinom ycin 74.02* 92.60 82.31 73.82* 59.99*** 61.17***
± 7 .8 7 ± 1 4 .8 3 ±  8.60 ± 7 .1 1 ± 6 .7 4 ±  2.13

Control 110.56 119.48 100.15 100.74 98.26 97.27
± 6 .6 7 ±  9.21 ± 1 0 .2 5 ± 7 .5 2 ± 6 .2 1 ± 1 0 .4 4

Flavom ycin 97.90* 108.24 100.56 102.73 98.39 98.69
± 3 .9 7 ±  7.05 ± 1 0 .6 2 ± 7 .3 4 ± 7 .8 0 ±  3.41

Control 107.65 96.84 105.89 100.70 104.40 108.71
± 3 .8 3 ±  1.36 ± 7 .5 1 ± 2 .2 7 ± 2 .0 5 ±  1.13

A voparcin 108.26 109.93 99.74 105.63 101.14 108.88
± 7 .3 6 ±  8.07 ± 5 .9 2 ± 6 .9 8 ± 4 .9 3 ±  1.33

* P  <  0.05; *** P  <  0.001

low er, and  2.5 a n d  3.5 h a fte r feeding to ta l  la c ta te  co n cen tra tio n  of th e  ru m in a l 
flu id  was low er th a n  in  th e  con tro l group . In  th e  ace tic  acid : propionic acid  
ra tio  no d ifference from  th e  con tro l was found  a t  a n y  o f th e  te s tin g  tim es .

The effect o f  th e  g row th  p ro m o ta n ts  te s te d  on th e  percen ta l c o n c e n tra 
tio n  of th e  th re e  m ost im p o r ta n t Y FA s is show n in  F ig . 2. In  an im als fed  
salinom yciu , th e  m olar ra tio s  o f acetic  acid and  p ro p io n ic  acid differed from  
th e  con tro l a t  each  te s tin g  tim e , s ta r tin g  w ith  2.5 h  a f te r  feeding: th e  m o la r 
ra tio  of acetic  ac id  increased, w hile th a t  o f p rop ion ic  acid  decreased. Salino- 
m ycin  did n o t a lte r  th e  p e rcen ta l co n cen tra tio n  o f n -b u ty r ic  acid. In  w e th e r 
lam bs fed F lav o m y cin  or avoparc in , no sign ifican t change was dem o n strab le  
in  th e  m olar ra tio s  of th e  V FA s te s ted .

Blood am m o n ia  co n cen tra tio n s are show n in  T ab le  IV . Before feed ing  
an d  a t th e  th re e  la s t te s tin g  tim es salinom ycin-fed  an im als  had  s ig n ifican tly  
low er blood am m o n ia  co n cen tra tio n  th a n  th e  con tro ls . In  sheep fed F la v o 
m ycin  or av o p a rc in  no s ign ifican t change occurred , e x c e p t for the  p re-feed ing  
v alue  found in  an im als fed F lavom ycin .

Since n o n e  o f th e  th ree  g row th  p ro m o ta n ts  p ro d u ced  changes in  se ru m  
u rea  and  to ta l  p ro te in  co n cen tra tio n , an d  F lav o m y cin  an d  avoparcin  feed ing  
did  n o t a lte r  b lood  glucose an d  to ta l  lac tic  acid co n cen tra tio n s e ither, th e se  
d a ta  are n o t g iven  in  ta b u la r  form . A t th e  sam e tim e , salinom ycin  d id  cause  a 
considerable change in  blood glucose an d  to ta l  lac tic  ac id  co n cen tra tion  (F ig . 3).
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Fig. 3. E ffec t o f sa linom ycin  on  blood glucose a n d  to ta l  lac tic  acid c o n ce n tra tio n s  (■ : blood 
g lucose; л :  blood to ta l  la c tic  acid ; b roken  line: c o n tro l; solid line: sa lin o m y cin ; * P  <  0.05;

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

I t  c an  be seen th a t  2.5 and  3.5 h a f te r  feed ing  blood glucose co n cen tra tio n  
w as s ig n ifican tly  h ig h er th a n  in  th e  c o n tro l group , w hereas b lood  to ta l  lac tic  
ac id  co n cen tra tio n  w as sig n ifican tly  low er th ro u g h o u t th e  e x p e rim en t.

D iscussion

O f th e  th ree  g ro w th -p ro m o tin g  a n tib io tic s  te sted , sa linom ycin  ex e rted  
th e  m o st p ronounced  effect on ru m en  fe rm e n ta tio n , b y  decreasing  th e  m olar 
p ro p o rtio n  of acetic  ac id  and  raising  th a t  o f  propionic acid , w h ich  resu lted  in 
a  decreased  acetic  ac id : p rop ion ic  acid  ra tio . Salinom ycin d id  n o t  a lte r  ru m en  
p H . T hese resu lts  a re  co n sis ten t w ith  th o se  ob ta ined  b y  o th e r  researchers 
(F o n te n o t e t al., 1980; M cClure e t al., 1980; M erchen and B erger, 1985).

R um en  p H  w as betw een  6.7 a n d  5.6 in  b o th  th e  sa lin o m y c in -trea ted  
a n d  co n tro l group. T h e  onset o f fe rm e n ta tio n  resu lted  in a p H  value  of 5.6 
w h ich  w as v e ry  fav o u rab le  to  th e  p ro d u c tio n  of propionic acid . In  th e  salino- 
m y cin -fed  anim als even  m ore prop ion ic  ac id  w as produced  a t  p H  5.6 th a n  in  
th e  co n tro l ones. In  grow ing  an im als a n d  in  th o se  in ten d ed  fo r m ea t p ro d u c
tio n  th e  increased m o la r p ro p o rtio n  o f  p ro p io n ic  acid is o f g re a t im p o rtan ce .
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P rop ion ic  acid is im p o r ta n t also because, as opposed to  ace tic  acid an d  b u ty ric  
acid , i t  leads to  H 2 u p ta k e  in  th e  ru m en , th e re b y  decreasing  m e th an e  p ro d u c
tio n  (m eth an e  p ro d u c tio n  deprives th e  o rganism  o f energy ). P rop ion ic  acid is 
a un iq u e  vo la tile  f a t ty  acid also because i t  is o f g lyconeogenetic  n a tu re . This 
role is p a r tic u la rly  p ro n o u n ced  in  ru m in a n ts  w here sm all am o u n ts  o f glucose 
a re  abso rbed  from  th e  d igestive  t r a c t  an d , co rrespond ing ly , glyconeogenesis 
is essen tia l. S a linom ycin  b ro u g h t a b o u t a rise  in  p ro p io n ic  acid p ro d u c tio n ; 
as a re su lt, also m ore glucose m u st h av e  been p ro d u ced . T his is a possible 
ex p lan a tio n  fo r th e  increase found  in  b lood  glucose c o n c e n tra tio n . H ow ever, 
in  th is  rise lac tic  acid , w h ich  also has a g lyconeogenetic p ro p e rty , m ig h t also 
h av e  p layed  a role, since b lood  to ta l  la c tic  acid c o n c e n tra tio n  decreased  upon 
sa linom ycin  feeding (F ig . 3).

As regards N m etab o lism  of th e  ru m en , u rea  a n d  am m onia  co n cen tra 
tio n  d id  n o t change (w ith  th e  ex cep tion  o f sam ples ta k e n  before  an d  90 m in 
a fte r  feeding). M cClure e t al. (1980) rep o rted  sim ilar re su lts . O n th e  o ther 
h an d , accord ing  to  P iv a  e t al. (1981) sa linom ycin  ra ised  am m o n ia  co n cen tra 
tio n  in  th e  ru m en , w hereas W ebb  e t al. (1980) observed  a  red u c tio n  in  rum inal 
am m onia-N  a fte r  sa linom ycin  feeding.

In  ou r ex p erim en t, sa linom ycin  feed ing  decreased  ru m en  p H  below  6.0. 
A t such p H  values th e  degree o f p ro te in  hydro lysis m u s t have  decreased, 
since th e  p H  o p tim u m  o f p ro teo lysis  is be tw een  6.5 an d  7.0. T he fa c t th a t  
blood am m onia  c o n cen tra tio n  w as s ig n ifican tly  low er a f te r  salinom ycin  feed
in g  m eans th a t  th e  am m o n ia  derived  from  red u ced  p ro teo lysis  h ad  been 
u tilized  in  th e  rum en , an d  less am m o n ia  h ad  been ab so rb ed .

In  accordance w ith  G a lb ra ith  e t al. (1983), we fa iled  to  d em o n stra te  
changes in  serum  u rea  c o n cen tra tio n .

F lavom ycin  exerted  a d iffe ren t effect on ru m en  fe rm e n ta tio n  th a n  salino
m ycin : i t  d id  n o t a lte r  th e  m o lar p ro p o rtio n s  an d  ra t io  o f  acetic  acid  and  
prop ion ic  acid  as com pared  to  th e  con tro l. A fter F lav o m y c in  feed ing  th e  m olar 
p ro p o rtio n  of n -b u ty ric  acid  w as low er (b u t n o t s ig n ifican tly ) th a n  in  the  
con tro l group . This w as fav o u rab le  since from  th is  sm alle r a m o u n t o f b u ty ric  
acid  less gas, p rim arily  less m e th an e , w as p roduced .

These resu lts  a re  c o n s is ten t w ith  d a ta  re p o rte d  b y  B u rg sta lle r e t al. 
(1981) an d  G a lb ra ith  e t  al. (1983). I t  shou ld  be n o ted , how ever, th a t  o thers 
found  s ign ifican t a lte ra tio n s  in  ru m en  fe rm en ta tio n  processes. In  th e  opinion 
of P iv a  e t al. (1981), F lav o m y cin  increased  th e  c o n c e n tra tio n  o f acetic  acid 
an d  b u ty ric  acid and  red u ced  th a t  o f p rop ion ic  acid. W hile  in  th e  F lavom ycin - 
fed  group ru m en  p H  ran g ed  betw een  6.56 and  5.68 a n d  b y  th e  en d  o f the  
ex p erim en t i t  h ad  reach ed  6.03, in  th e  con tro l g roup  p H  values be tw een  6.88 
an d  5.61 w ere found  a n d  a t  th e  end  o f th e  ex p erim en t p H  w as 6.28. T hus, in 
th e  F lavom ycin -fed  g roup  th e  p H  ran g e  w as n a rro w er an d  no m a jo r shifts 
above 6.0 occurred . T hese tw o  fac to rs  reduced  th e  degree o f  p ro teo lysis  and
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deam in a tio n . T he lo w er ru m en  am m o n ia  co n cen tra tio n  o b served  a fte r  F lavo- 
m y c in  feeding m ig h t h av e  been  consequen t u p o n  reduced  p ro teo lysis . A n o th e r 
possib le  cause m a y  b e  th a t  th e  re so rp tio n  ra te  o f am m o n ia  exceeded  th e  ra te  
o f  i ts  p roduction . As a  re su lt, am m onia  co n cen tra tio n  d id  n o t  change in  th e  
b lo o d  b u t decreased  in  th e  ru m en .

A voparcin  feed in g  re su lte d  in  a by  7%  h igher ru m en  p H  an d  a b y  25%  
lo w er Y FA  c o n c e n tra tio n , on av e rag e , a t  th e  la s t  th re e  m easu rem en t tim es. 
C onsidering all th e  m easu rem en ts , in  avoparc in -fed  lam b s ru m e n  p H  ran g ed  
b e tw een  5.95 an d  6.87 an d  a t  th e  en d  of th e  ex p erim en t i t  w as 6.27. T hus, of 
th e  th ree  grow th p ro m o ta n ts  te s te d , avoparc in  re su lted  in  th e  h ig h est rum en  p H . 
I n  th e  avoparc in -fed  g roup  ru m e n  p H  w as above 6.0 in  a ll cases b u t  one. 
S u ch  p H  values a re  n o t  too  fav o u rab le  for th e  p ro d u c tio n  o f  V F A  and  lac tic  
ac id . This is w h y  we m easu red  sign ifican tly  low er to ta l  Y F A  an d  to ta l lac tic  
ac id  concen tra tions. A lth o u g h  to ta l  V FA  co n cen tra tio n  d ecreased , th e  m olar 
ra t io s  of VFAs w ere n o t  d iffe ren t from  th e  co n tro l va lues. N e ith e r  was th e re  
a  difference in  th e  ace tic  acid  : propionic acid  ra tio ; th e  v a lu es  w ere n ea rly  
id e n tic a l w ith  th o se  o b ta in e d  fo r th e  contro l sheep.

The p H  ran g e  in d u ced  in  th e  ru m en  b y  av o p arc in  feed ing  w as favourab le  
fo r  pro teo lysis w hich , in  tu rn ,  y ie lded  m ore am m onia . T h e  p ro d u ced  am m onia 
w as p a r tly  abso rbed , p a r t ly  in co rp o ra ted  in to  th e  m icroorgan ism s. Since n e ith e r  
b lo o d  nor rum en  am m o n ia  co n cen tra tio n  changed  as co m p ared  to  th e  con tro l, 
th e  p roduction , u tiliz a tio n  an d  ab so rp tio n  of am m onia  m u s t h av e  been in  a 
s ta te  of equilib rium .

D issenting  v iew s h av e  b een  pub lished  in  th e  special l i te ra tu re  on th e  
e ffec t exerted  b y  av o p a rc in  on ru m e n  fe rm e n ta tio n . S evera l a u th o rs  (Ing le  e t 
a l., 1978; C halupa e t a l., 1981; C o tty n  e t al., 1983; F ro e tsch e l e t al., 1983) 
re p o r te d  th a t  a f te r  av o p a rc in  feed ing  rum en  p H  an d  th e  m o la r p ro p o rtio n  o f 
p ro p io n ic  acid rose, w hereas t h a t  o f  acetic acid decreased . F ro e tsch e l e t al. 
(1983) found a decrease  in  to ta l  Y F A  co n cen tra tio n , to o . I n  th e ir  opin ion , 
a v o p a rc in  exerts i ts  effect b y  decreasing  th e  decom position  o f  p ro te in s  or 
am in o  acids. O th ers  (D y er e t a l., 1980; D ard en  e t  al., 1985; U n sw o rth  e t al., 
1985) failed to  o b se rv e  d ifferences in  th e  co n cen tra tio n  o f th e  vario u s V FA s. 
D a rd e n  et al. (1985) fo u n d  no a lte ra tio n  in  am m onia  c o n c e n tra tio n  a fte r  av o 
p a rc in  feeding.

In  sum m ary , w e can  e s tab lish  th a t  th e  grow 'th p ro m o ta n ts  te s te d  ex e rt 
d isp a ra te  effects on  ru m e n  fe rm e n ta tio n  processes an d  p ro teo ly sis .

Salinom ycin h a d  a ben efic ia l effect on c a rb o h y d ra te  m etab o lism  b y  
en h an c in g  prop ion ic  fe rm e n ta tio n  in  th e  rum en . T his p e rm itte d  b e tte r  u tiliz a 
tio n  of th e  feed en e rg y  since th e  energy  loss caused  b y  m e th a n e  an d  carbon  
d iox ide  p roduction  decreased . A  fu r th e r  ad v an tag e  is t h a t  p ro p io n ic  acid can  
ch an g e  in to  c a rb o h y d ra te  in  th e  organism  an d , th u s , i t  d isb u rd en s  th e  am ino 
ac ids in  glyconeogenesis.
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F lavom ycin  h a d  an  influence o n  ru m in a l n itro g en  m etabo lism  b y  re d u c 
ing  am m onia  co n cen tra tio n .

O f th e  th re e  g ro w th -p ro m o tin g  an tib io tics av o p arc in  resu lted  in  th e  
h ig h es t ru m en  p H  an d  th e  low est to ta l  Y FA  co n cen tra tio n .

T he p resen t experim en ts h av e  rev ea led  th a t  th e re  m u st be a co rre la tio n  
be tw een  th e  ac tiv e  substance  an d  th e  feed ac tin g  as su b s tra te . N am ely , all 
th re e  ac tive  su bstances, given in  th e  sam e feed, ex e rted  d ifferen t effect on 
fe rm e n ta tio n  an d  pro teo lysis. I f  th e  p h ysica l and  chem ical com position  o f a 
g iven  feed is su ited  to  th e  ru m in a n t an im al, a fte r ad d in g  th e  g row th  p ro m o ta n t 
i t  su re ly  will n o t rem ain  so. T his can  be an  ex p lan a tio n  for th e  c o n tra d ic to ry  
re su lts  o b ta in ed  b y  various re sea rch ers  in  num erous experim en ts. F o r each  
ac tiv e  su b stan ce  an  o p tim al p ro te in  a n d  energy level should  he a d ju s te d  a t  
w hich  th e y  have  m ax im um  efficacy. T h u s , all th ree  g ro w th  p ro m o tan ts  fed  in  
th e  p re se n t ex perim en ts could be su p p lem en ted  w ith  N P N  com pounds w hich  
w ould  m eet th e  am m onia  req u irem en ts  o f m icroorganism s.

In  th e  case o f F lavom ycin  a n d  av o p arc in , o p tim a l efficacy o f th e  ac tiv e  
su b stan ce  could be fac ilita ted  b y  g iv ing  la rger am o u n ts  of ca rb o h y d ra tes  
w hich  are  easy  to  decom pose. O n th e  one h an d , th is  w ould p ro v id e  th e  
m icroorganism s w ith  th e  energy  n eed ed  to  be able to  in co rp o ra te  am m o n ia  
p ro d u ced  d u rin g  th e  decom position  o f  feed p ro te in s an d /o r N P N  com pounds; 
on  th e  o th e r, i t  w ould  have a ben efic ia l effect on th e  h o s t’s energy ba lan ce . 
T hese s ta te m e n ts  m ay  serve as a  b asis  fo r fu r th e r  exp erim en ts .
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PHYSIOLOGICAL EFFECTS 
OF HALOTHANE ANAESTHESIA  

UNDER SPONTANEOUS BREATHING IN CALVES

V . K . S o b t i  and B . P r a s a d

D epartm ent of V eterinary Surgery and Radiology, P un jab  A gricultural U niversity,
Ludhiana-141004, Ind ia

(Received March 27, 1987)

Six clinically healthy , crossbred male calves (Ros taurus L.), 12-15 months old, 
were used to  study  the effects of halothane anaesthesia on the cardiovascular dynam ics, 
acid-base s ta tu s , blood gas tensions and various biochem ical constituents of the body. 
Significant pulm onary  hypertension, tachycard ia  and respiratory  acidosis were noticed 
following halo thane anaesthesia. The m ean arteria l blood pressure, central venous 
pressure, electrocardiogram  and the plasm a N a +, К and  Cl-  did no t change ap 
preciably.

Keywords: H alothane anaesthesia, calf, cardiovascular dynamics, acid-base 
status, biochem ical constituents.

A naesthesia  in  c a ttle  requ ires specific co n sid era tio n s as th e re  is a  need  
to  o b ta in  ra p id  a ro u sa l to  avoid  ru m en  b lo a t, re g u rg ita tio n  and  asp ira tio n  o f 
th e  ru m in a l c o n te n ts . To m odera te  such  p rob lem s, in h a la tio n  an aesth e tic s  
app lied  in  closed /sem i-closed c ircu it are g en era lly  p re fe rred . A m ong th e  vario u s 
in h a la tio n  a n aes th e tic s , h a lo th an e  has b een  observed  to  h a v e  m in im al in tra -  
an d  p o st-o p e ra tiv e  com plications in  c a tt le  (A d e tu n ji e t  ah , 1984). A ltho u g h  
th is  agen t is b e ing  used  clin ically  in  c a ttle  to  m a in ta in  an aesth esia , its  d e ta iled  
effects on v a rio u s b o d y  system s have n o t b een  w orked  o u t. T he p resen t s tu d y  
rep o rts  changes in  haem odynam ics, ac id -base  s ta tu s  an d  blood gas tensions 
follow ing h a lo th a n e  an aesth esia  in  th is  species.

Materials and m ethods

The ex p e rim en ts  w ere conducted  on six  c lin ically  h e a lth y  m ale cross
b red  calves, 12-15  m o n th s  o ld  and  of 70 -100  kg  b o d y  m ass.

All th e  an im als  w ere k e p t off feed a n d  w a te r  24 h  p rio r  to  e x p e rim e n ta 
tio n . T he c a ro tid  a r te ry  an d  th e  ju g u la r  ve in  w ere ex te rio rized  a sep tica lly  
u n d er local in f il tra tio n  an aesth esia  using  2 %  p roca ine  HC1. Siliconized c a th e 
te rs  filled  w ith  hep arin ized  saline w ere im p la n te d  in  th e  ca ro tid  a rte ry , r ig h t 
a tr iu m  and  th e  p u lm o n a ry  a rte ry . T he p o sitio n  o f th e  c a th e te rs  in  th e  r ig h t 
a tr iu m  an d  p u lm o n a ry  a r te ry  was con firm ed  b y  observ ing  pressure  changes in  
th e  saline m an o m ete r.
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E xperim enta l procedure. T he  an im al w as re s tra in ed  in  la te ra l  recu m b en cy . 
T h e  ru m e n  was tro c a riz ed  to  avo id  a n y  b lo a t.

A naesthesia  w as in d u ced  w ith  5 %  th io p e n ta l sod ium  given a t  th e  ra te  
o f 10 m g/kg bo d y  m ass. T he an im al w as in tu b a te d . T he e n d o trach ea l tu b e  was 
co n n ec ted  to  a la rg e -an im al an a e s th e tic  a p p a ra tu s  (N a rk o v e t, N o rth  A m erican  
D rag e r, U .S.A .) so as to  b re a th e  h a lo th a n e  sp o n taneously  in  a  closed c ircu it. 
T h e  h a lo th an e  v ap o rize r w as se t a t  a  co n cen tra tio n  o f 3 -4 %  to  ach ieve su rg ica l 
an aes th es ia . The an im al w as m a in ta in e d  in  th e  surgical p lan e  o f an aes th es ia  
fo r  30 m in  a fte r  th e  a d m in is tra tio n  o f  h a lo th an e . B lood sam pling  in te rv a ls  
a n d  record ing  of th e  p a ra m e te rs  w ere as follow :

O n th e  d ay  of th e  ex p erim en t, th e  connecting  ends o f  th e  c a th e te rs  w ere 
ex p o sed  u n d er local an aesth esia . B efore in d u c tio n  of an aes th es ia , h a e m o d y 
n am ics, acid-base, b lood  gas an d  o th e r  m easu rem en ts w ere ta k e n  fo llow ing a 
1-h s tab iliza tio n  p e rio d  in  all th e  an im als to  form  th e  base va lues. A fte r in d u c 
t io n  o f anaesthesia  w ith  5%  th io p e n ta l sodium , th e  an im a l w as a llow ed  to  
b re a th e  h a lo th an e  sp o n tan eo u sly  in  a sem i-closed c ircu it fo r 30 m in  a n d  th e  
b lo o d  sam ples/read ings w ere ta k e n  th e re a f te r .

T he p a ram e te rs  reco rded  w ere:

( A )  H aem odynam ics:

1) M ean c a ro tid  a rte ria l b lood  pressure  (M AP) w as reco rded  w ith  a 
m ercu ry  m an o m ete r.

2) P u lm o n a ry  a r te ry  p ressu re  (P A P ) was reco rded  w ith  a  saline 
m an o m ete r.

3) C en tra l venous p ressu re  (CVP) was recorded  w ith  a  sa line  m a 
n o m eter.

4) B ase-apex  e lec tro card io g ram  (ECG) w as reco rded  th ro u g h  a 
tra n s is to riz e d  e lec tro card io g rap h  (C ard iart, B ritish  P h y sica l L a b 
o ra to ries , H y d e ra b a d , In d ia )  a t  a p ap er speed  o f 25 m m /sec and 
ca lib ra tio n  se ttin g  o f 1 m V /cm  (N orr, 1913). T h e  E C G  w as 
ana lyzed  fo r d u ra tio n  a n d  am p litu d e  o f P  a n d  T  w aves a n d  th e  
m ean  Q R S com plex , P R  in te rv a l an d  segm ent, QT in te rv a l an d  
ST segm ent.

5) The h e a r t  r a te  (H R ) w as ca lcu la ted  from  th e  b ase -ap ex  ECG .

( B )  Biochem ical param eters :

1) The a r te r ia l  p H  (p H a), p a r t ia l  p ressure o f ca rb o n  d iox ide  an d  
p a r tia l p ressu re  o f  oxygen  o f a rte ria l (p a C 0 2 an d  p a 0 2) an d  
m ixed venous (pv  C 0 2 an d  p v  0 2) blood w ere m easured  b y  a 
blood gas an a ly ze r (BM E 33 blood m icro -equ ipm en t, R ad io m e te r, 
C openhagen, D enm ark ).
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2) A rte ria l an d  venous oxyhaem oglobin  w as m easu red  w ith  an  
A m es B lood A nalyzer (Miles L ab o ra to ries , A u stra lia ).

3) A rte ria l b ica rb o n a te  an d  base  excess w ere d e riv ed  from  Siggaard- 
A ndersen ’s n om ogram  using  m easured  p H  a n d  p C 0 2.

4) P lasm a  sodium  (N a +) an d  p o tassium  (K  + ) w ere  d e te rm in ed  w ith  
a flam e p h o to m e te r  (E lico F lam e P h o to m e te r , H y d e rab ad , In d ia ).

5) P lasm a  chloride (Cl~) w as de te rm ined  b y  th e  m eth o d  of Schales 
an d  Schales (1941).

6) T ru e  glucose w as m easu red  w ith  an  A m es A nalyzer.

Statistical analysis o f  the data. T he  d a ta  w ere an a ly zed  using  one-w ay  
analysis o f va rian ce  follow ed b y  a c ritica l difference te s t .  A  p ro b a b ility  level 
o f P  <  0.05 w as considered s ta tis tic a lly  sign ifican t.

Results and discussion

The m ean  ^  SEM  o f v a rio u s p a ra m e te rs  is p re se n te d  in  T able I.

Table I

Mean +  SEM of various param eters following halothane anaesthesia in calves

P a ra m e te r B ase v a lu e  D u rin g  anaesth esia

A . Haemodynamics 
MAP (mm Hg)
PA P (cm of H20 )
CVP (cm of H20 )
H R  (per min)

B. Blood 
pH a
paC 02 (kPa) 
paOo (kPa) 
p v 0 2 (kPa) 
pvC 02 (kPa)
arterial oxyhaemoglobin (g % ) 
venous oxyhaemoglobin (g % ) 
arterial HCOjf (mmol/1) 
arterial BE (mmol/1) 
plasma N a+ (mmol/1) 
plasm a K + (mmol/1) 
plasma Cl-  (mmol/1) 
true glucose (mmol/1)

* P  <  0.05

124.9 +  8.5 123.4 +  6.5
16.6 +  2.2 29.8 +  3.0*
4.2 +  2.1 3.8 +  2.8

54.9 +  4.9 93.7 +  8.8*

7.450 +  0.009 7.338 +  0.023
4.44 +  0.22 6.62 +  0.79*

11.4 ±  0.37 20.64 +  2.23*
3.84 +  0.21 5.19 +  0.48*
5.19 +  0.26 7.02 +  0.82*

11.8 +  0.4 11.9 +  0.4
11.5 ±  0.4 11.7 +  0.5
23.5 +  1.5 25.1 +  2.0

0.33 +  1.35 — 0.67 +  1.73
125.3 +  3.0 125.6 ±  3.5

4.8 +  0.5 4.9 +  0.8
100.8 +  2.7 99.0 +  0.7

4.96 +  0.47 4.86 +  0.27
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There was s ig n if ic a n t p u lm o n a ry  h y p erten sio n , ta c h y c a rd ia  and  resp i
r a to ry  acidosis d u rin g  h a lo th a n e  an aesth esia  in  th is  in v e s tig a tio n . T here w as 
n o  change in  M A P.

D uring h a lo th a n e  an esth esia , t id a l vo lum e is decreased  an d  resp ira tio n  
is  increased h u t  s till  th e  o vera ll effect is a decrease in  a lv eo la r v en tila tio n  
re su ltin g  in  re s p ira to ry  acidosis (G aensler, 1962). H y p e rc a p n ia  does occur in  
v a rio u s species u n d e r  h a lo th a n e  an aes th es ia  w ith  SB (A d e tu n ji e t ah, 1984; 
B ah lm an  et ah , 1972; B ecker an d  W aelti, 1980; C h an d rasak h i, 1982; G ates, 
1970; G ates e t ah , 1971). M any  h u m a n  an a e s th e tis ts  show  a considerable 
to le ran ce  of h y p e rc a p n ia  w h ich  th e y  allow  th e ir  p a tie n ts  to  develop an d  a 
p a C 0 2 w ith in  a ra n g e  o f  44 to  75 m m  H g (m m  H gX  0.133 =  k P a )  is com m on 
d u rin g  anaesthesia  (N u n n , 1964; N u n n , 1969). H ow ever, h y p e rc a p n ia  causes 
a n  increase in  p la sm a  ca tech o lam in es in  m an  (N unn , 1964), th e re b y  increasing  
th e  M AP (Rose e t  ah , 1983), b u t  a t  v e ry  h igh levels o f p a C 0 3 (above 100 
m m  Hg) MAP falls a n d  is considered  a cause of d e a th  i f  su p e rca rb ia  persists 
fo r  an  hour or so (G ra h a m  e t  ah , 1960). I t  is p o s tu la te d  t h a t  sy m p a th e tic  
e ffe ren t ac tiv ity  m a y  help  in  th e  m ain ten an ce  of M AP th ro u g h  C 0 2 re ten tio n  
d u rin g  h a lo thane  a n a e s th e s ia  in  th e  horse (E b e rly  e t ah , 1968). H ow ever, in  
m a n , dog and  c a t h a lo th a n e  induces h y p o ten sio n  w ith o u t a  com pensa to ry  
tac h y c a rd ia , in d ic a tin g  som e im p a irm e n t o f th e  c a rd io v ascu la r hom eosta tic  
m echan ism  such as b a ro -re flex  fu n c tio n  (A hlgren e t ah , 1978; E gaw a, 1975; 
S an d fo rd  and  C olby, 1984; S m ith  e t ah , 1974). E ven  a t  n o rm o carb ic  levels, 
h a lo th a n e  causes h y p o te n s io n  in  m an  an d  dog (G reene, 1968). In  m an, a t  a 
co n cen tra tio n  o f 1 .8 %  an d  above, th e  v e n tr ic u la r  co m pliance  is increased  
a lo n g  w ith  th e  rise  in  СУР. T he increased  CVP and  th e  m a rk e d  redu c tio n  in  
s tro k e  frac tion  a re  p ro b a b ly  due  to  th e  decrease in  th e  c o n tra c tile  perfo rm ance 
o f  th e  m yocard ium  (G reene, 1968). A h igh  level o f h y p ercap n ic  acidosis u n d er 
h a lo th a n e  an aes th es ia  in  m an  can  also re su lt in  card iac a rrh y th m ia s  (B lack 
e t  ah , 1959). T he p re se n t in v es tig a tio n  d id  n o t  show  a n y  su ch  a rrh y th m ias , 
p ro b a b ly  because th e  levels o f p a C 0 2 w ere n o t too  high.

The increase in  P A P  in  th is  s tu d y  is also in  c o n tra s t to  its  unchanged  
lev e l during h a lo th a n e  an aes th es ia  in  m an u n d e r SB (W y an t, 1958). H ow ever, 
e th e r , cyclopropane a n d  b a rb itu ra te  an aesth esia  cause an  increase  in  P A P  
d u e  to  elevated  p u lm o n a ry  v ascu la r  resistance  or le ft a tr ia l p ressu re  or hypoxic 
p u lm o n a ry  v aso co n stric tio n  in  m an  (N unn , 1969). The p o ss ib ility  o f hypoxic 
vaso co n stric tio n  is ru le d  o u t in  th e  p resen t case because o f  th e  high p a 0 2 
o bserved  in  th is  s tu d y . H y p e rc a p n ia  also causes a rise in  p u lm o n a ry  v ascu la r 
re s is tan ce , along w ith  ac tiv e  p u lm o n a ry  v asoconstric tion . T he effects of h y p e r
cap n ic  acidosis on th e  p u lm o n a ry  c ircu la tion  h av e  been assessed  u n d e r various 
co n d itions (F ishm an , 1961; F ish m an , 1962). T here  is a p re v a ilin g  opinion th a t  
acidosis accounts fo r  th e  rise in  P A P , an d  th e  p u lm o n ary  b lood  flow  m ay  
re m a in  unchanged  o r s lig h tly  increased  (R u d o lp h  and  Y u an , 1966). This m eans

A d a  Veterinaria Hungarica 36,1988



HALOTHANE ANAESTHESIA IN  CALVES 85

th a t  acidosis w ould  e x e rt th e  sam e effec t as h y pox ia  does: a v aso co n stric tio n  
in  th e  p u lm o n a ry  a r te r ia l bed. D au m  e t  al. (1969) rep o rted  an  increase  in 
P A P  an d  le ft a tr ia l  p ressu re  depend ing  u p o n  th e  degree o f  h y p ercap n ic  acidosis 
in  m an . I t  w as hy p o th esized  th a t  h y p e rc a p n ia  increases P A P , le ft a tr ia l  p re s 
sure a n d  p u lm o n a ry  w edge pressure  d u e  to  a lte red  c o n tra c tility  o f th e  m y o 
ca rd iu m , w hich  still rem ains to  be p ro v en .

A n o th e r in te re s tin g  fea tu re  o f th is  in v es tig a tio n  has been th e  ta c h y 
ca rd ia , in  c o n tra s t to  b ra d y ca rd ia  or u n a lte re d  H R  u n d e r  h a lo th an e  a n a e s th e 
sia in  m a n  a n d  ca t (D uke e t a l., 1977; S an d fo rd  an d  Colby, 1984). H a lo th a n e  
depresses th e  b a ro -re flex  con tro l o f H R , th e re b y  causing  b ra d y c a rd ia  or 
u n a lte re d  H R . H ow ever, in  th e  p re se n t s tu d y  th e re  m ig h t have  been  s tim u la 
tio n  o f  th e  sy m p a th e tic  nervous sy s te m  or in h ib itio n  o f p a ra sy m p a th e tic  
n e rv o u s a c tiv ity  an d , hence, in c reased  ad ren a lin e  m obiliza tion  (P rice  an d  
O nishi, 1980). T he tra d itio n a l concep t o f co m p lem en ta ry  sy m p a th e tic  n erv o u s 
sy s tem  a c tiv ity  an d  p a ra sy m p a th e tic  n e rv o u s  sy stem  a c tiv ity  m e d ia tin g  th e  
a r te r ia l  b a ro recep to r re flex  con tro l o f th e  H R  (H ey m an s an d  Neil, 1958) has 
been  show n to  be incom plete  an d  spec ies-d ep en d en t (H am lin  e t a l., 1972; 
P ick erin g  e t a l., 1972; Scher e t al., 1972; R o th b a u m  e t al., 1974). P re d o m 
in a n tly  p a ra sy m p a th e tic  nervous sy s tem  a c tiv ity  is responsib le  for th e  response  
to  increasin g  M A P in  th e  horse a n d  c a tt le  (S linker e t al., 1982) a n d  p re 
d o m in a n tly  sy m p a th e tic  nervous system  a c tiv ity  is responsib le for th e  response 
to  decreasing  M AP in  c a ttle . H ence, th is  ta c h y c a rd ia  m ig h t also be re sponsib le  
fo r th e  m a in ta in e d  M A P in  th is  in v e s tig a tio n .

In  su m m ary , th is  s tu d y  in d ica te s  t h a t  th e  effects o f h a lo th an e  on v a rio u s 
ca rd io v ascu la r  dynam ics are  q u ite  m o d e ra te . H ow ever, keeping  in  v iew  th e  
h y p e rc a p n ia , th is  ag en t m ay  be u sed  w ith  a rtif ic ia l v e n tila tio n  in  an im als 
w ith  ex is tin g  ca rd io p u lm o n ary  d iseases. S im ilar reco m m en d atio n s h a v e  also 
been  m ad e  b y  R ecker an d  W ae lti (1980) follow ing h a lo th a n e -n itro u s  oxide 
an a e s th e s ia  in  cows.
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STUDIES ON GLUTAMIC-OXALOACETIC 
AND GLUTAMIC-PYRUVIC TRANSAMINASES 
FROM MIXED RUMEN BACTERIAL FLORA 

OF BUFFALOES AND CATTLE
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Glutam ic-oxaloacetic (GOT) and glutam ic-pyruvic transam inases (GPT) were 
characterized in the m ixed rum en bacteria from buffaloes (B ubalus bubalis) and cattle. 
The pH  and tem peratu re  optim a of both  enzymes were 7.4 and  37 °C. These enzymes 
from  both rum inan t species were therm ostable up to  40 °C and  com pletely inactivated  
a t  80 °C. The optim al concentrations of all the  substrates were determ ined and the 
Michaelis-Menten constan t (K m) and Vraax values calculated. The K m values of both  
th e  enzymes for alm ost all the substrates used were apparen tly  lower in buffaloes 
th a n  in cattle . The specific activ ity  of GPT was higher th a n  th a t  of GOT in bo th  
species. Of the electrolytes tested , MgCl2 (20 mmol/1) and MnCl, (4 mmol/1) increased 
GOT activ ity  by 88 and 290%, respectively, while MgCl2 (20 mmol/1), CaCl2 (10 mmol/1) 
and  MnClj (4 mmol/1) increased GPT activ ity  by  62, 38 and 360% , respectively, in 

\ bo th  species as com pared to  control conditions. O ther chemicals (mmol/1) such as 
EDTA (10), am m onium  m olybdate (10), sodium citra te  (4), sodium arsenate (1), 
sodium azide (1) and  p-chloro-m ercuribenzoate (PCMB) ( l )  reduced the activ ity  of 
GOT and GPT by 62 and 57, 100 and 100, 72 and 85, 36 and 20, 47 and 27, 62 and 82% , 
respectively.

K eyw ords: Glutam ic-oxaloacctic transam inase (GOT), glutam ic-pyruvic tra n s
aminase (GPT), rum en bacteria, rum inants, buffalo, cattle .

Several enzym es serv ing  for th e  d is tr ib u tio n  o f am ino  n itro g en  in  ru m en  
m icroorganism s h av e  been  d em o n stra ted . G lu tam ic-oxa loace tic  tran sam in ase  
(GOT) and  g lu tam ic -p y ru v ic  tran sam in ase  (G PT) are  th e  tw o  m ost im p o r ta n t 
enzym es of n itro g en  m etabo lism  in  th e  ru m en  m icroorgan ism s (C halupa e t a l., 
1970; A rth u r an d  B loom field , 1971). D esp ite  th is  fa c t, th e y  have n o t been  
fu lly  ch arac terized  y e t.

In  th is  p a p e r th e  ch a rac te riza tio n  o f GOT an d  G P T  from  rum en  b a c te ria  
o f buffaloes an d  c a tt le  is rep o rted .

Materials and methods

Two ru m e n -f is tu la te d  buffalo  hulls (  B ubalus bubalis)  w ere fed a m a in 
ten an ce  ra tio n  o f 6 k g  w h ea t s traw , 2 kg  green lucerne , 0.5 kg  m u sta rd  cake 
an d  0.5 kg crushed  m aize grains p er day . S im ilarly , tw o  ru m en -fis tu la ted  bu lls

* Address rep rin t requests to Dr. Sudarshan Singh, Professor and Head
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( B o s taurus)  w ere fed  daily  4 kg  w h e a t s traw , 2 kg  green lu cern e , 0.5 k g  m us
t a r d  cake and 0.5 k g  crushed  m aize  g ra ins. The an im als w ere m a in ta in e d  on 
th is  d ie t for 3 m o n th s .

In  th e  m o rn in g  before feed ing  an d  4 h  a fte r  feeding, one litre  o f ru m en  
f lu id  (R F) was o b ta in e d  b y  su c tio n  th ro u g h  a p e rfo ra ted  p las tic  tu b e  from  
v a rio u s  p a rts  o f  th e  ru m en . T he R F  fro m  th e  tw o an im als each  an d  from  th e  
tw o  tim es of sam p lin g  w as m ixed  on  an  equal vo lum e basis, s tra in e d  th ro u g h  
tw o  layers of cheese c lo th  an d  w as im m ed ia te ly  cooled in  an  ice b a th . The 
c ru d e  enzym e e x tr a c t  w as p re p a re d  (B aldw in  and  P a lm q u is t, 1965) from  one 
l i t r e  o f cold R F  a n d  s to re d  a t  0 °C in  sm all v ials (0.5 m l). T h e  enzym e p re p a ra 
t io n , te rm ed  m ixed  ru m e n  b a c te ria l e x tra c t  (M R B E ), w as s tab le  fo r several 
d a y s  w hen k e p t a t  0 °C.

The GOT (EC  2.6.1.1) an d  G P T  (EC 2.6.1.2) a c tiv ity  in  M R B E  was 
d e te rm in ed  b y  a co lo rim etric  m e th o d  as described in  S igm a T echn ical B ulle tin  
N o . 505 (Sigm a C hem ical Co., U .S .A .). A pp ro p ria te  co n tro ls  w ere alw ays 
in c lu d e d  in  th e  a s sa y  to  e s tim a te  th e  non -enzym atic  a c tiv ity  a n d  th is  was 
s u b tra c te d  from  th e  ex p e rim en ta l v a lu es . T he specific ac tiv itie s  w ere expressed 
as n m o l of p ro d u c t fo rm ed  m in -1 m g -1  p ro te in . The p ro te in  c o n te n t in  M R B E  
w as de term ined  b y  th e  m e th o d  o f L ow ry  e t al. (1951). T h e  values o f th e  
M ichaelis-M enten c o n s ta n t (K m) w ere  dete rm in ed  b y  c o n v en tio n a l m ethods 
(D ix o n  and  W ebb, 1964) an d  th e  v a lu es  o f Q10 and  energy  o f  a c tiv a tio n  w ere 
ca lc u la ted  (Segel, 1976).

R esu lts

T he GOT fro m  b o th  buffaloes a n d  c a ttle  has a p H  o p tim u m  o f 7.4. 
I n  M R B E  from  b uffa loes th e  a c tiv ity  o f GOT was reduced  b y  20.9, 31.6, 26.3 
a n d  42 .1%  a t  p H  6 .8 , 6.4, 8.0 an d  9.0, respective ly . T he co rresp o n d in g  re d u c 
t io n  in  ca ttle  was 17.6, 25.5, 41.7 a n d  58 .8% . The te m p e ra tu re  o p tim u m  o f th e  
en zy m e  in  M R B E  fro m  b o th  buffaloes an d  c a ttle  w as 37 °C. T he energy  of 
a c tiv a tio n  (Ea) an d  Q 10 o f th is  enzym e betw een  30 an d  40 °C ca lcu la ted  from  
A rrh en iu s  p lo ts w ere  35,037 J  m o l-1  a n d  1.48, re spec tive ly , in  M R B E  from  
b u ffa lo es  and  th e  co rrespond ing  v a lu es  in  cows w ere 33,228 J  m o l-1  and  
1 .38 (F ig . 1). T h e  th e rm o s ta b ili ty  o f  th e  enzym e w as in v e s tig a te d  betw een  
25 a n d  80 °C. T h e  en zy m e p re p a ra tio n  (0.5 ml) in  0.05 M p h o sp h a te  buffer 
(p H  7.4) was k e p t a t  25, 30, 40, 50, 60, 70 an d  80 °C for 15 m in . T h e  enzym e 
w as im m ed ia te ly  cooled  an d  th e  re s id u a l a c tiv ity  w as assay ed  a t  30 °C. The 
e n zy m e  was found  to  b e  s tab le  up  to  40 °C in  b o th  ru m in a n t species an d  was 
co m p le te ly  in a c tiv a te d  a t  80 °C. T h e  o p tim a l co n cen tra tio n s  (mmol/1) of 
L -a s p a r ta te  were 32 a n d  32, while th o se  o f  2 -oxog lu ta ra te  w ere 2 an d  3 mmol/1 
in  th e  p rep ara tio n s fro m  buffaloes a n d  c a ttle , respective ly  (T able I). T he K m 
v a lu e s  in  buffaloes a n d  c a ttle  fo r th e se  su b stra te s  a t  p H  7.4 are  g iven in
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Fig. 1. Arrhenius p lo t for glutamic-oxaloacetic transam inase (a) and glutam ic-pyruvic transam inase (b) from mixed rum en
bacterial ex trac t of buffaloes and cattle
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T ab le  I I I .  The en zy m e a c tiv ity  was n o t  in h ib ited  w hen th e  c o n cen tra tio n  of 
L -a sp a r ta te  was in c re a se d  beyond its  o p tim a l level in  b o th  ru m in a n t species. 
H ow ever, th e  a c t iv i ty  w as reduced w hen  th e  co n cen tra tio n  o f 2 -o x o g lu ta ra te  
w as increased  b ey o n d  i ts  op tim al level.

Table I

Effect of different concentrations 
of substrates on the ac tiv ity  of GOT 

(nm ol oxaloacetate produced min-1  mg-1  protein) 
in ex trac ts o f mixed rumen bacteria from buffaloes and cattle 

( n =  2)

L -a sp a r ta te
(mmol/1) B uffalo C attle

2-oxo-
g lu ta r a te
(m m ol/1)

Buffalo C a ttle

l 35.9 37.7 0.05 29.9 21.5
2 59.8 53.9 0.10 38.9 26.9
4 71.8 64.6 0.20 53.9 32.3
8 77.8 70.0 0.50 68.8 43.1

16 83.8 80.8 1.00 86.8 59.2
24 89.8 91.6 2.00 107.7 75.4
32 95.8 102.3 3.00 89.8 102.3
40 95.8 102.3 4.00 77.8 86.2
60 95.8 102.3 6.00 53.9 80.8

140 95.8 102.3 8.00 41.9 64.6
12.00 29.9 53.9
16.00 23.9 43.1

In  Tables I and I I , except for the substrate whose concentration is varied, the concentra
tion of all other substrates was the same as described in  Sigma Technical Bulletin No. 505

Table II

Effect of different concentrations 
of substrates on the ac tiv ity  of GPT 

(nm ol pyruvate produced m in-1  mg-1  protein) 
in the  ex tracts of mixed rum en bacteria from buffaloes 

and cattle (n =  2)

L -a lan in e
(mmol/1) B uffalo C attle

2-oxo-
g lu ta r a te
(m m ol/1)

B uffalo C a ttle

1.25 19.9 18.0 0.1 19.9 26.9
2.5 44.9 26.9 0.2 39.9 53.9
5.0 59.8 44.9 0.5 69.8 71.8

10.0 69.8 71.8 1.0 114.7 89.8
20.0 89.8 98.7 2.0 129.7 116.7
40.0 109.7 125.7 3.0 109.7 161.6
50.0 119.7 143.6 4.0 94.8 125.7
60.0 127.2 170.6 6.0 74.8 80.8
80.0 127.2 170.6 8.0 34.9 62.8

120.0 127.2 170.6 10.0 24.9 53.9
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Table III

K m and Vmax values (determined by Lineweaver-Burk plots) of GOT and GPT in extracts 
of mixed rum en bacteria from buffaloes and cattle (n =  2; mean +  SD)

E n zy m e S u b s tra te
K m (m m ol/l)

V max (n m o l p ro d u c t form ed 
m in - 1 m g - 1 p ro tein)

B uffalo C a ttle B uffalo C a ttle

GOT L-aspartate 4.00 ±  0.45 5.00 ±  0.60 102 .04+  6.01 100.00 ±  7.22
2-oxoglutarate 0.17 ±  0.006 0.31 +  0.002 86.95 ±  4.43 84.75 ±  3.87

GPT L-alanine 8.00 ±  0.88 14.29 ±  1.01 133.33 ±  10.11 166.67 ±  7.63
2-oxoglut axate 0.67 ±  0.10 0.45 ±  0.03 166.67 ±  4.85 142.86 ±  5.14

Table IV

Effects of different electrolytes on the activ ity  of GOT and GPT in the extracts 
of m ixed rum en bacteria from buffaloes and cattle (n =  2)

E lectro ly te
(m m ol/l)

G O T G P T E le c tro ly te
(m m ol/l)

G O T G PT

B uffalo C attle B uffalo C attle B uffalo C a ttle B uffalo C attle

MgCL, NiCl.,
5 104 112 140 145 1 60 60 90 95

10 150 152 150 156 Z nS04
20 192 185 160 165 1 84 80 94 96

CaCl4 CuS04
2 100 100 108 105 1 53 57 6 8 70
5 100 100 125 120 CdS04

10 100 100 140 136 1 50 54 100 100

MnCL; L iS04
1 120 140 140 155 1 60 60 23 22
2 220 220 300 310 HgCL
4 380 400 450 470 1 2 1 25 41 39

CoCLj A gN 03
1 60 63 100 100 1 29 30 38 40

Figures are adjusted by taking the value of the control (w ithout electrolyte) as 100

G PT  has p H  o p tim a  o f 7.4 and  7.6 in  M R B E  from  buffaloes and  c a tt le , 
respective ly . I n  M R B E  from  buffaloes a t  p H  values o f 7.2, 6.4, 8.0 an d  9.0 
th e  ac tiv ities w ere reduced  b y  7.5, 30.2, 20.7 an d  34 .0 % , respectively . T h e  
correspond ing  red u c tio n s  in  p rep ara tio n s  fro m  c a ttle  w ere 25.7, 45.7, 31.4 a n d  
54 .3% . T he te m p e ra tu re  o p tim um  of th e  enzym e in  M R B E  from  bo th  buffaloes 

.and  c a ttle  w as 37 °C. T he E a  and  Q10 o f th is  enzym e b e tw een  30 and  40 °C 
w ere 39,461 J  m o l-1 and  1.71, re spec tive ly , in  M R B E  fro m  buffaloes an d  th e
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Table V

Effect of some chemicals on the ac tiv ity  of GOT and GPT in the extracts 
of mixed rum en bacteria from  buffaloes and cattle (n =  2)

C hem ical G O T G P T Chem ical G O T G P T
(mmol/1)

B uffalo C a ttle
_  „  , im m oi/ii
B uffalo  C a ttle B uffalo  C attle B uffalo  C a ttle

EDTA Sodium arsenate
1 68 66 70 74 1 62 65 80 80
2 56 52 65 67 Sodium azide
5 45 42 60 62 1 55 50 80 76

Ammonium molyb p-chloro-mercuri-
date benzoate

1 62 65 80 85 (PCMB)
2 42 44 75 70 1 36 40 16 20
5 40 36 50 48

10 0 0 0 0

Sodium citrate
1 50 50 70 69
2 42 44 70 67
4 25 30 15 14

Figures are adjusted by taking the value of control (without chemical) as 100

co rresp o n d in g  va lu es  in  c a ttle  w ere 37,021 J  m o l-1  an d  1.60 (Fig. 1). T h e  
th e rm o s ta b ili ty  o f G P T , as m easured  in  th e  case of GOT (in  th e  case o f c a tt le , 
p H  w as, how ever, 7.6) w as 40 °C in  b o th  ru m in a n t species. T h e  enzym e w as 
co m p le te ly  in a c tiv a te d  a t  80 °C. T h e  o p tim a l co n cen tra tio n s (mmol/1) o f 
L -a lan in e  w ere 60 an d  60, w hile tho se  o f  2 -o x o g lu ta ra te  w ere 2 an d  3 in  M R B E  
fro m  buffaloes an d  c a tt le , re sp ec tiv e ly  (T ab le  I I ) . T he K m values fo r th e se  
s u b s tra te s  are  g iven  in  T ab le  I I I .  In c re a s in g  th e  c o n cen tra tio n  of L -a lan in e  
b ey o n d  i ts  o p tim a l level d id  n o t in h ib it th e  enzym e a c tiv ity  in  e ith er ru m in a n t 
species, w hereas ra is in g  th e  c o n cen tra tio n  o f  2 -o xog lu ta ra te  b eyond  its  o p tim a l 
lev e l decreased  th e  re a c tio n  velocity .

T h e  specific a c t iv i ty  o f GOT (u n d e r s ta n d a rd  assay  cond itions) w as 107.7 
a n d  102.3 in  th e  p re p a ra tio n s  from  b uffa loes and c a ttle , re spec tive ly . T he 
co rresp o n d in g  values fo r G PT  w ere 129.7 a n d  170.6. I t  is in te re s tin g  to  n o te  
t h a t  K m values o f b o th  GOT and  G P T  fo r all th e  su b s tra te s  used  (T able I I I )  
w ere low er in  M R B E  from  buffaloes th a n  in  th a t  from  c a ttle  excep t t h a t  of 
G P T  fo r 2 -o x o g lu ta ra te .

M gCl2 an d  M nC l2 w ere found  to  b e  th e  ac tiv a to rs  o f GOT (T able IV ). 
R ising  co n cen tra tio n s  (mmol/1) of M gCl2 from  5 to  20 an d  o f M nCl2 fro m  1 
to  4 increased  th e  enzym e a c tiv ity  in  b o th  buffaloes an d  c a ttle . A t a M gCla 
c o n c e n tra tio n  o f 20 mmol/1 an d  a M nC l2 co n cen tra tio n  of 4 mmol/1 th e  enzym e 
a c tiv i ty  w as increased  b y  85-92 (P  <  0.01) an d  280-300%  (P  <  0.01) over
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th e  co n tro l values, re spec tive ly . M gCl2, CaCl2 an d  M nCl2 w ere th e  ac tiv a to rs  
o f  G P T  from  b o th  ru m in a n t species. M gCl2 (20 mmol/1), C aC l2 (10 mmol/1) 
a n d  M nC l2 (4 mmol/1) increased  th e  enzym e a c tiv ity  b y  6 0 -6 5 %  (P  <  0.01), 
3 6 -4 0 %  (P  <  0.05) and  3 5 0 -3 7 0 %  (P  <  0.01), respective ly , over th e  con tro l 
v a lu es  (Table IV ). In  th e  case o f b o th  GOT an d  G PT, NaCl (5 -50  mmol/1), KC1 
(5 -5 0  mmol/1) an d  (N H 4)3P 0 4 (50 mmol/1) w ere w ith o u t effect. O th e r salts 
w ere in h ib ito ry . T he effect o f v a rio u s chem icals on th e  a c t iv i ty  o f GOT an d  
G P T  w ere also te s te d  (Table V). E D T A  (10 mmol/1), am m o n iu m  m o ly b d a te  
(10 mmol/1), sod ium  c itra te  (4 mmol/1), sod ium  a rsen a te  (1 mmol/1), sod ium  
azide  (1 mmol/1) an d  PCM B (1 mmol/1) red u ced  th e  a c tiv ity  o f  GOT and  G PT 
b y  60-65  and  55-60 , 100 an d  100, 70-75 an d  85, 35-38  a n d  20, 45-50  an d  
2 0 -3 4 , 60-64  an d  8 0 -8 4 % , resp ec tiv e ly , in  b o th  ru m in a n t species. P y rid o x in e  
h y d ro ch lo rid e  (2 -20  mmol/1) an d  sod ium  g lu ta m a te  (2-20  mmol/1) w ere w ith 
o u t effect.

Discussion

T he presence o f k e to  acids like a lp h a-k e to g lu ta ric  acid  a n d  p y ru v ic  acid  
(V an der H o rst, 1961) an d  free am ino  acids (W rite  and  H u n g a te , 1967) in  th e  
ru m e n  suggests th e  in v o lv em en t o f tra n sa m in a se  reac tions in  am ino  acid b io 
sy n th es is . T he d a ta  on th e  specific  a c tiv ity  values o f GOT a n d  G PT  in  th is  
s tu d y , an d  of g lu ta m a te  d eh ydrogenase  in  an  earlie r w o rk  (S ain i and  Singh, 
1987) in d ica ted  th a t  tra n sa m in a tio n  reac tio n s are also im p o r ta n t  in  th e  n itro 
gen m etabo lism  o f ru m en  m icroorgan ism s. T h e  specific a c t iv i ty  of G PT w as 
a p p a re n tly  h igher th a n  th a t  o f GOT in M R B E  from  b o th  ru m in a n t species. 
B ased  on th e  h igh  ac tiv itie s  o f  b o th  GOT an d  G PT in  th e  m ixed  ru m en  b a c te ria  
fro m  sheep, C halupa  e t al. (1970) also in d ica ted  th e  im p o rta n c e  of t r a n s 
a m in a tio n  reactions in  th e  assim ila tio n  o f am m onia  in to  ce llu la r p ro te in s b y  
ru m e n  b ac te ria . S im ilar view s w ere expressed  b y  A rth u r  an d  B loom field  (1971). 
T h e  a c tiv ity  of GOT in  th e  e x tra c ts  of ru m en  m icroorgan ism s from  cows 
(B aldw in  and  P a lm q u is t, 1965; E rfle  e t a l., 1977) and  of b o th  GOT and  G PT 
in  sheep  (W allace, 1979) an d  buffaloes (B h a tia  e t al., 1979) w as also d e tec ted  
earlie r.

T he resu lts  concern ing  th e  effect o f vario u s e lec tro ly tes  (T able IV) an d  
chem icals (Table V) on th e  a c tiv itie s  of GOT an d  G PT in d ica te  th a t  th e  a c tiv i
tie s  o f these  enzym es in  th e  ru m e n  can be m an ip u la ted .
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STUDIES ON GLUTAMINE 
AND ASPARAGINE SYNTHETASES 

FROM MIXED RUMEN RACTERIAL FLORA 
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G lutam ine (GS) and asparagine synthetases (AS) have  been characterized in 
the mixed rum en bacterial flora from buffaloes (B ubalus bubalis) and cattle (B os  
taurus). The pH  optim a of GS was 7.6 in both rum inan t species and th a t of AS was 
7.2 and 7.0 in  buffaloes and ca ttle , respectively. The op tim al concentrations of all 
the substrates were determ ined and  the K m and VmaK values calculated. The K m and 
Vmax values of both  enzymes for all the substrates used, except sodium glutam ate in 
the case of GS, were higher in  ca ttle  th a n  in buffaloes. The specific activity of AS was 
significantly higher in cattle th an  in buffaloes. In  ca ttle  the specific activity  of AS 
was considerably higher th an  th a t  of GS. Of the electrolytes tes ted , MnCl2 (10 mmol/1) 
and CoCl2 (1 mmol/1) increased GS activ ity  by 16 and 117% , respectively, while NaCl 
(50 mmol/1), KC1 (50 mmol/1), CaCl2 (10 minol/l), N H 4C1 (50 mmol/1), and MnCl2 
(lO mmol/1) increased AS activ ity  by 20, 9, 25, 29 and  39% , respectively, in  bo th  
species as com pared to the control conditions. O ther chemicals such as EDTA, am m o
nium m olybdate, sodium arsenate, sodium azide and PCMB a t 1 mmol/1 concentration 
each reduced the activity  of GS and AS by 42 and 41, 51 and  58, 39 and 39, 91 and  50, 
51 and 44% , respectively.

K eyw ords: Glutamine synthetase, asparagine syn thetase, rumen bacteria, ru m i
nants, buffalo, cattle.

In  m a n y  organism s like b a c te ria  (R avel e t a l., 1962; B ender e t a l., 
1977; Siedel a n d  Shelton , 1979) an d  algae (Tuli a n d  T hom as, 1980), A T P- 
d ep en d en t g lu tam in e  sy n th e ta se  (GS) and  asp a rag in e  sy n th e tase  (AS) a re  
im p o rta n t enzym es for th e  f ix a tio n  o f am m onia  in to  am id e  of g lu tam ine an d  
asparag ine , resp ec tiv e ly . These am ide  groups m ay  fu r th e r  be tran sfe rred  to  
su itab le  carb o n  skeletons for th e  syn th esis  o f o th e r am in o  acids. The p resence  
of these  enzym es in  m ixed m icroorganism s (C halupa e t  al., 1970; E rfle  e t  a l.,
1977) an d  p u re  cu ltu re  of b a c te ria  (B urchall e t a l., 1964; Sm ith  et al., 1980) 
from  th e  ru m e n  has also been  d e tec ted  h u t  n o t fu lly  charac terized . This s tu d y  
deals w ith  th e  ch a rac te riza tio n  o f GS an d  AS from  th e  m ixed  rum en b a c te r ia l 
f lo ra  of buffaloes an d  ca ttle .

* Address rep rin t requests to  Dr. Sudarshan Singh, Professor and Head
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M aterials and methods

T he an im als, th e ir  feeding schedu le  a n d  th e  procedure o f  co llecting  ru m en  
f lu id  (R F ) w ere th e  sam e as described  in  th e  accom pany ing  p a p e r  (Saini and  
S ingh , 1988). T he c rude  enzym e e x tra c t  w as p repared  (B aldw in  a n d  P a lm q u is t, 
1965) from  11 o f cold  R F  an d  s to red  a t  0 °C in  sm all vials (0.5 m l). T he enzym e 
p re p a ra tio n , te rm e d  m ixed  ru m en  b a c te r ia l  ex tra c t (M R B E ), w as stab le  for 
sev e ra l days w hen  s to re d  a t  0 °C.

T he GS (C h alu p a  e t al., 1970; Е С  6 .3.1.2) and  AS (B u rc h a ll e t al., 1964; 
Е С  6.3.1.1) a c tiv ity  in  M R B E  w as m easu red  b y  de term in ing , re sp ec tiv e ly , th e  
fo rm a tio n  o f Y -g lu ta m y l h y d ro x a m a te  a n d  /З-asp a rty l h y d ro x a m a te . T he reac 
t io n  m ix tu res  (2.25 m l f in a l vo lum e), consisting  of so d ium  g lu ta m a te , 120 
//m o l; p o tassiu m  a rse n a te , 80 //m ol; m an g an ese  chloride, 12 //m ol; hyd roxy l- 
am in e  h y d ro ch lo rid e  (n eu tra lized  w ith  K O H ), 240 //m ol; im id azo le  (p H  7.5) 
80 //m ol; sod ium  A T P , 10 //m ol; a n d  M R B E , 0.1 m l (all th e  su b s tra te s  w ere 
p re p a re d  in  im idazole  bu ffer o f p H  7.5) fo r  GS, and L -a sp a r ta te , 20 //m ol; 
t r is  (h y d ro x y m e th y l) am in o m eth an e-h y d ro ch lo rid e  (Tris-H C l), 100 //m ol; m a n 
g an ese  ch loride, 12 //m ol; sod ium  A T P , 10 //m ol; h y d ro x y lam in e  hydroch lo ride  
(n e u tra liz ed  w ith  K O H ), 800 //m ol; a n d  M R B E , 1.0 m l (a ll th e  su b stra te s  
w ere  p rep a red  in  T ris-H C l buffer o f p H  7.2) fo r AS, were in c u b a te d  for 60 m in  
a t  37 °C. 0.75 m l so lu tio n  co n ta in in g  e q u a l volum es of 2 4 %  (w /v) trich lo ro 
a c e tic  acid , 6 N HC1 an d  10%  (w/v) F eC l3 • 6 H 20  in  0.02 N  HC1, w as added  
to  s to p  th e  reac tio n . T he o p tica l d e n s ity  w as m easured (a f te r  cen trifu g a tio n  
a t  1000 g  for 10 m in) a t  540 n m  in  a Spectron ic-20  sp ec tro p h o to m e te r  (B ausch  
a n d  L om b). A p p ro p ria te  con tro ls w ere a lw ays included in  th e  a ssay  to  e s tim a te  
th e  n o n -en zy m atic  a c tiv ity  an d  s u b tra c te d  from  th e  e x p e rim e n ta l values. 
Q u a n tita tio n  o f Y -g lu tam y l h y d ro x a m a te  an d  /S-aspartyl h y d ro x a m a te  w as 
d o n e  from  th e ir  s ta n d a rd  curves p re p a re d  in  th e  range o f 1.0 to  10.0 //mol. 
T h e  specific ac tiv itie s  o f GS an d  AS w ere expressed  as nm ol o f  p ro d u c t form ed 
h -1  m g -1  p ro te in . T h e  p ro te in  c o n te n t o f  M R B E was d e te rm in e d  b y  th e  
m e th o d  of L ow ry  e t al. (1951). T he K m v a lu es  were de te rm ined  b y  conven tiona l 
m e th o d s  (D ixon an d  W ebb , 1964).

R esults

T he GS from  b o th  buffaloes a n d  c a tt le  has pH  o p tim a  o f  7.6. In  M R B E  
fro m  buffaloes th e  a c t iv i ty  a t  p H  7.2, 6 .4 , 8.2 and 8.6 w as red u ced  b y  25.0,
52 .5 , 22.5 an d  4 6 .2 % , respec tive ly . T h e  corresponding re d u c tio n s  in  ca ttle  
w ere  25.6, 50.6, 13.7 an d  52 .7% . T he o p tim a l concen tra tion  (mmol/1) of sodium  
g lu ta m a te  an d  sod ium  A T P  was 150 a n d  4, respectively , in  th e  p rep ara tio n s  
fro m  b o th  buffaloes an d  c a ttle  (T able I ) . Increasing  c o n cen tra tio n s  o f b o th

Acta Veterinaria Hungarica 36, 1988



GLUTAMINE AND ASPARAGINE SYNTHETASE FROM RUMEN BACTERIA 97

su b s tra te s  bey o n d  th e ir  op tim a l levels in h ib ite d  th e  enzym e a c tiv ity  in  b o th  
ru m in a n t species. T h e  K m values in  buffa loes an d  c a ttle  fo r th ese  su b s tra te s  
are  given in  T ab le  I I I .

T he AS has p H  o p tim a  of 7.2 and  7.0 in  M R B E  from  buffaloes and  c a tt le , 
respective ly . In  M R B E  from  buffaloes th e  a c t iv i ty  a t  p H  6.8, 6.0, 8.0 an d  8.4 
was reduced  b y  4 .5 , 48.9, 26.1 and  5 4 .5 % , resp ec tiv e ly . T h e  correspond ing  
reduc tions in  c a ttle  w ere 2.0, 55.9, 21.6 an d  5 1 .0 % . T he o p tim a l co n cen tra tio n  
(mmol/1) o f p o tass iu m  a sp a r ta te  and sodium  A T P  fo r th e  enzym e a c tiv ity  w as 
50 an d  6, re sp ec tiv e ly , in  M R B E  from  b o th  ru m in a n t species (Table I I ) .  
In creasin g  co n cen tra tio n s  o f b o th  these  s u b s tra te s  beyond  th e ir  op tim al levels

Table I

Effect of different concentrations 
of substrates on the ac tiv ity  of GS 

(nmol Y -glutam yl hydroxam ate produced h—1 mg-1  protein) 
in the extracts of mixed rum en bacte ria  from buffaloes 

and cattle (n =  2 each)

S odium
g lu ta m a te
(mmol/1)

Buffaloes C attle
S o d iu m

A T P
(mm ol/1)

B uffaloes C a ttle

12.5 95.6 103.5 0.5 78.7 81.0
25.0 151.9 153.0 1.0 135.0 148.5
50.0 174.4 202.5 2.0 213.7 265.5

100.0 208.1 274.5 4.0 270.0 324.0
150.0 264.3 315.0 6.0 219.3 247.5
175.0 236.2 225.0 8.0 180.0 216.0
200.0 202.5 198.0 12.0 112.5 135.0

In  Tables I and II , except for the substrates whose concentration is varied, the con
centration of all other substrates was the same as given under Materials and methods

Table II

Effect of different concentrations of substrates on the activ ity  of AS 
(nmol /S-aspartyl hydroxamate produced h—1 mg-1  protein) 
in  the extracts of rumen bacteria from  buffaloes and cattle 

(n =  2 each)

P o ta ss iu m
L -a sp a r ta te

(mmol/1)
B uffaloes C attle

S o d iu m
A T P

(mm ol/1)
Buffaloes C a ttle

6.25 112.5 360.0 0.5 168.7 629.9
12.5 213.7 755.9 1.0 236.2 899.9
25.0 281.2 989.9 2.0 281.2 1079.9
50.0 326.2 1169.9 4.0 315.0 1169.9
75.0 202.5 539.9 6.0 337.5 1259.9

100.0 157.5 323.9 8.0 292.5 989.9
150.0 101.2 144.0 12.0 225.0 809.9

16.0 146.2 548.9
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Table III

K m and Vmax values (determined by Linew eaver-Burk plots) of GS and AS in the ex tracts 
of mixed rum en bacteria from buffaloes and cattle (n =  2 each; mean +  SD)

E n z y m e S u b s tra te
K m  (m m ol/1)

Vmax (nm ol p ro d u c t fo rm ed  
h r 1 m g ~ 1 p ro te in )

Buffaloes C a ttle B uffaloes C a ttle

GS Sodium glutam ate 
Sodium ATP

54.05 +  3.01 
1.96 +  0.08

51.28 +  3.61 
2.50 +  0.12

270.37 +  10.18 
280.00 +  15.04

316.67 +  15.11 
330.32 ±  18.21

AS Potassium 
L-aspartate 

Sodium ATP
10.42 +  1.01 
0.94 +  0.09

11.36 ±  1.18 
1.14 +  0.07

340.16 ±  20.21 
345.12 +  26.02

1180.57 +  59.81 
1278.60 +  65.13

Table IV

Effect of different electrolytes on the  ac tiv ity  of GS and AS in the extracts 
of mixed rum en bacteria from buffaloes and cattle (n =  2 each)

E le c tro ly te
(mmol/1)

G S AS E lec tro ly te GS A S

B uffalo C a ttle Buffalo C a ttle
(mmol/1)

B uffalo C a ttle B uffalo C a ttle

NaCL,, 50 70 67 119 122 CoOj, 1 218 216 75 81
KC1, 50 6 8 71 109 109 NiCL,, 1 6 6 64 63 69
CaCb, 10 6 6 65 125 125 Z nS04, 1 80 74 100 100
NH4C1, 50 75 73 131 128 CuS04, 1 57 52 71 69
MnCl,, 10 114 118 138 140 CdS04, 1 8 6 82 102 104
K 2H P 0 4, 50 36 34 23 19 H g(X, 1 64 57 15 12

The figures are adjusted by taking the value of control (w ithout electrolyte) as 100

Table V

Effect of some chemicals on the ac tiv ity  of GS and AS in the extracts 
of mixed rum en bacteria from buffaloes and cattle (n =  2 each)

C hem ical
(mmol/1)

GS AS Chem ical GS A S

B uffalo C a ttle Buffalo C a ttle
(mmol/1)

B uffalo C attle В uffalo C a ttle

EDTA, 1 61 55 60 58 Sodium 
arsenate, 1 64 58 59 62

Ammonium 
m olybdate, 1 48 50 42 42

Sodium 
azide, 1 9 9 50 50

Sodium citrate, 1 105 105 108 111 PCMB, 1 52 45 56 56

The figures are adjusted by taking the value of control (w ithout chemical) as 100

decreased  th e  reac tio n  velocity . K m v a lu e s  o f th e  enzym e fo r these  su b s tra te s  
are  g iven  in  T ab le  I I I .

T he specific a c tiv ity  o f GS (w hen th e  co ncen tra tions of th e  su b s tra te s  
w ere th e  sam e as described  in  th e  M ate ria ls  an d  m eth o d s section) w as 4.4
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a n d  5.2 in  M R B E  from  buffaloes an d  c a ttle , respective ly . T h e  corresponding  
v a lu es  o f AS w ere 5.4 an d  19.5. These d a ta  an d  th e  re su lts  o f  T able I I  show  
t h a t  th e  specific a c tiv ity  o f  AS w as con sid erab ly  h igher in  M R B E  from  c a ttle  
th a n  in  th a t  from  buffaloes. I t  is also seen  th a t  th e  specific  a c tiv ity  o f  AS 
w as m uch h igher th a n  th a t  o f GS in  p re p a ra tio n s  from  c a ttle .

M nCl2 (10 mmol/1) an d  CoCl2 (1 mmol/1) increased  GS a c tiv ity  by  14-18  
(P  <  0.1) an d  116-118%  (P  <  0.01), respective ly , w hile N aC l (50 mmol/1), 
KC1 (50 mmol/1), CaCl2 (10 mmol/1), N H 4C1 (50 mmol/1), M nC l2 (10 mmol/1) 
increased  AS a c tiv ity  b y  19-22 (P  <  0.1), 9, 25 (P  <  0 .1), 28-31 (P  <  0.1) 
a n d  3 8 -4 0 %  (P  <  0.05), resp ec tiv e ly , over th e  contro l v a lu es . Z n S 0 4 (1 mmol/1), 
C d S 0 4 (1 mmol/1) in  th e  case o f  AS an d  L iS 0 4 (1 mmol/1) in  th e  case of b o th  
GS an d  AS w ere w ith o u t effect. O th e r sa lts  h ad  an  in h ib ito ry  effect (Table IV ). 
T h e  effect o f vario u s chem icals on th e  a c tiv ity  o f GS an d  AS w ere also te s te d  
(T ab le  V). E D T A , am m onium  m o ly b d a te , sodium  a rse n a te , sodium  azide a n d  
PC M B  a t  1 mmol/1 co n cen tra tio n  each  in h ib ite d  th e  a c t iv i ty  o f  GS and  AS b y  
3 9 -45  and  40 -42 , 50-52 an d  58, 36-42 an d  38-41 , 91 an d  50, 48-55  and  4 4 % , 
resp ec tiv e ly , in  b o th  ru m in a n t species. Sodium  c itra te  (1 mmol/1) slig h tly  
a c tiv a te d  b o th  enzym es.

D iscussion

The presence o f GS, AS a n d  p y rid in e  nucleo tide lin k e d  g lu tam ate  s y n 
th a s e  (GOGAT) in  m ixed (C halupa e t ah , 1970; E rfle  e t a l., 1977) and  p u re  
cu ltu re s  of ru m en  b a c te ria  (B urchall e t a l., 1964; G riffith  a n d  Carlsson, 1974; 
S m ith  e t al., 1980) suggested  th a t  th e se  enzym es m ay  p ro v id e  an  effic ien t 
m eans o f g lu tam a te  syn th esis  th ro u g h  th e  g lu tam ate  or a sp a rag in e /g lu tam ate  
p a th w a y  especially  a t  low  am m o n ia  co n cen tra tio n  in  th e  ru m e n . G lu tam ate  in  
t u r n  can  p lay  an  im p o r ta n t ro le  as th e  donor o f am ino g ro u p s  in  th e  syn thesis  
o f  o th e r  am ino acids (U m b arg er an d  D av is, 1962). T he specific  ac tiv ities an d  
K m values o f GS an d  AS (T able I I I )  an d  of g lu tam a te  dehydrogenase  (Saini 
a n d  Singh, 1987), g lu tam ic-oxa loace tic  tran sam in ase  a n d  g lu tam ic-py ruv ic  
tra n sa m in a se  (Saini an d  S ingh, 1988) re p o rte d  earlier in  th e  M R B E  from  
buffaloes and  c a ttle  in d ica ted  th a t  energy -dependen t f ix a tio n  of am m onia b y  
ru m e n  b ac te ria  th ro u g h  GS an d  AS m ay  be  o f lesser im p o rta n c e  in  these  tw o  
ru m in a n t species. S im ilar w ere th e  view s o f C halupa e t  al. (1970) and  W allace
(1979). I t  is in te re s tin g  to  n o te  t h a t  th e  specific a c tiv ity  o f AS w as s ign ifican tly  
h ig h er in  M R B E  from  c a ttle  th a n  in  t h a t  from  buffa loes, an d  th e  specific 
a c tiv ity  of AS w as h igher th a n  th a t  o f  GS in  p rep ara tio n s  fro m  cattle .

T he resu lts  on th e  effect of v a rio u s  e lectro ly tes a n d  chem icals (Tables 
IV  an d  V) on th e  a c tiv ity  o f GS an d  AS in d ica te  th a t  th e ir  ac tiv ities in  th e  
ru m e n  can be  m an ip u la ted .
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METALLOTHIONEIN CONTENTS 
IN SELECTED TISSUES OF CATTLE 
FROM COPPER-DEFICIENT AREAS 

IN NORTH-EAST POLAND*

M. K l ec zk o w sk i

Veterinary Hygiene Research Station at homza, 
18-400 JLomza, P.O. Box 22, Poland

(Received June 26, 1987)

Investigations were carried out on 90 cows and 30 young bulls, of the Black 
and White breed, allotted into four groups, in three Cu-deficient regions (A, B, C) of 
Poland. The first task  was to determine Cu, Zn and Cd levels in the blood. Further
more, five animals in each group were slaughtered to determine metallothionein as 
well as Cu, Zn and Cd in the liver, kidney, epithelial tissues of the rumen, reticulum, 
omasum, abomasum, duodenum, jejunum , ileum and colon. These metals were also 
determined in the soil and herbage.

The contents of metallothionein in the tissues examined ranged from 0.07 to 
0.72 mg/g. The highest concentrations (0.19-0.52 mg/g) were measured in the kidney, 
liver, epithelial tissues of the rumen, reticulum, omasum and abomasum of bulls from 
regions where the highest Cd levels were found (C), and in the duodenum and jejunum 
(0.48-0.59 mg/g) of cows kept in areas with the highest Zn contents (A).

Keywords: Metallothionein, cattle, copper, zinc, cadmium.

M etallo th ionein  is a p ro te in  o f low  m olecular w eigh t (a b o u t 10,000) and  
h igh  su lp h u r co n ten t, b in d in g  also Cu, Z n, Cd, H g an d  F e  (K äg i an d  Vallee, 
1960; K ägi and  V allee, 1961). T he to ta l  q u a n tity  o f  m e ta ls  b o u n d  to  th e  
p ro te in  am o u n ts  to  6 -8  gram  a to m s p e r  6000 g m eta llo th io n e in . H ow ever, 
th e  co n ten ts  o f m eta ls  o ften  v a ry  an d  d ep en d  on th e  size o f  m inera ls  delivered  
as w ell as on th e  o rg an  (P io trow sk i a n d  M ogilnicka, 1976). E x p e rim e n ta l d a ta  
show ed th a t  th e  sy n th es is  o f m eta llo th io n e in  could be in d u ced  in  th e  tissues 
b y  m eta ls  such as Cu, Zn, Cd (P isca to r, 1964; K ägi an d  N o rd b erg , 1979), H g, 
B i, Co (P io trow sk i a n d  M ogilnicka, 1976) and  Ag (M ogiln icka e t a l., 1976). 
I f  h e a lth y  anim als a re  su pp lem en ted  w ith  Cu or Zn, m e ta llo th io n e in  co n ten t 
w ill increase and , su b seq u en tly , th e se  m eta ls  w ill a c c u m u la te  in  th e  liver, 
k id n ey , in testin es  an d  o th e r tissues (M ercer e t al., 1981; M cCorm ick e t al., 
1981; M enard e t a l., 1981). H otvever, de fic ien t doses o f Cu o r Zn decrease th e  
level o f m eta llo th io n e in  so th a t  i t  is som etim es u n d e te c ta b le  (Cousins, 1985; 
R ich ard s and  C ousins, 1976).

T he role o f  m eta llo th io n e in  in  th e  liver, in te s tin e s  a n d  k id n ey  is n o t 
q u ite  clear. The b in d in g  o f trace  e lem en ts m ay  be im p o r ta n t fo r th e  hom eostasis

* E d ito r 's  note: Since the cadmium concentrations apply to a circumscribed geographic 
area, the conclusions drawn from them cannot be generalized.
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o f  Cu and  Zn in  th e  bo d y  as w ell as for p ro te c tio n  a g a in s t tox ic  levels of 
m in era ls  (P a ttiso n , 1984; W einer a n d  Cousins, 1980). C ousins (1985) suggests 
a schem e of Cu a n d  Zn econom y in  w hich m eta llo th io n e in  has th e  ce n tra l 
p o s itio n . I t  seem s, h ow ever, th a t  o th e r  functions o f  th e  p ro te in  are also p o s
sib le. Prolonged u p ta k e  of Cu a n d  Zn in  large q u a n tit ie s  renders an im als 
re s is ta n t and  im p ro v es  th e ir  defence m echanism s th ro u g h  changes in  m e ta llo 
th io n e in  levels (P o w a n d a , 1981). M oreover, th e  h e p a tic  m e ta llo th ione in  can  
b in d  gold s trong  en o u g h  (S h arm a a n d  M cQueen, 1982); th u s , th e  success o f 
an ti- in fla m m a to ry  t r e a tm e n t  w ith  i ts  sa lts  m ay  d ep en d  on th e  co n ten t of th is  
p ro te in . P la tin u m  is a lso  able to  b in d  m eta llo th io n e in  (2elazow sk i e t al., 1984), 
th u s  inh ib iting  th e  th e ra p e u tic  effic iency  o f a n tin eo p la s tic  d rugs con ta in in g  
th is  m eta l (B akka e t  a l., 1981).

In fo rm atio n  o n  th e  physio logical levels o f m e ta llo th io n e in  in  th e  tissues 
h a s  been incom plete  a n d  c o n tra d ic to ry  so fa r, w hile fo r c a tt le  th e re  is no 
su ch  in fo rm ation  w h a tso ev er. T herefo re , th e  aim  o f th is  w ork  w as to  p re sen t 
som e d a ta  on th e  p ro te in  co n ta in ed  in  selected  tissu es  o f c a ttle  from  Cu- 
d e fic ien t regions o f  N o rth -e a s t P o lan d .

Materials and methods

The ex p erim en t w as p erfo rm ed  on 90 cows aged  3 -6  y ears , w ith  a m ilk  
y ie ld  abou t 3000 1 p e r  y ea r, and on 30 bulls aged 18 m o n th s . All th e  an im als 
w ere  of th e  B lack  a n d  W h ite  b reed . T ak in g  in to  acco u n t reg ional cond itions, 
th e  anim als w ere a llo t te d  in to  fo u r groups (I, I I ,  I l i a ,  I l l b ) .  T here w ere 
30 cows in  region A (G roup  I) an d  30 cotvs in  reg ion  В (G roup  II) , w hile in  
reg io n  C there  w ere 30 bulls (G roup I l i a )  an d  30 cows (G roup  IH b ). D urin g  
th e  grazing season th e  an im als w ere k e p t on p a s tu re , w hile in  w in te r th e ir  
d ie t  consisted of g rass silage and  h ay .

Blood sam ples w ere  tak en  tw ice a y ear from  all th e  an im als  to  de te rm ine  
C u, Zn and  Cd levels in  th e  serum . M oreover, in  each  g ro u p  f iv e  anim als w ere 
s lau g h te red  to  ta k e  sam ples from  th e  liver, k idney , ep ith e lia l tissues of th e  
ru m e n , re ticu lum , o m asu m , ab o m asu m , duodenum , je ju n u m , ileum  and  colon 
fo r  de te rm in a tio n  o f  m e ta llo th io n e in , Cu, Zn an d  Cd c o n te n ts . T he m eta ls  
w ere  also dete rm in ed  in  sam ples o f  soil an d  herbage  ta k e n  from  p a rtic u la r  
reg ions. Copper, zinc an d  cadm ium  w ere d e te rm in ed  by  a to m -ab so rp tio n  
sp ec tro p h o to m e try  w hile  for m e ta llo th io n e in  a rad io iso to p e  m e th o d  using H g203 
(Zelazow ski and  P io tro w sk i, 1977) w as used. T he re su lts  w ere ev a lu a ted  
s ta tis tic a lly  by  S tu d e n t’s t te s t.
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Table 1

Metallothionein, Cu, Zn and Cd contents in selected tissues

G roups
P a r  am - O rgans o r  tissues

e te r
1 2 3 4 5 6 7 8 9 10 11

MT 0.35 0.38 0.10 0.12 0.09 0.18 0.48* 0.59* 0.32 0.15 —

I Cu 58.9 479 44.5 39.8 30.8 33.6 39.7 37.5 37.6 36.2 8.88
Zn 269 291 286 254 236 244 258 233 209 210 14.0
Cd 0.84 0.55 0.52 0.50 0.44 0.42 0.46 0.43 0.36 0.49 0.008

MT 0.31 0.47 0.07 0.10 0.10 0.15 0.33 0.21 0.16 0.35 —

h Cu 95.8 535 43.2 40.7 42.6 41.7 44.5 46.3 42.1 40.2 8.05
Zn 227 388 268 294 267 229 259 246 207 216 11.9
Cd 0.72 0.43 0.43 0.47 0.34 0.33 0.52 0.37 0.47 0.43 0.008

MT 0.52* 0.72* 0.19* 0.16* 0.25* 0.19 0.22 0.40 0.43 0.28 —

I l ia Cu 70.6 779** 47.7 43.6 44.3 46.9 48.9 47.2 37.6 34.7 7.90
Zn 383 434* 293 267 288 168 188 267 188 196 12.8
Cd 1.11* 0.78* 0.58 0.48 0.44 0.62 0.83 0.47 0.38 0.52 0.008

MT 0.46 0.50 0.12 0.15 0.17 0.18 0.39 0.27 0.23 0.20 —

I llb Cu 74.8 611 45.6 42.5 43.2 39.7 48.3 46.6 43.3 32.7 7.65
Zn 298 399 332 287 264 196 207 255 213 216 12.6
Cd 0.71 0.46 0.41 0.42 0.37 0.30 0.42 0.35 0.42 0.44 0.008

Explanations: Values of metallothionein are given in [mg/g], Values of Cu, Zn and Cd in tissues are given in [/<mol/kg]., while in serum 
in [/anol/l|. MT: metallothionein, 1: renal cortex, 2: liver, 3: epithelium of rumen, 4: epithelium of reticulum, 5: epithelium of omasum, 6: epi
thelium of abomasum, 7: epithelium of duodenum, 8: epithelium of jejunum, 9: epithelium of ileum, 10: epithelium of colon, 11: serum.

* Statistically significant difference; ** statistically highly significant difference
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R esults

T he con ten ts o f  m e ta llo th io n e in , Cu, Zn an d  Cd in  th e  renal co rtex , 
liv e r, ep ithelia l tissu es  o f  th e  rum en, re ticu lu m , o m asum , abom asum , d u o d e
n u m , je ju n u m , ileu m , co lon  and  serum  are  show n in  T ab le  I . The h ighest 
c o n te n ts  o f m e ta llo th io n e in  were found  in  th e  liver, k id n ey , ep ithe lia l tissues

Table II

Cu, Zn and Cd contents in soil and herbage

M etals

R egions

A В C

Soil H erbage Soil H erb ag e Soil H erbage

Cu 3.00 2.60 4.90 3.30 3.60 3.00
Zn 67.0* 33.6 28.0 22.9 43.0 27.8
Cd 0.09 0.06 0.08 0.02 0.10 0.16*

Explanations: the values found in soil are given in mg/kg, while those measured in herbage 
in mg/kg dry matter; * statistically significant difference

o f th e  rum en , re tic u lu m , om asum  and  ab o m asu m  o f bu lls from  G roup I l i a .  
F o r  th e  k idney , liv e r, ru m e n , om asum , an d  ab o m asu m  th e  differences w ere 
s ta tis t ic a lly  sign ifican t ( P  <  0.05), in  re la tio n  to  th e  va lu es  found  in  sim ilar 
tissu es  o f anim als fro m  G roups I, I I ,  or I l l b .  T he h ig h est c o n ten ts  of m eta llo 
th io n e in  were found in  th e  duodenum  an d  je ju n u m  o f cows from  G roup I. 
T h e  difference was s ta t is t ic a l ly  sign ifican t (P  <  0.05), in  com parison  w ith  th e  
v a lu es  ob ta ined  for G ro u p s  I I ,  I l i a  an d  I l l b .

T he h ighest c o n te n ts  o f Cd were found  in  th e  k id n ey  an d  liver of bulls 
fro m  G roup I l i a .  T hese  v a lu e s  were s ig n ifican tly  (P  <  0.05) h igher th a n  those 
o b ta in e d  for G roups I ,  I I ,  an d  I l l b .  A lso, th e  Cu an d  Zn c o n te n ts  in  th e  liver 
o f  an im als  from  G roup  I l i a  were h igh ly  s ig n ifican tly  (P  <  0.01) and  sign ifi
c a n tly  (P  <  0.05) h ig h e r  th a n  those found  in  G roups I ,  I I  an d  I l l b .

T he d a ta  on Cu a n d  Cd concen tra tions in  soil an d  h erb ag e  are  con ta ined  
in  T ab le  I I .  The h ig h e s t Z n  co ncen tra tions w ere fo u n d  in  reg ion  A in  b o th  
soil a n d  herbage (P  <  0 .05 ), while th e  h ig h est Cd c o n c e n tra tio n  w as m easured  
in  th e  herbage of reg io n  C.

Discussion

T he highest m e ta llo th io n e in  co n ten t in  th e  k id n ey , liver, rum en , re tic u 
lu m , om asum  and a b o m a su m  was found in  bu lls (G roups I l i a )  from  region C. 
T h e  h ig h est c o n c e n tra tio n  o f cadm ium  w as also found  in  th e  k idneys and  
livers o f these an im als (T ab le  I). I t  seem s th a t  th e  re su lts  are due to  th e
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in d u c tiv e  in fluence  o f th is  m eta l, w hich w as fo u n d  in  th e  h ig h es t q u a n titie s  
in  th e  soil and  h e rb ag e  of region C (Table I I ) .  T h is o b se rv a tio n  is su p p o rte d  
b y  d a ta  of th e  l i te ra tu re  pub lished  so fa r  on in c reased  sy n th esis  o f m eta llo - 
th io n e in  as a re su lt o f th e  long -term  in flu en ce  o f Cd (K äg i an d  N ordberg ,
1979). T herefore, en h an ced  in d u c tio n  of m e ta llo th io n e in  b y  Cd seem s to  be 
in te re s tin g , how ever, in  re la tion  to  th e  ru m en , re ticu lu m , om asum  an d  a b o m a 
sum  only . In  organs w ith  v e ry  in ten siv e  a b so rp tio n , i.e. in  th e  d u o d en u m  an d  
je ju n u m , also h igh  m eta llo th io n e in  co n ten ts  w ere fo und , b u t  on ly  in  cows 
from  G roup I , reg ion  A, w here th e  h ighest Zn co n cen tra tio n s  w ere fo u n d  in  
b o th  soil and  h erbage . Some researchers re p o rte d  th a t  large am o u n ts  o f zinc 
shou ld  be given to  an im als  fo r a long  tim e  to  in d u ce  increased  levels o f h ep a tic  
m eta llo th io n e in  (C hen e t al., 1977; Oh e t a l., 1978). I t  is easier to  ind u ce  an  
increased  level of m eta llo th io n e in  w ith  zinc in  th e  ep ith e lia l tissues o f th e  
d u o d en u m  and  je ju n u m  th a n  in  o th e r  organs o f  c a ttle . As fa r  as in d u c tio n  o f 
m e ta llo th io n e in  b y  co p p er is concerned, th e  p ro b lem  is q u ite  d iffe ren t. I n  th e  
p re se n t su rvey  low  levels o f Cu w ere found  in  th e  soil an d  herbage o f all regions 
exam ined . H ow ever, th e  low est levels of th is  e lem en t as w ell as o f m e ta llo 
th io n e in  (0.38 m g/g) w ere recorded  in  th e  liv e rs  o f cows from  group  I . T his 
fac t m a y  p o in t to  a jo in t  action  o f h ep a tic  co p p er an d  m e ta llo th io n e in  con
ta in e d  in th is  o rgan  (B rem ner a n d  Y oung, 1976; C ousins, 1985). T he p re se n t 
w ork  shou ld  be considered  a p re lim in ary  one. F u r th e r  p u b lica tio n s will fu rn ish  
m ore d a ta  on th e  b io sy n th esis  o f m e ta llo th io n e in  a n d  on how  it  is in flu en ced  
b y  som e trace  e lem en ts .

Acknowledgem ents

The author is indebted to Dr. Teresa Wronska-Nofer from the Medical Institute of 
Labour, Lodz, and to Professor Stanislaw Grys from the Veterinary Hygiene Research Station, 
Warsaw, for their scientific assistance.

References

Bakka, A., Endresen, L., Johnsen, B. S., Edminson, P. D. and Rugstad, H. E. (1981): Resis
tance against cis-dichlorodiamineplatinum in cultured cells with a high content of 
metallothionein. Toxicol. Appl. Pharmacol. 61, 215-226.

Bremner, I. and Young, B. W. (1976): Isolation of (copper, zinc) thioneins from pig liver. 
Biochem. J . 155, 631—635.

Chen, R. W., Vasey, E. J. and Whanger, P. D. (1977): Accumulation and depletion of zinc 
in ra t liver and kidney metallothionein. J. Nutr. 107, 805-813.

Cousins, J. R. (1985): Absorption, transport and hepatic metabolism of copper and zinc: 
special reference to metallothionein and ceruloplasmin. Physiol. Rev. 65, 238- 309.

Kägi, J . H. R. and Nordberg, M. (1979): Metallothionein. Birkhäuser, Basel, pp. 378.
Kägi, J . H. R. and Vallee, B. L. (1960): Metallothionein: a cadmium and zinc containing 

protein from equine renal cortex I. J . Biol. Chem. 235, 3460-3465.
Kägi, J . H. R. and Vallee, B. L. (1961): Metallothionein: a cadium and zinc-containing protein 

from equine renal cortex II. J . Biol. Chem. 236, 2435-2442.
McCormick, С. C., Menard, P. M. and Cousins, R. J. (1981): Induction of hepatic metallothio

nein by feeding zinc to rats of depleted zinc status. Am. J. Physiol. 240, E 414—E 421.

Acta Veterinaria Hungarica 36,1988



106 K L E C Z K O W S K I

Menard, P., McCormick, C. C. and Cousins, R. J . (1981): Regulation of intestinal metallo- 
thionein biosynthesis in rats by dietary zinc. J. Nutr. I l l ,  1353-1361.

Mercer, J . F. B., Lazdins, L., Stevenson, T., Carnokaris, J . and Danks, D. M. (1981): Copper 
induced translatable metallothionein messenger RNA. Biosci. Rep. 1, 793-800.

Mogilnicka, E. M., Piotrowski, J. K. and Tomaszewski, A. (1976): Effect of some metals 
(Rb, Cs, Ag, Tl, Sb, Y) on metallothionein levels in the kidneys and liver of rats (in 
Polish). Bromat. Chem. Toksykol. 9, 357-360.

Oh, S. H., Deagan, J. T ., Whanger, P. D. and Weswig, P. H. (1978): Biological function of 
metallothionein. Biosynthesis and degradation of liver and kidney metallothionein in 
rats fed diets containing zinc and cadmium. Bioinorg. Chem. 8, 245—254.

Pattison, S. E. and Cousins, R. J .  (1984): Characterization of labile intracellular zinc pool 
and its relationship to  zinc uptake/exchange in ra t hepatocytes. Federation Proc. 
43, 3712.

Piotrowski, J. K. and Mogilnicka, E. M. (1976): Metallothionein (in Polish). Post. Biochem. 
22, 401-419.

Piscator, M. (1964): On cadmium in normal human kidneys together with a report on the 
isolation of metallothionein from livers of cadmium-exposed rabbits. Nord. Hyg. 
Tidskr. 45, 76-82.

Powanda, M. C. (1981): Systemic alterations in metal metabolism during inflammation as 
part of an integrated response to inflammation. Agents Actions Suppl. 8, 121-136.

Richards, M. P. and Cousins, R. J. (1976): Zinc-binding protein relationship to short-term 
changes in zinc metabolism. Proc. Soc. Exp. Biol. Med. 153, 52-56.

Sharma, R. P. and McQueen, E. G. (1982): The effect of zinc and copper pretreatm ent on 
the binding of gold (I) to hepatic and renal metallothionein. Biochem. Pharmacol. 31, 
2153-2159.

Weiner, A. I,, and Cousins, R. J . (1980): Copper accumulation and metabolism in primary 
monolayer cultures of ra t liver parenchymal cells. Biochim. Biophys. Acta 629, 113—125.

2elazowski, A. J., Garvey, J . S. and Hoeschele, J . D. (1984): I n  v ivo  and in  v itro  binding of 
platinum to metallothionein. Arch. Biochem. Biophys. 229, 246-252.

2elazowski, A. J. and Piotrowski, J. K. (1977): A modified procedure for determination of 
metallothionein like proteins in animal tissues. Acta Biochim. Pol. 24, 97—103.

Acta Veterinaria Hungarica 36, 1988



NARASIN POISONING IN TURKEYS
G . Sa l y i1, E d it  Sz a b ó 1, G y . B a g ó1, G y . B á n h id i1 

and M. Sz il á g y i2

1 Central Veterinary Institute, H-1581 Budapest, P.O. Box 2; and 
Research Centre for Animal Production and Nutrition, Institute for Animal Nutrition,

H-2053 Herceghalom, Hungary

(Received June 29, 1987)

Acta Veterinaria Hungarica 36 (1-2), pp. 107-114 (1988)

Mass disease and a considerable m ortality rate (over 32%) are reported from a 
turkey flock of 3000 birds aged 11 weeks. As a cause, narasin poisoning has been 
incriminated.

The most characteristic clinical signs were locomotor disorders. These were 
accompanied by severe dyspnoea and moderate diarrhoea. At necropsy, in the mass 
muscles there was muscle fibre damage, in most cases visible with the unaided eye. 
Histologically, the lesions proved to be Zenker’s degeneration and necrosis. In addition 
catarrhal enteritis, renal degeneration and, in several cases, pulmonary congestion 
were observed. Nearly one-third of the flock died within one week after the clinical 
signs first appeared. The highest m ortality occurred among the toms.

The ration consumed by the turkeys had contained 42.8 mg/kg (40-50 mg/kg) 
narasin, slightly “ contaminated” w ith monensin.

In feeding trials conducted with batches of the original ration containing some
what less ionophore antibiotics (about 28 mg/kg), the clinical signs and gross lesions 
characteristic of narasin toxicity could be elicited in turkeys of similar age (10 weeks) 
as in the field cases; however, it took longer for the clinical signs to appear than in the 
affected flock.

The present results support the observations of British authors (Davis, 1983; 
Simpson, 1984) th a t turkeys are highly sensitive to narasin, and th a t rations con
taining a small fraction of the therapeutic narasin dose established for broiler chickens 
might cause considerable losses among turkeys.

Keywords: Turkey, narasin, toxicity.

Coccidiosis n o t  in freq u en tly  causes severe losses am ong  y oung  tu rk e y s , 
ju s tify in g  th e  p re v e n tiv e  use of an tico cc id ia l d rugs. F o r th is  purpose  p re p a ra 
tio n s  con ta in in g  halofuginone, c lop idol, am pro lium  and  m onensin  are co m m er
c ia lly  availab le  in  H u n g ary . T hus, o u t o f  th e  so-called ionophore  an ticoccid ia ls 
o n ly  m onensin  h as  been  licensed fo r use. T he m ain  reason  w h y  o th e r ionophores 
h a v e  n o t been licensed  for use in  tu rk e y s  is th a t  th e y  are  ra th e r  tox ic  to  t h a t  
species.

O n th e  occasion of fie ld  cases am ong  tu rk e y s , severa l au th o rs  h av e  
re p o r te d  incidences of ionophore tox icosis  caused b y  m onensin  (B rau n iu s , 
1986; H alvorson  e t  ah , 1982; Sályi, 1985; S tu a r t ,  1978), salinom ycin  (H alv o r- 
son e t ah, 1982; S tu a r t, 1983) a n d  n a ra s in  (D avis, 1983; S im pson, 1984). 
O th e r  researchers (P o tte r  e t ah , 1986; W eism an  e t ah, 1980) s tu d ied  such  cases 
u n d e r  ex p erim en ta l conditions.

T here a re  v e ry  few d a ta  in  th e  l i te ra tu re  on toxicosis caused  b y  n a ra s in
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(M ontéban , E li L illy  Co.) in  farm  an im als. W e h av e  d iagnosed  n a rasin  to x i
cosis in  tu rk e y s  on s ix  occasions. In  th is  p a p e r  a ty p ic a l case o f m ass n a ra s in  
po ison ing  an d  its  e x p e rim e n ta l rep ro d u c tio n  are  p resen ted .

M aterials an d  m ethods

Feed analysis. T h e  ionophore a n tib io tic  co n te n t o f th e  feed w as d e te r 
m ined  b y  a m e th o d  describ ed  b y  G olab e t  al. (1973). N aras in  was id en tified , 
an d  d iffe ren tia ted  fro m  o th e r ionophore an tib io tic s , b y  th e  th in -lay e r ch ro 
m a to g rap h ic  p ro ced u re  rep o rted  b y  O w les (1984), m od ified  as follow s: to  
ensu re  a reliab le s e p a ra tio n  of narasin  a n d  salinom ycin , th e  e x tra c t app lied  
o n to  th e  c h ro m a to g rap h ic  p la te  was ru n  f i r s t  in  d ie th y l e th e r , th e n  in  a 98 : 2 
m ix tu re  o f e th y l a c e ta te  a n d  w ater.

Histopathological exam ination. T he  liv e r, k idneys, h e a r t , skele ta l m uscle 
p o rtio n s , p an creas , b ra in , sp inal cord segm en ts (cerv ical, lu m b ar), b rach ia l 
p lexus, and  sciatic  n e rv e s  (n. ischiadicus) o f  num erous grow ing tu rk e y s  th a t  
h ad  d ied , or h ad  b een  k illed , during  th e  f ie ld  case o f po ison ing  and  th e  feed ing  
tr ia l , w ere fix ed  in  1 0 %  n e u tra l fo rm alin . F rozen  an d  p araffin -em b ed d ed  sec
tio n s  w ere p rep a red  a n d  s ta in ed  w ith  P . M ay er’s acidic h aem alau n  an d  eosin. 
T h e  lip ids w ere d e te c te d  b y  th e  F e ttro t  s ta in in g .

Clinico-chemical tests. The ac tiv ities  o f  v a rious enzym es of tissue orig in , 
v iz . c rea tin e  k inase  (C K ; EC 2.7.3.2), a ldo lase  (A L D ; EC 4.1.2.13), la c ta te  
dehydrogenase  (L D H ; E C  1.1.1.27) an d  a lp h a -h y d ro x y b u ty ra te  dehydrogenase 
(H B D H ; EC 1.1.1.27) w ere  m easured in  th e  serum  o f th e  ex p erim en ta l tu rk e y s  
b y  clin ico-chem ical m e th o d s . The d e te rm in a tio n s  w ere perfo rm ed  b y  using  
B oehringer te s t  co llec tions and an E p p e n d o rf  ty p e  A CP 5040 in s tru m e n t, as 
recom m ended  b y  th e  In te rn a tio n a l S oc ie ty  o f A nim al C linical B iochem istry .

Results

Case report

On th e  2nd d a y  a f te r  th e  feed h a d  been  changed , in  a tu rk e y  flock  of 
m ore th a n  3000 b ird s  o f  th e  BU T b reed , aged 11 w eeks, p a r t  of th e  b ird s 
becam e listless, w ere  re lu c ta n t  to  m ove a n d  m ost o f th e m  becam e p ro s tra te  
w ith  legs curled  u p . T h e  n u m b er o f a ffec ted  tu rk e y s  rose rap id ly  an d  b y  th e  
even ing  77 b ird s h a d  d ied . T he tu rk ey s  h a d  m o d era te  d ia rrh o ea  and  ex cre ted  
lig h t yellow ish-w hite  faeces.

B y th e  m orn ing  o f  th e  3rd d ay  a b o u t 80%  of th e  b ird s  w ere “ s it t in g ” 
an d  m ost o f th em  w ere unab le  to  lift th e ir  heads from  th e  floor. O th e r b ird s 
w ere s tan d in g  u n s te a d ily , tr ied  to  get u p  reclin ing  on th e ir  w ings, or f lu tte re d
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th e m . I t  was s trik in g  th a t  th e  tu rk e y s  h ad  lost th e ir  voice. T h e  ra te  o f m o rta lity  
k e p t increasing, a rousing  th e  suspicion o f feed tox icosis . T herefo re, in  th e  
a fte rn o o n  th e  in c rim in a ted  feed  w as w ith d raw n  an d  rep laced  b y  a new  ra tio n .

O n-the-spo t in v es tig a tio n s  could n o t exclude  a b a c te r ia l aetio logy . T here
fore, from  th e  th ird  d a y  th e  tu rk e y s  received N eo-Sulfotrim ®  (ac tiv e  sub 
s tan ce : su lfach lo ropyridazine  sodium , su lfam ethoxazo le  an d  trim e th o p rim ) 
tre a tm e n t for th ree  d ay s, follow ed b y  C hlorocid (ch lo ram phen ico l) th e ra p y  of 
th e  sam e d u ra tio n . T he an tib io tic s  were ad m in is te red  v ia  th e  d rin k in g  w ater.

No appreciab le  im p ro v em en t occurred  a f te r  w ith d ra w a l o f th e  suspect 
feed. N or did a n tib io th e ra p y  cause a change fo r th e  b e tte r .  T he clin ical signs 
subsided  only g rad u a lly , th e  n u m b er o f d e a th s  even  k e p t  increasing  for a 
w hile before i t  began  to  decrease. The da ily  inc idence  o f d e a th s  is show n 
in  F ig . 1.

I t  was in te re s tin g  to  n o te  th a t  while o rig ina lly  th e  p ro p o rtio n  o f tom s 
h ad  been ab o u t 40 %  in  th e  flock , a fte r th e  d isease i t  w as o n ly  3 -4 % , in d ic a t
ing  th a t  m ain ly  m ale b ird s  h a d  died.

O n d ay  3 an d  6 a f te r  th e  b irds s ta r te d  to  receive th e  susp ec t ra tio n , 
20 dead  and 3 severely  affec ted  tu rk ey s  w ere su b m itte d  to  ou r in s ti tu te  for 
fu r th e r  exam ina tion . Gross pathological exam ination  a t  n ecro p sy  revea led  en 
te r itis , renal degen era tio n , an d  pale s tria tio n s in  ce rta in  th ig h  m uscles. In  some 
cases th e  m yocard ium  w as p a le r th a n  usual. In  one b ird  th e  cav ities of th e

numoer of deaths

narasin •---------------- •
(monensin) Neo-Sulfotrim 
~45mg/kg feed A- U- V.

F ig . 1. D uration of feeding narasin-containing and m edicated feed and  the daily num ber of
deaths
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F ig . 2. Serum creatine kinase (CK) ac tiv ity  in  the experim ental group o f tu rkeys (arrow: 
s ta r t of feeding narasin-containing (28 m g/kg) feed)

h e a r t  were d ila ted , its  wall becam e  th in n e r, an d  o th e r  p a th o lo g ica l changes 
su g g estiv e  of ca rd iac  d ila ta tio n  (e.g. presence o f  s traw -co lo u red , easily  co
a g u la tin g  co n ten ts  in  th e  p e ric a rd iu m  and  ab d o m in a l c a v ity )  w ere also 
o b serv ed .

Histopathologically, th e re  w as Z enker’s d eg enera tion  a n d  necrosis o f th e  
m y o fib rils  (Fig. 3) in  th e  v a rio u s th ig h  m uscles, b u t  a lw ays in  m . pectineus. 
T h is  ex tended  to  a v a ry in g  n u m b e r  o f m yofib ril b und les. I n  th e  m y ocard ium  
h e re  an d  th e re  oedem atous in f i l t ra t io n  and  m uscle fib re  a tro p h y  w ere seen.

Bacteriological exam ination  o f  th e  organs (liver, h e a r t)  o f  th e  d ead  birds 
w as co n sis ten tly  n eg a tiv e .

The sam ple ta k e n  from  th e  feed  sh o rtly  a fte r  th e  disease em erged  and  
su b m itte d  to  ou r in s t i tu te  fo r toxicological exam ination  d id  n o t co n ta in  de-
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te c ta b le  a m o u n ts  o f T-2 fu sa rio to x in  an d  fu razolidone. T he NaCl c o n te n t of 
th e  sam p le  w as as p rescribed  (0 .26% ). O n th e  basis o f th e  to ta l  germ  a n d  
m ould  c o u n ts  th e  m icrobiological s ta tu s  o f th e  feed sam ple  w as n o t o b jec tio n 
ab le . B y  th in - la y e r  ch ro m ato g rap h y  th e  sam ple was fo u n d  to  co n ta in  75 m g/kg  
d im etrid azo le  and  42.8 m g/kg io n ophore  an ticoccid ials (m ain ly  n a ra s in , an d , 
as “ c o n ta m in a n t” , m onensin).

S u b seq u en tly  new  sam ples w ere ta k e n  from  th e  in c rim in a te d  feed sto ck  
an d  th e  tox ico logical ex am in a tio n  w as rep ea ted . T he ionophore  an ticoccid ia l 
c o n te n t o f  10 d ifferen t sacks ranged  be tw een  25.2 an d  37.5 m g/kg (ex trem e 
values), m o st (ab o u t 80% ) o f w hich w as n a ra s in  an d  th e  rem ain ing  20 %  w as 
m onensin . I t  should be m en tioned  th a t ,  as i t  was fo u n d  o u t la te r , th ree  o th e r 
farm s h a d  also received feed from  th a t  b a tc h . A t one of th o se  th re e  farm s a 
disease o f  sim ilar ty p e  an d  sev erity  occu rred . A t a n o th e r, w here th e  feed h a d  
been  fed  o n ly  for one day , no clinical signs occurred . A t th e  th ird  fa rm  th e  feed 
h a d  been  fed  for tw o days. H ere lo co m o to r d is tu rb an ces d id  occur; how ever, 
th e  losses w ere m odera te .

In  th e  case p resen ted  above, th e  case h is to ry , th e  course of th e  d isease, 
th e  clin ica l signs, th e  gross and  h is to p a th o lo g ica l changes an d  th e  presence o f 
n a ra s in  in  th e  feed sam ple all p o in ted  in  th e  d irec tion  o f  n a ra s in  poisoning. 
As few  d a ta  h ad  been availab le  on th e  sen s itiv ity  o f  tu rk e y s  to  n a ra s in , an d

Fig. 3. Zenker’s necrosis of myofibrils, w ith  in filtra tion  by inflam m atory  cells in the dis
rup ting  m uscle fibre and proliferation of angiofibroplast tissue in  the endomysium . H aem a-

toxylin and  eosin, X  160
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since  th e  narasin  c o n c e n tra tio n  o f th e  feeds w as m o d era te  (30—40 m g/kg), we 
a t te m p te d  to  rep ro d u ce  th e  disease u n d e r  ex p erim en ta l co n d itions b y  feed ing  
th e  suspect ra tio n .

F eeding trial

T w enty  tu rk e y s  o f  th e  B U T b reed , aged 10 w eeks, w ere used. B irds o f 
G ro u p  I  (8 tu rk ey s) received  th e  “ su sp e c t”  d ie t collected  on th e  spo t o f  th e  
f ie ld  cases. T u rkeys o f  G roup I I  (8 b ird s) received  th e  sam e feed plus, as in  
th e  fie ld  case, N eo-S u lfo trim  dissolved in  th e  d rin k in g  w a te r  a t  a dose ra te  
co rrespond ing  to  10 m g sulfonam ide ac tiv e  su b stan ce /k g  b o d y  m ass. In  th is  
e x p e rim en ta l se t-up  w e w an ted  to  d e te rm in e  w h e th e r or n o t th e  a d m in is tra 
t io n  o f N eo-Sulfotrim  ag g rav a ted  th e  clin ical signs o f po isoning .

B o th  groups c o n ta in e d  th e  sam e n u m b e r o f m ale (S ub-groups I/A  an d  
I I /A )  an d  fem ale (S ub-g roups I/B  an d  П /В ) b ird s. The fo u r tu rk e y s  of G roup C 
se rv e d  as con tro l: th e y  received a ra tio n  from  a n o th e r  p ro d u c tio n  b a tc h .

On the  average  o f  several m easu rem en ts  th e  feed o f  G roups I  an d  I I  
c o n ta in e d  28 m g/kg  io n ophore  cocc id iosta ts , w ith  a  n a rasin /m o n en sin  ra tio  
s im ila r  to  th a t  fo u n d  in  earlie r in v estig a tio n s.

The f irs t c lin ical signs ap p eared  on d a y  4 of th e  ex p erim en t. Tom s o f 
S u b -g ro u p  I/A  w ere m a in ly  “ s ittin g ” . W hen  a tte m p tin g  to  get u p , th e y  in v a r i
a b ly  dropped  b ack  a f te r  a sh o rt tim e . T he tom s of b o th  groups h ad  lo s t 
th e ir  voice.

O n d ay  5 a tu rk e y  o f S ub-group  I/A  m oved u n s te a d ily , while a n o th e r  
h u n g  its  w ings an d , w h en  sligh tly  o v erb a lan ced , rec lined  on b o th  w ings to  
p re se rv e  th e  b alance . B y  d ay  6 all tu rk e y s  o f th a t  group developed  dyspnoea , 
b re a th e d  w ith  beaks ag ap e , and  th e ir  com b as well as sk in  o f n eck  had  becom e 
c y a n o tic . Most b ird s  w ere  s ittin g ; w hen  ra ised , th e y  could rem ain  in  s ta n d in g  
p o s itio n  only for a sh o r t  tim e. W hen  o verba lanced , th e y  reclined  on th e ir  
s id e . Some birds a t te m p te d  to  w alk  w ith  legs sink ing  u n d e r th e m  and tr ie d  to  
b a la n c e  them selves w ith  th e ir  w ings. A lth o u g h  in  a less severe  form , th e se  
s ig n s w ere observed  in  Sub-group  I I /A , to o . A t th e  sam e tim e , d isregard ing  
d y spnoe ic  signs in  som e o f th em , th e  hens (Sub-groups I/B  a n d  II /B ) rem ained  
a sy m p to m a tic  th ro u g h o u t th e  tw o-w eek  o b se rv a tio n  period .

B y  th e  m orn in g  o f  d ay  7 tw o tu rk e y s  of S ub-group  I/A  h ad  becom e 
p ro s tra te , were u n ab le  to  s ta n d  up an d  la y  w ith  legs curled  u p  or o u ts tre tc h e d . 
T w o o th e r b irds h u n g  th e ir  w ings (F ig . 4) an d  m oved v e ry  u n stead ily . A t th a t  
t im e  all four tu rk e y s  o f  Sub-group I I /A  w ere hang ing  th e ir  wings. B y th e  
a f te rn o o n  th e  tw o sev ere ly  affected  tu rk e y s  o f S ub-group  I /A  h a d  died.

On day  9 th e  tw o  su rv iv ing  tu rk e y s  o f S ub-group  I/A , w hich b y  th a t  
t im e  h ad  developed lo co m o to r d is tu rb an ces , w ere k illed for gross and  h isto - 
p a th o lo g ica l ex am in a tio n .
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I n  Sub-group  I I /A  th e  locom otor d is tu rb an ces  persisted  th ro u g h o u t th e  
14 -day  ex p erim en ta l period , th o u g h  th e y  s lig h tly  subsided  in  th e  la s t  d ay s  of 
th e  ex p erim en t.

D u rin g  th e  ex p erim en t th e  tu rk e y s  fed  on th e  n arasin - (an d  m onensin-) 
co n ta in in g  ra tio n  lo s t some w eight desp ite  th e  fac t th a t  th e ir  feed  in ta k e  
h a rd ly  differed from  th a t  of th e  co n tro l b ird s  w hich  grew n o rm ally .

In  th e  p ec to ra l, th ig h  a d d u c to r an d  w ing  m uscles o f tu rk e y s  t h a t  h a d  
d ied , o r h ad  been k illed , during  th e  ex p e rim en t degenera ted  a reas o f  v a ry in g  
size w ere visible ev en  w ith  th e  u n a id ed  eye. H isto log ically , th ese  lesions co r
resp o n d ed  to  v a rious stages of Z en k er’s necrosis o f  th e  m yofibrils, dep en d in g  
on  th e  tim e  of d ea th .

A lte ra tio n  in  th e  enzym e ac tiv itie s  (C K , L D H ) of th e  b lood  se rum  a n d  
th e  in te r-g ro u p  differences ex isting  in  enzym e ac tiv itie s  w ere in  good ag ree 
m en t w ith  th e  se v e rity  of th e  clinical sy m p to m s. C reatine k inase (CK) a c tiv i ty  
is show n in  Fig. 2. In itia lly  CK a c tiv ity  h a d  been  sligh tly  h ig h er th a n  u su a l. 
T his m u s t have  been  due to  th e  sligh t m u scu la r dam age w hich h ad  o ccu rred  
d u rin g  tra n sp o r ta tio n  of th e  tu rk e y s  im m ed ia te ly  before th e  ex p e rim en t. 
( I t  shou ld  be n o te d  th a t  th e  serum  CK a c tiv ity  o f Sub-group I /A  b ird s  m ig h t 
h av e  been  considerab ly  h igher th a n  th e  v a lu e  in d ica ted  in  th e  fig u re , fo r 
4500 U /l is th e  u p p e r  lim it of c o n c e n tra tio n  m easu rab le  b y  th e  in s tru m e n t 
ap p lied ; we did n o t re p e a t th e  d e te rm in a tio n  w ith  d ilu ted  serum .)

Fig. 4. Turkey hanging its wings on day  5 of the experim ent
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T he resu lts  show  th a t  m uscu lar d am ag e  develops, th o u g h  la te r  an d  in  a 
less severe fo rm , also  in  th e  tu rk ey -h en s . A L D  a n d  H B D H  ac tiv ities  a re  d if
f ic u lt to  in te rp re t b ecau se  of th e  sm all n u m b e r o f  sam ples and  th e  g rea t 
in d iv id u a l v a ria tio n .

D iscussion

T he clinical signs an d  p a th o m o rp h o lo g ica l changes found  in  th e  field  
case w ere successfu lly  rep roduced  u n d e r  e x p e rim e n ta l conditions b y  feed ing  
th e  “ su sp ec t”  ra tio n . T h e  clinical signs a n d  p a th o lo g ica l changes resem bled  
th o se  rep o rted  fo r su b a c u te  ionophore an tico cc id ia l poisoning  am ong  tu rk e y s  
(H alvo rson  e t al., 1982; Sályi, 1985; S tu a r t ,  1978, 1983). The resu lts  o f th e  
feed ing  tr ia l  p rove  t h a t  th e  given feed w as to x ic , an d  confirm  th e  susp icion  of 
n a ra s in  poisoning.

T his conclusion  is supp o rted  b y  th e  o b se rv a tio n s  of D avis (1983) w ho 
re p o rte d  th a t  feeds o f  70 m g/kg n a ra s in  c o n te n t w ere h igh ly  tox ic  to  tu rk e y s  
o f n e a rly  id en tica l age  as those in th e  p re se n t case. T h e  clinical signs described  
b y  h im  w ere c o n s is ten t w ith  those fo u n d  b y  us in  b o th  th e  field  case a n d  th e  
feed ing  tr ia l. As ev id en ced  by  a fie ld  case th a t  has occurred  since o u r e x p e ri
m en t w as fin ish ed , in  tu rk e y s  ra tio n s  c o n ta in in g  h a lf  th e  n arasin  c o n c e n tra 
tio n  recom m ended  fo r  b ro iler chickens as p re v e n tiv e  dose (around  35 m g/kg) 
can  p ro d u ce  th e  ab o v e  disease e n tity . B ased  on th is  observa tion  we can  ru le  
o u t th e  hypo th esis  t h a t  m onensin tra c e s  p re se n t in  th e  feed s ig n ifican tly  
en h an ced  th e  to x ic ity  o f  th e  m o d era te  n a ra s in  c o n te n t of th e  ra tio n , an d  th is  
gave rise to  to x ic ity .

T om s were m o re  severely a ffec ted , a n d  m ore d ea th s  occurred  am ong 
th e m  th a n  am ong th e  hens, in  b o th  th e  f ie ld  case an d  th e  feeding tr ia l. T his 
ta llies w ith  th e  o b se rv a tio n s  of D avis (1983). T he considerab le  sex-dependence  
ex is tin g  in  th e  tu rk e y s ’ sensitiv ity  to  n a ra s in  m ay  a p p ly  to  o th e r ionophores, 
an d  o th e r  fowl species, as well. N am ely , d u rin g  a re c e n tly  diagnosed incidence 
o f m onensin  po ison ing  in  a b reeding  flo ck  o f ch ickens alm ost all th e  cocks 
d ied , w hereas in  th e  lay in g  hens th e  po ison ing  w as ch arac terized  b y  severe 
locom otor d is tu rb an ces  an d  a s ign ifican t d ro p  in  egg p rod u c tio n , b o th  o f w hich 
w ere, how ever, t r a n s ie n t .

In  th e  tu rk e y  flo c k  stud ied , th e  d a ily  incidence o f dea ths, i.e. th e  fa c t 
th a t  a f te r  w ith d ra w in g  th e  n a ra s in -co n ta in in g  feed th e  m o rta lity  ra te  k e p t 
increasing  and  d e a th s  con tin u ed  to  occu r fo r a lm o st a  w eek, is co n sis ten t w ith  
earlie r observ a tio n s m ad e  b y  us (Sály i, 1985) a n d  th o se  rep o rted  b y  S tu a r t  
(1978, 1983) in  co n n ec tio n  w ith  m onensin  a n d  sa linom ycin  poisoning in  tu rk e y s .

W e can n o t g ive  a  sa tisfac to ry  e x p la n a tio n  fo r th e  observ a tio n  th a t ,  
c o n tra ry  to  ou r ex p e c ta tio n s  based  on  th e  re su lts  o f o th e r  au th o rs  (B rau n iu s , 
1986; S im pson, 1984), th e  disease w as less severe in  th e  m ed ica ted  g roup .
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Sim pson (1984) re p o r te d  th a t  b y  giv ing su lfaq u in o x a lin e  to  tu rk ey s fed  low  
co n cen tra tio n s (a b o u t 10 m g/kg) of n a ra s in , th e  to x ic  signs ty p ica l of ionophore  
poisoning could  be  e lic ited . R ecen tly  L aczay  e t al. (1987) h av e  rep o rted  t h a t  
only certain su lfo n am id es are able to  p o te n tia te  th e  to x ic ity  of ionophores. 
As show n b y  feed in ta k e  d a ta , th e  m ed ica ted  tu rk e y s  consum ed th e  sam e 
am o u n t of feed as th e  non-m edicated  ones.

T he absence o f  th e  expected  to x ic ity -p o te n tia tin g  effect m ay p a r t ly  be  
exp la ined  b y  th e  fa c t  th a t  in  our ex p e rim en t th e  su lfonam ides were d isso lved  
in  th e  a m o u n t o f d rin k in g  w ater in te n d e d  fo r th e  w hole d ay , c o n tra ry  to  th e  
general p rac tice  t h a t  d rugs are usually  d isso lved  in  th e  d rin k in g  w ater vo lu m e 
w hich  th e  b ird s  consum e in  one or tw o hours.

W e w ere u n a b le  to  reveal th e  fa u lt  o f m ix ing  tech n o lo g y  as a re su lt o f  
w hich  n arasin  h a d  been  m ixed in  th e  tu rk e y s ’ feed.

A ccording to  o th e r  au th o rs  (H alv o rso n , 1982; S tu a r t ,  1983) and  also  in  
our experience (S ály i, 1985), incidences o f po ison ing  cau sed  b y  th e  d iffe ren t 
ionophore a n tib io tic s  c an n o t be d iffe ren tia ted  on th e  basis  o f th e  clinical signs 
and  gross an d  h is to p a th o lo g ica l changes seen a t n ec ro p sy .
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SCANNING ELECTRON MICROSCOPIC EXAMINATION 
OF CARTILAGE IN CHICKEN EMRRYOS TREATED ~  

WITH THE INSECTICIDE WOFATOX 50 EC

L . V á r n a g y 1, É v a  D é l i 1 and M . B a u m a n n 2
1 D epartm ent of Hygiene, In s titu te  for P lant Protection, U niversity  
of Agricultural Sciences, K eszthely, H-8361 Keszthely, P.O. Box 71; 

and 2 Instrum ental L aboratory , Chemical Engineering School,
H-8200 Veszprém, Schönherz Z. u. 10, H ungary

(Received M ay 19, 1987)

Fertile hen’s eggs were trea ted  w ith the insecticides W ofatox 50 EC (50%  
m ethyl-parath ion) or Parath ion  20 W P (la tter as positive control m aterial). The eggs 
were exposed by  immersion technique before incubation or on the  4 th  day of the 
hatching period. Cartilage samples were taken  out of th e  vertebrae (C j_7) and phalanges 
(P ! _ u ) of control and trea ted  (asym ptom atic and deformed) em bryos for scanning 
electron microscopy.

The cartilage samples tak en  from  th e  trea ted  anim als showed degeneration of 
collagen structure and chondrocytes a t  a high insecticide concentration (4.0% ), whereas 
only retrogression of collagen substance was observed a t a low concentration (0.4% ). 
The results explain the developm ent of kyphoscoliosis, cartilaginous fusion of ver
teb rae , and lordoscoliosis.

Keywords: Chick, cartilage, em bryo, scanning electron microscopy.

In  th e  la s t few  years m ark ed  progress has been  m ade in  th e  d eve lop 
m en t o f  m ethods fo r ev a lu a tin g  th e  te ra to g en ic  p o te n tia l o f pestic ide  chem icals. 
Since th e  te s ts  have  been m ade fo r te ra to g e n ic ity  on la b o ra to ry  ro d en ts , l i t t le  
in fo rm a tio n  has been availab le  on  th e  in fluence  o f pestic ides on  b ird s (non 
ta rg e t  o rganism s), d esp ite  th e  fa c t th a t  th e ir  effect has g rea t ecotoxicological 
im p o rta n c e . The p rin c ip a l aim  o f o u r in v estig a tio n s w as to  ob t a in  new  in fo rm a
tio n  on  th e  toxicological aspects o f  th e  com m only used  fo rm u la tio n , W ofa
to x  50 EC.

O rgan o p h o sp h a te  insectic ides cause te ra tism  in  ch ick  em bryos a t  co n 
c e n tra tio n s  applied  in  p la n t p ro te c tio n  (M osconi e t al., 1977; M isawa e t al., 
1982). T h e  resu lts o f tre a tm e n ts  a t  th e  ea rly  phase o f in c u b a tio n  are kyp h o sco 
liosis, lordoscoliosis, ca rtilag inous fu sion  o f v e rteb rae , r e ta rd a tio n  o f tib ia  and  
m e ta ta rsu s , and  sy m ptom s o f cyllosis (L u tz  and  L u tz -O ste rta g , 1972; M einiel 
1981; M isaw a e t al., 1982).

As th e  earlier b iochem ical e x am in a tio n s  of th e  bone d id  n o t show  a n y  
con n ec tio n  w ith  th ese  a lte ra tio n s, th e  cervical, m acroscop ical m alfo rm ations 
w ere exp la ined  b y  an  a tro p h y  o f th e  m . longus colli (M einiel, 1974, 1977; 
V á rn ag y  e t al., 1982).
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In  th e  p re sen t s tu d y  th e  ca rtilag es  o f v e rte b ra e  an d  phalanges were 
in v e s tig a te d  b y  sc a n n in g  electron  m icroscopy  (SEM ) to  rev ea l th e  re la tio n 
sh ip s  betw een th e  to x ic  effect o f in sec tic id e  an d  sk e le ta l deform ities.

Materials and methods

M ateria ls

W ofatox  50 EC  (ac tiv e  su b stan ce : 50 %  m e th y l-p a ra th io n : 0 ,0-d im ethyl- 
0 /4 -n itro p h en y l/p h o sp h o ro th io n a te ); V E B  C hem iek o m b in a t, B itte rfe ld , G D R . 
P o s itiv e  contro l m a te r ia l:  P a ra th io n  20 W P  (ac tive  su b s tan ce : 20%  p a ra th io n : 
0 ,0 -d ie th y l-0 /4 -n itro -p h en y l/p h o sp h o ro th io n a te ); B ay e r AG, L everkusen , F R G .

O rganism

Candled, fe rtile  h e n ’s eggs o rig in a tin g  from  S h av er S ta rc ross hens w ere 
u sed . A fter candling , th e  eggs w ere in c u b a te d  in  a R agus in c u b a to r  as specified 
in  th e  in struc tions.

T he te s t m a te ria ls  w ere used in  aqueous suspensions or em ulsions a t  tw o 
d iffe re n t dose levels: th e  low er level co rresp o n d ed  to  th e  co n cen tra tio n  applied  
in  th e  p lan t p ro te c tio n  p rac tice .

Treatm ent

T he eggs w ere im m ersed  in  th e  suspension , em ulsion  or d istilled  w a te r 
fo r  30 m in a t 20 °C (T ab le  I).

T ab le  I

Design of the experiment

T e s t m ate ria ls  
a n d  con cen tratio n s

T re a tm e n t 
pe rfo rm ed  
o n  in cu b a 

tio n  d a y

N u m b e r  o f  
fe rtile  eggs

Control 0 1 4

(distilled water) 4 1 3

W ofatox 50 EC 0 1 3
0 . 4 % 4 1 3

W ofatox 50 EC 0 1 2

4 . 0 % 4 1 3

P arath ion  20 W P 0 1 4

0.3% 4 1 4

Sampling took place on day 19 of incubation in each case
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Table II

Macroscopic and SEM data  of the experim ent

D a ta  o f  th e  observa tions
T re a tm e n t

N o . o f  d am aged  ca rtilag e

a n d  co ncen trations S u rv iv in g
em b ry o s

N o . o f 
defo rm ities

T y p e  o f 
m alfo rm a tio n

o n  in c u b a 
t io n  d a y v e rte b ra e p h alan g es

Control 13 0 _ 0 0 0
(distilled water) 12 3 cyllosis 4 0 l
W ofatox 50 EC 
0.4%

4 4 cyllosis, vertebral 
damage

0 0 l

9 4 cyllosis, vertebral 
damage

4 0 2

W ofatox 50 EC 
4.0%

9 3 cyllosis, vertebral 
damage

0 2 2

7 0 — 4 2 3
Parath ion 20 WP 
0.3%

14 6 cyllosis, vertebral 
damage

0 3 2

14 1 cyllosis, vertebral 
damage

4 3 3

Sam plin g

F o r tr e a tm e n t w ith  each  dose, th ree  cartilag e  sam ples w ere ta k e n  from  
th e  v e rte b ra e  (C1_ 7) a n d  pha langes (P 1 ..n ) o f th e  co n tro l a n d  tre a te d  (asy m p 
to m a tic  an d  m alfo rm ed) fe tuses a t  ran d o m . T he SEM  p re p a ra tio n  was m ade 
b y  th e  M illoning (1962) m ethod .

A fte r d e h y d ra tio n  th e  sam ples were stick ed  on b locks b y  b ila te ra l a d 
hesive an d  s team ed  w ith  au ric -p la tin u m . T he SEM  ex am in a tio n s  w ere p e r
fo rm ed  w ith  a J E O L  JS M  50 A ty p e  a p p a ra tu s .

Results

T he m acroscopic  an d  SEM  observations are  su m m arized  in  T ab le  I I .  

Phalanges

The cartilag e  sam ples ta k e n  from  th e  co n tro l b ird s  show  a  sm ooth  su r
face. T he cartilage  cells a re  s lig h tly  convex in  th e  m a tr ix  (F ig . 1). No lesions 
can  be  observed  on  th e  a r tic u la r  head .

A sam ple fro m  th e  g roup  tre a te d  w ith  0 .4 %  em ulsion  o f W ofatox  50 EC 
is show n in  Fig. 2. T h e  eggs w ere tre a te d  on d a y  4 o f  in c u b a tio n . T he cartilage  
m em b ran e  is a b se n t, th e  chond ro cy tes  resem ble w h ite  foci. These changes 
m ak e  deep fissures in  th e  m a trix , c rea tin g  a p o ssib ility  fo r fu r th e r  degeneration .
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I n  F ig . 3 there  is a sam p le  from  th e  group t r e a te d  w ith  a  4.0  p e r  cent 
em u ls io n  o f W ofatox 50 E C . T h e  d es tru c tio n  of collagen s tru c tu re  is in  an  
a d v a n c e d  stage. C artilage cells show  nodu lous fo rm atio n  a n d  condensation , 
w ith  d eep  and  large cav itie s  beside th e m .

Vertebrae

T h e  sam ple tak en  f ro m  th e  cerv ical v e rte b ra l b o d y  o f a co n tro l fe tu s is 
sh o w n  in  Fig. 4. The su rface  is s im ilar to  th e  con tro l p h a la n x  cartilag e . The 
ch o n d ro c y te s  can be seen as  s lig h t oval p ro tu b eran ces .

I n  Fig. 5, there  is a  ca rtilag e  d e ta il from  th e  v e r te b ra l a rc h  o f  th e  firs t 
c e rv ic a l v e rteb ra  from  th e  g roup  t r e a te d  w ith  a 0.3 p e r cen t suspension  of 
P a ra th io n  20 W P. The t r e a tm e n t  w as ca rried  o u t on th e  f irs t  d a y  o f in cu b a 
t io n . T h e  fetus does n o t show  an y  gross m alfo rm ation . T here  a re  lacunae  in 
th e  p la c e  of cartilage cells, am o rp h o u s connective tissu e  an d  large  cavities.

F ig u re  6 shows a m ic ro p h o to g ra p h  of th e  v e rte b ra l b o d y  fro m  th e  group 
t r e a te d  w ith  a 0.3%  su sp en sio n  of P a ra th io n  20 W P . T here  is cellu lar debris 
on  th e  surface of ca rtilage .

D iscussion

B o th  o rganophosphorous chem icals used  by  us cause th e  sam e gross 
m a lfo rm a tio n s  (kyphoscoliosis, lordoscoliosis, ca rtilag inous fu sion  o f  v e rteb rae , 
r e ta r d a t io n  of tib ia  an d  m e ta ta rs u s , cyllosis) in  chick em bryos.

P a ra th io n  20 W P  causes grave m icroscopic changes o f ca rtilag e  a t  0 .3%  
c o n c e n tra tio n . The h is to lo g ica lly  d em o n strab le  cartilage  d am age depended  on 
th e  dose  of W ofatox E C  50 app lied  in  th e  experim en t. T he p re d o m in a n t sym p
to m s  a n d  cartilage d e g en e ra tio n  do n o t  depend  on th e  d a y  o f tre a tm e n t.

T herefore, th e  a t ro p h y  o f ske le ta l m uscles is n o t th e  o n ly  fa c to r  causing 
te ra to g e n ic  a ltera tion  in  th e  skele ton . T hese u ltra s tru c tu ra l  changes o f  cartilage  
e x p la in  th e  cervical ad h esio n , anky losis  an d  lordoscoliosis o f  v e rte b ra e .

A lth o u g h  the  e x p e rim e n t w as based  on a p ra c tic a l m e th o d  an d  on 
p e s tic id e  concen tra tions ap p lied  in  th e  p la n t p ro te c tio n  p rac tice , a r ticu la r  
m a lfo rm a tio n s  occurred f re q u e n tly .

T h e  exam ination  o f  a sy m p to m a tic  fe tuses especially  em phasizes th e  
im p o r ta n c e  of e n v iro n m en ta l h aza rd s  associa ted  w ith  pestic id e  use . I t  dem on
s t r a te s  t h a t  the  sam e c a r tila g e  d e fo rm atio n  occurs in  th e se  fe tu ses  as in  m al
fo rm e d  chickens.
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Fig. 1. Articular head from  phalanx of control chicken embryo. For explanation, see the
tex t. X 1000

Fig. 2. Cartilage detail from an embryo trea ted  w ith 0.4% emulsion of W ofatox 50 EC. For
explanation, see the tex t. X 3000



Fig. 3. Sample from the group treated  wit h 4.0%  emulsion of W ofatox 50 ЕС. X 3000

Fig. 4. C ontrol sample from cervical vertebral body. XlOOO



Fig. 6. Cartilage detail from the  vertebral body from  the group tre a ted  with 0.3% suspension
of Parathion 20 W P. X 3000

Fig. 5. M icrophotograph of vertebral arch from th e  group trea ted  w ith 0.3% suspension of
Parathion 20 W P. X 1000





A SANDWICH ENZYME-LINKED 
IMMUNOSORBENT ASSAY (ELISA)

FOR MEASURING ANTIGEN CONCENTRATIONS 
OF INFECTIOUS BURSAL DISEASE VIRUS

V e r a  K a r d i , T . P e r é n y i , G y . K o csis , G y . N e u m a y e r ,
Cs. V a r r ó , В. N a g y  and I ldik ó  P e r g e l

PH Y LA X IA  V eterinary  Biologicals Co., H-1107 B udapest, Szállás u . 5-7, H ungary

(Received June 29, 1987)

A double an tibody  sandwich ELISA  was developed for measuring infectious 
bursal disease virus (IBD V ) antigen concentration, p rim arily  for monitoring virus 
growth during th e  process of vaccine production. The an tibody  used for detection 
was purified by affin ity  chrom atography; thus, m ost of th e  background reactions were 
elim inated. The threshold  of detectability  is around 104 T C ID SO/0.1 ml. The m ethod 
is well suited for m onitoring virus purification and concentration  processes, too ; it  is 
rapid  and simple. The resu lts obtained by  the sandwich E L IS A  were checked by  virus 
titra tio n  in cell cultu re: a fairly  good agreem ent was found.

Keywords: Infectious bursal disease virus (IBDV), an tigen  detection, sandwich 
ELISA , virus propagation , virus purification.

D ete rm in a tio n  o f  in fec tiv e  v iru s  t i t re  b y  ca lcu la tin g  th e  50%  end-po in t 
( ID 50) is th e  reference m e th o d  o f m easuring  th e  c o n c e n tra tio n  of in fectious 
b u rsa l disease v iru s (IB D V ). T h e  m ain  d isad v an tag e  o f  th e  m eth o d  is, in  a d d i
tio n  to  som e m inor d raw b ack s , th a t  i t  is tim e  consum ing . The aim  o f th e  
p re sen t w ork  w as to  develop  a  ra p id  labou r-sav in g  m e th o d  w hich does n o t 
ta k e  m ore th a n  24 h o u rs  to  c a rry  o u t an d  is sensitive  a n d  specific enough to  
be used  in  m o n ito ring  v iru s  g row th  d u ring  vaccine p ro d u c tio n  and  in  ex am in 
ing  large num bers o f sam ples.

D o u b le -an tib o d y  sand w ich  E L IS A  is w idely u sed  fo r  d iagnostic  purposes 
(M organ an d  Sm ith , 1984; S cherrer an d  B ern ard , 1977; C ritte n d e n  e t al., 1984; 
V oller e t al., 1976; K orec  e t  al., 1984). I t  has been  u sed  fo r  de tec ting  IB D V  
an d  o th e r b irn av iru ses  (e.g. in fectious pan crea tic  necrosis  v irus of fish) in  
an im al organs (H a tto r i  e t a l., 1984). H ow ever, th e  p ro ced u res  developed fo r 
d e tec tin g  v irus in  b io logical sam ples are  n o t sensitive  en o u g h  fo r our pu rposes: 
th e  v iru s  to  be d e tec ted  m u s t he co n cen tra ted  (N icholas a n d  T h o rn to n , 1984) 
or p ro p a g a te d  (E d ev ag  a n d  G ran strö m , 1986) before  a p p lied . A lte rn a tiv e ly  
(Shane e t al., 1984), se n s it iv ity  can  he enhanced  b y  u s in g  su b u n it an tigens. 
T here are  only  few  d a ta  in  th e  l ite ra tu re  on d irec t v iru s  d etec tion  in  tissu e  
cu ltu re  h a rv es ts  b y  E L IS A  w ith o u t an y  p re tre a tm e n t (O uldridge  e t al., 1984; 
E d ev ag  e t al., 1985; S chorlem er e t a l., 1986). T he co n fo u n d in g  reactions b e 
tw een  th e  tw o a n tib o d y  lay e rs  an d  betw een  ad d itiv es  p re se n t in  th e  m ed ium
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a n d  an tibodies b o u n d  to  th e m  can  be e lim in a ted  by  p u rify in g  th e  in d ica to r 
a n tis e ru m  by  a ff in ity  c h ro m a to g ra p h y  (Jo h an sso n  and  E sp a rk , 1978; F o rm an , 
1985; N iklasson e t  a l., 1984). W e in c reased  th e  se n s itiv ity  o f  th e  m ethod  
d ev e lo p ed  for th e  d e te c tio n  o f  IB D V  an tib o d ies  in th is  w ay . I n  ad d itio n  to  
m o n ito rin g  v irus g ro w th , th e  m e th o d  has p roved  su itab le  fo r  checking  certa in  
la b o ra to ry  p rocedures (e.g. v iru s  c o n c e n tra tio n , colum n c h ro m a to g ra p h y , etc.).

Materials and methods

P u rifica tio n  o f I B D  viru s  fro m  infected bursa o f  Fabricius

To ob ta in  p u rif ie d  inocu la  n ecessary  to  produce a n tis e ra , 3 weeks old 
S P F  chickens w ere in fec ted  w ith  IB D V  (s tra in  V ielitz). A fte r  th e  clinical signs 
o f  d isease had  a p p ea red , th e  b u rsae  w ere rem oved, hom ogen ized  in  PB S  and  
c e n tr ifu g e d  w ith  8000 g  fo r 15 m in . T h e  p e lle t was re su sp en d ed  in  20 m l PB S, 
hom ogen ized  an d  sed im en ted  as above . T his step  was re p e a te d  once again. 
T h e  pooled s u p e rn a ta n t flu id s w ere t r e a te d  th ree  tim es w ith  freon  113 and , 
f in a lly , th e  pooled freo n  phases w ere sh ak en  w ith  P B S . F ro m  th e  aqueous 
p h a s e  th u s  o b ta in ed  th e  v iru s w as p e lle ted  b y  u ltra c e n tr ifu g a tio n  (H IT A C H I 
S C P 8 5 H  u ltracen trifu g e , S R P  28SA ro to r) w ith  131,000 g  fo r 120 m in. The 
p e lle t  was resuspended  in  0.2 M T ris-H C l buffer (pH  7.4) a n d  sed im en ted  b y  
u ltra c e n tr ifu g a tio n  as above, below  a 30%  sucrose cush ion  fo r  5 h . T he pelle t 
w as  dissolved in  th e  sam e bu ffe r. T h e  m a te ria l th u s  o b ta in e d  co n ta in ed  8.6 
m g /m l pro tein . I t  w as checked  fo r p u r i ty  b y  S D S -po lyacry lam ide  gel e lec tro 
p h o re s is  (Jackw ood e t  a l., 1984; F a h e y  e t a l., 1985). T he a n tig e n  p roved  good 
fo r  an ti-IB D V  a n tib o d y  d e te rm in a tio n  b y  e ith e r  E L IS A  (H ow ie an d  T horsen, 
1981; M arquard t e t a l., 1980) or agar-gel p rec ip ita tio n  (A G PT ).

T he contro l a n tig e n  w as p re p a re d  from  bursae  o b ta in e d  from  h ea lth y  
S P F  chickens an d  tr e a te d  as above . B o th  th e  an tigen  an d  th e  co n tro l an tigen  
w ere  tre a te d  w ith  0 .2 %  e th y len e  im ine  fo r 24 h  a t  37 CC a n d  m ixed  w ith  an  
e q u a l volum e of F re u n d ’s in com ple te  a d ju v a n t. The p ro te in  co n cen tra tio n  of 
th e  f in a l vaccine w as 50 /tg/m l.

A n t i - I B D V  sera

Five 8 weeks o ld  cockerels, an d  five  Californian W h ite  ra b b its  weighing
2 .5  kg, were im m u n ized  in tra m u sc u la r ly  w ith  1.0 m l o f  th e  vaccine each. 
Im m u n iz a tio n  w as re p e a te d , w ith  0.5 m l doses, a t  tw o-w eek in te rv a ls . A n tib o d y  
resp o n ses  were m o n ito red  b y  E L IS A . T he anim als w ere k illed  b y  bleeding 
a f te r  8 weeks. T he co n tro l vaccine w as used  in  a sim ilar m an n e r.
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Preparation o f  IgG fraction  fro m  a n t i - I B D V  serum  raised in  chickens

To 100 m l ch icken  serum  18 g sodium  su lp h a te  w as added  a t a r a te  to  
le t th e  sa lt fu lly  d issolve. A fter s tirr in g  fo r 1 h , th e  m ix tu re  was cen trifu g ed  
w ith  6000 g  fo r 20 m in  and  th e  p re c ip ita te  w as dissolved in  50 m l saline. T h is 
s tep  w as re p e a te d  th re e  tim es an d  th e  so lu tio n  w as d ia ly sed  aga in st 4 x 2 1  
P B S . A fte r ad d in g  9 %  sodium  su lp h a te  th e  p re c ip ita te  was pelleted  an d  th e  
su p e rn a ta n t w as su p p lem en ted  w ith  sodium  su lp h a te  to  give 14% . T he p re 
c ip ita te  se p a ra te d  th is  tim e w as cen trifuged  as above, dissolved in  20 m l 
saline and  passed  th ro u g h  a S ephacry l S-300 colum n. T he pure  IgG  fra c tio n  
th u s  ob ta in ed  w as checked fo r hom o g en e ity  b y  im m unoelec trophoresis. T h e  
m a te ria l was co n c e n tra ted  b y  rep e a te d  p rec ip ita tio n , d ialysed , and  s to red  
frozen u n til  used.

P urifica tion  o f  the a n t i - IB D V  rabbit serum  by a ffin ity  chromatography

Tw o g of C N B r-ac tiv a ted  Sepharose 4B  (P h a rm ac ia , Sw eden) was le f t to  
swell in  d ilu te  hyd roch lo ric  acid  (p H  3.0) fo r one d a y  a t  room  te m p e ra tu re , 
w ashed  w ith  th e  sam e so lu tion  (4 X 200 m l), an d  d ra in ed  d ry . S u b seq u en tly ,
1.5 m l S P F  ch ick en  serum  d ilu ted  in  30 m l 0.1 M c a rb o n a te  buffer (pH  8.3) 
con ta in in g  0.5 M N aC l was app lied  on i t  an d  a g ita te d  for 2 h  a t  room  te m 
p e ra tu re .

T he gel (vo lum e: 5.2 ml) w as filled  in to  a 1 X 10 cm  colum n. F o rty - th re e  
m g o f p ro te in  w as bo u n d . A fte r w ash ing  w ith  100 m l ca rb o n a te  b u ffe r th e  
co lum n w as re a c te d  w ith  2 x 5  m l 1 M e th an o lam in e , a n d  th e n  w ashed  w ith  
25 m l ca rb o n a te  b u ffe r, 25 m l 3 M am m onium  rh o d an id e  (p H  6.0), 25 m l 5 M 
guanid ine-H C l a n d  25 m l BBS bu ffer (0.1 M boric acid ; 0.15 M NaCl, a d ju s te d  
to  p H  7.4 w ith  0.1 M N aO H ; 0 .5%  Tw een 80). T he co n tro l b u rsa  h o m ogenate  
su p e rn a ta n t, p u rif ie d  as described above, w as passed  th ro u g h  a S ephadex  G-25 
co lum n (P h a rm ac ia , Sweden) an d  tra n sfe rre d  in to  c a rb o n a te  buffer. Seven m l 
o f th is  so lu tion  w as added  to  2 g o f sw ollen gel. T he fu r th e r  steps o f th e  p ro c e 
du re  w ere th e  sam e as w ith  th e  ch icken  serum .

P rio r to  use th e  colum ns w ere w ashed  w ith  10 m l vo lum es of P B S  co n 
ta in in g  0.5 M N aC l an d  0 .05%  Tw een-20 (PB S-T -N ). O ne m l of th e  r a b b it  
serum  to  be a b so rb ed  was app lied  on  th e  b u rsa  h o m o g en ate  colum n, d ra in ed  
in to  th e  bed  w ith  1.5 ml buffer, le f t to  s ta n d  fo r 3 h  a t  room  te m p e ra tu re , 
an d  th e n  e lu ted  w ith  40 ml P B S-T -N . T he success o f th e  abso rp tio n  process 
was checked  b y  agar-gel p rec ip ita tio n , M ancin i’s te s t  an d  in d irec t E L IS A .

A ffin ity  gels w ere reg en era ted  w ith  25 m l P B S -T , 25 m l 3 M am m o n iu m  
rh o d an id e  so lu tio n  an d , a fte r ev e ry  f if th  use, 25 m l 5 M guanid ine-H C l so lu 
tio n , an d  th e n  w ere  w ashed  w ith  25 m l PB S .
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Sandw ich  E L I S A  procedure

T he a n t i - I B D V  chicken IgG  w as d ilu te d  2000-fold in  c a rb o n a te -b ic a r
b o n a te  buffer. One h u n d re d  /А vo lum es w ere m easured  in to  th e  wells o f  th e  
m ic ro titra to r  tra y , a g ita te d  for 3 m in , in c u b a te d  for 1 h  a t  37 °C, an d  w ashed  
w ith  200 /Л PB S-T  p e r w ell for 3 x 3  m in .

F ro m  th e  test sam ples  3-fold or, occasionally , 4-fold d ilu tio n  series w ere 
p re p a re d . The in itia l d ilu tio n  depended  on  th e  expectab le  v iru s  co n cen tra tio n  
o f  th e  sam ple. P B S -T -N  buffer w as u sed  as d iluen t. I f  th e  ex p ec ted  v iru s 
c o n cen tra tio n  was low , to  1 m l sam ple  0.1 m l PB S co n ta in in g  5 M N aCl an d  
0 .5 %  Tw een 20 w as a d d e d : th u s , th e  ion ic  s tre n g th  an d  d e te rg e n t c o n c e n tra 
tio n  necessary  for su p p ressin g  nonspecific  ad so rp tio n  could be  reach ed  w ith o u t 
excessive d ilu tion  o f  th e  sam ple.

Tw o para lle l sam ples (100 p i each) w ere m easured  in to  th e  wells o f th e  
m ic ro titra to r  tr a y , a g ita te d  for 3 m in , in c u b a te d  for 1 h  a t  37 °C, th e n  th e  
t r a y s  w ere w ashed  as described  above.

T h e  rabbit serum  p u r ifie d  by a ff in i ty  chromatography w as d ilu ted  fo u r
fo ld  in  PB S-T -N  c o n ta in in g  1%  bov ine  se ru m  album in  (th is  co rresponds to  a 
160-fold d ilu tion  o f  th e  u n d ilu ted  se rum ). One h u n d red  yul vo lum es o f th is  
d ilu tio n  were ad d ed  to  th e  wells, in c u b a te d  fo r 60 m in a t  37 °C, an d  w ashed  as 
describ ed  above.

T h e  conjugate ( a n ti- ra b b it  Ig G -h o rse rad ish  perox idase  (H R P O ), I n s t i tu t  
P a s te u r , Paris) w as d ilu te d  10,000-fold in  PB S-T -N . 100 p i vo lum e o f th e  
so lu tio n  was m easu red  in to  each w ell o f  th e  m ic ro titra to r  t r a y . A fte r in c u b a 
tio n  fo r 30 m in a t  37 °C th e  t r a y  w as w ash ed  as above.

As substrate, o rth o p h en y len e  d iam in e  (R ean a l, B u d ap est) w as used  (34 m g 
O P D  an d  20 p i 33 %  h y d ro g en  p e rox ide  d issolved in  100 m l b u ffe r co n ta in in g  
0.05 M N a „ H P 0 4 a n d  0.025 M c itric  ac id , p H  5.5). Two h u n d re d  /Л vo lum es 
w ere  m easured  in to  each  well and  k e p t in  d a rk  room  fo r 15 m in . T he reac tio n  
w as s to p p ed  b y  ad d in g  50 p i  2 M su lp h u ric  acid to  each  well.

E xtinction  w as re a d  in  a T ite r te k  M u ltiskan  read er (F low  L abora to ries) 
a t  492 nm .

V irus propagation in  Vero cells. Cell cu ltu res  w ere p re p a re d  in  2 1 R oux  
f la sk s  in  M EM -H  m ed iu m  su p p lem en ted  w ith  0.4 M g lu tam in e  an d  8 %  ca lf 
se ru m . On d ay  3, th e  m ed ium  of th e  fla sk s  hav in g  a co n flu en t m ono layer w as 
rep laced  w ith  serum -free  m a in ten an ce  m ed iu m . To 200 m l m ed ium  1 m l v iru s 
in o cu lu m  (a tte n u a te d  IB D V  stra in  G P , 106-5 T C ID 50/0.1 ml) w as ad d ed  in  
d iffe ren t d ilu tions. V irus g row th  w as m o n ito red  for 6 days. T he cy to p a th ic  
e ffec t (CPE) was ca lc u la ted  b y  K a e rb e r’s m ethod .
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V irus p u rifica tio n  by colum n chromatography

A  0.9 X 54 cm  co lum n w as p ack ed  w ith  S ephacry l S-1000 (P h a rm a c ia , 
Sw eden). P B S  con ta in in g  1 M N aCl w as used as e lu en t. T h e  flow  ra te  was 
0.2 m l/m in . T he te s t  sam ple w as IB D Y  grow n in Vero cells a n d  p ro p a g a te d  on 
m ic ro ca rrier (107-5 T C ID 5o/0.1 m l). O ne m l of th e  sam ple  w as applied  on  th e  
co lum n . T he tu b e s  were changed  a f te r  ev e ry  10th  d rop , a n d  th e  v iru s  c o n te n t 
an d  p ro te in  co n cen tra tio n  o f each  fra c tio n  w as m easured  b y  sandw ich  E L IS A  
a n d  F o lin ’s reac tio n , re spec tive ly .

V irus p u rifica tio n  by u ltra filtra tion

A M illipore 2 GPM  in s tru m e n t w as used  w ith  a P T M K  fil te r  ca sse tte  
(lim it o f tran sm issio n : 300,000 d a lto n s). T h e  v irus to  be p u rified  w as 750 m l 
IB D Y ; i t  w as p ro p ag a ted  as above (106-3 T C ID so/0.1 m l), an d  com plem en ted  
w ith  saline to  give 2 1. T he in s tru m e n t o p e ra ted  a t  m ax im u m  re flu x  u n til  th e  
rem a in in g  so lu tio n  reached  300 m l. T h e n  th e  sam ple w as again  filled  u p  to  2 1, 
a n d  th is  s tep  w as rep ea ted  n in e  tim es  a lto g e th e r. On each  occasion b o th  th e  
e ff lu en t p h ase  an d  th e  rem ain in g  p h ase  d ilu ted  to  th e  in itia l vo lum e w ere 
sam pled . T h e  p ro te in  c o n cen tra tio n  a n d  IB D V  co n ten t o f  th e  sam ples w ere 
d e te rm in ed  b y  F o lin ’s m e th o d  an d  san d w ich  E L IS A , resp ec tiv e ly .

Results

T he m o st im p o r ta n t s tep  in  th e  d eve lopm en t o f  o u r sandw ich  E L IS A  
sy s tem  w as th e  abso rp tio n  o f th e  in d ic a to r  an tise ru m  b y  a ff in ity  ch ro m a to g 
ra p h y . T he success of th e  se ru m  a b so rp tio n  process w as checked  in  severa l 
w ays. I t  w as found  th a t  th e  re a c tio n  b e tw een  th e  r a b b it  se ru m  and  th e  n e g a 
tiv e  ch icken  serum  h ad  a c tu a lly  b een  e lim in a ted . The re su lts  o f in d irec t E L IS A , 
u sed  as co n tro l, are  show n in  F ig . 1. O p tim a l d ilu tions o f th e  a n tib o d y  lay e rs  
w ere d e te rm in ed  b y  th e  u su a l ch eck e rb o ard  t i tra tio n  (F ig . 2). This tim e  th e  
in c u b a tio n  tim es w ere n o t o p tim ized , as o u r basic a im  w as to  ca rry  o u t th e  
m easu rem en ts  in  less th a n  one w o rk -d ay , even  if  th is  w as, to  som e e x te n t, to  
th e  d e tr im e n t of sen sitiv ity .

F igu re  3 illu s tra te s  th e  E L IS A  re su lts  ob ta ined  w ith  th e  pu rified  v iru s . 
T h e  b ro k en  line in d ica tes  e x tin c tio n s  o b ta in e d  w ith  th e  co n tro l an tigen .

T ab le  I  co n ta in s th e  s ta tis t ic a l  e v a lu a tio n  of a series o f  m easu rem en ts  in  
w hich  th e  v iru s  co n cen tra tio n  o f 50 cell cu ltu re  flu ids w as assessed b y  in fec tive  
v iru s  t i t r a t io n  an d  E L IS A . B o th  th e  p ro p a g a tio n  and  th e  t i t r a t io n  to o k  p lace 
in  Y ero cells. T he ex tin c tio n s o b ta in e d  in  th e  E L IS A  w ere e x tra p o la te d  to  th e  
u n d ilu te d  s ta te , an d  th e  b a c k g ro u n d  levels w ere d ed u c ted  from  each v a lu e .
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Ext

Fig. 1. Indirect ELISA  fo r checking the absorption of rabb it serum . 1st layer: anti-IB D Y  
chicken IgG; 2nd layer: an ti-IB D V  rabb it serum, (a) un trea ted ; (b) passed through an affin ity  
colum n made w ith bursa hom ogenate: (c) passed th rough  an affin ity  column made w ith  
chicken serum; (d) passed th rough  both columns; 3rd layer: H RPO -lahelled anti-rabbit IgG

dilution of anti-IBDV chicken IgG dilution of anti-IBDV rabbit serum

Fig. 2. Optimization of th e  sandw ich ELISA by checker-board titra tio n , (a) the dilution of 
anti-IB D V  chicken IgG  is changed; purified virus: 3.5 jUg/ml; d ilution of anti-IBD V  rab b it 
serum : 200-fold; (b) the d ilu tion  of the absorbed anti-IB D V  rabb it serum  is changed: dilution 

of anti-IB D V  chicken IgG: 2000-fold; purified virus: 3.5 /rg/ml
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Ext.

17.2 8.6 4.3 2.2 1.1 0 6 02  0 2  p g /m t
purified virus

Fig. 3. Sandwich ELISA  of IBDY purified from chicken bursa (for conditions of the experi
m en t see M aterials and methods). Solid line: purified virus; b roken  line: purified IBDV-

negative bursa

Fig. 4. Propagation of IBDV in  Vero cell cultures grown in R oux flasks. Dilution of th e  virus 
inoculum: (a) 10-fold; (b) 100-fold; (c) 1000-fold; (d) 10,000-fold. Solid line: ELISA  extinction  

extrapolated to  the undilu ted  sta te ; broken line: infective titre
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A t ti t re s  below 103'5 T C ID 5o/0.1 m l th e  E L IS A  does n o t  give in te rp re tab le  
re su lts . The sam ples w ere  g rouped  accord ing  to  th e  v iru s  ti tre s , and  from  
th e  E L IS A  values g ro u p  averages w ere ca lcu la ted . T he coeffic ien t of correla
t io n  betw een  th e  t i t r e s  a n d  th e  ex tin c tio n  averages w as 0.87. W hen  th e  d a ta

Table I

Comparison of infective virus titre  
and ELISA extinction values (E„) 

extrapolated to undiluted suspension 
(IBDV grown in Vero cells)

T C ID 50/O .l ml 
(log10) E„

3.50 0.356 +  0.252
3.75 1.808 +  0.804
4.0 1.997 ±  0.985
4.25 2.031 ±  0.689
4.50 2.369 +  0.335
4.75 2.561 +  0.589
5.00 2.635 +  0.312

p a ir  re la tin g  to  103,5 T C ID 5o/0.1 m l (i.e. th e  th resh o ld  o f d e tec tio n ) was d is
re g a rd e d , th e  coeffic ien t o f  co rre la tion  (r) w as 0.98.

In  th e  follow ing a  few  exam ples are  g iven  fo r possible uses o f  th e  m easure
m e n t procedure deve loped  b y  us.

T he resu lts  o f v iru s  p ro p ag a tio n  in  V ero cells grow n in  R o u x  flasks are 
sh o w n  in  Fig. 4. T h e  a im  o f th is  ex p e rim en t w as to  d e te rm in e  th e  op tim al 
d ilu tio n  of th e  v iru s in o cu lu m  an d  th e  o p tim u m  in cu b a tio n  tim e . V irus an tigen  
co n cen tra tio n s  w ere m easu red  b y  E L IS A  a n d  th e  in fec tive  v iru s  w as t i t ra te d  
in  each  sam ple on V ero cells. T he E L IS A  p ro v ed  less sen s itiv e  th a n  ti tra tio n  
in  cell cu ltu re . In  o u r experience, 103-s-1 0 4 T C ID 5o/0.1 m l is th e  th resho ld  of 
d e te c tio n  for th e  san d w ich  E L IS A .

F igure 5 show s th e  re su lts  o f a ge l-ch rom atog raph ic  sep a ra tio n . The te s t 
sam p le  was IR D V  grow n in  V ero cells (107-5 T C ID 50/0.1 m l). A ll frac tions were 
a ssay ed  for p ro te in  c o n te n t, th e n  IB D V  a n tig e n  co n cen tra tio n  w as de te rm ined  
b y  E L IS A . The re su lts  h a v e  tw o in te re s tin g  fea tu res: f ir s t ly , tw o  peaks were 
o b ta in e d , suggesting  t h a t  th e  in ta c t an d  in ju re d  v irions h a d  been  sep ara ted ; 
h o w ever, because o f th e  low  co n cen tra tio n s th e  frac tions cou ld  n o t be id e n ti
f ie d . Secondly, w e ll-d e tec tab le  v irus ac tiv itie s  occurred  to g e th e r  w ith  ex trem ely  
low  p ro te in  co n cen tra tio n s  m uch  below th e  th resh o ld  o f  d e te c ta b ility , in d ic a t
in g  th a t  th e  gel-ch ro m ato g rap h ic  p u rific a tio n  h ad  been v e ry  effic ien t.

A process of v iru s  p u rific a tio n  b y  u ltra f il tra tio n  is i l lu s tra te d  in  Fig. 6. 
T h e  in itia l suspension w as IB D V  (106-5 T C ID 50/0.1 ml) g row n in  Vero cell cul-
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Ext.

Fig. 5. D etection of IBDY separated by  column chrom atography. Column: Sephacryl S-1000, 
0.9X 54 cm; in itia l virus titre : 107-5 TCID 30/0.1 ml. Solid line: E L IS A  extinction values; 

broken line: to ta l protein  concentration

Ext. A Ext. В

Fig. 6. Virus purification  w ith a Millipore 2 GPM virus-concentrating apparatus, (a) in itial 
solution; (b) effluent (solution passing through the filter). Solid line: E L ISA  extinction values; 

broken line: to ta l protein  concentration

tu res . In  th e o ry , th e  transm ission  lim it o f th e  ap p lied  f ilte r  w as 300,000 d a ltons. 
D esp ite  th is  fa c t, w ell-detec tab le  v iru s  a n tig e n  a c tiv ity  w as found  in  th e  
f i l tra te d  frac tio n s . Supposedly  th is  m ig h t h a v e  been due to  sep ara tio n  of th e  
in ta c t  an d  in ju re d  v irions, or v ira l debris. T h e  co n firm a tio n  o f  th is  h y p o thesis , 
how ever, w a rra n ts  fu r th e r  stud ies.
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D iscussion

T he p rim a ry  a im  o f in tro d u c in g  th e  sandw ich  E L IS A  p ro ced u re  fo r 
assessing IB D V  a n tig e n  co n cen tra tio n  w as to  ren d e r possib le a co n tin u o u s 
m o n ito rin g  o f v iru s  g ro w th  du ring  v acc in e  p rod u c tio n . T h is is essen tia l in  a 
p e rio d  w hen th e  co n d itio n s of fe rm e n ta tio n  are being  o p tim ized . L a te r  on , a 
c o n tin u o u s  in -p ro d u c tio n  con tro l can  a lso  be realized b y  th is  p rocedure .

In  T ab le  I  I B 50 v alues of v iru s  a re  com pared  w ith  E L IS A  ex tin c tio n  
v a lu es  e x tra p o la te d  to  th e  u n d ilu ted  s ta te ,  grouped b y  1 D 50. A s tro n g  co rre la 
t io n  w as found ; th e  coeffic ien t o f co rre la tio n  (r =  0.98) m eets th e  re q u irem en t 
o f  lin e a rity . H ow ever, th e  large s ta n d a rd  dev ia tions o b ta in e d  for th e  v a rio u s  
g ro u p s show  th a t  th is  close lin ea r re la tio n sh ip  m u st n o t  be o v e re s tim a ted . 
T h e re  will n o t be a good ag reem en t b e tw een  th e  re su lts  o f  th e  tw o m eth o d s 
fo r  every  te s t  sam p le , as E L IS A  d e te c ts  also th e  in ju re d  v irions w hich  h av e  
lo s t th e ir  ab ility  to  m u ltip ly  (C lay ton  e t  a l., 1986).

As i t  has been  p o in ted  ou t ab o v e , in  sen sitiv ity  th e  sandw ich  E L IS A  is 
in fe rio r to  th e  classical v iru s t i t ra t io n . U n d er p rac tica l cond itions th is  m eans 
t h a t  th e  t i t re  o f th e  inocu lu m  and  th e  an tig en  co n cen tra tio n s  m easu red  on  th e  
f i r s t  and , occasionally , second d ay  o f  v iru s  p ro p ag a tio n  rem ain  below th e  th r e 
sh o ld  o f d e te c ta b ility  w hich  is a ro u n d  104 T C ID so/0.1 m l. In  th is  re sp ec t th e  
l i te ra tu re  co n ta in s  r a th e r  c o n tra d ic to ry  d a ta  for v a rio u s v iruses. W ith  herpes 
s im p lex  v iru s d e tec tio n  C layton e t a l. (1986) ach ieved  th e  sam e se n s itiv ity  
w ith  th e  so-called am p lified  E L IS A  as w ith  t i t ra t io n  in  cell cu ltu re . O th e r 
a u th o rs  (Collins e t  a l., 1985; E d ev ag  e t al., 1985; H a t to r i  e t al., 1984; etc .) 
re p o r te d  de tec tio n  th re sh o ld s  o f 103-1 0 4 T C ID 50/m l, o r ev en  h igher (S chorlem er 
e t a l., 1986). Since d u rin g  vaccine p ro d u c tio n  th e  v iru s  t i t r e s  are  alw ays h ig h er 
th a n  104 T C ID 50/0.1 m l, we can ex am in e  te s t  so lu tions a n d  v irus suspensions 
w ith o u t an y  p rev io u s v iru s  co n cen tra tio n . This s e n s itiv ity  is su ffic ien t to  
m o n ito r  th e  d iffe ren t v iru s  p u rif ic a tio n  processes. T he su p e rn a ta n t o f  R o u x  
f la sk s  or fe rm en to rs  is app lied  on th e  ch ro m ato g rap h ic  co lum n w ith o u t an y  
p re tre a tm e n t, a n d  th e  v iru s  can be d e te c te d  in  th e  e lu a te  frac tions w ith o u t 
a n y  co n cen tra tio n .

I t  is a p reco n d itio n  o f sandw ich  E L IS A  procedures th a t  th e  low er an d  
u p p e r  a n tib o d y  la y e rs  do n o t re a c t w ith  each o th e r o r w ith  co n tam in a tio n s  
p re se n t in  th e  sam ples u n d e r te s tin g  (H a tto r i  e t a l., 1984). Since IB D V  is 
u su a lly  grow n in  cell cu ltu res  o f ch ick en  origin u n d e r b o th  la b o ra to ry  an d  
in d u s tr ia l  cond itions, th e  an tise ra  ra ise d  in  rab b its  h a d  to  be freed o f a n tib o d y  
p o p u la tio n s  p ro d u ced  ag a in st c o n tam in a tio n s  p re sen t in  th e  v iru s p u rified  
fro m  chicken b u rsae . In  th is  w ay  th e  nonspecific  re a c tio n  caused b y  d iffe ren t 
c o n ta m in a n ts  p re se n t in  th e  te s t v iru s  suspension w as also  e lim ina ted . T h u s, 
th e  v iru s  c o n c e n tra tio n  of an y  m ed ium  becam e m easu rab le . A t th e  sam e tim e , 
th e  b ack g ro u n d  level a ttr ib u ta b le  to  th e  reaction  of a n ti-IB D V  ch icken  IgG
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a n d  an ti-IB D V  ra b b it  serum  decreased  to  a m in im um . I t  shou ld  be s tre ssed  
th a t  b y  using m onoclonal an tib o d ies  th e  above aim  is a tta in e d  w ith o u t a n y  
in te rv e n tio n . U n fo rtu n a te ly , fo r th e  tim e  being  m onoclonal an tib o d ie s  a re  
s till n o t availab le  to  m any  lab o ra to rie s  (D e B oer an d  O ste rh au s, 1985; Collins 
e t a l., 1985; C rouch e t al., 1984; H einz  e t al., 1986; F o rm an , 1985).
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BOOK REVIEW

Pathogenesis o f Bacterial Infections in  Animals. E d ited  by  Carlton L. G y l e s  and Charles O. 
T h o e n  (twenty-tw o contributors). Iowa S tate U niversity  Press, Ames, Iowa, USA. F irs t 
edition, 1986. pp. 227, in  English.

Knowledge on th e  pathogenesis of bacteria l diseases has increased enormously in  
recent years as a resu lt of advances in molecular biology and biochem istry in general and  in  
molecular genetics in  particu lar. Bacteria were th e  first which were studied in this field of 
science. These findings im proved our knowledge of host—parasite relationships a t tissue, cell 
and molecular levels. Chapters of this book provide a good insight into these principles. 
Researchers recognized, among others, th a t bacteria are able to  ex trac t iron from host tissues 
and to  grow under iron-lim iting conditions, and th is is highly correlated w ith virulence, th ey  
can a ttach  to  host cells, have strategies to  com bat mucosal im m unity , are able to  evade 
phagocytosis and to  survive in phagocytic cells; th e y  m ay degrade immunoglobulins (IgA, 
IgG), which is a fascinating potential virulence factor. I t  turned  out th a t  some diseases m ay 
be attribu tab le  to  a single toxin. Development in  separation  methods has resulted in purifica
tion  and characterization  of several bacterial products related  to  pathogenesis.

Progress in understanding th e  pathogenesis of bacterial infections in  animals, w hich 
has occurred as a resu lt of applications of these advances, is reviewed in this book. This is 
the first edition of th e  book. The editors’ aim , th ey  write, was to fill a void in the cu rren t 
literature on m echanism  of bacterial diseases. T hey claim: pathogenesis is the crossroads a t  
which microbiologists, pathologists and clinicians find  common ground. Their book is in tended 
to  be useful for studen ts of these disciplines.

The in ten tion  of the editors was a w orthy one: the book m erits careful reading.
The book is divided into 25 chapters, p rin ted  from a cam era-ready copy: th is has 

some effect on the quality  of photographs. I t  was w ritten  by 22 authors. E ight authors are 
from the U niversity  of Guelph (D epartm ent of Microbiology), a fac t reflecting the high 
standard  of work done in  th a t  D epartm ent.

Any assessm ent of the quality of a chapter m ust inevitably be subjective. Some con
tributions are ou ts tand ing : Streptococcus, M ycobacterium , Salmonella. In  contrast, some 
chapters are a little  disappointing. W hy was it  fe lt necessary to  devote so many pages to  
Escherichia coli, by fa r the largest allowance in the book? As w ith all m ulti-author textbooks, 
a wide range of styles has been adopted. Moreover, th e  inform ation provided in different 
chapters ranges from the pragm atic description of the pathogenesis to  sections of p a th o 
genesis plus sources of infection, drug resistance, contro l and trea tm en t. Chapters have been 
included which cover bo th  the anim al and hum an  diseases, an excellent concept. Some 
additional com m ents: (a) contributions are headed by  bacterial nam es only. I t  would have 
been better, where appropriate , to  mention the nam e of the particu lar disease under the 
heading. The reader, in some cases, has to look for th e  nam e of the disease hidden in the tex t, 
(b) Chapter Shigella is included in the book, b u t Francisella tularensis (tularaem ia) is no t. 
Shigella causes dysen tery  only in prim ates; Francisella tularensis, f irs t described in N orth  
America, in 1912, causes zoonoses of world-wide im portance, (c) The species Treponema 
hyodysenteriae should be classified in the order Spirochaetales, no t in the group of G ram 
negative anaerobes, (d) R elated to the pathogenesis, in  chapters Clostridium and non-spore
forming anaerobes th e  following basic facts are missing: anaerobes differ in their sensitivity  
to  oxygen ranging from  those which are ju s t barely anaerobes, such as Clostridium perfringens, 
through m oderate anaerobes, capable of growing in  th e  presence of up to  2 to 5 per cent 
oxygen, to  stric t or obligate anaerobes, such as m ost Gram -negative anaerobes, incapable of
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grow th if there is more th a n  0.5 per cent oxygen present, (e) Only a ttenua ted  Mycoplasma 
vaccine against CBPP (K H 3J ,  T j) has proved its  efficacy.

Selected references to  the literature are included in each chapter. U nfortunately , 
m any references are to  American journals and  textbooks; European and Japanese au thors 
are n o t m entioned very often.

N otw ithstanding the above criticism, th is book would be a  useful addition to  any 
in s titu te  or private lib rary , and would also be of value to  veterinary  undergraduates. I t  fits 
nicely betw een the extensive references textbooks. Inform ation on recent advances in p a th o 
genesis is scattered in several journals (biochemical, immunological, etc.): it is good to  find 
them  together in th is w ell-w ritten book, which, i t  is to  be hoped, will regularly be followed 
by  new editions. I t  is no t, however, a com prehensive tex t covering all aspects (epidemiology, 
differential diagnosis, etc .) of bacterial infections in  animals, and w ould no t, by itself, serve 
as a general guide to  veterinary  microbiology and  infectious diseases.

L. P e s t i
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COMING EVENT

The 18th Congress of the German V eterinary  Medical Society will be held from 5-8 
A pril 1989 in Bad N auheim  (near Frankfurt/M ain), Federal Republic of G erm any. The topic 
is “ Pathogenesis and Control o f Factor D iseases” . The papers should n o t only consider infec
tious b u t also non-infectious factor diseases.

Papers can be presented in German or English. The title of papers should be sub
m itted  u n til 1 June 1988 to  the President o f th e  DVG, Prof. Dr. Dr. h.c. m ult. A nton Mayr, 
V eterinärstrasse 13, D-8000 München 22, F edera l Republic of Germany.
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EFFECT OF SOIL FERTILITY ON THE 
AMINO ACIDS AND NUTRITIONAL VALUE OF 

WHEAT GRAIN

G. S z ű t s , L. V incze , G. K ovács and E . J a k a b

U niversity  of A gricultural Sciences, D epartm en t of Animal N u trition , H-8361 K eszthely ,
Deák F . u . 16, H ungary

(Received J a n u a ry  13, 1988)

The effects of soil nitrogen level on the amino acid composition and n u tritiv e  
value of two sam ples of w heat were studied . The two sam ples were collected from  th e  
same line and  grown. Different levels o f nitrogen (N) fertilizer were applied. The sam ple 
receiving th e  higher level of N showed a greater increase in  crude protein (C P; P  <
<  0.05); a t  th e  same tim e its relative am oun t of threonine and  lysine was lower (P  <
<  0.05), in sp ite of its higher to ta l am ino acid content.

Feeding trials w ith broiler chickens indicated th a t  birds fed on w heat grow n 
a t a lower level of N fertilizer had a h igher body w eight (P  <  0.05) and grow th ra te  
(P  <  0.01). I t  is suggested th a t the use of high-protein w heat m ight cause some n u t
ritional problem s due to amino acid im balances in the diet.

Keywords: Soil fertility, n itrogen, fertilizer, w heat, amino acids, n u tritio n a l 
value, broiler chicken

R ecen tly  a h ig h er p e r area food p ro d u c tio n  h as  becom e an o b jec tiv e  of 
p rim e im p o rtan ce . To achieve th is , th e  ap p lica tio n  o f fertilizers has to  be  im 
p ro v ed . P ara lle l w ith  th e  increase in  w h e a t y ie ld , its  n u tr itio n a l v a lu e  as a 
food  or feed, a n d  how  it  is in fluenced  b y  fertilizers, is acq u irin g  g rea te r im p o r
ta n c e . In  th e  la s t  few  years a tte n tio n  h as  been  focussed  on genetic v a r ia tio n s  
a n d  e n v iro n m en ta l effects on th e  levels o f  n itro g en  com pounds in  w heat.

N um erous in v estig a tio n s h av e  show n th a t  n itro g en  fertilizers, w hile 
increasing  th e  y ie ld  an d  th e  p ercen tag e  o f p ro te in  in  w h e a t grain, also a ffec t 
its  am ino  acid  com p o sitio n  and  p ro te in  q u a lity . A lth o u g h  i t  is well e s ta b lish e d  
th a t  th e re  is a n eg a tiv e  re la tionsh ip  b e tw een  th e  p ro te in  co n ten t and  a n u m b e r  
o f  essen tia l am ino  acids, n o tab ly  ly sin e , in  w h ea t g ra in  (B yers e t a l., 1978; 
E p p en d o rfe r, 1978; Jo h n so n  e t al., 1972), l i ttle  a t te n tio n  has been g iv en  to  
th e  effects o f soil fe r ti l i ty  on th e  b io logical va lu e  o f p ro te in .

T he o b jec tiv e  o f th is  in v es tig a tio n  w as to  d e te rm in e  th e  effects o f  soil 
n itro g en  (N) leve l on  th e  am ino ac id  com position  o f w h e a t sam ples d iffe ring  
in  cru d e  p ro te in  (CP) co n ten t an d  th e  n u tr i t io n a l va lu e  o f  these  w heat sam p les  
in  ch icken  d ie ts .

1* Acta Veterinaria Hungarica 36, 1988 
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138 S Z Ű T S  e t  a l .

M aterials an d  m ethods

Tw o w h ea t sam ples, grow n in  fe r tiliz a tio n  experim en ts, w ere an a ly sed . 
T h e  ex p erim en ts  w ere c o n d u c ted  w ith in  th e  fram ew ork  o f a  g o v ern m en t-lev el 
re se a rc h  p rog ram m e called  “ S tudies on  th e  E ffec ts of V arious A m o u n ts  a n d  
R a te s  o f  A pply ing  F e rtiliz e rs” . The w h e a t sam ples to  be te s te d  w ere se lec ted  
a rb itr a r i ly  on th e  basis o f  p ro te in  c o n te n t. T h e  line s tu d ied  w as MV-4 grow n 
in  th e  sequence o f w in te r  w h e a t-c o rn -c o rn —w in te r  w heat in  1984.

T he app lied  a m o u n ts  of fertilizers w ere  50, 50 and  100 (w h ea t 1) an d  150, 
50 a n d  100 (w hea t 2) kg  o f n itro g en  (N ), p h o sphorus (P) a n d  p o tass iu m  (K ) 
p e r  h e c ta re , resp ec tiv e ly . T he to ta l  a m o u n t o f  P  an d  К  fe rtilize rs an d  h a lf  o f th e  
N  fe rtiliz e r  w ere ap p lied  in  th e  a u tu m n , w h ereas  th e  o th e r  h a lf  o f N  in  th e  
sp rin g . T he w h ea t w as h a rv e s te d  a t  physio log ica l m a tu r ity . Sam ples w ere 
po o led  b y  tre a tm e n t fro m  rep lica tions.

P ro te in  was d e te rm in ed  b y  K je ld ah l an a ly sis  on each sam ple  an d  a d ju s t
ed  to  a 12%  m o istu re  basis. T he am ino ac id s  were analysed  b y  ion-exchange 
c h ro m a to g ra p h y  using  a B IO T R O N IK  LC 5001 analyser. C a lcu la tions o f th e  
e sse n tia l am ino acid  in d e x  (E A A I; O ser, 1951) and  of th e  chem ical score 
(CS M itchell an d  B lock , 1946) w ere m ade as an  ev a lu a tio n  o f  o p tim a l am ino  
ac id  com position .

E ach  pooled sam ple  o f w h ea t w as in c o rp o ra te d  in to  a w h e a t-so y b e a n  
m ea l d ie t (Table I). D ie ts  w ere fo rm u la ted  to  be  isonitrogenous b y  ad d in g  s ta rc h  
to  t r e a tm e n t  2 so t h a t  th e  p ro p o rtio n s o f  n itro g en  supp lied  b y  w h ea t an d  
so y b e a n  m eal w ere id e n tic a l in  d iets 1 a n d  2. These diets o n ly  m arg in a lly  sup-

ТаЫе I

Composition of diets

T re a tm en t

In g re d ien t 1

%

2

W heat (1) 72.60
W heat (2) — 63.05
Soybean meal 48.5% 24.00 24.00
Starch — 9.55
AP-17 0.40 0.40
Sunflower oil 1.00 1.00
NaCl 0.50 0.50
CaC03 1.00 1.00
Prem ix 0.50 0.50

Calculated nutrients
Crude protein% 20.48 20.48
AME M J/KG 11.81 12.07
Ca% 1.19 1.19
P% 0.45 0.45
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Table II

Amino acid contents of w heat samples in d ry  m atter

I te m
n  =  6

T re a tm e n t

1

(Ï +  S) (S

2

E ± S ) 2 /1 x 1 0 0

L S D
(P  <  0.05)

Aspartic acid 0.490 0.039 0.507 0.029 NS 103
Threonine 0.267 0.020 0.255 0.018+ 96 0.01
Serine 0.458 0.033 0.482 0.025* 105 0.02
Glutamic acid 3.143 0.224 3.508 0.152** 112 0.21
Proline 1.033 0.046 1.158 0.046+ 112 0.12
Glycine 0.382 0.026 0.388 0.022 NS 102
Alanine 0.367 0.023 0.387 0.015* 105 0.01
Cysteine 0.167 0.110 0.183 0.019* 110 0.01
Valine 0.382 0.023 0.413 0.018** 108 0.01
Methionine 0.097 0.022 0.120 0.044 NS 124
Isoleucine 0.290 0.013 0.313 0.008** 108 0.01
Leucine 0.643 0.041 0.683 0.027* 106 0.03
Tyrosine 0.207 0.012 0.215 0.008 NS 104
Phenylalanine 0.407 0.025 0.435 0.022* 107 0.02
Histidine 0.262 0.015 0.273 0.010+ 104 0.01
Lysine 0.247 0.015 0.245 0.016 NS 99
Arginine 0.417 0.030 0.425 0.023 NS 102

NS =  Not significant; + =  P  <  0.1; * =  P  <  0.05; ** =  P  <  0.01

Table III

Amino acid contents of w heat samples as %  of crude protein

I te m  
n  = 6

T re a tm e n t

LSD  P  =  0.051 2

X s X s

Aspartic acid 4.03 0.32 3.61 0.21* 0.33
Threonine 2.19 0.16 1.82 0.13** 0.21
Serine 3.76 0.27 3.44 0.18* 0.29
Glutamic acid 25.80 1.84 25.02 1.09 NS
Proline 8.50 0.30 8.26 0.33 NS
Glycine 3.14 0.22 2.77 0.15** 0.22
Alanine 3.01 0.19 2.76 0.11* 0.18
Cysteine 1.37 0.09 1.31 0.13 NS
Valine 3.14 0.19 2.95 0.13+ 0.19
Methionine 0.80 0.18 0.86 0.31 NS
Isoleucine 2.37 0.11 2.23 0.06* 0.09
Leucine 5.28 0.34 4.87 0.19* 0.29
Tyrosine 1.70 0.10 1.54 0.06** 0.10
Phenylalanine 3.34 0.20 3.10 0.16+ 0.24
Histidine 2.15 0.12 1.95 0.08** 0.10
Lysine 2.03 0.12 1.75 0.12** 0.17
Arginine 3.41 0.25 3.03 0.17** 0.22

NS =  N ot significant; + =  P  < 0.1; * = P  <  0.05; ** =  P  <  0.01
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p lie d  th e  chicks’ m e th io n in e  req u irem en t. E a c h  d ie t w as fed  to  te n  rep lica te  
p e n s  o f  10 one-day-o ld , m ale chicks (B áb o ln a  T e tra -B ) o v er a period o f  21 
d a y s . T he chicks w ere k e p t in  tie red  b a tte r ie s  an d  were allow ed to  consum e 
fe e d  a n d  w ater ad  l ib itu m . The pens a n d  tre a tm e n ts  w ere ran d o m ly  assigned  
to  b a tte r ie s . A b io log ica l p ro te in  e v a lu a tio n  w as carried  o u t b y  d e te rm in in g  
th e  p ro te in  efficiency ra tio  (P E R ; A. O. A. C., 1975).

T he d a ta  w ere an a ly sed  as a co m p le te ly  ran d o m ised  design w ith  th e  p en  
co n sid e red  th e  e x p e rim e n ta l u n it, using  an a lysis  of varian ce  (S váb , 1969).

Results and discussion

T he crude p ro te in  co n ten t of w h e a t 2 increased  b y  14%  (P  <C 0.05) as 
co m p a re d  w ith  w h e a t 1 (from  13.7%  to  15 .9% ) as th e  dose o f  N fertilizer w as 
in c re a se d  from  50 to  150 kg N p er h e c ta re . T he am ino acid  co n ten ts  of w h e a t

Table IV

Chemical evaluation of protein in w heat samples

n  =  6
T re a tm e n t

1 2

Non-essential
amino acids*
Aspartic acid 4.03 3.61 90
Serine 3.76 3.44 91
Glutamic acid 25.80 25.02 97
Proline 8.50 8.26 97
Alanine 3.01 2.76 92
Tyrosine 1.70 1.54 91

Total: 46.80 44.63 Average: 93

Essential
amino acids*
Threonine 2.19 1.82 83
Glycine 3.14 2.77 88
Cysteine 1.37 1.31 96
Valine 3.14 2.95 94
Methionine 0.80 0.86 108
Isoleucine 2.37 2.23 94
Leucine 5.28 4.87 92
Phenylalanine 3.34 3.10 93
Histidine 2.15 1.95 91
Lysine 2.03 1.75 86
Arginine 3.41 3.03 89

Total: 29.22 26.64 Average: 92

E/N 0.62 0.60 97
EAAI 47.38 43.21 91
CS 21.82 22.23 102

* =  g/16 g N
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Table V

Effects of fertilizers on weight gain and efficiency of feed utilization of chicks

n  =  100 T re a tm e n t

B o d y w eight
g

W eig h t g a in  
g /d ay /ch ick

F eed /g a in P E R

X S X s X s X s

Day-old l 44 0.71 — — —

age: 2 44 0.97 — — —

Week 1 1 108 4.33 9.3 0.46 2.01 0.22 2.41 0.26
2 105 3.53 8.6*c 0.45 2.18 0.34 2.39 0.37

Week 2 1 221 12.3 16.1 1.39 2.22 0.23 2.18 0.26
2 207* A 10.4 14.5*D 1.00 2.34 0.26 2.20 0.22

Week 3 1 385 27.5 29.1 1.62 2.14 0.17 2.25 0.18
2 348* B 24.0 2 5  9 * * e 2.01 2.22 0.24 2.32 0.23

Total: 1 385 27.5 17.5 1.00 2.16 0.14 2.22 0.15
2 348*® 24.0 15.8**p 1.09 2.25 0.17 2.28 0.16

* A =  P  <  0.05 
*® =  P  <  0.05 
*c =  P c  0.05 
*D =  P  c  0.05 

•*® =  P  <  0 01 
**r  =  p  <  0.01 1

LSD =  11.2 g 
LSD =  26.5 g 
LSD =  0.53 g 
LSD =  1.27 g 
LSD =  2.12 g 
LSD =  1.08 g

1 an d  2 sam ples a re  sum m arized  in  T a b le  I I  as p e rcen tag es o f a ir-d ry  m a tte r  
(12%  m oistu re ; ab so lu te  am ount) an d  in  T ab le  I I I  as p e rcen tag e  of to ta l  c ru d e  
p ro te in  (re la tive  a m o u n t) . The ab so lu te  a m o u n t of th reo n in e  and  lysine w as 
so m ew hat low er in  w h e a t 2 b u t th e  to ta l  am ino  acid  c o n te n t was h ig h e r as 
co m p ared  to  w h e a t 1.

T he re la tiv e  a m o u n t of th reon ine  a n d  lysine decreased  b y  17%  (P  <  0.01) 
an d  14%  (P  <[ 0 .01), respective ly , in  w h e a t 2.

In  T able IV , a com parison  w as m ad e  betw een  th e  p ro te in  q u a lity  o f  
th e  sam ples b y  chem ica l eva lua tion . A lm o st a ll o f th e  d a ta  ind ica ted  a re d u c e d  
p ro te in  q u a lity  in  w h e a t 2 as co m p ared  to  w h ea t 1. T h is suggests t h a t  th e  
q u a lity  of p ro te in  w as adversely  a ffec ted  b y  increased  N  fe rtiliza tion . T hese  
tre n d s  are c o n s is ten t w ith  those re p o r te d  p rev io u sly  b y  E ppendorfe r (1978).

In  th e  feed ing  t r ia l  show n in  T ab le  V, chicks fed  w h e a t 1 h ad  11%  h ig h e r 
b o d y  m ass (P  <  0.05) an d  gained  fa s te r  (P  <  0.01) th a n  those fed w h e a t 2. 
T he feeding o f  w h e a t 2 d id  n o t im p ro v e  th e  perfo rm an ce  o f chicks. S im ila r 
tre n d s  were fo u n d  fo r feed efficiency a n d  P E R  values, b u t  th e  in te ra c tio n  w as 
n o t sign ifican t.

T he d a ta  in d ic a te  th a t  th is k in d  o f  N  fe rtiliza tio n  o f w h ea t, while in c re a s 
ing  its  p ro te in  a n d  to ta l  am ino acid  c o n te n t, has no benefic ia l effect on  its  
n u tr i t io n a l v a lu e  fo r chicks. This m u s t h av e  been  due to  th e  fac t th a t  h ig h er
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N  fe rtiliz e r  ap p lica tio n  decreased  th e  ly sin e  a n d  th reon ine  c o n te n ts  o f w h e a t 
p ro te in . T he decrease in  th e se  tw o  am ino  ac ids m igh t have caused  th e  d ifference 
in  th e  perfo rm ance o f  ch ickens. I t  is su g g ested  th a t  th e  use  o f h ig h -p ro te in  
w h e a t  m ig h t cause som e n u tr itio n a l p ro b lem s due to  am ino ac id  im balances in  
th e  d ie t.
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POSTPARTAL OVARIAN FUNCTION IN DAIRY  
COWS KEPT ON DIFFERENT FEEDING REGIMES

G y . H u s z e n ic z a 1, S . F e k e t e 2, L. M o l n á r 1, J .  H a r a s z t i1 and L.
S o l t i 1

d e p a r tm e n t and Clinic of O bstetrics and d e p a r tm e n t  of A nim al N utrition , U niversity  
o f V eterinary Science, H-1400 B udapest, P. O. Box 2, H ungary

(Received D ecem ber 5, 1987)

The characteristics of postparta l ovarian  activ ity  were compared in two groups 
of cows k ep t on different feeding regimes. The cows had previously calved 3—5 times. 
The firs t group was kep t on a conventional feeding regime (Group C; n  =  39): during 
the dry  period the net energy and crude p ro tein  level of the ra tion  considerably ex
ceeded th e  actual requirem ents, and a fter calving i t  satisfied the  requirem ents of about 
30 kg m ilk production. The feeding regim e used in the second group followed the n u t
rien t requirem ents reported  by the NRC (G roup NRC; n =  27). A t the early stage of 
lactation  i t  was sufficient to  produce abou t 35 kg of milk. Involu tion  and resum ption of 
ovarian cyclicity were m onitored by regularly  repeated rectal and vaginal exam inations 
and by the  progesterone assay of milk sam ples collected a t  3- to  4-day in tervals over 
a period of 12 to  13 weeks.

In  Group C involutional com plications occurred more frequently  and required 
longer trea tm en t th an  in Group NRC. D isorders of th e  re-establishm ent o f ovarian 
cyclicity, in which disturbances of th e  energy balance m ay have been the underlying 
cause (e.g. delayed resum ption of cyclic ovarian  activ ity , irregular cycles, cessation of 
cycling), were also more common in Group C. In  Group C there  was a close (r =  0.582), 
whereas in  Group NRC only a low (r =  0.361) positive correlation between m ilk pro
duction in the period betw een postpartum  days 30 and 60 and th e  duration  of postparta l 
acyclia.

Keywords: O varian activ ity , post partum , dairy cow, feeding

In  non -suck ling  d a iry  cows th e  d u ra tio n  of p o s tp a r ta l  acyclia is u su a lly  
n o t longer th a n  28-35 days. D elayed  re su m p tio n  of cyclic o v a rian  fu n c tio n  is 
an  in fre q u e n t cause of in fe rtility . No close co rre la tion  has been re p o rte d  b e 
tw een  m ilk  p ro d u c tio n  an d  th e  freq u en cy  o f  ce rta in  o v a rian  d isorders (B u lm an  
an d  L am m ing , 1978; B u lm an  an d  W ood, 1980; B all, 1982; Claus e t a l., 1983; 
P irch n er e t a l., 1983). In  H u n g a ria n  d a iry  h e rd s , how ever, p ro longed  p o s tp a r
ta l  acyclia a n d  ce rta in  o th e r d iso rders (irreg u la r cycling, cessa tion  o f o v a rian  
cyclicity) h av e  p roved  to  be m uch  m ore com m on. In  o lder, h igh-y ield ing  cows 
affec ted  b y  in v o lu tio n a l com plica tions m a n y  o f th e  above d isorders occur in  a 
cu m u la tiv e  m a n n e r  (H uszen icza e t al., 1987). T his c o n tra d ic tio n  betw een  o b se r
v a tio n s  m ade in  W este rn  E u ro p e  an d  H u n g a ry  is p ro b a b ly  due to  d ifferences 
in  m an ag em en t techno logy  an d  feeding.

T he a im  o f th e  p re sen t w ork  w as to  co n firm  th is  assu m p tio n  an d  to  com 
p are  p o s tp a r ta l  o v a rian  fu n c tio n s. T he ex p e rim en t w as co n d u c ted  on  d a iry  
cows k e p t u n d e r  large-scale cond itions a n d  on d ifferen t feed ing  regim es (on a
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co n v en tio n a l feed ing  reg im e, i. e. fed  m o d e ra te ly  h igh energy  levels d u ring  th e  
d ry  period , and  acco rd in g  to  th e  N R C  reco m m en d a tio n s (1978), i. e. fed  low  
en e rg y  levels d u rin g  th e  d ry  period).

M ateria ls an d  m ethods

T he ex p erim en t w as co n d u c ted  in  tw o  large-scale d a iry  herds o f m ore 
th a n  1000 H o lste in -F riesian  an d  H o lste in -F riesian  X H u n g a ria n  F leckv ieh  
c ro ssb red  cows each , k e p t  u n d er loose h ousing  cond itions. Cows calv ing  b e tw een  
15 F e b ru a ry  an d  10 A pril for th e  3 rd -5 th  tim e  w ere exam ined . F o r th e  e x p e ri
m e n t, in  th e  la s t d ay s o f  th e  d ry  period  we selec ted  clinically  h e a lth y  cows th a t  
h a d  p ro d u ced  a t  le a s t 3500 kg  o f 4 0 %  fa t  co rrec ted  m ilk  (FCM ) during  th e ir  
p reced in g  305-day la c ta tio n . In d iv id u a ls  w ith  p re m a tu re  d e livery , calv ing  d if
fic u ltie s , tw in  p reg n an cy , m etabo lic  d iso rders or signs p a th o g n o m o n ic  to  severe 
o rg an ic  lesions, as w ell as cows p ro d u c in g  less th a n  18 kg  o f FCM  daily  d u rin g  
th e  period  of s tu d y  w ere excluded  from  th e  ev a lu a tio n . In  b o th  herds th e  
cow s (including th o se  selected  fo r th e  ex p e rim en t) were assigned  to  g roups o f 
8 0 -1 0 0  on th e  basis  o f  m ilk  p ro d u c tio n . T h e  d ry  cows w ere k e p t in  g roups 
o f  a b o u t 50. A fte r ca lv ing  th e  an im als w ere tra n sfe rre d  to  th e  group o f  th e  
h ig h e s t yield ing cow s, from  w here th e y  w ere m oved  to  th e  cow  group co rres
p o n d in g  to  th e ir  a c tu a l m ilk  p ro d u c tio n  level a t  m ilk ing-in  th e  follow ing m o n th .

Table I

<. u an tity  and composition of the daily ration  in the conventionally fed cows (Group C)

Corn
silage

C rushed  
co rn  g ra in 1

A lfalfa
h a y

M eadow
h a y

D airy
diet*

P re p a ra to ry
d ie t2

D a ily  ra t io n , kg/cow

Groups formed 
according to

^ 3 0  kg 
25 kg

25
25

4.5
3.5

4
4

- 6.0
5.0

—

20 kg 25 2.0 4 — 3.5 —
m ilk production < jló  kg 25 1.0 - 4 2.0 -
.. first 6 ü r y  cows last 2 weeks

weeks
25
20 — —

4
5

— 2.0
4.0

Contents
D ry m atte r 0 /

/О 35.5 74.9 90.1 90.3 89.4 89.5
Crude protein О//о 3.7 5.3 20.4 11.0 17.9 17.2
Crude fat о//о 0.9 3.0 2.5 2.4 2.7 2.9
Crude fibre о//о 6.0 2.8 27.3 32.3 NT NT
N-free extract о//о 23.2 63.7 30.7 38.2 NT NT

1 Stored wet in bunker silo ; 2 formulated according to a receipt of the Agricultural Combinate 
Bábolna; NT =  no t tested
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Table II

Quantity and composition of the daily ration in cows fed according to the NRC 
requirements (Group NRC)

Com
silage

C ru sh ed  
c o m  silag e1

A lfalfa
h a y

M eadow
h a y

D airy
diet*

B ran*

D a ily  ra t io n . kg /cow

Groups formed ^ 3 5  kg 15 6.5 7 8.5
according to 
milk production 30 kg 15 5.0 6 - 7.5 -

25 kg 16 5.5 5 — 6.0 —
20 kg 15 3.0 4 2 4.7 —

<!15 kg 18 2.0 — 8 2.0 —
first 6 weeks 15 _ _ 4 _ _

Dry cows
last 2 weeks 12 — — 4 — 2

Contents
Dry matter о//о 39.6 62.7 90.0 90.5 89.7 89.1
Crude protein о//о 3.7 6.2 21.5 14.0 16.4 16.4
Crude fat о//о 1.3 2.1 2.3 2.4 2.6 3.1
Crude fibre о//о 8.2 5.7 20.3 28.3 3.7 7.6
N-free extract о//о 24.9 47.3 35.3 38.4 60.9 56.7

1 Prepared with addition of carrot; г formulated according to a receipt of the Agricultural Com- 
binate Bábolna; 3 feed yeast content: 3%

In  th e  f ir s t  h e rd  four p ro d u c tio n  groups w ere fo rm ed  in  ad d itio n  to  th e  
d ry  cow group. T h e  ra tio n  was fo rm u la te d  from  feeds o f know n  co n ten t va lu es  
as recom m ended  b y  th e  H u n g arian  F eed  S ta n d a rd iz in g  C om m ittee  in  1980 
(conven tiona lly  fed  an im als, G roup C; T ab le  I) . O n th e  second fa rm  five  p ro 
d u c tio n  groups w ere  fo rm ed  and  th e  ra tio n s  w ere fo rm u la te d  as recom m ended  
b y  th e  NRC in  1978 (G roup N RC; T ab le  I I ) .  C hem ical analysis  o f th e  feeds w as 
p erfo rm ed  accord ing  to  H ungarian  S ta n d a rd  no . MSz. 6830-66 an d  its  c u rre n tly  
v a lid  m odifica tions (H u n g arian  F eed  S tan d a rd iz in g  C om m ittee , 1980). W hen  
checking  th e  a c tu a l energy  co n ten t o f  th e  ra tio n , th e  n e t energy  for m ilk  p ro 
d u c tio n  (N E J  w as ca lcu la ted  b y  th e  eq u a tio n  o f Мое an d  T y rre ll (1976) from  
a c tu a l chem ical co m position  and  d ig es tib ility  coeffic ien ts g iven in  th e  H u n g a r
ia n  s ta n d a rd . To p e rm it a co rrec t com parison  w ith  th e  N R C  s ta n d a rd , a 
d isco u n t fac to r o f  4 w as used co n sis ten tly  fo r all feeds. T he da ily  energy a n d  
p ro te in  in tak es o f  a n  “ average cow ”  o f each  g roup  w ere ca lcu la ted  an d  are  
show n in  Fig. 1 to g e th e r  w ith  th e  a c tu a l re q u ire m e n ts  (N R C , 1978). F eeds 
w ere d is tr ib u ted  tw ice  daily . The fe rm e n te d  feeds an d  co n cen tra tes  were g iven  
as a fresh ly  p re p a re d , un iform  m ix tu re , an d  h a y  w as offered  sep ara te ly . D r in k 
ing  w ater, N aCl a n d  m ineral su p p lem en t w ere alw ays availab le  ad  lib itu m .
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Milk production 35 kg 30 kg 25 kg 20 kg 15 kg

X Iэ
о

Dry period 
(weeks 1-6)

Feeding; NRC
Conventional

_ n _
_ п а _

Actual requirements ( according to NRC standard )

Fig. 1. Energy and protein supply  of cows in the two feeding groups

T he tre a tm e n t o f in v o lu tio n a l d iso rd e rs  an d  th e  app lied  re p ro d u c tio n  te c h 
n o lo g y  w ere th e  sam e as described  p re v io u s ly  (H uszenicza e t a l., 1987).

O ver a period  o f 12 to  13 w eeks a f te r  calving, a t  3- to  4 -d ay  in te rv a ls  
m ilk  sam ples w ere co llected  an d  a ssay ed  for p rogesterone  a f te r  d e fa ttin g , 

w ith o u t e x tra c tio n , w ith  an  en zy m e-im m u n o assay  (Solti e t al., 1986). S im ul
ta n e o u s ly , rec ta l an d  v ag in a l e x a m in a tio n s  were p erfo rm ed  a t  7- to  14-day 
in te rv a ls . R ep ro d u c tio n  d a ta  w ere re co rd ed  up  to  p o s tp a r tu m  d a y  150. T he 
re -e s ta b lish m e n t o f cyclic  o v arian  a c t iv i ty  w as e v a lu a ted  b y  co m p arin g  th e  
re su lts  of th e  clinical ex am in a tio n s  a n d  th e  progesterone pro file . T h is enab led  
us to  d iffe ren tia te  b e tw een  cows free  fro m  patho log ical changes an d  those  
ch a ra c te riz e d  b y  o v a rian  d isorders (d e lay ed  resu m p tio n  o f cycling , irreg u la r  
cycles, cessation  o f cycling , cystic  d e g en e ra tio n  of follicles, p e rm a n e n t co rpus 
lu te u m  (CL) fu n c tio n ). F o r d e ta ils , see an  earlier p a p e r (H uszen icza  e t al., 
1987).
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R esu lts

S ix ty -s ix  cows gave in te rp re ta b le  re su lts  (39 o f th e m  belonged to  G ro u p  
C a n d  27 to  G roup  N RC). T here  w as no s ig n ifican t d ifference in  m ilk  p ro d u c tio n  
b e tw een  th e  tw o  groups o f a p p ro x im a te ly  id en tica l b reed  com position  an d  
age (m ilk  p ro d u c tio n  in  th e  p reced ing  la c ta tio n : 5270 i  942 kg vs. 5759 i  
i  1242 kg FCM ; d a ily  m ilk  p ro d u c tio n  be tw een  d ay  30 a n d  60 of th e  la c ta tio n  
s tu d ie d : 28.8 ^  4.8  vs. 29.3 +  5.7 kg FCM ).

R e ta in ed  p la c e n ta  a n d  o th e r in v o lu tio n a l com plica tions w ere m ore 
fre q u e n t in  G roup  C th a n  in  G roup N R C , in  w hich  in v o lu tio n a l com plica tions 
w ere less severe a n d  req u ired  sh o rte r  t r e a tm e n t (Table I I I ) .

Table III

Involution of cows in the two feeding groups

Feeding

C o n v en tio n a l 
(n  =  39 =  100% )

A ccording to  th e  N R C  
req u irem e n ts  

(n  =  27 =  100% )

L ev e l o f  
sign ificance

n % n %

R etained placenta 10 25.6 1 3.7 P <  0.05
Involution

uncomplicated (no therapy 
required) 10 25.6 12 44.4

complicated (therapy: 
< 3 0  days) 4 10.3 9 33.3 P  <  0.05

complicated (therapy: 
^>30 days) 25 64.1 6 22.2 P  <  0.01

Table IV

R eproductive indices of cows in th e  tw o different feeding groups

F eed ing

C o n v en tio n a l 
(n  =  39 = 100% )

A ccording  to  th e  
N R C  req u irem e n ts  
(n  =  27 =  1 00% )

L evel o f  
significance

d ay s ; x ±  SD

Postpartal acyclia 39.9 ±  25.2 29.0 ±  14.4 P <  0.05
S tart of first CL phase longer 

th an  10 days 48.3 ±  25.6 40.0 ±  19.5
F irst insem ination1 77.5 ±  30.8 

(n =  34)
64.1 ±  26.2 

(n =  27)
Conception2 112.2 ±  34.7 

(n =  24)
95.5 ±  27.8 

(n =  23)
P <  0.05

1,2 Based on da ta  of cows insem inated1 and conceived2 within 150 days post partum
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Feeding: Conventional 
(n& 39=100%)

NRC
(n=27.100%)

CO CO I СП Ш
' l l  U II II II
c  c  c  c  c

Ovarian function :
Physiological □
Delayed----- -------
Cessation of cycling........Я
Irregulat cycle ЁЗ
cyst EO
Persistent CL..... И

Fig. 2. Incidence of ovarian  dysfunction in cows fed conventionally and according to  the NRC
requirem ents

Fig. 3. Time-course of changes in  the proportion of cows resuming cyclic ovarian ac tiv ity , and 
of ovulated  and reconceived cows in the conventionally  fed group and  in  th a t  fed according

to the NRC requirem ents
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*/.

Feeding: Conventional NRC standard 
(n =39=100% ) (n=27=100%)

O nly 26 cows (39 .4% ) h ad  n o rm al ovarian  fu n c tio n . T w en ty -seven  cows 
show ed ovarian  d y sfu c tio n  once, 12 an im als tw ice on tw o  successive occasions, 
an d  one cow th re e  tim es . T hough  no sign ifican t d ifferences were found , in  
G roup N RC th e  p ro p o rtio n  o f cows w ith  delayed re su m p tio n  of o v arian  cycli
c ity  (cycling re -e s tab lish ed  a fte r  d a y  35) w as low er a n d  cessa tion  of cycling  
w as n o t observed  a t  all. T he incidence o f cystic  fo llicu la r degenera tion  was 
a b o u t th e  sam e in  th e  tw o  groups (F ig . 2). In  th e  p ro p o rtio n  of cows w ith  re 
sum ed cycling a n d  o f  o v u la te d  cows th e re  w ere neglig ib le, w hereas in  th a t  of 
conceived cows m a rk e d , differences (Fig. 3). T here  w ere differences betw een  
th e  tw o groups in  fa v o u r  o f G roup N R C  in  rep ro d u c tio n  s ta tu s  on p o s tp a r tu m  
d ay  150 (Fig. 4) a n d  in  th e  various rep ro d u c tiv e  ind ices (T able IY ), too.

In  G roup C th e re  w as a s tro n g  positive co rre la tio n  betw een  m ilk  p ro 
d u c tio n  betw een  la c ta t io n  d ay  30 an d  60 and  th e  d u ra tio n  of p o s tp a r ta l acyc- 
lia . In  G roup N R C  th is  co rre la tion  w as m uch w eaker (T able  Y).

Discussion

M ultiparous cows o f h igher th a n  average m ilk  p ro d u c tio n  an d  k e p t on 
tw o  d ifferen t feed ing  reg im es w ere used  in  th e  p re se n t ex p e rim en t. C om parison 
of th e  clinical f in d in g s w ith  th e  progesterone  profiles en ab led  us to  m on ito r th e  
re -estab lish m en t o f cyclic o v arian  fu n c tio n  (H uszen icza e t  al., 1987).
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Table V

C orrelation between milk production betw een lactation days 30 and 60 and certain  reproductive 
indices in  conventionally fed cows and those fed according to th e  NRC requirements 

(as determ ined by  a quadratic polynomic regression m ethod)

F eed ing

C o n v en tio n a l

Milk production between days 
30 and  60

— tim e of first postpartum  
insem ination

Milk production between days 
30 and  60 -  time of conception

M ilk production between days
30 and  60 — duration of postparta l 
acyclia

Y =  9 8 .7 9 -2 .3 9 4  X  +  5 .6 4 9  X l 0 - 2X X 2 

R =  0.105 n =  34 F  =  0.1731

Y =  316.2-19.61 X  +  4.285 x l O - ^ X 2 
R  =  0.437 n =  24 F  =  2.478

Y =  88.33-7.259 X  +  1.887X lO ^ X  X 2 
R  =  0.582*** n =  39 F  =  9.220

F eed in g

A ccording  to  th e  N R C  req u irem e n ts

Milk production between days 
30 and 60

— tim e of first postpartum  
insem ination

Milk production between days 
30 and  60 -  time of conception

Milk production between days
30 and 60 -  duration of postparta l 
acyclia

Y  =  144.6-6.560 X  +  1.255 x l 0 - l x  X 2 

R =  0.126 n =  27 F  =  0.1942

Y =  114.9-2.633 X  +  6.525X lO -2X X2 
R =  0.223 n =  23 F  =  0.5233

Y = - 3 3 .1 0  +  3.128 X  +  3 .3 1 4 x lO -2x X 2 
R =  0.361 n =  27 F  =  1.798

R em arks: 1,2 Based on d a ta  of cows insem inated1 and conceived2 w ithin 150 days;
***: P <  0.001

T h e feeding o f th e  tw o  g roups differed  p rim arily  d u rin g  th e  d ry  period  
a n d  in  th e  early  s tag e  o f  la c ta tio n . I n  th e  d ry  period  cows o f G ro u p  C were fed  
e n e rg y  levels su b s ta n tia lly  exceed ing  th e ir  a c tu a l re q u ire m e n t, w hereas cows 
o f  G ro u p  NRC w ere su p p lied  w ith  energy  levels close to  th e  a c tu a l dem and . 
D u rin g  th e  f irs t w eeks o f la c ta tio n  th e  ra tio n  of G roup C a n d  G roup N RC 
cow s m e t the  energy  re q u ire m e n t o f a b o u t 30 an d  35 kg m ilk  p ro d u c tio n , re 
sp ec tiv e ly . In  a d d itio n , in  th e  d ry  period  cows of G roup C w ere overfed  w ith  
p ro te in . The pathophy sio lo g ica l consequences of u n ju s tif ia b ly  energy -rich  feed
in g  d u rin g  th e  d ry  p e rio d  are  w ell know n (M orrow, 1976). W hile  in  G roup 
C th e  low est-y ield ing  cow s, being  im m ed ia te ly  before d ry ing -o ff, s till received 
a m a rk e d ly  energ y -d efic ien t feed, cows of G roup N R C  w ere a lre a d y  able to  
b u ild  up  some energy  reserve .
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U n d er th e  p re sen t e x p e rim e n ta l cond itions, m o stly  id en tica l w ith  large- 
scale fa rm  cond itions p reva iling  in  H u n g a ry , p resu m ab ly  n o t even th e  feeding 
reg im e co rrespond ing  to  th e  N R C  req u irem en ts  (1978) rep resen ted  a n  o p tim u m  
en erg y  a n d  p ro te in  su p p ly  fo r all cows used. This m a y  h av e  been  due  to  th e  
la rg e r  th a n  desirab le  group  size a n d  th e  considerab le in d iv id u a l v a r ia tio n s  of 
th e  la c ta t io n  curves.

D ifferences in  th e  incidence  o f in v o lu tio n a l com plications an d  course of 
u te r in e  changes in  fav o u r o f G roup  N R C  are, in  all p ro b ab ility , due to  m e ta 
bolic d ifferences b e tw een  th e  tw o  g roups. Several au th o rs  have  o bserved  th a t  
su b c lin ica l m etabo lic  d iso rders ( fa t cow  syndrom e, ketosis) p red ispose cows 
to  in v o lu tio n a l com plica tions (M orrow , 1976; H a ra sz ti e t al., 1982).

I n  o v a ria n  fu n c tio n  n o te w o rth y  b u t  n o t sharp  differences w ere observed  
b e tw een  th e  tw o  groups. In  G roup C o v arian  d isorders w ith  energy  ba lance  
d is tu rb a n c e s  as th e  u n d erly in g  cause  (delayed re -es tab lish m en t o f  cyclic 
o v a ria n  a c tiv ity , irreg u la r cycles, cessa tio n  o f cycling) w ere m ore fre q u e n t 
(H uszen icza  e t al., 1988). N um erous observa tions h av e  p roved  a re la tio n sh ip  
b e tw een  th e  re su m p tio n  o f cycling  an d  th e  energy  b a lance  an d  its  d iso rders 
(B u tle r  e t  al., 1981; R eid  e t al., 1983; W atso n  an d  H arw ood , 1984; H a ra sz ti  
e t  a l., 1985). T herefo re , we ex p la in  th e  difference fo u n d  in  th e  inc idence  of 
o v a ria n  d iso rders in  fav o u r o f G roup  N R C  b y  th e  d issim ilar freq u en cy  o f sub- 
c lin ical m etab o lic  d is tu rb an ces.

T y p ica lly , in  G roup C th e re  w as a ra th e r  close co rre la tio n  b e tw een  th e  
d a ily  m ilk  p ro d u c tio n  b e tw een  la c ta tio n  days 30 a n d  60 an d  th e  d u ra tio n  
o f p o s tp a r ta l  acyclia . A sim ilar p h enom enon  has a lread y  been  re p o rte d  (H u sze 
n icza  e t a l., 1987). In  G roup N R C , how ever, only a m o d era te  co rre la tio n  was 
fo u n d  b e tw een  th e  tw o ind ices. T h is is consisten t w ith  re su lts  o f o th e r  au th o rs  
(B u lm an  a n d  L am m ing , 1978; B u lm an  an d  W ood, 1980; P irch n er e t  a l., 1983) 
r a th e r  th a n  w ith  ou r p rev ious fin d in g s. All these  re su lts  suggest t h a t  if  th e  
en e rg y  su p p ly  is well b a lan ced  a n d  close to  th e  a c tu a l dem and , th e  lim it
ing  effect o f o v arian  fu n c tio n  on m ilk  p ro d u c tio n , a p ro p e rty  considered  
ty p ic a l o f c a ttle  (L am m ing , 1978), h a rd ly  m anifests its e lf  or is co m p le te ly  a b 
sen t.
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OVARIAN ACTIVITY AFTER THE 
FIRST CALVING IN COWS REARED  
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S o lti
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of V eterinary Science, H-1400 B udapest, P. 0 . Box 2, H ungary

(Received Ja n u a ry  30, 1988)

O varian ac tiv ity  of prim iparous Holstein-Friesian crossbred cows reared under 
different farm  conditions was m onitored  by  regular clinical exam inations and by  p ro 
gesterone assay of milk samples collected after calving, a t 3- to  4-day intervals, over 
a period of about 12 weeks. Of the  ovarian  disorders only prolonged postparta l acyclia 
proved to be ra th e r common (55.8% ). This prim arily occurred in Group I (cows of poor 
body condition, small body size and  fed ra th e r poorly throughout) and  Group I I  (sm all
sized b u t overfed cows initially k e p t on a poor, then, in the las t trim ester of pregnancy, 
on an unjustifiably  rich feed). O varian  ac tiv ity  and conception were th e  m ost favourable 
in  Group I I I  (well-developed cows of m edium  body condition, showing w ell-balanced 
developm ent throughout). In  Groups I and  I I  there was a significant positive correlation 
between the daily m ilk production of cows a t the peak of lac ta tion  and the duration  
of postparta l acyclia (r =  0.791; P  <  0.01, and r =  0.445, P  <  0.1 in Group I and 
Group II , respectively). No such correlation  was demonstrable for Group I I I  (r =  0.197, 
P >  0.1).

Keywords: Ovarian activ ity , prim iparous cows, post partum , feeding

In  p rim ip aro u s d a iry  cows cyclic  o v arian  a c tiv ity  is u su a lly  re su m ed  a 
few  days la te r  th a n  a fte r  th e  second o r th ird  calving (B u lm an  a n d  W ood, 1980; 
C laus e t al., 1983; H uszenicza e t a l., 1987). This m ay be a t t r ib u te d  to  th e  fa c t 
t h a t  young cows h av e  an  e x tra  n u t r ie n t  requ irem en t fo r g ro w th , in  ad d itio n  
to  th a t  req u ired  fo r m a in ten an ce  a n d  m ilk  p rodu c tio n  (B alch , 1972). T he com 
p le x ity  of th is  p rob lem  is, how ever, in d ic a te d  by  o b se rv a tio n s  th a t  th e  r e 
su m p tio n  of cyclic o v a rian  fu n c tio n  cou ld  n o t alw ays be ap p re c ia b ly  in flu en ced  
b y  v a ry in g  d ie ta ry  energy  levels fed  in  th e  p e rip a rta l p e rio d  (C arsta irs  e t al.,
1980).

C onception d ifficu lties o f p rim ip a ro u s  heifers are r a th e r  com m on on th e  
large-scale  farm s o f H u n g a ry . T h is p ro m p te d  us to  in v e s tig a te  th is  p rob lem  in  
d e ta il. The pu rpose  o f  th e  p re se n t s tu d y  was to  m o n ito r o v a ria n  fu n c tio n  in  
p rim ip aro u s heifers o f m edium  o r h ig h e r m ilk p ro d u c tio n  a n d  rea red  u n d e r  
d iffe ren t fa rm  cond itions, w ith  d iffe re n t in ten s ity .
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M aterials an d  m ethods

T he s tu d y  w as co n d u c ted  in  th re e  d a iry  h e rd s  com prising  600-800 
H o lste in -F riesian  (H F ) X H u n g a rian  F leck v ieh  (HF1) crossb red  3/4 H F  X 
1/4 HF1) p rim ip aro u s  cows each. T he cows w ere k e p t  u n d e r  loose housing  
cond itions. H eifers d e riv ed  from  dam s o f m ed ium  or h ig h e r th a n  m edium  p ro 
d u c tio n  calved b e tw een  25 M ay an d  30 Ju n e .

C orresponding to  th e  general p rac tice , u p  to  60 -90  d ay s  o f age th e  heifers 
w ere fed  on d iffe ren t m ilk  rep lacers su p p lem en ted  w ith  co n cen tra tes  and  for-

ТаЫе I

Feeding of cows a t farm  A (Group I)

C om
silage

C rushed 
c o m  g ra in

M eadow  , ^ ree n  
h a y  lu ce rn e , 

c h o p p ed

D airy
diet*

P re 
p a ra to ry  
cow d ie t1 2

D a ily  ra t io n ,  k g /co w

30 kg 10 3.7 4 15 3.2
D airy cow 25 kg 10 2.9 4 15 2.3 —

groups 20 kg 10 2.2 4 15 1.3 —
15 kg 10 0.8 4 15 0.2 —

F irst 6 weeks of the
dry  period 11 — 4 15 - -

L ast 2 weeks of the
dry  period 11 — 4 15 — 2.5

Contents
D ry m atter о//о 37.1 72.1 88.1 22.0 91.2 90.0
Crude protein о//о 3.7 4.5 13.2 4.6 16.5 17.0
Crude fat о/ 0.8 2.2 1.8 0.9 2.7 2.9
Crude fibre о/ 9.6 2.8 25.6 5.4 3.6 7.4
N-free extract о//о 21.1 58.5 40.4 8.2 61.6 59.6

- N u tr ie n t  c o n te n ts o f  t h e  r a t io n

R eq u irem en ts3 A c tu a l c o n te n ts D ifference

N E C rade N E C rude N E C rade
MJ* p ro te in M J 1 p ro te in %г p ro te in

g g %

30 kg 130.1 3066 105.4 2280 -1 8 .9 -2 5 .6
D airy cow 25 kg 114.6 2631 94.5 2096 -1 7 .5 — 20.3

groups 20 kg 99.1 2196 83.5 1900 -1 5 .8 -1 3 .5
15 kg 83.6 1761 67.8 1656 -1 8 .9 - 5 .9

F irst 6 weeks of the
dry  period 50.7 868 64.4 1625 +27.0 +  87.2

L ast 2 weeks of the 62.3 1178 79.1 2052 +  27.1 +  74.2
dry  period

1 Composition: 25% dairy cow diet (cone.), 72% corn, 3% fodder yeast;
2 Composition: 97% bran , 3%  fodder yeast;
3 based on the NRC requirem ents (1978)
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Table I I

Feeding of cows a t  farm  В (Group II)

C orn silage L u c e rn e  h a y D a iry  cow  d ie t2 G rass , f re sh ly  c u t

D a ily  ra t io n , kg /co w

30 kg 12 4 8.0 12
D airy cow 25 kg 11 4 5.5 12

groups 20 kg 11 4 2.9 12
15 kg 11 4 1.4 12

F irst 6 weeks of the
dry  period 15 4 1.5 12

L ast 2 weeks of the
dry  period 12 4 1.9 12

Contents
D ry m atte r О/ 30.0 88.2 88.7 36.0
Crude protein о//о 2.6 16.5 22.0 4.3
Crude fa t О/ 0.5 1.4 1.8 1.5
Crude fibre О/ 8.4 21.7 7.7 10.5
N-free ex trac t 0/

/ 0 17.1 40.8 51.4 17.2

N u tr ie n t  co n ten ts o f th e  ra t io n

R e q u irem en t2 A c tu a l c o n te n t D ifference

N E C rude N E C rude N E , C ru d e

M J1 p ro te in M J1 p ro te in % p ro te in
g g %

30 kg 133.4 3102 115.4 3014 -1 3 .4 - 2 .9
D airy cow 25 kg 117.8 2667 97.8 2511 -1 7 .0 - 5 .8

groups 20 kg 102.4 2232 81.5 2016 -2 0 .3 —9.7
15 kg 86.8 1797 72.1 1730 -1 6 .9 — 3.7

F irst 6 weeks of the
dry  period 55.7 946 80.7 1854 +44.9 +  96.0

L ast 2 weeks of the
dry  period 67.3 1256 77.2 1852 +  14.8 + 4 7 .4

1 Composition: 40.5% corn, 20% fodder w heat, 37%  extracted sunflower groats, 2.5% complete 
prem ix, 2 based on the NRC requirements (1978)

ages o f v a ry in g  q u a n ti ty  and  q u a lity  on all th ree  fa rm s. S u b seq u en tly  th e  a n i
m als w ere k e p t  on p o o r-q u a lity , m o stly  sandy-so iled , p a s tu re  an d  o u ts id e  th e  
g raz ing  seaso n  in  half-open  sheds w ith  access to  an  open  ru n . T h ey  w ere fed  
h a y  an d  co rn  silage. O n farm  C 1.5 kg  co rn -g rits  was given daily  th ro u g h o u t th e  
h e ife r-rea rin g  period . T he heifers w ere in sem in a ted  a t  16 m o n ths old (fa rm s A 
an d  C) a n d  18 m o n th s old (farm  B). A t fa rm  C th e  heifers w ere n o t in se m in a te d  
before  re a c h in g  350 kg  in  bo d y  m ass. T h e  an im als w ere tra n sfe rre d  to  th e  d a iry  
fa rm  in  th e  4 th - 5 th  m o n th  (farm  B) a n d  in  th e  8 th  m o n th  (farm s A a n d  C) 
o f p reg n a n c y ; su b seq u en tly  th e y  w ere k e p t  th e re  u n d e r  m an ag em en ta l an d  
feed ing  co n d itio n s id en tica l w ith  th o se  o f  th e  d ry  cows.
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T he d ry  a n d  la c ta t in g  cows w ere k e p t  in  groups o f 80 -100  each. A fte r  
c a lv in g  th e  cows, in c lu d in g  ou r e x p e rim e n ta l an im als, w ere assigned to  th e  
g ro u p  o f th e  h ig h es t y ie ld in g  cows, from  w here  th e y  were m oved  to  th e  g roup  
co rresp o n d in g  to  th e ir  a c tu a l m ilk  p ro d u c tio n  level a t  m ilk ing-in  th e  follow ing 
m o n th .

F eed  (Tables I ,  I I  an d  I I I )  w as p ro v id e d  in  tw o ap p ro x im a te ly  eq u a l 
p o rtio n s  daily . T h e  co n c e n tra tes  an d  silage w ere given as a un ifo rm  m ix tu re , 
a n d  h a y  as well as g reen  forages w ere offered  sep a ra te ly . T he en erg y  and  p ro te in  
c o n te n t  of th e  d a ily  ra t io n  w as ca lcu la ted  from  resu lts  o f th e  ac tu a l chem ical 
an a ly s is , as described  p rev io u sly  (H uszen icza  e t al., 1988). I n  ev a lu a tin g  th e

Table III

Feeding of cows a t farm  C (Group III)

C om
silage

C rushed
corn -cob

silage

G reen
lu ce rn e ,

c h o p p ed 2

D airy
cow
d ie t1

W h e a t
b ra n

M eadow
h a y

D a ily  ra tio n , kg/cow

30 kg 14 4.0 12 4.6 _ 4
D airy  cow 25 kg 13 3.7 12 3.0 — 4

groups 20 kg 10 2.6 15 2.1 — 4

F irs t 6 weeks
15 kg 

of the
10 1.5 15 1.7 4

d ry  period 
L ast 2 weeks of the

10 15 — l 4

d ry  period 10 15

Contents

4 4

D ry  m atter о//о 32.1 59.8 22.0 88.1 88.9 88.9
Crude protein о//о 3.1 6.0 4.6 15.8 16.0 9.4
Crude fa t % 0.5 1.5 0.9 2.0 3.0 1.3
Crude fibre % 8.5 4.3 5.4 3.5 7.5 30.5
IN-free extract % 18.3 42.8 8.2 57.5 57.4 41.5

N u tr ie n t  c o n te n ts  o f  th e  ra t io n

R e q u irem en t2 A c tu a l c o n ten t Difference

N E  Crude N E t Crude N E ,  C rude
M Ji p ro te in M J p ro te in <yo p ro te in

g g g

30 kg 133.4 3102 106.5 2328 -2 0 .2 -2 4 .9
D airy  cow 25 kg 117.8 2667 92.6 2027 — 21.4 -2 4 .0

groups 20 kg 102.4 2232 79.3 1864 -2 2 .5 -1 6 .5

F irs t 6 weeks
15 kg 

of the
86.8 1797 71.9 1735 -1 7 .2 - 3 .4

d ry  period 
L ast 2 weeks of the

55.1 936 60.2 1536 +  9.3 +  64.1

d ry  period 66.7 1246 77.7 2018 +  16.5 +  62.0

1 Composition: 25% dairy  cow diet (cone.), 72% corn, 3%  fodder yeast; 2Content values on the 
basis o f Hungarian standard  no. 6860; 3 based on the  NRC requirements (1978)
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a c tu a l energy  an d  p ro te in  supp ly  s ta tu s  we considered  th a t  th e  n u tr ie n t  r e 
q u ire m e n t of th e  s till  grow ing, p rim ip a ro u s  cows being in  th e ir  f ir s t  la c ta t io n  
exceeded  th e  m a in ten an ce  req u irem en t o f  m a tu re  cows o f in d en tica l b o d y  m ass 
b y  a b o u t 20%  (N R C , 1978). T he p ro b ab le  feed in ta k e  o f an  average cow  in  
th e  d iffe ren t p ro d u c tio n  groups w as ca lcu la ted  from  th e  com position  o f  th e  
r a tio n  an d  from  th e  cow s’ live b o d y  m ass, b y  th e  so-called u n ite  d ’encom bre- 
m en t m e th o d  (IN R A , 1978).

Age: a t  in se m in a tio n
B o d y  m ass  

a fte r  d a y  260 
o f  g e s ta tio n

Farm  A (Group I) < 5 5 0  days < 500  kg
F arm  В (Group II) ]>550 days ^ 5 0 0  kg
F arm  C (Group III) < 5 5 0  days ^ 5 0 0  kg

H e a lth y  heifers th a t  conceived u p o n  f irs t  in sem in a tio n  w ere w eighed  
a f te r  d a y  260 o f g e s ta tio n . Cows m ee tin g  th e  above c rite ria , differing  fro m  
fa rm  to  fa rm , w ere se lec ted  for th e  ex p e rim en t.

T h e  cows w ere w eighed reg u la rly  d u rin g  th e  rea rin g  period . F ro m  th e  
av a ilab le  farm  reco rd s th e  resu lts  o f  ea rlie r w eighings (betw een  170-200 , 
270 -300 , and  370-400  d ays o f age, a t  th e  tim e  o f concep tion , an d  b e tw een  d a y  
70 -1 0 0  an d  170-200 o f p regnancy) w ere collected . T he cows w ere w eighed  
ag a in  b e tw een  p o s tp a r tu m  days 3 -1 0  a n d  45-60 .

T h e  t re a tm e n t o f  in v o lu tio n  d iso rders an d  th e  app lied  rep ro d u c tio n  te c h 
no logy  w ere th e  sam e as described  p rev io u sly  (H uszenicza e t  al., 1987). O ver 
a p e rio d  o f 12 to  13 w eeks a fte r  ca lv ing , a t  3- to  4 -d ay  in te rv a ls  m ilk  sam ples 
w ere co llected  an d  a ssay ed  for p ro geste rone  a fte r  d e fa ttin g , w ith o u t e x tra c tio n , 
w ith  a n  enzym e im m u n o assay  (Solti e t  a l., 1986). S im u ltaneously , re c ta l  a n d  
v a g in a l ex am in a tio n s  w ere perfo rm ed  a t  7- to  14-day in te rv a ls . R ep ro d u c tio n  
d a ta  w ere reco rded  u p  to  p o s tp a r tu m  d a y  150.

T h e  re -e s tab lish m en t o f cyclic o v a rian  a c tiv ity  w as e v a lu a te d  b y  c o m p a r
ing  th e  resu lts  o f th e  clin ical ex am in a tio n s  an d  th e  p rogeste rone  p rofile . T h e  
p e rio d  betw een  ca lv in g  an d  th e  ap p e a ra n ce  of p rogeste rone  co n cen tra tio n s  
reach in g  or exceeding  1.6 nmol/1, re g a rd e d  as th e  f irs t  sign o f  lu te a l a c tiv ity , 
w as considered  th e  p e rio d  o f postparta l acyclia. R e -es tab lish m en t o f o v a ria n  
fu n c tio n  was considered  physiological i f  p o s tp a r ta l  acyclia  w as sh o rte r  th a n  
35 d a y s  an d  su b se q u e n tly  th e  CL phases  show ed cyclic ity . I f  acyclia  la s te d  
longer th a n  35 d ay s, delayed resum ption o f  ovarian cyclicity  w as spoken  of. T h e  
m eth o d s  applied  re n d e re d  possible th e  diagnosis of o th e r o v a rian  d y sfu n c tio n s 
(cycles o f  irreg u la r le n g th , cessation  o f  cycling, fo llicu lar or lu te in  cysts , p e r 
s is te n t CL). F o r d e ta ils  an d  m ethods o f  th e  s ta tis tic a l e v a lu a tio n  see an  ea rlie r 
p a p e r  (H uszenicza e t  a l., 1987).
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D a ta  of cows w ith  p rem atu re  d e liv e ry , calv ing  d ifficu lties an d  tw in  
p re g n a n c y  were ex c lu d ed  from  th e  e v a lu a tio n  as w ell as th o se  of an im als 
show ing  m etabo lic  d iso rd e rs  or p a th o g n o m o n ic  signs o f o rgan ic  changes a t  
th e  t im e  of th e  e x am in a tio n s . D a ta  o f  cow s w ith  low er th a n  expec ted  m ilk  
p ro d u c tio n  (those p ro d u c in g  less th a n  15 k g  o f 4 %  fa t  co rrec ted  m ilk (FCM ) 
d a ily  b e tw een  p o s tp a r tu m  d ay  30 and  60) w ere also excluded .

R esu lts

T h e  s tu d y  co m p rised  a to ta l  o f 43 cow s. Cows o f G roup I  ( n =  12) h a d  
sm all b o d y  size an d  w ere in  poor bo d y  co n d itio n  a t  th e  f ir s t  calv ing (a t 804 ^  
^ 1 7  d ay s  old). T he b o d y  m ass gain o f  G roup  I I  cows (n  =  15) w as in itia lly  
s im ila r to  th a t  of cows in  G roup I ; h o w ever, in  th e  m iddle  an d  la s t tr im e s te r  
o f p reg n an cy  a ra p id  im p ro v em en t o ccu rred  in  th e ir  b o d y  cond ition . A t th e  
f i r s t  ca lv ing  (a t 878 i  44 days old) th e  cow s h a d  sm all b o d y  size b u t  good b o 
d y  cond itio n . In  th e  w eeks a fte r ca lv ing  th e ir  b o d y  m ass sig n ifican tly  (P  <  
0.05) decreased . Cows o f  G roup I I I  (n =  16) show ed a w ell-balanced  d eve lop 
m e n t th ro u g h o u t a n d  b y  th e  tim e of th e  f i r s t  calv ing  (a t  784 i  27 days old)

Age ( days )

Fig. 1. Changes in the average body mass of the d ifferent groups from  160-180 days of age up 
to day  45—60 after the f irs t calving. The body m ass m easured a t conception and between day 
45 and  60 post partum  is expressed in per cent of the  body mass found after calving. AI =  tim e 

of artificial insem ination and conception; C =  tim e of calving
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Heifer rearing : Group I

Ovarian activity=
Physiological
Delayed

Cyst
Persistent CL

□
m

Group П 
{n =15=100 % )

Group III 
(n=16=100%)

s

S L №___ 0 .

и 'll I I I I « "ír I I I и ’S - í  I I I, I 
c c  c  c  c  c

Fig. 2. C haracteristics of ovarian function after th e  firs t calving in cows reared under d ifferen t
farm  conditions

th e y  h a d  large  b o d y  size an d  m edium  or so m ew h at b e t te r  th a n  m edium  b o d y  
cond itio n  (F ig . 1).

B etw een  d a y  30 an d  60 o f la c ta tio n  G roup  I  cows h a d  th e  low est d a ily  
m ilk  p ro d u c tio n  (19.8 ^  4.3 kg  FCM ). T h e  m ilk  p ro d u c tio n  of G roup I I  cows 
w as s ligh tly , w hile t h a t  of G roup I I I  cows s ig n ifican tly  (P  <  0.05) h ig h e r 
(21.9 ±  3.7 a n d  23.7 i  4.6 kg  FCM, resp ec tiv e ly ).

T he inc idence  an d  d u ra tio n  of in v o lu tio n a l com plications were th e  m o st 
fav o u rab le  in  G roup  I I I ,  i. e. in  w ell-developed  cows o f m ed ium  body  co n d itio n  
(Table IY).

R e su m p tio n  o f cyclic ov arian  fu n c tio n  w as physio logical in  18 cows 
(41 .9% ). I n  24 an im als  (55.8% ) th e re  w as one, w hereas in  one heifer (2 .3 % ) 
th e re  w ere tw o  successive ov arian  d y sfu n c tio n s. O f th e  o v arian  d iso rders d e 
lay ed  re su m p tio n  o f o v a rian  cyclic ity  (b ey o n d  d a y  35) w as p red o m in an t: i t  oc
cu rred  in  a to ta l  o f 24 cases. O th er d iso rders (cystic  o v a rian  d eg enera tion  a n d  
p e rs is ten t CL) o ccu rred  sporad ically .

In  G roup  I  co n ta in in g  sm all-sized  cows o f po o r b o d y  cond itio n  o n ly  
tw o cows re su m ed  cycling before d ay  35. I n  G roup  I I  th e  p ro p o rtio n  o f  cows 
w ith  physio log ica l o v a rian  fu n c tio n  w as so m ew h at, w hile in  G roup I I I  co n 
siderab ly , h ig h e r th a n  in  G roup I  (F ig . 2). T h is te n d e n c y  w as d em o n strab le  in  
th e  p ro p o rtio n  o f  cows w ith  resum ed  cycling , a n d  in  t h a t  of th e  o v u la te d  a n d
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Table IV

Involution  in  heifers reared w ith  different intensity

G ro u p  I  G roup  I I  G ro u p  I I I
(u  =  12 =  1 00% ) (n =  IS =  1 00% ) n  =  16 — 100% )

a % a % a %

R etained  placenta 
Involution
— uncomplicated (no therapy  required)
— complicated (therapy: < 3 0  days)
— complicated (therapy: ^>30 days)

1 8.3 2 13.3 — —

5 41.7 7 46.7 13 81.2
3 26.0 2 13.3 3 18.8
4 33.3 6 40.0 — —

No significant difference was observed

conceived  cows as w ell (F ig . 3). In  G roup I I  concep tion  ra te  w as u n fav o u rab le  
u p  to  d ay  80; how ever, a f te r  d ay  9 0 -1 0 0  i t  ap p ro x im a ted  th a t  fo u n d  fo r 
G ro u p  I I I .  In  G roup I  th is  index  was co n sid e rab ly  worse th ro u g h o u t th a n  in  
G ro u p  I  (Fig. 3). A t p o s tp a r tu m  d ay  150 th e  p ro p o rtio n  o f conceived  cows

7o

: 100

f, 80

60

40

20

%
100-1

80 H

60-

« 40-

го

90 days 30 60 90 days

■Heifer rearing: 
Group I 
Group II 
Group III

0— o 
x-.-x
1— A

150 days

Fig. 3. Proportion of cows w ith  resumed cycling, ovulated  cows and conceived cows after
the first calving
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Heifer rearing: reproductive status at day 150

Heifer rearing: Group 1 Group II Group III
(n = 12 = 100% ) (n = 15=100 %) (n=16=100% )

Cows conceived 
Inseminated, non-pregnant 
Not inseminated 
Culled

□
ШУЛ
К Я

within 150 days
after calving *P<0.05 **P<0.01 "**P<0.001

- *  - **

Fig. 4. R eproduction s ta tu s  of the experim ental animals a t day  150 after the first calving

w as th e  low est a n d  th a t  o f open  an d  culled cows th e  h ighest in  G roup I  
(F ig . 4). T he in te rv a ls  be tw een  ca lv ing  a n d  re su m p tio n  o f  cycling, calv ing  an d  
f irs t  o v u la tio n , ca lv ing  an d  f irs t  in sem in a tio n , an d  th e  ca lv ing -to -concep tion  
in te rv a l w ere th e  lo n g est in  G roup I  a n d  th e  sh o rte s t in  G roup I I I  (T able Y).

Table V

Certain reproductive indices of heifers reared w ith different intensity

G roup  I G ro u p  I I G ro u p  I I I P <

d e y , X +  SD I - I I I - I I I I I - I I I

Postpartum  acyclia 57.2 ±  21.1 48.4 ±  21.0 38.8 ±  15.6 *** **

S tart of the first 
CL phase > 1 0  days 62.2 ±  18.4 58.9 ±  19.4 40.8 ±  14.9 * * **

F irst insem ination1 82.1 ±  17.0 73.9 ±  38.1 67.1 ±  26.8
Conception2 110.4 ±  27.4 

(n =  5)
97.2 ±  27.8 

(n =  13)
75.3 ±  28.0 

(n =  15)
* *

h2 da ta  of animals insem inated1 and those conceiving2 within 150 days after calving; 
* P  <  0.01; *** p  <  0.001; CL =  corpus luteum
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Table VI

C o rre la tio n  of m ilk p ro d u c tio n  betw een  d ay s 30 and  60 w ith  certa in  rep ro d u c tiv e  indices as 
d e te rm in e d  by  linear reg ress io n  from  d a ta  o b ta in ed  a fte r  th e  f irs t  calv ing  fo r heifers reared

w ith  d iffe ren t in ten sity

G ro u p  I G roup  I I G roup  I I I

M ilk p ro d u c tio n  betw een 
d a y s  30 and 60 -

— tim e  of th e  f irs t 
p o s tp a r tu m  A Il

M ilk p ro d u c tio n  betw een 
d a y s  30 and 60 -

— tim e  o f reconception2

M ilk  p ro d u c tio n  betw een 
d a y s  30 and  60 -

— d u ra tio n  of p o stp a rtu m  
acyclia

D u ra tio n  of po stp a rtu m  
acy c lia  —

— tim e  o f reconception2

Y = 4 .2 0 2 + 4 .4 3 4 -X  Y = 1 9 .8 0 1 + 2 .4 2 1  -X  Y = 1 0 2 .8 1 3 -1 .5 0 9 -X

11=0.391 n = 8  R = 0 .2 9 9  n = 1 3  R = 0 .2 5 8  n = 1 5

Y = 0 .5 0 7 7  + 6 .3 7 7 -X  Y = 1 7 .4 7 3 + 3 .6 5 0 -X  Y = 4 2 .0 6 5  +  1 .263-X  
R = 0 .6 9 4  n = 5  R = 0 .5 5 8 * * n = 1 3  R = 0 .2 7 9  n = 1 5

Y = 2 0 .2 1  + 3 .9 1 4 -X  Y = 4 .0 4 1 + 2 .0 2 4 -X  Y = 4 6 .0 5 8 -0 .6 2 7 6 -X

R = 0 .7 9 1 * *  n = 1 2  R=0.455<*) n = 1 5  R = 0 .1 9 7  n = 1 6

Y =  1 .1 7 7 + 2 .7 5 8 -X  Y = 1 7 .9 7 3  +  1 .786-X  Y = 1 0 .9 5 8 + 0 .9 4 8 1 -X
R = 0 .8 5 l(* )  n = 5  R = 0 .877***  n = 1 3  R = 0 .6 3 4 *  n = 1 5

1’2 d a ta  o f anim als in se m in a te d 1 and  those  conceiving2 w ith in  150 days a f te r  calving;
*) p  <  0.10; * p  <  0.05; ** p  <  0.01; *** p  <  0.001

B y  linear reg ressio n  in  G roups I  an d  I I  a ch a rac te ris tic  co rre la tio n  w as 
d em o n strab le  b e tw een  d a ily  m ilk  p ro d u c tio n  a t  th e  p eak  of la c ta tio n  an d  som e 
re p ro d u c tiv e  indices (d u ra tio n  o f p o s tp a r ta l  acyclia , tim e  o f concep tion ). A t 
th e  sam e tim e, in  la rg e-s ized  heifers ca lv in g  in  m ed ium  b o d y  co n d itio n  th e  
p ro d u c tio n  and  re p ro d u c tiv e  indices w ere p ra c tic a lly  in d ep en d en t. T he in te rv a l 
b e tw e e n  calving a n d  re su m p tio n  o f o v a rian  cyclic ity  and  th e  calv ing-to -con- 
c e p tio n  in te rv a l w ere s ig n ifican tly  c o rre la ted , th o u g h  th e  degree of th is  co r
r e la t io n  varied  b y  g ro u p  (Table V I).

D iscussion

F ro m  the  b o d y  m ass gain  d a ta  i t  ap p ears  th a t ,  as co m p ared  to  th e  recom 
m e n d a tio n s  of th e  N o r th  A m erican  H o ls te in  B reeders’ A ssocia tion  (cit. Bozo 
e t  a l., 1975), in  th e  re a r in g  period  cows o f G roups I  an d  I I  w ere p oo rly  devel
o p ed , w hereas th o se  assigned  to  G roup  I I I  w ere in  m ed ium  or good b o d y  con
d itio n . Cows of G roup  I  a n d  G roup I I I  m a in ta in ed  th e ir  b o d y  co n d itio n  up  to  
ca lv in g . A t th e  sam e tim e , cows o f G roup  I I  w ere b red  la te r  a n d  in  th e  m iddle  
a n d  la s t  tr im este r o f  p re g n a n c y  th e y  w ere fed  a b u n d a n tly  to  com pensa te  for 
p o o r  feeding in  th e  re a r in g  period . Since, how ever, in  th a t  p e rio d  g ro w th  ra te  
is a lre a d y  lesser, b y  th e  tim e  o f ca lv ing  th ese  cows h ad  go t in  a b e tte r  th a n
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desirab le  b o d y  cond itio n . W ith  know ledge o f th e  bo d y  m ass, feeding a n d  p ro 
d u c tio n  d a ta  i t  can  be s ta te d  th a t  fo r a b o u t one m o n th  a fte r  calv ing  (i. e. 
u n til  all e x p e rim e n ta l cows were fed  th e  ra tio n  of th e  h ig h es t y ie ld ing  cow s) 
en erg y -d efic ien t s ta tu s  need n o t be reck o n ed  w ith  a t  a m ed ium  d ry  m a t te r  
in ta k e  (ex cep t fo r a few  cows w ith  a d a ily  m ilk  y ield  reach in g  or exceed ing  30 
kg). T h e  considerab le  decrease in  b o d y  m ass, observed  in  G roup I I  a f te r  c a lv 
ing , c an  be ex p la in ed  b y  th e  fa c t t h a t  b e t te r  th a n  desirab le  bo d y  c o n d itio n  
lim its  d ry  m a tte r  in ta k e , a p h enom enon  t h a t  has also b een  observed  b y  o th e rs  
(Bellow s a n d  S h o rt, 1978).

T h e  re -e s ta b lish m e n t of cyclic o v a ria n  fu n c tio n  a n d  th e  inc idence  o f 
o v a rian  d iso rders w ere as expected  on  th e  basis  o f d a ta  o f th e  li te ra tu re  (B u l- 
m an  a n d  W ood , 1980; Claus e t al., 1983) an d  ou r experience gained  ea rlie r 
(H uszen icza  e t a l., 1987). O varian  d y sfu n c tio n s o th e r th a n  delayed re su m p tio n  
of cycling  ra re ly  occurred . A t th e  sam e tim e , th e re  w ere s ign ifican t d ifferences 
in  p o s tp a r ta l  o v a ria n  a c tiv ity  b e tw een  g roups of p rim ip aro u s  heifers re a re d  
u n d e r d iffe ren t fa rm  conditions. T hese differences e x e rte d  a s ig n ifican t in 
fluence  on co n cep tio n . H eifers th a t  h a d  received  poor feed ing  in  th e  re a r in g  
period  (G roup I) re su m ed  cycling a f te r  a longer period  o f acyclia  and  conceived  
la te r  th a n  G roup I I I  cows whose d ev e lo p m en t co rresponded  to  th e  b reed  s ta n d 
ard . T h e  ad v erse  consequences of d e fic ien t feeding could  n o t be p re v e n te d  
b y  en erg y  su p p le m e n ta tio n  given in  th e  second and  th ird  tr im e s te r  of p re g n a n 
cy  (G roup  I I ) .  D ifferences due to  re a rin g  w ith  d iffe ren t in te n s ity  w ere m a rk e d  
d esp ite  th e  a p p ro x im a te ly  sim ilar en erg y  su p p ly  in  th e  p o s tp a r tu m  p erio d . 
T he p re se n t re su lts  su p p o rt th e  f in d in g s of D ucker e t al. (1985) who, in  a c o n 
tro lled  m odel ex p e rim en t, observed  de lay ed  onset o f oestru s, o v u la tio n , an d  
con cep tio n  in  heifers th a t  h ad  received  energ y -d efic ien t feed  before ca lv in g . 
In  G roup  I I  cows th a t  were in  b e tte r  th a n  desirab le  b o d y  cond ition  b efo re  
calv ing  an d  lo s t w eigh t in  th e  f irs t  few  w eeks of la c ta tio n , th e  re su m p tio n  o f 
o v a rian  c y c lic ity  w as alm ost as u n fav o u rab le  as in  G roup  I  cows w hose b o d y  
co n d itio n  w as po o r th ro u g h o u t. T he ad v erse  effect o f d e te rio ra tin g  b o d y  c o n 
d itio n  on  o v a rian  a c tiv ity  a fte r th e  f i r s t  calv ing  w as also rep o rted  b y  D u c k e r 
e t al. (1985).

A n  ap p rec iab le  co rre la tion  b e tw een  m ilk  p ro d u c tio n  an d  p a ra m e te rs  
in d ica tiv e  o f  th e  re su m p tio n  o f cyclic o v a ria n  fu n c tio n  w as d em o n strab le  o n ly  
in  cows th a t  h a d  b een  poorly  fed  ea rlie r (G roups I  a n d  I I ) .  This suggests t h a t  
m ilk  p ro d u c tio n  ex e rts  an  in fluence  on  th e  re su m p tio n  of ovarian  c y c lic ity  
on ly  i f  en erg y  su p p ly  d istu rbances are  p re sen t. I f  th e  energy  supp ly  a n d  th e  
cow s’ a p p e tite  a re  good, la c ta tio n  p er se has no suppressive  effect on o v a ria n  
fu n c tio n  in  y o u n g  an im als e ith er, as i t  is considered  ty p ic a l of th e  species 
(L am m ing , 1978).

I n  su m m a ry : desp ite  inaccuracies a n d  errors stem m in g  from  th e  ty p e  o f 
th e  p re se n t ex p e rim en ts  conduc ted  a t  th re e  d iffe ren t fa rm s, i t  can  be e s ta b 
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lish ed  th a t  m ark ed ly  de fic ien t feeding o f  he ifers in  th e  rea rin g  period  delays 
re su m p tio n  of cyclic o v a rian  fu n c tio n  a n d  concep tion  a fte r  th e  f irs t  ca lv ing . 
T hese  adverse consequences can n o t be p re v e n te d  b y  b reed ing  th e  heifers la te r  
o r b y  g iv ing  th em  en erg y  su p p le m e n ta tio n  d u rin g  p regnancy .
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(R eceived  S ep tem b er 22, 1987)

V ola tile  fa tty  acids (V FA ) p re sen t in  th e  la rg e -in te s tin a l co n ten ts  o f  ra b b its , 
sw ine, c a ttle , sheep an d  b ro ile r chickens w ere assayed  b y  gas c h ro m a to g rap h y , w hile 
th e  a n tib a c te r ia l  ac tion  of V F A  on Escherichia coli w as s tu d ied  in  v itro .

I n  h e a lth y  specim ens o f th e  an im a l species te s te d , th e  m ean  V FA  co n ce n tra tio n  
w as b e tw een  68 and 128 m m ol/kg , a n d  w as m ad e  u p  of ace tic  acid , p rop ion ic  acid  an d  
b u ty r ic  acid . The p H  o f th e  la rg e -in te s tin a l c o n te n ts  w as be tw een  5.8 and  7.2.

A t p H  6.0, an  a n tib a c te r ia l  effec t on  E. coli was dem o n strab le  in  th e  larg e  in te s 
tin e  o f  all five  species te s te d . T his a n tib a c te r ia l  ac tio n , ex e rted  b y  no n -d isso c ia ted  
m olecu les o f V FA , d isap p eared  w hen  th e  p H  of th e  sam ples w as ra ised  to  7.0. A t p H  
6.0 6 %  o f V F A  are p re sen t in th e  n o n -d isso c ia ted  fo rm , an d  a t  th is  p H  an  a n tib a c te r ia l  
e ffec t w as d em o n s tra ted . A t p H  7.0, how ever, th e  p ro p o rtio n  of non-d issoc ia ted  V F A  
m olecules d rops below  1%  an d  no a n tib a c te r ia l  effect is dem o n strab le  in  th ese  sam ples.

T h e  an tib a c te ria l ac tio n  o f V F A  w as o f sim ilar in te n s ity  in th e  la rg e -in te s tin a l 
c o n te n ts  o f all five species. T h is V F A -asso c ia ted  defence m echan ism  m ay  c o n tr ib u te  to  
th e  p re v en tio n  of en te ric  in fec tions cau sed  b y  b ac te ria .

K eyw ords! In te s tin a l t r a c t ,  v o la tile  f a t ty  acids, a n tib a c te r ia l defence m ec h a 
nism

Acta Veterinaria Hungarica 36 (3 —4), pp. 165 — 171 (1988)

M acroorganism s possess d iffe ren t defence m echanism s ag a in st b a c te r ia l 
in fec tions. T h e  b est know n an d  m ost s ig n ifican t o f th ese  are  p h agocy tosis  an d  
th e  v a rio u s  im m unobio logical processes. T h e  a n tib a c te r ia l effect o f v o la tile  
f a t ty  acids (Y FA ) p resen t in  th e  in te s tin e  is one o f th e  defence m echan ism s. In  
th e  in te s tin e  th is  m echanism  shou ld  p re v e n t invasion  b y  path o g en ic  b a c te r ia ;  
a t  th e  sam e tim e , i t  m u st fac ilita te  b a c te r ia l a c tiv ity  necessary  for n o rm a l 
in te s tin a l fu n c tio n s an d  d igestion . T h is pecu lia r d u a l ta s k  is p erfo rm ed  b y  
Y FA  fo rm ed  in  th e  in te s tin a l t r a c t .  T h ey  e x e rt th e ir  a c tiv ity  in  places w here, 
due to  th e  slow er perista lsis, in te s tin a l c o n te n ts  are s ta g n a n t over a long perio d  
and , in  th e  absence of a p ro p er defence m echan ism , path o g en ic  b a c te r ia  can  
m u ltip ly  excessively .

T h e  a n tib a c te r ia l ac tio n  o f V F A  in  th e  in te s tin a l t r a c t  w as f irs t  o bserved  
in  ex p e rim en ts  conducted  on germ -free a n d  gno to b io tic  an im als. T he p resence  
o f V F A  in  th e  in te s tin a l t r a c t  o f m ice increased  th e ir  res is tan ce  to  in fec tio n s b y  
Salm onella  typ h im u riu m  an d  Shigella fle x n e r i  (M iller an d  B ohnhoff, 1962; 
F ré te r , 1962; B ohnhoff e t a l., 1964; H en tg es , 1967). S u b seq u en tly  i t  w as fo u n d  
th a t  th e se  V F  As also h in d ered  invasio n  o f  th e  m urine  in te s tin a l t r a c t  b y
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P seudom onas aeruginosa  an d  Escherichia coli (Lew ison, 1978; R o d n ey  an d  
O w ens, 1979).

O f th e  fa rm  an im als , th e  ra b b it  w as th e  one in  w hich  V F A -assoc ia ted  
a n tib a c te r ia l  ac tion  w as f irs t  d e m o n s tra te d . In v e s tig a tin g  th e  p a th o m ech a - 
n ism  o f E . coli d ia rrh o ea , a com m on co n d itio n  in  w eaned  ra b b its , i t  w as d iscov 
e re d  th a t  an  im p a irm e n t o f th e  in te s t in a l  defence m echan ism  h a d  led  to  
m u ltip lic a tio n  of E . coli (P ro h ászk a , 1980; P ro h ászk a  an d  B aron , 1981). T he 
V F A -asso c ia ted  defence m echan ism  h as also  b een  in c rim in a ted  in  th e  p a th o m e - 
c h a n ism  o f Treponem a hyodysenteriae in fe c tio n  o f sw ine. W h en  fed  on d ie ts  
p ro d u c in g  a base lo ad , th e  a n tib a c te r ia l e ffec t o f V FA  d im in ished  in  th e  p ig s’ 
la rg e  in testin e , re su ltin g  in  m u ltip lica tio n  o f  treponem es an d  onse t o f th e  
c lin ica l signs (P ro h ászk a  an d  L ukács, 1984).

E x p erim en ts  on  ra b b its  an d  pigs h a v e  rev ea led  th a t  in  th e  large in te s tin e  
th e  co n cen tra tio n  a n d  com position  o f  V F A  is con tro lled  b y  a b io reg u la tio n  
w h ic h  keeps th e  v a lu e s  w ith in  a ran g e  c h a ra c te ris tic  o f th e  g iven  species 
(P ro h á sz k a  and  S zem erédi, 1984; P ro h á sz k a , 1986). T he above s tu d ies  h av e  
sh o w n  th a t  th e  decrease o f in te s tin a l a n tib a c te r ia l  a c tiv ity  is due to  a n  in 
c reased  dissociation  o f  V F A , w hich, in  tu rn ,  depends on th e  p H  o f th e  en v iro n 
m e n t. W hile a t  p H  6.0 th e re  is a b a c te r ic id a l effect in  th e  large in te s tin e , a t  
p H  7.0 no a n tib a c te r ia l a c tio n  could be d e te c te d  w h a tso ev er (P ro h ászk a , 1986).

T h e  resu lts  o u tlin e d  above allow  us to  conclude th a t  th e  a n tib a c te r ia l  
e ffec t o f V FA  can h a v e  a role in  th e  p a th o m e c h a n ism  o f en te ric  in fec tions in  
d iffe re n t species o f an im als . In  th e  p re se n t w ork , co m p ara tiv e  s tu d ies  on  th e  
a n tib a c te r ia l  ac tio n  o f  in te s tin a l V F A  ca rried  o u t on sam ples from  fiv e  species 
( r a b b it ,  sw ine, sheep, c a tt le  an d  chicken) a re  rep o rted .

M aterials an d  m ethods

E xperim ents w ith  rabbits. M eat-ty p e  h y b r id  ra b b its  w ere used . Tw o d iffe r
e n t  d ie ts  were used  to  m o n ito r th e  effect e x e r te d  by  th e  feed on th e  defence 
m ech an ism . One g roup  (m  = 1 0 )  received  a g ra n u la te d  ra b b it  feed (crude p ro 
te in :  1 7 -18% , c rude  f ib re :  11 -12% ) fo r 4 w eeks. R a b b its  o f th e  o th e r g roup  
(n  =  10) were g iven fo rages (dried  h a y  a n d  alfalfa) in s tead  o f th e  ra b b i t  d ie t. 
A t th e  end  of th e  4-w eek  tr ia l, th e  ra b b its  w ere k illed  b y  b leed ing  an d  sam ples 
w ere ta k e n  from  th e ir  caecal co n ten ts .

E xperim ents w ith  p igs. Sam ples w ere co llected  on fou r large-scale pig 
fa rm s . T he pigs rece iv ed  a d ie t co n ta in in g  15—17%  crude p ro te in , 4 -5 %  c ru d e  
f ib re , an d  m ineral, tr a c e  e lem ent an d  v ita m in  su p p lem en ta tio n . T en  h e a lth y  
p ig s , w eighing 30 to  80 kg , were selected  fo r th e  ex perim en ts on each  fa rm . A fte r 
th e  pigs h ad  been  k illed  b y  b leed ing , sam p les  w ere co llected  from  th e  d is ta l 
p o r tio n  of th e  large in te s tin e .
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A n o th er g roup  of pigs received  a m ix tu re  o f co rn  an d  barley  (w ith o u t 
an y  p ro te in  an d  p rem ix  su p p lem en ta tio n ) in s te a d  o f th e  com m ercial fo d d e r 
m ix. T his d ie t w as fed  to  6 pigs for 4 w eeks. P igs w eighing  50 kg w ere k illed  
b y  b leeding and  sam ples w ere ta k e n  from  th e  d is ta l p o rtio n  of th e  la rg e  
in testin e .

Sam ples from  th e  in te s tin a l co n ten ts  o f 10 w ild hogs were exam ined  to  
get an  in sig h t in to  th e  V F A -associa ted  a n tib a c te r ia l e ffect function ing  in  th e  
in te s tin a l t r a c t  o f w ild an im als. A du lt w ild hogs w ere bagged  in  D ecem ber, a n d  
th e ir  la rg e -in te s tin a l co n ten ts  were tra n sp o r te d  to  th e  la b o ra to ry  w ith in  5 
hours.

E xperim en ts w ith sheep. S ix a d u lt sheep , w eighing 40—50 kg, w ere k e p t  
on dried  alfalfa  h a y  and  b a rley  g rains. T est sam ples w ere ta k e n  from  th e  d is ta l 
p o rtio n  o f th e  large  in tes tin e .

E xperim en ts w ith cattle. Sam ples w ere ta k e n  from  th e  d ista l p o rtio n  o f 
th e  large in te s tin e  o f 10 h e a lth y  c a ttle  s lau g h te red  a t  an  a b a tto ir . The an im als  
h ad  been fed  corn  silage an d  dried  hay .

E xperim ents ivith chickens. A to ta l  o f 20 caecal c o n ten ts  sam ples, ta k e n  
from  6 weeks old bro iler ch ickens, were ex am ined . T he chickens received  a 
s ta r te r , grow er an d  fin ish e r d ie t in  accordance w ith  th e  m anagem en t te c h n o 
logical req u irem en ts .

A ssa y  o f  volatile fa t ty  acids. The in te s tin a l c o n ten ts  w ere d ilu ted  1 : 10 
w ith  d istilled  w a te r. B y ad d in g  50%  H 2S 0 4, th e  p H  o f th e  d ilu ted  sam ples w as 
a d ju s ted  to  3. Y FA s were d e te rm in ed  b y  gas ch ro m a to g rap h y  (P ro h ászk a , 
1980). Y FA  co n cen tra tio n s  w ere expressed  in  m m ol/kg, re la te d  to  the  o rig in a l 
in te s tin a l c o n ten ts , w hereas th e  p ro p o rtio n  o f ace tic  acid  (C 2), propionic ac id  
(C3) an d  b u ty r ic  acid  (C4) w as given in  % .

S tu d y  o f  the antibacterial effect. The in te s tin a l c o n ten ts  w ere au to c lav ed  a t  
120 °C for 20 m in  to  destro y  th e  orig inal b a c te r ia l flo ra . T en -g ram  q u a n titie s  of 
th e  au to c lav ed  sam ples w ere m easured  in to  tw o  s terile  glass con ta iners. In  
one o f th em  th e  p H  was a d ju s te d  to  6.0, in  th e  o th e r to  7.0, b y  adding n  HC1 
an d  n  N aO H , respec tive ly . To these  sam ples an  E . coli (0 1 4 9  : K91, 88) su s
pension was ad d ed  to  reach  a p re -in cu b a tio n  E . coli co u n t o f 104/g- The sam ples 
w ere in c u b a te d  a t  37 °C fo r 24 h . S u b sequen tly , th e ir  E . coli counts were d e te r 
m ined on 5 %  sheep  blood ag ar, using  th e  d ilu tio n  p rocedure . A V FA -associ- 
a te d  a n tib a c te r ia l effect w as estab lished  w hen  in  sam ples of pH  6.0 E . coli 
coun ts d id  n o t increase, or even  decreased, w hile in  sam ples of pH  7.0 th e y  
exceeded 107/g.

T he p H  o f th e  sam ples w as m easured  w ith  an  elec tric  p H  m eter (R a d io 
m eter P H M  84).
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R esu lts

D a ta  on th e  Y F A  c o n cen tra tio n  a n d  a n tib ac te ria l ac tio n  p re se n t in  th e  
in te s t in a l  co n ten ts  o f th e  an im al species s tu d ie d  are show n in  T ab le  I .  I t  is 
c le a r  th a t  th e  c o n c e n tra tio n  o f Y FA  in  th e  in te s tin a l t r a c t  varies  w ith  species:

Table I

pH  values, volatile fa tty  acid (VFA) concentrations and YFA-associated antibacterial effect 
(a t pH  6.0 and 7.0) in  th e  large intestine of th e  animals species studied (x zh SD)

A n im al
species

F eed n pH
V olatile 

f a t t y  acids, 
m m ol/kg

c„ c3 c, .
A n tib a c te ria l 

e ffec t a t

p H  6.0 p H  7 .03

R ab b it commercial diet 10 6.1 ±  0.3 72 ±  10 80 5 15 + 2 _
R ab b it hay 10 6.0 ±  0.2 68 ±  15 75 8 17 + —

Pig commercial diet 40 6.5 ±  0.7 116 ±  20 65 22 13 + —

P ig barley and corn 6 6.3 ±  0.3 108 ±  16 63 22 10 + —
W ild hog food1 10 6.6 ±  0.5 96 ±  35 64 27 9 + —
Sheep hay 6 6.7 ±  0.3 85 ±  11 65 26 9 + —

C attle silage and hay 10 6.4 ±  0.4 110 ±  12 54 36 10 + —
Chicken commercial diet 20 6.7 ±  0.4 129 ±  22 54 31 15 + —

1 food found in the forest; 2 antibacterial effect presen t; 3 after adjustm ent by adding N HC1 or 
N  N aOH

th e  low est m ean  v a lu e  w as o b ta in ed  fo r th e  rab b it, th e  h ig h es t for th e  pig, 
ch ick en  and  ca ttle .

In  sam ples o f all fiv e  species ace tic  ac id  was th e  m o st a b u n d a n t. As 
re g a rd s  th e  prop ion ic  ac id /b u ty ric  acid  ra t io , th e  rab b it d iffered  from  th e  o th e r

Fig. 1. K d and pK  of volatile fa tty  acids (VFA) p resen t in the in testinal contents and the 
p roportion  of non-dissociated VFA molecules a t  p H  values prevailing in  th e  large intestine
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fo u r species te s te d . I n  th e  r a b b i t  th e  p ro p o rtio n  o f b u ty r ic  acid  was h igher 
th a n  th a t  of p ropionic  ac id , w hile in  pigs, sheep, c a ttle  a n d  ch ickens the  reverse  
w as tru e . P ra c tic a lly  no d ifference w as found  be tw een  sam ples ta k e n  from  
corn-fed  pigs, w ild hogs a n d  ra b b its  fed  on dried  alfalfa h a y  a n d  those o rig ina
tin g  from  anim als fed  com m ercia l d ie ts. T he m ean  p H  o f th e  sam ples w as 
b e tw een  6.0 a n d  6.8 (ex trem e  valu es: 5.8 an d  7.2).

A t a p H  of 6.0, th e  la rg e -in te s tin a l co n ten ts  o f all f iv e  species show ed an  
a n tib a c te r ia l effect. T he E . coli coun ts o f  these  sam ples decreased  from  104/g 
to  102—103/g d u ring  an  in c u b a tio n  period  o f 24 h . No s u b s ta n tia l  difference was 
fo u n d  betw een  sam ples from  d iffe ren t species in  th e  in te n s i ty  o f  th e  a n tib a c te 
r ia l effect. W hen  th e  p H  o f th e  sam ples was ra ised  to  7 .0 , no a n tib ac te ria l 
e ffect w as dem o n strab le  in  a n y  o f th e  sam ples exam in ed , in  fac t th e  E . coli 
co u n ts  rose to  107-1 0 8/g d u rin g  in cu b a tio n .

D iscussion

W e can  conclude th a t  th e  co n cen tra tio n  of Y F A  in  th e  la rge-in testina l 
c o n ten ts  o f th e  five  an im al species w as su ffic ien t to  p e rm it d em o n stra tio n  of 
an  an tib a c te ria l effect a t  p H  6.0. T he com position  o f Y F A  w as sim ilar in  th e  
la rg e -in te s tin a l co n ten ts  o f a ll th e  five  species te s te d : th e y  m ain ly  consisted  
o f acetic  acid , p rop ion ic  ac id  a n d  b u ty r ic  acid. T he r a b b i t  d iffered from  th e  
o th e r  four species in  th a t  in  its  in te s tin a l co n ten ts  th e  c o n c e n tra tio n  of b u ty ric  
ac id  exceeded th a t  o f p ro p io n ic  acid. T hese resu lts  are  c o n s is te n t w ith  earlier 
d a ta  o f th e  l i te ra tu re  (H en n in g  an d  H ird , 1972; Im o to  a n d  N am ioka, 1978).

T he good ag reem en t fo u n d  b e tw een  sam ples ta k e n  fro m  ra b b its  an d  
pigs, species fed  d iffe ren t d ie ts , p roves th a t  differences in  feed  com position  do 
n o t  a lte r  th e  co n cen tra tio n  a n d  com position  of V FA  m a rk e d ly . A sim ilar con
clusion  w as d raw n  b y  o th e r  in v es tig a to rs  (H oover an d  H e itm a n , 1972; K en- 
ne lly  e t al., 1981).

In  th e  in te s tin a l c o n te n ts  o f th e  an im al species s tu d ie d , E . coli failed  to  
m u ltip ly  a t  p H  6.0; how ever, a t  p H  7.0 th e y  m u ltip lied  w ith o u t re s tra in t. The 
s tu d y  o f Lew ison (1978) show ed  th a t  in  th e  la rg e - in te s tin a l co n ten ts, w ith in  
p H  ranges o f 6.0 an d  7.0, th e  p H -d e p e n d e n t a n tib a c te r ia l  effect is ex e rted  
b y  non-d issoc ia ted  V F A  m olecules. T he d issociation  c o n s ta n ts  an d  pK  values 
o f  ace tic  acid , p rop ion ic  ac id  a n d  b u ty r ic  acid  are  show n in  F ig . 1. The p K  v a l
ues o f th e  th ree  V FA s d iffer on ly  slig h tly ; th u s , based  on  th e  eq ua tion , th e ir  
d issocia tion  s ta tu s  can  be illu s tra te d  b y  a cu rve. T his show s th a t  a t  p H  6.0 
6 %  o f th e  V FA  is in  n o n -d isso c ia ted  form . A t th e  V F A  co n cen tra tio n s  p resen t 
in  th e  large in te s tin e , th is  p ro p o rtio n  is su ffic ien t fo r a n  a n tib a c te r ia l effect. 
H ow ever, a t  p H  7.0 th e  p ro p o rtio n  o f n o n -d issoc ia ted  V F A  m olecules drops 
below  1% , a p ro p o rtio n  in su ffic ien t for an  a n tib a c te ria l effec t.
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The pH  values o f th e  la rg e -in te s tin a l con ten ts co llec ted  from  th e  five  
species of anim als w ere be tw een  5.8 an d  7.2. W ith in  th is  ra n g e  a physio logical 
f lu c tu a tio n  m ay  occur. T h e  p H  o f th e  la rg e -in testin a l c o n te n ts  is in fluenced  b y  
th e  q u a lity  o f th e  d ie t fed , a fa c t th a t  has been  su b s ta n tia te d  in  feeding tria ls  
c o n d u c te d  w ith  p igs. T h e  la rg e -in te s tin a l co n ten ts o f p igs fed  corn  silage 
(CCM) h ad  a low er p H  v a lu e ; as a consequence, th ere  w as a s tro n g e r a n tib a c 
te r ia l  effect th a n  in  th e  g roup  fed  com m ercial diets (P ro h á sz k a  an d  L ukács, 
1984).

D uring  earlie r s tu d ies  we saw  th a t  a t  V FA  c o n c e n tra tio n s  p reva iling  in 
th e  la rg e -in tes tin a l c o n te n ts  an  a n tib a c te r ia l effect w as d e te c ta b le  up  to  p H  
6 .6 . B eyond th a t  v a lu e  th e  a n tib a c te r ia l effect d im in ished  in  in te n s ity ; above 
p H  6.8 i t  was co m p le te ly  a b se n t (P ro h ászk a , 1986).

D etailed  s tu d ies  on th e  Y F A -assoc ia ted  a n tib a c te r ia l e ffec t in  th e  in te s t i
n a l t r a c t  have been  p erfo rm ed  on ly  in  th e  ra b b it  and  pig, since in  these  species 
e n te r ic  diseases o f b a c te r ia l ae tio logy  are  com m on. F ew  d a ta  are availab le  
on  th e  role of th e  Y F A -asso c ia ted  a n tib a c te ria l e ffect in  e n te ro p a th ie s  of 
sh eep , c a ttle  and  ch ick en s .T h e  d a ta  p resen ted  by  us call a t te n t io n  to  th e  fa c t 
t h a t  th is  defence m ech an ism  m a y  h av e  a role also in  th e  l a t t e r  species o f a n i
m als . H ow ever, fu r th e r  s tu d ies  are  needed  to  get a c lo ser in sig h t in to  th is  
m echan ism .

In  th e  stud ies p re sen ted  here , we used  on ly  E . coli fo r th e  d em o n stra tio n  
o f  th e  an tib ac te ria l e ffect. H ow ever, in  a prev ious p ap er we re p o rte d  th a t  V F A  
e x e r te d  a g ro w th -in h ib itin g  effect on  o th e r m em bers o f  th e  E n te ro b a c te ria -  
ceae  fam ily  as w ell (P ro h ászk a  an d  B aron , 1982). T h u s, th e  V F A -associa ted  
a n tib a c te r ia l  effect fu n c tio n in g  in  th e  large in tes tin e  c a n  be considered  a 
n onspecific  defence m echan ism  w hich shou ld  be reck o n ed  w ith  in  en teric  
in fec tio n s  caused b y  b a c te ria .
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AN OUTBREAK OF
Y E R S I N I A  P S E U D O T U B E R C U L O S I S  INFECTION 

IN A BUSTARD ( O T I S  T A R D A )  FLOCK

B. KÖRMENDY, J .  I l lé s  I, R . G lávits  and У . S ztojkov
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D eaths caused by a Yersinia pseudotuberculosis serotype I  strain  are reported  
from  a bustard  ( Otis tarda)  flock. The isolate was tested  by  experim ental infection of 
mice, chickens and  a tu rkey , and its antibiotic sensitivity  was determined. I t  was re 
vealed th a t the tu rk ey  can be a la ten t carrier of У. pseudotuberculosis.

Keywords: Yersinia pseudotuberculosis, bu stard  (Otis tarda), serotyping, anti- 
biogram.

Yersin ia  pseudotuberculosis in fection  w as d iagnosed  in  connection  w ith  
d e a th s  in  a b u s ta rd  ( Otis tarda)  flock  reared  u n d e r se m i-n a tu ra l conditions in  
a re se rv a tio n . T he h e a lth  s ta te  o f ou r w ild b ird s is p o o rly  know n.

Y .  pseudotuberculosis in fection  has n o t been  re p o rte d  from  b u s ta rd s  so 
fa r. A deeper know ledge of th e  diseases, p rim arily  th o se  o f in fectious n a tu re , is 
re q u ire d  to  ensure su rv iv a l an d  b reeding  o f th is  p ro te c te d  b ird  species. T h e re 
fo re , in  ad d itio n  to  th e  aetio log ical diagnosis, we deem ed im p o r ta n t to  reveal 
th e  source of in fec tio n  an d  possible m odes o f sp read .

M aterials and  m ethods

T he exam ined  flo ck  consisted  of 45 b u s ta rd s : 14 th re e  to  five years old 
c a p tu re d  and  31 one y ea r old b ird s th a t  h ad  h a tc h e d  in  in cu b a to rs . O u t of 
th e m , five b irds d ied  in  th e  sp ring  of 1980 d u rin g  a six-w eek  period.

T he birds w ere fed  m ain ly  vegetab le  feeds, occasionally  w hite m ice w ere 
also  offered.

A fter th e  gross pa tho lo g ica l ex am in a tio n  o f  tw o  carcases, h aem ato x y lin - 
eosin  sta in ed  sec tions w ere p rep a red  from  th e  liv er a n d  sp leen . The b ac te rio lo 
g ical ex am in a tio n  o f  th e  spleen an d  liver w as ca rried  o u t on 5%  blood ag a r 
p la te s  in cu b a ted  a t  37 °C, u n d e r aerobic cond itions.

The iso lates w ere id en tified  by  G ram  s ta in in g  as well as on th e  basis 
o f  th e ir  b iochem ical p ro p ertie s  (oxidase, ca ta lase , g e la tin ase , o rn ith ine  d eca r
b oxy lase , u rease, b e ta -g a lac to sid ase , and  n itra te  re d u c tio n  tes ts). T he te s ts  
w ere carried  o u t as described  b y  Cowan and  S teel (1974). G lucose, arab inose , 
m alto se , m ann ito l, sa lic in , rham nose , m elibiose, treh a lo se , lactose and  so rb ito l
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fe rm e n ta tio n  as well as h y d ro g en  su lfide  a n d  indole p ro d u c tio n  w ere also d e te r
m in e d . M otility  w as s tu d ie d  in  H itc h e n s ’ sem i-liquid  m ed ium  a t  22 a n d  37 °C.

A ntim icrob ia l su scep tib ility  w as te s te d  w ith  R esis te s t disks (P h y lax ia  
V e te r in a ry  Biologicals Co., H u n g a ry ).

T o  com plete th e  b ac te rio log ica l ex am in a tio n , th e  iso la te  w as in ocu la ted  
in to  tw o  mice (body  m ass: 40 g), tw o  ch ickens (14 days o ld, 200 g) an d  a t u r 
k e y  (14 days old, 250 g). T he m ice w ere in ocu la ted  in tra p e rito n e a lly  w ith  104 
g e rm s, th e  chickens su b cu tan eo u sly  w ith  105 germ s, and  th e  tu rk e y  w as infec
te d  p e r  os w ith  8 m l o f  a 24 h o u rs  o ld  b ro th  cu ltu re  o f th e  iso la te  da ily , over 
a p e r io d  of 8 days. H a lf  o f th e  b a c te r ia l suspension  was p o u red  on  th e  feed and  
th e  o th e r  h a lf  in to  th e  d rin k in g  w a te r.

T h e  mice w ere k e p t  u n d e r o b se rv a tio n  for 24 hours, one o f  th e  chickens 
fo r  14 days, th e  o th e r one fo r 42 d ay s , w hereas th e  tu rk e y  fo r 49 days.

G ross patho log ica l, h isto log ica l a n d  bacterio log ical e x am in a tio n s  of th e  
e x p e rim e n ta l an im als w ere th e  sam e as tho se  perform ed on th e  b u s ta rd  c a r
cases.

R esu lts

G ross patho log ica l e x am in a tio n  o f  th e  b u s ta rd  carcases rev ea led  f ib r in 
ous in flam m atio n  of th e  airsacs a n d  p ericard ium , en larged  liver, an d  hyper- 
a em ic  splenom egaly . I n  th e  p a re n c h y m a  o f th e  spleen, w ell-v isib ly  from  th e  
su rfa c e , th e re  were g rey ish -w h ite  foci w ith  in d is tin c t m arg in  a n d  1 -3  m m  in  
d ia m e te r . S im ilar foci w ere observed  in  th e  k idney  and  bone m arrow . T he foci 
c o n ta in e d  necrotic , n o n -g reasy  su b s ta n c e  an d  seem ed to  be o f  th e  sam e age 
o n  th e  basis of th e ir  size an d  n a tu re . I n  s tru c tu re  th e  foci d iffered  from  those  
o c c u rrin g  in  the  early  s tag e  o f genera lized  tubercu losis in  t h a t  th e y  d id  n o t 
h a v e  a  connective tissu e  capsule.

H isto p a tho log ica l e x am in a tio n  o f th e  liv er and  spleen rev ea led  necrosis 
a n d  c lum ps of bac te ria  in  th e  foci. C ellu lar elem ents c h a rac te ris tic  o f tu b e rc u lo 
sis w ere  n o t observed.

B acterio logical cu ltu res  o f th e  liv e r  an d  spleen y ie lded  G ram -nega tive  
b a c te r ia  w ith in  24 h . T h e  b a c te ria  show ed  no haem olysis, th e y  w ere oxidase 
n e g a tiv e , catalase po sitiv e , b e ta -g a lac to s id ase  positive, fe rm en ted  u rea , re 
d u c e d  n itra te , fe rm en ted  glucose, a rab in o se , m altose, m an n ito l, salicin , rham - 
nose , m elibiose as well as treh a lo se , a n d  show ed m o tility  a t  37 °C. T he iso la te  
d id  n o t  ferm en t lac tose  a n d  so rb ito l, d id  n o t p roduce indole  from  try p to p h a n , 
d id  n o t  p roduce h y d ro g en  su lfide, an d  h a d  no orn ith ine  d ecarb o x y lase  enzym e. 
O n th e  basis of th e  above ch a rac te ris tic s , th e  iso late w as c lassified  as Y ers in ia  
pseudotuberculosis.

T h e  isolate w as also id en tified  b y  P rofessor W. K n ap p  (N ü rn b erg , F e d e r
al R ep u b lic  of G erm any) w ho classified  i t  as se ro type  I  accord ing  to  its 
a n tig e n ic  s tru c tu re .
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Table I

Antibiotic sensitivity  of the isolated Yersinia pseudotuberculosis strain

D iam eter of 
the inhibition 

zone

Penicillin R Tetracycline 19 mm
Oxacillin R N itrofurantoin 20 mm
Methicillin R Chloramphenicol 27 mm
E rythrom ycin R Streptom ycin 25 mm
Oleandomycin R Gentamycin 29 mm
Cephalosporin R Oxytetracycline 23 mm
Spiramycin R Carbenicillin 28 mm
Pristinam ycin R Kanam ycin 26 mm
Vancomycin R Neomycin 26 mm
Lincomycin R Paromomycin 26 mm
N ystatin R Nalidixic acid 27 mm
Superseptyl R

R =  R esistant

Mice in o cu la ted  w ith  th e  iso la te  in tra p e rito n e a lly  d ied  w ith in  24 h . T h e  
b a c te ria  were re iso la te d  from  th e  sw ollen sp leen  an d  liver.

T he chickens w ere  killed b y  b leed ing  14 an d  42 days a f te r  in o cu la tio n . 
N e ith e r gross no r m icroscopic changes w ere observed  in  th e ir  organs an d  a t 
te m p ts  a t  re iso la tin g  Y . pseudotuberculosis from  th e  liver an d  spleen failed.

T he a p p a re n tly  h e a lth y  tu rk e y  w as ex san g u in a ted  49 days a fte r in fec tion . 
H isto log ical e x a m in a tio n  revealed  diffuse path o lo g ica l f a t ty  d eg enera tion  in  
th e  liver, focal p ro life ra tio n  of re ticu lo cy tes  in  th e  red  p u lp , and  ly m p h o id  
h y p erla sia  in  th e  M alp igh ian  corpuscles, o f th e  spleen. Y .  pseudotuberculosis 
w as re iso la ted  from  th e  spleen an d  liver.

T he a n tib io g ram  o f th e  iso late  an d  d iam ete rs  of th e  in h ib itio n  zones are  
p resen ted  in  T ab le  I.

D iscussion

T he o u tb re a k  observed  am ong b u s ta rd s  w as caused  b y  se ro ty p e  I 
Y . pseudotuberculosis. T h is sero type  is th e  com m onest in  E u ro p e . I t  has n o t 
been rep o rted  from  H u n g a ry  before.

T he e x p e rim e n ta l in fection  of tu rk e y s  deserves a tte n tio n . The su sc e p ti
b ility  of tu rk e y s  to  Y .  pseudotuberculosis w as described  b y  C arter (1973). 
T he la te n c y  period  o f  th e  in fection  in  tu rk e y s  is, how ever, unknow n . R esu lts  
of th e  h isto p a th o lo g ica l and  bacterio log ical ex am in a tio n s  h av e  confirm ed  C ar
te r ’s find ings an d  rev ea led  th a t  th e  tu rk e y  can  be an  asy m p to m a tic  ca rr ie r  
of th is  b ac te riu m . U n d e r certa in  cond itions th is  m ay  lead  to  Y .  pseudotubercu
losis o u tb reak s  in  tu rk e y  flocks (Thai, 1978). S tress cond itions or d ifferences 
in  v iru lence  m ay  p la y  a role in  th e  m an ife s ta tio n  o f th e  disease.
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A ttem p ts  a t  rev ea lin g  th e  source o f  in fec tion  h av e  failed. L a te n t in fec
tio n  o f older b u s ta rd s  or th e  role of f ie ld  m ice an d  voles, how ever, could  n o t be 
ru le d  o u t.

F o r th e  successful t re a tm e n t o f in fec ted  b irds in  zoos an d  rese rv a tio n s 
th e  an tib io tic  se n s itiv ity  of Y . pseudotuberculosis h ad  to  be de te rm in ed . T he 
se n s itiv ity  of b u s ta rd s  to  an tib io tics , h ow ever, should  be e lu c id a ted  before  an y  
a n tib io tic  can be u sed  in  th e  p rac tice .
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DIAGNOSTIC VALUE OF MAMMALIAN, 
AVIAN AND JOHNIN PPD TUBERCULINS 

IN CATTLE HERDS INFECTED BY 
M Y C O B A C T E R I U M  P A R A T U B E R C U L O S I S

В .  K Ö R M E N D Y

Central V eterinary In s titu te , H-1149 B udapest, Tábornok u. 2, H ungary 

(Received Septem ber 29, 1987)

Results obtained on the diagnostic value of “ paratuberculin  P P D ” serving for 
the diagnosis of paratuberculosis are reported .

Paratuberculin  was applied in tw o different concentrations (0.86 mg/ml and 
0.50 mg/ml tuberculoprotein), in a volum e of 0.1 ml, and its effect was compared w ith 
th a t  of m am m alian and avian tuberculin.

The allergens were tested  on three groups of animals by  the intraderm al test. 
The results were read in post-inoculation hour 72.

The first group consisted of 62 cows of a dairy herd free from  parallergic signs 
(negative control group). In  this group all allergens gave negative results.

The second group comprised 10 calves (positive control group) orally infected 
w ith cultures of Mycobacterium paratuberculosis twice. Tuberculin tests perform ed on 
days 92, 217 and 336 after the first infection indicated th a t, based upon the num ber and 
size of the reactions and the proportion of positive and doubtful reactions, the p a ra 
tuberculin  containing 0.50 mg/ml tuberculoprotein  showed the highest sensitivity  and 
specificity in diagnosing the infection.

The th ird  group comprised a to ta l of 1247 cattle of four farm s, all infected by 
paratuberculosis (test group). The group contained both dairy  and beef ca ttle , kep t 
under loose housing conditions or free range managem ent. In  th is group the p a ra tu b e r
culin containing 0.86 mg/ml tuberculoprotein  and apparently  also the avian tuberculin  
were of superior diagnostic value.

The results suggest th a t the paratubercu lin  containing 0.50 mg/ml tuberculopro
tein  is the allergen of choice for diagnosing the tuberculoid stage of paratuberculosis.

W ith knowledge of the pathogenesis of paratuberculosis, the parallel use of 
paratuberculin  and avian tuberculin  m ay be a valuable aid to the recognition and differ
ential diagnosis of the early stage of paratuberculosis.

Keywords: Mycobacterium paratuberculosis, cattle, paratuberculosis, Jo h n e’s
disease, paratuberculin , johnin  PPD , tuberculins, diagnosis

In  th e  pa thogenesis  o f p a ra tu b e rcu lo s is  (Jo h n e ’s disease) tw o successive 
s tag es , i. e. th e  tu b e rcu lo id  an d  th e  lep ro m ato u s  stage, can  be d isting u ish ed  
(G ilm our, 1985; C hiodini e t al., 1984; K ö rm en d y , 1985, 1986). In  th e  p rec lin ica l 
or tu b e rc u lo id  stage  M ycobacterium  paratuberculosis in fec tio n  is ch a rac te rized  
b y  th e  ce ll-m ed ia ted  im m une response , i. e. d e lay ed -ty p e  allergic re a c tio n  
(K ö rm en d y  e t al., 1988). A nim als in  th is  im m unobio logical s ta te  can  he id e n ti
f ied  b y  th e  ly m p h o cy te -s tim u la tio n  te s t  an d  allergic d iag n o stic  te s ts  (D u n can  
e t a l., 1978). W hile th e  ly m p h o c y te -s tim u la tio n  te s t is u n su ita b le  fo r h e rd  
te s tin g , allergic te s ts  using  d ifferen t tu b e rcu lin s  (m am m alian  an d  av ian  tu b e r 
cu lin , jo h n in ) h av e  found  w idesp read  ap p lica tio n  (L epper a n d  C orner, 1983).
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U sing s tra in  no . 5889 P rag u e  o f M ycobacterium  paratuberculosis a p a ra -  
tu b e rc u lin  P P D  w as p re p a re d  and  te s te d  fo r s te rility , in n o cu ity , sensitiz ing  
p ro p e rtie s , and  p o te n c y . T he p a ra tu b e rcu lin  P P D  an d  bovine and  a v ia n  
P P D s  w ere te s te d  fo r th e ir  ab ility  to  id e n tify  in fec ted  an im als in  ca ttle  h e rd s  
a ffec ted  by , and  in  th o se  free  from , p a ra tu b ercu lo s is .

M aterials an d  m ethods

Allergens. M am m alian  tu b e rcu lin  P P D , 50,000 IU /m l, P hy lax ia , B u d a 
p e s t (designated  M ); 1 m g/m l tu b e rc u lo p ro te in  (from  s tra in  AN 5).

A vian  tu b e rc u lin  P P D , 25,000 IU /m l, P h y la x ia , B u d ap est (designated  
A ); 0.5 m g/m l tu b e rc u lo p ro te in  (from  s tra in  D 4).

P a ra tu b e rc u lin  P P D ; 0.86 m g/m l tu b e rc u lo p ro te in , P h y lax ia , B u d ap est 
(d esig n a ted  P ,).

P a ra tu b e rc u lin  P P D ; 0.50 m g/m l tu b e rc u lo p ro te in ; P h y lax ia , B u d ap est 
(d esigna ted  P 2).

To com pare th e  te s ts , 0.1 ml o f each  allergen  w as in ocu la ted  in to  th e  
sk in  o f th e  neck o f c a tt le  in  a herd  in fec ted  b y  M . paratuberculosis. T he te s ts  
w ere re a d  in  p o s t- in o cu la tio n  h o u r 72. T h e  reac tio n  w as positive  (-(-) if  a t  th e  
s ite  o f  in jec tion  th e  sk in  h a d  th ick en ed  b y  a t  le a s t 3 m m  as com pared to  its  
o rig in a l th ickness, or i f  th e  swelling w as b e tw een  2 an d  3 m m  b u t was p a in fu l. 
T he te s t  was re a d  as „ doubtfu l"  ( ^ )  i f  th e  sw elling w as be tw een  2 an d  3 m m  
in  th ick n ess  an d  w as n o t p a in fu l. I f  th e  sk in  sw elled to  som e degree b u t  th e  
sw elling d id  n o t reach  2 m m , th e  reac tio n  w as ju d g e d  to  be “between negative 
and  doubtful”  (^p). I f  th e  sk in  th ickness m easu red  on re a d in g  th e  te s t w as p ra c 
tic a lly  iden tica l w ith  t h a t  assessed a t  th e  tim e  of in o cu la tio n , th e  re a c tio n  
w as considered negative (— ). F o r d iffe ren tia l d iagnostic  reasons th e  size o f 
reac tio n s  elic ited  b y  p a ra tu b e rc u lin  w as assessed in  th e  sam e w ay and  a t  th e  
sam e tim e  as th o se  in d u c e d  b y  m am m alian  an d  av ian  tu b ercu lin , th o u g h  
som e au th o rs  reco m m en d ed  o th e r reac tio n  sizes an d  an  earlie r read ing  tim e  
(C hiodini e t ah , 1984).

Negative control group. The neg a tiv e  con tro l g roup  consisted  of 62 H u n 
g a ria n  F leckv ieh  cows o f d ifferen t age, k e p t in  ty in g  s ta lls  a t  a large-scale 
fa rm  free from  M . paratuberculosis  an d  M . bovis in fec tion .

Positive control group . The positive co n tro l g roup  w as com prised o f  10 
bu llca lves free from  M . bovis infection . T he calves w ere in fec ted  orally  w ith  
108 C FU  o f M . paratuberculosis  s tra in  5889 tw ice, over f iv e  consecutive day s 
each , a t  an  in te rv a l o f  tw o  weeks. T he f irs t  in fec tion  to o k  place w hen th e  
calves were 2 -3  w eeks o ld . On day  92, 217 an d  336 a fte r  th e  second in fec tio n  
th e  an im als were ex am in ed  b y  th e  in tra d e rm a l te s t. T he re su lts  are sum m arized  
in  T ab le  I.
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Table I

Results of the allergic tests (thickness of the skin fold in mm)

M am m alian  tu b e rc u lin A v ia n  tu b e rc u lin

A n im al n o .
o n  P I  d a y o n  P I  d a y

92 217 336 92 217 336
I I I I I I I I I I I I

l 7 13
2 6 l 2 12.5 5.2 2
3 2.5 — 2 6.5 — 2.5
4 6.5 2 2 15 5 1
5 5 1 3 13 2.1 4
6 3 1.5 — 10 — 1.5
7 — 2 2 — 5 5
8 4 1.5 2 11 7.1 4
9 2 1.5 2 7.5 0.5 2

10 5 4.1 3 7 8 —

Total: -J- 7 1 2 9 0 3
± 2 2 6 — 1 3
T — 5 — — 1 2

1 2 2 1 3 2
mm 40.0 14.6 18.0 95.5 32.9 21.5

P x tu b erc u lin P 2 tu b e rc u lin

A n im al no .
0.86 m g/m l 
o n  P I  d ay

0.5  m g /m l 
o n  P I  d a y

92 217 336 92 217 336
I I I I I I I I I I I I

i 5 8
2 9 l 2.5 11.5 4 4.5
3 3.5 2.9 3 7 — 3.5
4 6.5 6.1 2 14 4.2 3
5 8 1 1 13 7.1 9
6 2.5 — — 6 — —

7 — 2.8 2 — — 4
8 5 3 3 8 4.5 4
9 5 1 — 7 1 —

10 6 5 3 10 9.2 3

Total: + 8 3 3 9 5 7
± 1 2 3 — — —

T — 3 1 — 1 —

— 1 2 3 1 4 3
mm 50.5 22.8 16.5 84.5 30.0 25.0

C attle  o f b o th  th e  n eg a tiv e  a n d  th e  positive c o n tro l group were k e p t in  
s tan ch io n  b a rn s .

Test group. T h e  te s t  g roup  in c lu d ed  1247 ca ttle  k e p t  a t  large-scale farm s 
free from  bovine tu b ercu lo sis  an d  fo u n d  to  be in fected , b o th  h is to p a tho log ica lly  
an d  bacterio log ically , b y  M . paratuberculosis. The c a tt le  w ere of th e  follow ing 
b reeds: H o lste in -F riesian , H u n g aro -F riesian , L im ousin , L im ousin  X H u n g a r-
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iá n  F leckv ieh , H erefo rd , H erefo rd  X H u n g a ria n  F leckv ieh . T he te s t group 
in c lu d e d  b o th  d a iry  a n d  b ee f c a ttle , v a ry in g  w idely  in  age. T h e  anim als w ere 
k e p t  e ith e r  u n d er loose housing  or u n d e r  free range m an ag em en t.

R esults

T he resu lts  a re  su m m arized  in  T ab les I  an d  II .
Negative control group. T he  in tra d e rm a l te s ts  p e rfo rm e d  on th e  62 

cow s w ith  m am m alian  (M) a n d  a v ian  (A) tu b e rcu lin  a n d  p a ra tu b e rcu lin s  P t  
a n d  P 2 were co n sis ten tly  n eg a tiv e . T he h e rd  in  question  h a d  b een  negative b y  
te s ts  perfo rm ed  w ith  th e  s ta n d a rd  M tu b e rc u lin  P P D  fo r m ore  th a n  10 years 
(n o t even  doub tfu l reac tio n s  h a d  occurred).

Positive control group. O n d ay  92 an d  217 a fte r th e  f i r s t  in fection  w ith  
M . paratuberculosis, th e  10 bu llcalves e x h ib ite d  m y co b ac te riu m -in d u ced  sero 
conversion  in  in tra d e rm a l te s ts  w ith  all th e  allergens u sed . A v ian  (A) tu b e r-

ТаЫе II

Comparison of allergic tests  perform ed w ith m am m alian tuberculin, av ian  tuberculin 
and paratuberculin  PPD  on 1247 cattle

M + M + M  + M - T o ta l M + M ± M + M - T o ta l

A + 32 27 19 59 137 P i + 29 23 16 48 116
A ± 6 11 12 50 79 Pi ± 5 12 13 39 69
A =F 6 11 29 65 111 Pi T 5 10 19 60 94
A — 5 12 45 858 920 P i - 10 16 57 885 968
T otal: 49 61 105 1032 1247 Total: 49 61 105 1032 1247

M + M ± M + M - T o ta l A + A ± A+ A - T o ta l

1*2 + 18 8 7 24 57 P i + 65 17 18 16 116
1*2 14 10 4 28 56 P i ± 24 18 10 17 69
P 2 T 1 16 22 44 83 P i -F 11 13 26 44 94
P 2 - 16 27 72 936 1051 P i - 37 31 57 843 968

T otal: 49 61 105 1032 1247 Total: 137 79 111 920 1247

A + A ± A  + A - T o ta l P .+ P ,± P.+ Р , - T o ta l

^2 + 40 7 4 6 57 P i + 51 32 20 13 116
P 2 ± 24 15 9 8 56 P i ± 2 18 24 25 69
P 2 =F 22 14 20 27 83 P i T 1 3 25 65 94
P 2 - 51 43 78 879 1051 p .  - 3 3 14 948 968

T otal: 137 79 111 920 1247 Total: 57 56 83 1051 1247

A =  avian tuberculin (PPD ); M =  mam malian tuberculin (PPD); P j =  paratuberculin, con
centrated (0.86 mg/ml); P 2 =  paratuberculin, diluted (0.5 mg/ml); Reactions: -f- =  posi
tive; ±  =  doubtful; ^  =  between negative and doubtful; — =  negative
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culin  an d  P 2 p a ra tu b e rc u lin  (con ta in ing  0.50 m g/m l tu b e rcu lo p ro te in ) elicited  
th e  m ost p ro n o u n ced  skin  sw elling (Table I).

A  com parison  o f in tra d e rm a l te s ts  w ith  th e  fo u r allergens on P I  d ay  
336 in d ic a te d  th a t  w hile th e  P 2 a llergen  elicited  a p ositive  response in  7 a n i
m als, w ith  P x an d  A tu b e rcu lin  o n ly  3 anim als each, a n d  w ith  M tu b e rc u lin  only  
2 an im als w ere p o sitive . T he la rg es t in fla m m a to ry  reac tio n s  (25 m m ) w ere in 
duced  b y  th e  P 2 allergen  (Table I).

Test group. A com parison  o f allergic te s ts  c a rried  ou t on 1247 c a ttle  
(T able I I )  rev ea led  th a t  th e  M tu b e rcu lin , A tu b e rc u lin , P x and  P 2 p a ra tu b e r-  
culins e lic ited  a p ositive  response in  49, 137, 116 an d  57 an im als, re sp ec tiv e ly .

T he ra tio  o f d o u b tfu l an d  positive  reac tions w as d e te rm in ed  fo r each  
a llergen: w ith  M tu b e rcu lin , A tu b e rcu lin , Pj  ̂ a n d  P 2 p a ra tu b e rcu lin s  th is  
n u m b e r w as 1.25, 0.57, 0.59 an d  0.94, respective ly .

D iscussion

In  e v a lu a tin g  an  allergen used  in  an  allergic te s t ,  th ree  fac to rs  h av e  to  
be considered . T h e  f irs t  is th e  im m unobio logical s ta tu s  o f th e  an im al to  be 
te s te d , w hich  depends on severa l fac to rs , p rim arily  on th e  stage  o f th e  disease 
process a t  th e  tim e  of te s tin g . T he second fa c to r  is th e  specific ity , a n d  th e  
th ird  is th e  se n s itiv ity  o f th e  allergen. N a tu ra lly , p re p a ra tio n s  in te n d e d  for 
use in  allergic te s ts  shou ld  m eet fu r th e r  req u irem en ts , such  as s te r ility , lack  
o f to x ic ity  a n d  im m u n ogen ic ity , p ro p er s to ra b ility , a d e q u a te  o u te r  a p p e a r
ance, e tc .

T h eo re tica lly , a good allergen should  be s tr ic tly  specific for th e  given 
b a c te riu m  species an d  shou ld  d e te c t in fec tion  in  a n y  stage  of th e  disease 
process so th a t  i t  can  d em o n stra te , b y  ro u tin e  m e th o d s, th e  an tig en ic  ac tio n  
ex e rted  on th e  o rgan ism . Such an  ideal allergen, how ever, does n o t ex ist. 
T herefo re, th e  o p tim u m  tu b e rcu lo p ro te in  c o n cen tra tio n  su itab le  fo r id en tify in g , 
in  ro u tin e  te s ts , as m an y  of th e  an im als in fec ted  b y  M . paratuberculosis (in 
th e  tu b e rcu lo id  stage  o f th e  disease) as possible, shou ld  be defined  b y  p u rify in g  
th e  allergens (P P D ), a d ju s tin g  th e ir  co n cen tra tio n , an d  b y  biological ex p e ri
m en ts  p erfo rm ed  on guinea pigs, c a ttle  and  sheep, on th e  basis o f th e  d o u b t- 
fu l/positive  ra tio  an d  size of th e  in fla m m a to ry  reac tio n s a t  th e  d iffe ren t re a d 
ing tim es.

T he n eg a tiv e  re su lt o f co m p ara tiv e  te s ts  c a rried  o u t in  th e  n eg a tiv e  
co n tro l g roup  p ro v ed  th a t  our ow n p a ra tu b e rcu lin  p re p a ra tio n s  (Pj^ a n d  P 2) 
fa iled  to  ex e rt an  an ap h y lac to g en ic  sensitiz ing  effect a n d  a p p a re n tly  d id  n o t 
cause a n y  nonspecific  reac tio n .

T he re su lts  sum m arized  in  T ab le  I  d em o n stra te  t h a t  in  th e  tu b e rcu lo id  
or p rec lin ica l s tage  of p a ra tu b ercu lo s is  (Jo h n e ’s disease) p a ra tu b e rcu lin s  P x 
an d  P 2 are  m ore specific  an d  sensitive  in  id en tify in g  in fec ted  an im als th a n
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e ith e r  m am m alian  or a v ia n  tu b e rc u lin . I n  th e  th re e  ex p erim en ts , th e  P 2 a l
le rg en  iden tified  21, a n d  th e  P x 14 an im als as p o sitive , w hile 17 an d  10 a n i
m als  p roved  p ositive  w ith  A an d  M tu b e rc u lin , re sp ec tiv e ly  (T able I). The 
su p e rio r ity  of P t a n d  P 2 is in d ica ted  b y  re su lts  o b ta in ed  fo r th e  te s t  group 
(T ab le  I I )  and th e  ra t io  o f p ositive  an d  d o u b tfu l reac tio n s (1 : 0.94) w hich 
show s th e  op tim al c o n c e n tra tio n  o f th e  allergen .

Considering o n ly  re su lts  o b ta in ed  fo r th e  positive  co n tro l g roup , th e  P 2 
a lle rg en  seems th e  m o st effic ien t.

In  th e  te s t g ro u p  th e  p a ra tu b e rcu lin s  w ere less effective in  iden tify in g  
in fe c te d  anim als th a n  in  th e  ex p e rim en ta lly  in fec ted  g roup : here  a v ian  tu b e r 
cu lin  seem ed to  be m ore  efficacious, since on ly  116 and  57 an im als responded  
to  P t  an d  P 2, re sp ec tiv e ly . F o r th is  fin d in g  th e  follow ing ex p lan a tio n s  m ay  be 
considered :

(1) I t  can n o t be  ru le d  o u t w ith  c e r ta in ty  th a t  som e or m o st an im als of 
th e  te s t  group h ad  b een  in fec ted , in  ad d itio n  to  M . paratuberculosis , b y  o th e r 
species o f th e  A ctin o m y ce ta les  o rder: th e  h ig h er p o s itiv ity  o b ta in ed  w ith  av ian  
tu b e rc u lin  th a n  w ith  th e  m ore specific  p a ra tu b e rcu lin s  m ig h t h a v e  been  due to  
th is  fac t. A th e o re tic a l ex p lan a tio n  for th is  phenom enon  w as fu rn ish ed  b y  
re se a rc h  in to  an tig en ic  s tru c tu re , w hich show ed th a t  a re la ted n ess  o f v a ry in g  
degree existed  in  th e  com plex  an tigen ic  s tru c tu re  o f b a c te ria  be long ing  to  th a t  
g ro u p  (Tuboly, 1965; R a tled g e  an d  S tan fo rd , 1983).

(2) In  the  in tra d e rm a l te s t  each  a llergen  w as applied  in  a vo lum e o f 0.1 
m l. C a ttle  k ep t in  loose b a rn s  b u t  even m ore th o se  k e p t in  free ran g e  m an ag e
m e n t becom e ir r ita b le  w hen  ap p ro ach ed  b y  m an . T hus, te s ts  perfo rm ed  an d  
re a d  on anim als re s tra in e d  in  stocks or t r e a tm e n t  corridors m a y  be a source 
o f  e rro r. P resu m ab ly  th is  is w h y  P x p a ra tu b e rc u lin  ap p eared  to  be b e tte r  
th a n  P 2.T h is allows us to  d raw  fu r th e r  conclusions as to  th e  p ra c tic a l app lica
b il i ty  of the  te sts .

(3) As opposed to  th e  te s t  an im als in  free range m an ag em en t, c a ttle  of 
th e  positive  con tro l g ro u p  w ere housed  in  s tan ch io n  barns. I n  an im als k e p t in 
tie - in  sta lls no t on ly  th e  in tra d e rm a l te s ts  are  m ore re liab le  b u t ,  due to  th e  
lo w er risk  of the  o th erw ise  com m on re in fec tions, th e  tu b e rcu lo id  stage  o f p a ra 
tu b e rcu lo s is  is p ro lo n g ed . A nim als o f th e  po sitiv e  con tro l g roup  k e p t in  s ta n 
ch io n  barns were show n to  be in  th e  tu b e rcu lo id  stage  of p a ra tu b e rcu lo s is . P 2 
p a ra tu b e rcu lin  w as fo u n d  m ost su itab le  for id e n tify in g  in fec ted  an im als in  th a t  
s ta g e  o f the  disease p rocess (Table I).

(4) Cows of th e  te s t  group (n =  1247) obv iously  w ere in  d iffe ren t stages 
o f  p ara tu b ercu lo s is .

T he above fo u r p a ra g ra p h s  in d ica te  th e  differences b e tw een  resu lts  o b 
ta in e d  for the  p ositive  co n tro l an d  th e  te s t  g roup .

O n th e  basis o f  th e  p resen t ex p erim en ts  an d  resu lts , p a ra tu b e rcu lin  
P P D  contain ing  0.5 m g/m l tu b e rc u lo p ro te in  seem s prom ising  in  iden tify in g
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anim als a ffec ted  b y  th e  tubercu lo id  s tag e  of p ara tu b ercu lo s is . P resum ab ly , th is  
allergen will p ro v e  valu ab le  in  e lu c id a tin g  th e  cause o f  parallerg ic  responses 
occurring  w h en  c a ttle  herds are checked  b y  tu b ercu lin  te s ts  for freedom  fro m  
bovine tu b ercu lo s is .
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A new aerosol im m unization technique, involving the use of an aerosol generator, 
has been developed. N inety  to  ninety-four per cent of the aerosol consists of particles 
ranging in size betw een 2.0 and  7.0 /m i. The aerosol does no t contain particles exceeding
7.0 /im in diam eter. A nother im p o rtan t elem ent of th e  technique is the vaccine diluent: 
during the tim e of im m unization (about 30 min) it  substantially  reduces losses by 
evaporation  and prevents photo-oxidation  of the virus. Using this technique, a La Sota 
v irus dose of 107 0-1 0 7'2 E ID 50/m 3 is required to  elicit a firm  im mune response a t large- 
scale farms. In  chickens younger th an  three weeks vaccination reactions m ay occur. 
Therefore, the technique is recom m ended for use in  chickens older th an  three weeks.

The technique has been developed so th a t the aerosol generators are switched 
on and off outside the  air-space treated . Operators shall enter the chickens house only 
a fte r thorough ventilation .

By the technique substan tia l am ounts (60-70% ) of vaccine can be saved as 
com pared to the m ethods used earlier. Im m unization  in a laying house containing
25.000 birds takes 40 m inutes.

Keywords. Newcastle disease, La Sota strain , aerosol vaccination, particle size, 
vaccine diluent, im m une response

L ive v irus vaccines can  be u sed  fo r m ass im m u n iza tio n  in  large-scale  
flocks (G ough and  A llan , 1973). D rin k in g  w a te r ap p lica tio n  o f  th e  len togen ic  
s tra in s , how ever, m ay  ind u ce  a n  in su ffic ien t level o f p ro tec tio n  (B alia  e t ah , 
1976). T herefore, th e  use o f such  s tra in s  b y  th e  aerosol ro u te  has becom e th e  
cen tre  o f  in te rest. A erosol v acc in a tio n  has been  estab lished  as a qu ick  an d  
effec tive  m ethod  (A llan  an d  B o rlan d , 1979). T he tech n iq u e  shou ld  be sim ple, 
shou ld  induce  a firm  im m u n e  response  in  th e  b ird s, an d  shou ld  n o t give rise 
to  ad v erse  side effects.

T h e  a tom ising  p e rfo rm an ce  a n d  q u a lity  o f aerosol g en era to rs  developed  
so fa r  (A tom ist, T u rb a ir , P u lsfog , D A G , etc.) h av e  n o t ren d ered  possible th e  
g en e ra tio n  of aerosols o f su ffic ien tly  un ifo rm  d is tr ib u tio n  in  large  air-spaces. 
Tw o m eth o d s have been  p rop o sed  an d  tr ie d  ou t fo r e lim in a tin g  th is  p rac tica l 
p ro b lem . A ccording to  th e  f irs t  so lu tio n , th e  b ird s are  im m unized  in  a v acc in a 
tio n  tu n n e l  or crow ded to g e th e r  in  a n a rro w  space for th e  tim e  o f v acc in a tio n . 
A n a lte rn a tiv e  is w hen  th e  o p e ra to rs  ho ld  th e  aerosol g en e ra to r in  th e ir  hands 
an d  d ire c t th e  aerosol s tre a m  a t  th e  chickens. B o th  m ethods req u ire  th a t  th e  
o p e ra to rs  s ta y  in  th e  a ir-space  t re a te d . I f  th e y  do n o t w ear c lo se-fitting , ef-
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fe c tiv e  gas m asks, th e  o p e ra to rs  m ay  be exposed  to  risks o f in ju rie s  to  h e a lth  
su ch  as co n ju c tiv itis  (M ayr, 1985). I t  shou ld  be m en tio n ed  th a t  c a rry in g  aerosol 
g en e ra to rs  for a perio d  o f  severa l hours is a v e ry  ex h a u s tin g  w ork.

To th e  b est o f o u r know ledge, no aerosol v acc in a tio n  tech n iq u e  is availab le  
t h a t  is app licab le  in  la rg e  air-spaces (exceeding 500 m 3) w ith o u t th e  opera to rs 
s ta y in g  th e re  d u rin g  th e  t re a tm e n t. T herefo re , ou r aim  w as to  develop a 
te c h n iq u e  w hich sa tisfies  th is  dem and .

N um erous p ap e rs  h av e  d ea lt w ith  th e  role of th e  vaccine d ilu en t in  
aeroso l v acc in a tio n  (B o n d aren k o  e t ah , 1975; E w e rt e t ah , 1977; G ough an d  
A lex an d er, 1973; T ó th , 1959; V illegas an d  E le v e n , 1976; Y ad in  a n d  O rthe l,
1978). D istilled  w a te r  a n d  p ro te in  so lu tions h av e  p ro v ed  th e  m ost effective. 
T h e  aerosol g en era ted  from  v iru s  suspensions m ade w ith  d istilled  w a te r  w as 
tr ie d  o u t in  such sm all a ir-spaces in  w hich, as i t  can  be im plied  from  th e  ex p e
r im e n ta l cond itions, th e  v iru s  m ay  have go t n o t  on ly  in to  th e  low er re sp ira 
to ry  passages b u t, in  th e  form  o f large d ro p le ts , also on th e  b ird s ’ co n ju n c tiv a  
an d  in to  th e ir  n o strils . T hese tr ia ls  c an n o t be reg a rd ed  as “ p u re ”  aerosol v a c 
c in a tio n s  and  th e ir  re su lts  are  n o t rep ro d u c ib le  in  large a ir-spaces. P ro te in  
so lu tio n s used as vacc ine  d ilu en t, on th e  o th e r  h a n d , alw ays pose th e  risk  of 
cau sin g  allergic reac tio n s .

T he aim  of th e  ex p e rim en ts  w as to  develop an  aerosol stab ilize r w hich 
does n o t a c t as an tig en  h u t  aids th e  g en era tio n  o f d ro p le ts  th a t  are  uniform ly 
d is tr ib u te d  in large air-spaces an d  m a in ta in  th e ir  size fo r a g iven tim e .

M aterials an d  m ethods

Aerosol generator. A  M A S T E R D R O P  M D -2500 ty p e  aerosol g en era to r, 
a m o d ifica tio n  of th e  E P -100  ty p e  e q u ip m en t (T am ási e t al., 1984), was used. 
T h e  a tom ising  p e rfo rm an ce  o f th e  g en e ra to r is 2500 cm 3/h , an d  its  w eigh t is 
7.8 kg .

Vaccine. N D V  s tra in  L a S o ta  (P h y lav ac) w as used. T he vacc in a l v iru s 
w as t i t r a te d  b y  in o cu la tin g  e m b ry o n a te d  h e n ’s eggs in c u b a te d  for 10 days. 
T h e  t i t r e  was c a lcu la ted  accord ing  to  R eed  a n d  M uench an d  expressed  in  
login values. T he ca lcu la ted  v iru s  t i tre s  used  in  th e  ex p erim en ts  w ere 106'5 and  
107-9 E ID 50 per cubic m e tre  of air.

D eterm ination o f  the size and number o f  aerosol particles. T he n u m b er an d  
d is tr ib u tio n  of pa rtic le s  in  th e  a ir w ere d e te rm in ed  b y  az AZ-5 ty p e  (U dSSR ) 
in s tru m e n t. A ir sam ples w ere ta k e n  from  areas o f th e  air-space fa r  from  th e  
aeroso l s tream . F ro m  th e  m easured  values we ca lcu la ted  th e  size d is tr ib u tio n  
o f  p a rtic le s  in  ranges o f 0 .5 -1 .0 , 1 .0-1 .5 , 1 .5 -2 .0 , 2 .0 -4 .0 , 4 .0 -7 .0  a n d  7 .0-10 .0  
pm . M ean partic le  d iam e te r  w as d e te rm in ed  b y  a laser p a rtic le  co u n te r (Chin- 
o in  P h a rm a c e u tic a l an d  C hem ical W orks L td ., B u d ap est) .
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Challenge in fection . V accinations w ere p erfo rm ed  u n d e r con tro lled  con- 
d ito n s ( te m p e ra tu re  an d  re la tiv e  h u m id ity ). T he b ird s  w ere challenged w ith  
10® L D 50 of v iru le n t v iru s  in tra tra c h ea lly .

H aem agglutination  inh ib ition  ( H I )  test. T he  H I  te s t  w as p erfo rm ed  in  
T a k á ts y ’s m ic ro titra to r  tra y s . T he geom etric m ean  ti t re s  w ere expressed  in  
lo g 2 values.

A ssa y  o f  antibiotics. N eom ycin , O xyte tracycline  (OTC) an d  T y la n  w e
re assayed  b y  a b ac te ric id a l te s t  as described  in  Assoc. Off. A nal. C hem . 
(1970).

Vaccination at large-scale fa rm s. The a ir-space  o f  th e  ch icken  houses w as 
ca lcu la ted  from  th e  av a ilab le  d a ta , or assessed, an d  w as expressed  in  cubic 
m e tres  of air. T he p e rfo rm an ce  of th e  M D-2500 ty p e  aerosol g en e ra to r w as 
d e te rm in ed  in  p re lim in a ry  ex perim en ts on th e  basis o f changes in  th e  p a rtic le  
co u n ts  o f th e  a ir. T hese re su lts  ind ica ted  th a t  an  aeroso l gen era to r k e p t in  
p o sitio n  w as cap ab le  o f causing  a s ign ifican t rise in  d ro p le t coun ts in  an  a ir 
space o f 500 m 3. C orrespond ing  to  th e  size o f th e  a ir-space , 1 to  6 g en era to rs  
w ere d is tr ib u te d  in  th e  ch icken  house. In to  th e  ta n k  o f  each  gen era to r 50 g 
s tab ilize r w as p o u red  an d  th e  ta n k  was filled  u p  to  th e  m a rk  w ith  ta p  w a te r. 
S u b seq u en tly , we m easu red  th e  resuspended  vaccine  in to  th e  ta n k s  in  doses 
enab ling  us to  ach ieve th e  E I D 50/m 3 values g iven  above. T he stab ilize r w as 
d isso lved  an d  th e  v iru s  w as resuspended  b y  g en tly  sh ak in g  th e  ta n k s . T he 
doors o f th e  ch icken  house w ere closed an d  v e n tila tio n  w as sw itched  off. T he 
g en era to rs  w ere sw itch ed  on from  outside th e  a ir-space  to  be tre a te d  an d  w ere 
o p e ra te d  fo r 15 to  18 m in. B y  th e  end of th a t  tim e  th e  ta n k s  h ad  been d ra in ed . 
Tw elve to  fif te en  m in  a f te r  th e  g enera to r h a d  b een  sw itch ed  off, v e n tila tio n  
w as s ta r te d  again . T he s ta f f  en te red  th e  ch icken  house  o n ly  a fte r  5 -10  m in  of 
v en tila tio n .

R esults

T he M D-2500 ty p e  aerosol genera to r w as developed  as follows.
T he screened  se p a ra to r  o f th e  E P -100 ty p e  g en e ra to r  described in  an  

ea rlie r p ap e r (T am ási e t  a l., 1984) was rep laced  b y  a gu ide-railed  se p a ra tin g  
ta n k . T he in te rn a l d iam e te r  o f th e  nozzle w as in creased . T he shape, size a n d  
p o sitio n  of th e  nozzle w ere chosen ex p erien tia lly . T h ey  w ere ad ju s ted  u n til  
th e  la rg es t d ro p le ts  o f th e  aerosol d id  n o t exceed  7 fu n  in  d iam eter. S im u lta 
neously , a tom ising  p erfo rm ance  and  aerosol q u a lity  w ere a d ju s ted  to  th e  d e 
s ired  values b y  o p tim u m  selection  of th e  size, n u m b er, an d  position  of th e  so- 
called  gu ide-b lades.

B y  th ese  m od ifica tio n s th e  0 .84-0.96 d m 3/h  a tom isin g  perfo rm ance of 
th e  E P -100  ty p e  aeroso l g en era to r was in creased  to  2 .5 -3 .0  dm 3/h  w ith o u t 
a lte r in g  th e  e lec tric  m o to r. I n  th e  p resen t ex p e rim en ts  th e  new  M D -2500
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ty p e  (M A S T E R D R O P ) g en e ra to r  w as u sed . T able I  show s th e  com parison  
o f  th e  o ld  and  th e  new  g en era to r. I n  p a rtic le  size d is tr ib u tio n  no considerab le  
d ifference  was d em o n strab le  be tw een  th e  tw o  ty p es. O nly  in  th e  n u m b e r of 
th e  la rg e s t and  sm allest d ro p le ts  w as th e re  a n  appreciab le  d ifference. D rop lets 
la rg e r  th a n  7.0 fim  w ere n o t m easu red  fo r e ith e r  genera to r. W hen  th e  M D-2500 
ty p e  g en era to r was used , th e  h ig h est p a rtic le  coun t was 3 -4  X 105/d m 3 in  th e  
v a r io u s  m easu rem en t ranges. T he p a rtic le  co u n t was th e  sam e 20 an d  160 
cm  above  floor level. In  n o n -stab ilized  aerosols g enera ted  from  d istilled  w a te r 
th e  p a rtic le  coun ts o f th e  a ir d id  n o t  rise  ev en  in  th e  d ro p le t size class sm aller 
th a n  0.5 цт :  only re la tiv e  h u m id ity  in c reased  b y  a few p e r cen t.

T h e  effect o f th e  p h o to p ro te c tiv e  a g e n t (PA) a d d ed  to  th e  stab ilize r 
is d e m o n s tra te d  in  T ab le  I I .  A t th e  tim e  o f v acc in a tio n  th e  chicks h a d  a low 
m a te rn a l  a n tib o d y  level (H I-G M T  lo g 2 1.0). B lood sam ples w ere ta k e n  15 
d ay s  a f te r  v acc in a tio n . T he b ird s  w ere challenged  on p o s tv a c c in a tio n  d a y  24. 
I f  th e  v iru s co n cen tra tio n  w as h ig h er th a n  th a t  show n in  T ab le  I I  (107,4-1 0 7'6

Table I

D istribution of particles according to  size (in per cent of volume)

P a rtic le  size
и

T im e  (m in) elapsing  a f te r  ae ro so liza tio n

5 10 15 20 25 30

0.5-1.0 3.90a 2.44 3.18 4.06 5.15 5.30
1.0-1.5 3.30 3.34 4.95 4.62 5.19 6.69

EP-100 1.5-2.0 7.79 6.57 7.76 8.38 8.67 9.91
2.0-4.0 66.49 75.05 72.67 73.46 73.63 71.43
4.0-7.0 18.47 12.58 11.42 9.47 7.29 6.73

0.5-1.0 0.45 0.20 0.29 0.38 0.54 0.83
1.0-1.5 1.66 1.37 1.40 1.78 2.22 2.86

MD-2500 1.5-2.0 3.88 3.59 4.60 5.18 5.23 6.01
2.0-4.0 59.67 62.73 69.98 68.65 71.77 72.74
4.0-7.0 34.31 31.73 23.70 23.98 20.98 15.51

a: %

Table II

Effect of the photoprotective agent (PA) on the H I titres and 
results of challenge in chicks vaccinated a t the age of 10 days (106‘8 E ID 50/m 3)

W ith  P A W ith o u t  P A

H I (GMT-log2) 4.90 (58a) 2.97 (69)
Birds dying after challenge/total num ber

of challenged birds 1/20 8/20

a number of chicks in the group
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Table III

Vaccination reaction of aerosolized“ chickens a t th e  age of 21 days

Groups** t re a te d
R e sp ira to ry  re a c t io n 0 (% )

M o rta lity 01 (% ) G M T -H I (lo g ,)
N e g a tiv e P ositive

1 Neomycin' plus OTC 45 55 0 5.14
2 Tylan« 29 71 1.0 5.17
3 No antibiotics 26 74 2.5 5.27

“ dose of La Sota: 107'9 E ID 50/m 3 
b 200 chickens per group 
0 observed 6 days after vaccination 
d occurring 5 to 9 days after vaccination 
e 0.2 g/m3 4 and 5 days after vaccination

Table IV

M ortality after challenge“ in  chickens vaccinated w ith NDV strain 
La Sota w hen 17 days old

D ose o f  L a  S ota  
E ID e0/m 3 

logic

H I-G M T b
lo g ,

M o rta lity  (d ay s  a f te r  v accina tion) 

3 6 10 14

6.5 3.9 2 /8 « 0 / 8 0 / 8 0 / 8

6.9 7.1 1 /8 0 / 8 0 / 8 0 / 8

7.1 7.1 2 /8 0 / 8 0 / 8 0 / 8

Unvaccinated controls 0 8 /8 8 / 8 8 / 8 8 / 8

“ 106 LD50 intratracheally
b num ber of birds in each group: 60
c num ber of dead birds/total num ber challenged

E I D 50/m 3), th e re  w as no difference accord ing  to  w h e th e r or n o t th e  s tab ilize r 
c o n ta in e d  PA .

A  possib le w ay  of p rev en tin g  v acc in a tio n  reac tio n s is show n in  T ab le  
I I I .  T he chickens belonged to  th e  so-called  “ h a tc h e ry  w aste”  ca teg o ry  an d  
15%  o f th e m  died  in  sp ite  of o p tim a l m anagem en t-techno log ica l co n d itions 
before  reach in g  th e  age o f 10 d ay s. A fte r  deaths h a d  ceased to  occur, th re e  
g roups, each  con ta in in g  200 b ird s, w ere form ed. T he chickens w ere v a cc in a ted  
a t  21 day s old: b y  th a t  tim e  th e  m a te rn a l an tibod ies h ad  d isap p eared . T he 
v iru s  dose app lied  w as la rger (107,9 E I D 50/m 3) th a n  in  th e  o th e r ex p erim en ts . 
O n day s 4 a n d  5 a f te r  aeroso liza tion  (on  tw o occasions a ltoge ther) chickens o f 
G roup 1 received  a m ix tu re  of n eo m y cin  and  O xytetracycline, w hereas th o se  
o f G roup 2 T y lan , b o th  a t  a dose r a te  o f  0.2 g/m 3. O ne to  six  h  a fte r  t r e a tm e n t 
no a n tib io tic s  w ere d e tec tab le  in  th e  se rum , lungs an d  liver o f th e  b ird s  k illed  
b y  b leed ing . F rom  th e  lungs of th e  ch ickens dying  d u rin g  th a t  period  E scheri
chia coli w as iso lated .
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R esu lts  of a cha llenge  in fec tion  e x p e rim en t are  show n in  T ab le  IY . T he 
m a jo r i ty  of th e  ch ickens p ro v ed  to  be p ro te c te d  a g a in s t challenge on p o stv ac 
c in a tio n  d ay  3. H I  a n tib o d ie s  f irs t ap p ea red  on  day s 6 -7  a fte r  aeroso l vacc ina
tio n .

T h e  resu lts o f im m u n iz a tio n  tr ia ls  c o n d u c ted  in  large-scale b ro iler flocks 
a re  g iv en  in  T able Y. A  to ta l  of a b o u t 140,000 chickens w ere u sed . In  experi
m e n ts  1 an d  2 d y sp n o ea  occu rred  am ong th e  ch ickens, w ith  a m o rta lity  ra te  o f 
1—2 % . B y  th e  end  o f th e  fa tte n in g  perio d  th e  aeroso lized  chickens h ad  higher 
m e a n  H I  titre s  in  a ll ex p erim en ts  th a n  th e  b ird s  v a cc in a ted  in  th e  d rink ing  
w a te r .

Seroconversion o f  p u lle ts  v a cc in a ted  a t  13 w eeks old is show n in T able  
V I . V acc in a tio n  re a c tio n s  w ere n o t observed . I n  th e  aerosolized ch icken  houses 
th e  H I  t i tre s  were s tr ik in g ly  h igh, even  as co m p ared  to  th e  o th e r  experim en ts.

Table V

V accination of broiler chickens against Newcastle disease

E x p .
Age

(d ay )

L a  S ota  
E ID 60

p er
m 8

b g 10

S am -
p lin g
a f te r
v a c c .
(d ay )

N eg .
H I

H I  (d ilu tio n  o f  se ra , 1:)
H I-G M T

2 4 8 16 32 64 128 256 512 1024
log 2

2048 4096

l 19 7.0 33 — — 4 23 23 25 l i 5 5 — — -  -  4.5
2 20 DWa 15 — — 3 2 7 11 8 4 2 l 2 -  -  5.4

20 7.2 15 — — — 3 2 6 10 13 4 2 — -  -  6.2

3 21 DW 28 2 5 5 5 6 6 1 3.0
21 7.0 28 1 — 7 6 16 17 12 1 — — — -  -  4.3
21 7.0 28 1 1 8 10 13 16 8 2 — — — -  -  4.1

4 21 DW 23 3 5 7 13 10 3 2 2 — — — -  -  3.1
21 6.9 23 1 2 5 7 17 21 12 4.3

N um ber of chickens in E xp . 1-4: 140,000 
“ in drinking water, 106-5 to  106-8 E ID 50 per chicken

Table VI

V accination of pullets a t the age of 13 weeks

R o u te  o f 
ad m in .

D ay s
a f te r
v acc.

N eg . 
s e ra  - 
(n)

H I  t i t re s  (1:) H I-G M T
log*

2 4 8 16 32 64 128 256 512 1024 2048 4096

In  th e  drinking“ 0 2 4 8 8 5 2 l 2.6
w ater 15 — 2 9 11 8 6 12 3 — — — — — 3.7

By 0 — — 12 10 3 5 3.0
aerosolb 15 1 1 4 4 14 18 9 10.3

a 106-6 E ID 60 per chicken 
b 107-1 E ID 50 per m3 
Group size: 5000 birds
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Table VII

V accination of laying hens w ith  A tom ist and Masterdrop aerosol generators

R o u te  o f  
ad m in .

N eg.
вега
(n)

H I  t i t re s  (1:) G M T -H I
b g 22 4  8 16 32 64 128 256 512 1024 2048 4096

In itia l value l 1 4 — 2 4 11 7 6 — — — — 5.55
A tom ista — -  — — -  1 3 5 5 4 5 2 2 8.51

M asterdropb 4 6 7 10 6 3 - 8.47

a 106-5 E ID 50 per bird, n: 16,000 
b 1070 E ID 50 per bird, n: 42,000

Table VIII

H I titres of aerosolized laying hens a t the age of 31 weeks

Sam plings 
a f te r  th e

H I  (se ru m d ilu tio n s , 1:)
G M T -H I

aerosol
(days) 2 4 8 16 32 64 128 256 512 1024

lo g  г

35 — — — 2  8 и 2 2 26 9 2 7.21

105 — l и 1 2  1 1 24 14 16 1 1 3 6 . 2 1

N um ber of vaccinated birds: 56,000 (in two houses) 
Dose of La Sota strain: 107'1 E ID 50 per m 3

T ab le  V I I  sum m arizes th e  re su lts  o f im m u n iza tio n  perfo rm ed  w ith  th e  
A to m is t an d  th e  M A S T E R D R O P  a p p a ra tu s . T he in itia l H I  t i tre s  show n  in 
th e  ta b le  re f le c t th e  re su lt o f an  im m u n iz a tio n  perfo rm ed  w ith  an  in a c tiv a te d  
vacc ine  fo u r w eeks earlier. T here  w as no d ifference in  th e  degree o f p ro te c tio n  
in d u ced . I n  effic iency , how ever, th e re  w as a su b s ta n tia l d ifference b e tw een  
th e  tw o  m eth o d s . N am ely , w ith  th e  A to m is t tw o  o p era to rs  v a c c in a ted  16,000 
chickens in  tw o  w ork -days, w hereas w ith  th e  M A S T E R D R O P  one o p e ra to r  
im m u n ized  as m a n y  as 42,000 ch ickens in  3 h.

D a ta  on th e  aerosol v ac c in a tio n  of lay in g  hens are g iven in  T ab le  V I I I .  
E gg  p ro d u c tio n  d id  n o t decrease a f te r  aeroso lization . T hree an d  a h a lf  m o n th s  
a f te r  aerosol v ac c in a tio n  th e  m ean  H I  t i tre s  o f th e  flocks exceeded  1 : 64.

D iscussion

T he m o st im p o r ta n t ach iev em en t o f th e  p resen t w ork  has b een  th e  
d ev e lo p m en t o f  an  aerosol v a c c in a tio n  tech n iq u e  w hich can  be ca rried  o u t 
w ith o u t h a v in g  to  m ove th e  b ird s  a n d  so th a t  th e  o p era to rs  need  n o t s ta y  in  
th e  a ir-space tre a te d . This m e th o d  reduces th e  h ea lth  risks assoc ia ted  w ith
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aeroso l im m u n iza tio n . T h e  efficiency of th e  w ork  an d  th e  w orking  cond itions 
h av e  been  im proved .

B y  th e  reco m m en d ed  techn ique  su b s ta n tia l  am o u n ts  o f vaccine can  be 
sav ed  as com pared  to  a n y  o th e r v acc in a tio n  p rocedure . E . g. b y  our aerosol 
te c h n iq u e  only Ю10-3—1010,5 E ID 50, w hereas in  d rin k in g  w a te r  ap p lica tio n  or 
using  th e  A tom ist a p p a ra tu s  lO10-9-11-1 E I D S0 v iru s  w as needed  for a lay ing  
house  o f 25,000 b ird s . T h is corresponds to  a b o u t 6 0 -7 0 %  savings in  vaccine.

As com pared  to  th e  aerosol stab ilizers u sed  earlie r, th e  stab ilize r d evel
oped  b y  us does n o t c o n ta in  foreign su b s ta n c e s ; i t  consists of w ell-definable 
com pounds and  can  be  p ro d u ced  in  s ta n d a rd  q u a lity . (The stab ilize r is com 
m ercia lly  availab le). I n  ea rlie r studies no a t te n tio n  w as p a id  to  p ro tec tin g  th e  
v acc in a l v iru s a g a in s t p h o to -o x id a tio n . O u r ex p erim en ts  have  show n th a t  
p ro te c tio n  of th e  v iru s  is v e ry  im p o rta n t, p a r tic u la r ly  if, for some reason  or 
o th e r , th e  v irus dose is low er th a n  p lan n ed . T his p rim arily  occurs a fte r  in a d 
e q u a te  storage an d  tra n s p o r ta t io n  (A llan an d  D aw son, 1973). In a c tiv a te d  
vaccines th a t  have  re c e n tly  becom e w id esp read  are  n e ith e r  free from  p ro b 
lem s: th e y  con sid erab ly  increase th e  costs o f im m u n iza tio n  an d  keeping . 
In a c tiv a te d  vaccines u su a lly  confer a good acqu ired  im m u n ity  an d  do n o t 
cause v acc in a tio n  rea c tio n s . H ow ever, local reac tio n s do occur a fte r  th e ir  use 
an d  th e  a d ju v a n t is d em o n strab le  from  th e  organ ism  for as long as 28 weeks 
a f te r  v acc in a tio n  ( J a rc  a n d  K ölbl, 1984).

O ur resu lts s u p p o r t ea rlie r findings (G ough an d  A lexander, 1973) acco rd 
ing  to  w hich resis tan ce  to  N ew castle disease developed a few  days a fte r  ae ro 
sol v acc in a tio n  desp ite  th e  fa c t th a t  H I  an tib o d ie s  h a d  n o t appeared  b y  th a t  
tim e  (G iam brone, 1985).

W e have fo u n d  t h a t  th e  im m u n iza tio n  of even 19-20 days o ld  b ird s 
poses som e risks. T he cause  of v acc in a tio n  reac tio n s shou ld  n o t be looked fo r 
in  th e  v acc ina tion  te c h n iq u e  itself. E . g. H en tg es  e t al. (1984) found  th a t  a f te r  
d rin k in g  w a te r ap p lic a tio n  of NDY vaccines th e  ra te  o f p ro te in  syn thesis  
decreased  in  th e  m uscles. R e n a u t and  Z y g ra ich  (1979) induced  a v acc in a tio n  
re a c tio n  w ith  d rop le ts  as la rge  as 40-60  /лп . W e agree w ith  th e  conclusion 
d raw n  b y  Villegas a n d  K lev en  (1975) th a t  i t  is n o t fu lly  co rrec t to  e v a lu a te  
th e  im m u n o g en ic ity  o f  th e  so-called “ coarse sp ra y ”  since d rop le ts  la rg e r th a n  
3 /im  im m unize b y  in h a la tio n  only if  th e ir  size decreases below  3 /an  as a 
re su lt o f ev ap o ra tio n . C lear in te rp re ta tio n  o f th e  re su lts  is fu r th e r  h indered  b y  
th e  fa c t th a t  in  p o u ltry  th e  basic d a ta  on aerosol p a rtic le  sed im en ta tio n  in  
th e  re sp ira to ry  passages a p p ly  to  th e  so-called  “ d ry  p a rtic le s”  an d  are only  
p a r tia lly  tru e  for liq u id  d ro p le ts  (H a y te r  a n d  B esch, 1973).

Since in  our o p in io n  th e  v acc in a tio n  reac tio n s c a n n o t be reg a rd ed  as 
p rob lem s connected  w ith  th e  vaccine ap p lica tio n  tech n iq u e , th e  p resen t ex p e ri
m en ts  have  y ielded  a n  effective, sim ple aeroso l v acc in a tio n  tech n iq u e  th a t  
does n o t pose a risk  to  h u m a n  h ea lth  and  elic its  a firm  im m une  response.
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A natu ra l aviru lent Bordetella bronchiseptica m u tan t was isolated from a swine 
herd  free from the  clinical signs and gross pathological lesions of atrophic rh in itis (AR). 
In  experim ents w ith mice, the m u tan t proved to  be atoxic. The stra in  could be reisola
ted  from the nasal mucosa of S P F  piglets for 21 days and was apathogenic for swine.

The live stra in  was used in four schemes of im m unization experim ents in  four 
large-scale swine herds severely affected by  AR. The inoculum  was 5 X 10s CFU per 
nostril, applied on the nasal mucosa. The pig herds were infected b y  bo th  exotoxin-pro
ducing B. bronchiseptica and exotoxin-producing Pasteurella m últoddá  strains. In  scheme 
I , th e  piglets were vaccinated a t b irth , in  scheme I I  a t b ir th  and a t 15 days old, in 
scheme I I I  a t b ir th  and a t 30 days old, and in scheme IV a t  b ir th  and a t 60 days old. 
The vaccinated groups contained 120-1800 piglets in the various herds.

The bacteriological, immunological and gross pathological exam inations per
form ed in the four herds have led us to  the following main conclusions:

Im m unization  induced, w ithin three weeks, protective mucosal im m unity  w hich 
prevented  v iru len t B. bronchiseptica stra ins from colonizing the nasal m ucosa, and 
reduced the severity  of infection by  v iru len t P. múltoddá. In  piglets im munized once 
th e  protection against B. bronchiseptica las ted  a t least 4—6 weeks, while in those vac
cinated twice as long as 2 to  3 m onths.

In  the nasal secretion of the im m unized piglets higher titre s  of antibodies were 
found th an  in th e  controls. These antibodies reacted w ith b o th  th e  B. bronchiseptica 
and  the P. m últoddá  antigens.

In  agreem ent w ith results of the bacteriological and im munological studies, the 
gross pathological findings indicate th a t  tw o im m unizations w ith  the B. bronchiseptica 
s tra in  m ay  reduce the severity of AR by  65-80%  in pig herds affected by A R, p a rtic 
u larly  if the second vaccination takes place a t  30 days old.

Keywords: A trophic rhinitis, swine, epizoo tiology, Bordetella bronchiseptica, local 
im m unization, aviru lent strain

A tro p h ic  rh in itis  (AR) o f sw ine is know n  to  be caused  b y  ex o to x in -p ro 
duc ing  Bordetella bronchiseptica  an d  Pasteurella m ú lto d d á  s tra in s  (D u n can  e t 
a l., 1966; H arris  an d  Sw itzer, 1968; De Jo n g  e t al., 1980; M in iats an d  Jo h n so n , 
1980; P ed ersen  an d  B arfod , 1982; R u tte r ,  1983; S him izu  e t  a l., 1971). D ue to  
th e  in fec tious n a tu re  o f th e  disease, im m u n iza tio n  w ith  a k illed vaccine  is 
used  as a m eans o f co n tro l in  a ffec ted  sw ine herds (É liás an d  T örök , 1984;
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G oodnow  e t al., 1979; H a rris  an d  S w itzer, 1972; K eller an d  L oren tz , 1980; 
K o sh im izu  et al., 1973).

L ittle  is know n a b o u t th e  local im m u n e  response o f th e  nasa l m ucosa 
a f te r  e ith e r  p a re n te ra l o r local an tig en  ap p lica tio n . In  th e  n asa l secretion  o f 
p ig le ts  p a ren te ra lly  im m unized  w ith  a k illed  B . bronchiseptica  vaccine, agg lu 
t in a t in g  an tibodies a p p e a r  w hich e lim in a te  th e  v iru len t B . bronchiseptica  s tra in  
u se d  fo r in tra n a sa l in fec tio n  (B ran d en b u rg , 1978). O th e r au th o rs  d em o n s tra 
te d , in  th e  nasal secre tio n  of p ig lets in tra n a sa lly  in fec ted  w ith  a low -viru lence 
B . bronchiseptica  s tra in , an tibod ies w hich su b s ta n tia lly  red u ced  th e  germ  
c o u n ts  o f th e  v iru le n t s tra in  used  fo r local in fec tion  (H arris  a n d  Sw itzer, 1969; 
W iseca rv e r and  G oodnow , 1980).

T h e  m ost p rom ising  re su lt w as ach iev ed  b y  H arris  (1970) w ho, follow ing 
loca l im m u n iza tio n  o f sw ine w ith  an  a v iru le n t live B . bronchiseptica  s tra in  
( s tra in  D -l) , observed  a resistance  s ta r t in g  from  p o s tv acc in a tio n  d ay  25 an d  
la s t in g  125 days. As a re su lt, th e  v iru le n t B . bronchiseptica  s tra in  used for 
in fe c tio n  was e lim in a ted  in  2 to  6 hou rs. S im ilar resu lts  w ere rep o rted  b y  F a r 
r in g to n  (1974) w ho d e m o n s tra te d  im m u n ity  o f th e  nasa l m ucosa from  p o s tv a c 
c in a tio n  day  14.

In  S P F  piglets locally  im m unized  w ith  an  av iru len t live B . bronchiseptica  
s tr a in ,  on day  21 a fte r  v acc in a tio n  we d e m o n s tra te d  m ucosal im m u n ity  ag a in s t 
ch a llen g e  w ith  5 x l 0 8 C FU  of v iru le n t B . bronchiseptica. In  th e  sam e e x p e ri
m e n t, d u ring  d e te rm in a tio n  of th e  im m u nog lobu lin  c o n te n t o f th e  nasa l sec
re tio n  b y  ind irec t im m unofluo rescence  ( IF ) , a c ross-reaction  w as found  b e 
tw e e n  B . bronchiseptica an d  P . m ú ltoddá  s tra in s  (É liás e t a l., 1985).

T h e  purpose o f  th e  p resen t w ork  w as to  e lucidate  th e  p o ten cy  of local 
im m u n ity  and  to  d e te rm in e  th e  o p tim u m  tim e  of v ac c in a tio n  in  large-scale 
p ig  h e rd s  severely a ffec ted  b y  A R .

M aterials an d  m ethods
Large-scale p ig  herds

F o u r  large-scale p ig  herds (A, B, C a n d  D) were chosen for th e  e x p e ri
m e n t. I n  these herds th e  clinical signs o f acu te  A R  seen in  th e  6 -1 0  weeks old 
p ig le ts  (sneezing, n a sa l d ischarge, la c h ry m a tio n , c o n ta m in a tio n  a round  th e  
eyes) a n d  th e  gross lesions found  in  th e  nose of fa tte n in g  pigs a t  s lau g h te r 
in d ic a te d  high p reva lence  of th e  disease. In  these herds b o th  th e  exo tox in - 
p ro d u c in g  B . bronchiseptica  an d  serogroup  D P. m últoddá  s tra in s  were iso la ted  
fro m  th e  nose of th e  c lin ically  affected  pigs.

Selection o f  the vaccine stra in

T h e vaccine s tra in  used  in  th e  e x p e rim en t was se lec ted  from  s tra in s  iso 
la te d  from  the  nasa l m ucosa of pigs fo r s la u g h te r  in  herds free from  th e  clin ical
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signs an d  gross lesions of A R . T h e  biological p ro p e rtie s  of th e  s tra in s  w ere 
d e te rm in ed  by  m eth o d s pu b lish ed  b y  us earlie r (É liás e t a l., 1982).

T he capsular antigens w ere o b ta ined  from  a n  a n tig e n  suspension (1012 
C FU /m l) w ashed  dow n from  blood  ag ar p la te s  in c u b a te d  fo r 18 h. T he su sp en 
sion w as k e p t in  w a te rb a th  a t  56 °C for 30 m in, c e n tr ifu g e d  a t  5000 rp m  fo r 
30 m in , and  th e  s u p e rn a ta n t w as used  for cap su la r a n tig e n  d e te rm in a tio n  b y  
agar-gel p rec ip ita tio n . A n tisera  w ere raised  in  ra b b its  a g a in s t B . bronchiseptica  
(22067 and  899) a n d  B . parapertussis  (504) re ference  s tra in s . The sera  w ere 
ab so rb ed  w ith  B . bronchiseptica  (214, 22067, 899), B . pertussis  (5373), an d  B . 
parapertussis  (504) s tra in s .

H aem agglutination  was d e te rm in ed  in a b a c te r ia l cu ltu re  in cu b a ted  for 
18 h , con ta in ing  1010 colony-form ing  u n its  (CFU ) p e r m l. A lo g 2 d ilu tion  series 
(up  to  1 : 256) w as m ade from  th e  b ac te ria l cu ltu re  w ith  1 m l saline in  a g g lu ti
n a tio n  tu b es, an d  0.05 m l vo lum es o f 2%  calf, ho rse  a n d  sheep red  b lood  cell 
(R B C ) suspensions, w ashed  severa l tim es, w ere a d d e d  to  th e  d ilu tions. T he 
m ix tu re  was sh ak en  v igorously , in cu b a ted  a t  37 °C fo r 1 h , and  re frig e ra ted  
o v ern ig h t a t  4 °C. T he te s t  w as scored as follows: +  +  +  =  100%  a g g lu tin a 
tio n ; - ) -+  =  > *5 0 %  a g g lu tin a tio n ; +  =  < 5 0 %  ag g lu tin a tio n .

D eterm ination o f  virulence. A log10 d ilu tio n  series o f a b ro th  cu ltu re  in c u 
b a te d  for 18 h , c o n ta in in g  109 C FU  per m l, w as u sed . Mice w eighing 12 g, 
an aes th e tized  w ith  e th e r , w ere in o cu la ted  in tra c e re b ra lly  w ith  0.05 m l o f th e  
d ilu tio n s, those w eighing  16 g received  0.1 m l in tra tra c h e a lly , and  o th e r m ice, 
also w eighing 16 g, 0.5 m l vo lum es in tra p e rito n e a lly . E ach  group consisted  
o f fo u r mice. T he perio d  of o b se rv a tio n  was 7 days.

A lbino m ice w eighing 20 g w ere used fo r th e  d e te rm in a tio n  of exotoxin  
production. The m ice w ere in o cu la ted  in to  th e  ta il  v e in  w ith  0.5 m l vo lum es of 
a lo g 2 d ilu tion  series (1 : 2 -1  : 16) of th e  18-h b ro th  c u ltu re  of th e  s tra in . F o u r  
m ice w ere in o cu la ted  w ith  each d ilu tion . D ea ths w ere reco rded  over a period  
o f six  days, an d  on th e  7 th  d a y  we dete rm in ed  th e  re la tiv e  spleen m ass o f 
m ice k illed  in  e th e r  an aesth esia , in  m g/10 g bo d y  m ass.

T he pathogenicity and stab ility  of th e  s tra in  w ere de te rm ined  in  S P F 1 
p ig le ts . A th ree-w eek-o ld  p ig let w as in jec ted  in to  each  n o s tr il w ith  0.5 m l of 
th e  18-h b ro th  c u ltu re  co n ta in in g  5 X 108 CFU . T he 18-h b ro th  cu ltu re  o f th e  
s tra in  re iso la ted  on d a y  5 w as in o cu la ted  in to  a n o th e r  p ig le t, th e n  a t  f iv e -d ay  
in te rv a ls  i t  was p assaged  in  a th ird  and  fo u rth  p ig le t (in fec tive  dose: 5 X 108 
C FU ). F inally , th e  p ro p erties  o f th e  s tra in  re iso la ted  from  th e  fo u rth  p ig le t 
w ere determ ined .

T he piglets w ere killed , necropsied  an d  ex am in ed  fo r gross an d  h is to p a th o - 
logical changes tw o  m o n th s  a fte r  infection .
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M ode and  schemes o f  vaccination

I n  th e  four p ig  h e rd s  th e  live v acc in e  s tra in  was ap p lied  acco rd in g  to  th e  
fo llow ing  schem es:

Schem e I :  v acc in a tio n  a t  b ir th ;
Schem e I I :  v ac c in a tio n  a t  b ir th  a n d  a t  15 days old;
Schem e I I I :  v ac c in a tio n  a t  b ir th  a n d  a t  30 days o ld ;
Schem e IV : v a c c in a tio n  a t  b ir th  a n d  a t  60 days old.

In  herd  A, im m u n iza tio n  schem es I I  an d  I I I  w ere u sed  on  160 piglets 
p e r  g roup . In  h e rd  B , schem es I I I  a n d  IV  w ere followed in  g ro u p s com prising 
120 p ig le ts . In  h e rd  C, im m u n iz a tio n  schem es I I ,  I I I  an d  IV  w ere app lied ; 
h e re  th e  groups consisted  of 1800 p ig le ts . In  h e rd  D 160 p ig le ts  w ere  v acc in a ted  
a t  b i r th  (scheme I).

O n a single v a c c in a tio n  5 X 108 C F U  o f th e  lyoph ilized  s tra in , dissolved 
in  P B S , was in jec ted  in to  each  n o s tr il  w ith  a syringe. T he p ig le ts  w ere k ep t 
h e a d  dow nw ards d u rin g  th e  im m u n iza tio n . T he f irs t v a c c in a tio n  u su a lly  took  
p la c e  w ith in  6 hours a f te r  b ir th . D u rin g  rea rin g , th e  p ig lets in fe c te d  w ith  th e  
v a c c in e  s tra in  were k e p t  iso la ted  from  o th e r  pigs in  th e  u n it  b u t  in  th e  sam e 
a ir  space .

E va lu a tio n  o f the experim ents

F o r bacteriological exam inations, n a sa l sw abs were ta k e n  fro m  th e  sam e 
20 pigs of all ex p e rim en ta l g roups a n d  o f  th e  con tro l g roup  a t  7, 21, 40, 90 and  
120 d ays old. B . bronchiseptica  s tra in s  w ere iso lated  on B o rd e t-G en g o u  and  
M acC onkey m edia, a n d  P . m últo d d á  s tra in s  on blood ag ar a n d  on  a selective 
m e d iu m  conta in ing  5 %  sheep  blood  (h e a r t infusion agar, D ifco ; c lindam ycin  
p h o sp h a te  5 mg/1, g en tam ic in  su lp h a te  0.75 mg/1, sod ium  te llu r ite  2.5 mg/1, 
a m p h o te ric in  В (Sigm a) 5 mg/1, b a c itra c in  15 mg/1). Six s tra in s  o u t o f th e  B . 
bronchiseptica  iso lates w ere te s te d  to  d e te rm in e  w h e th e r o r n o t  th e  iso late 
w as a m ix tu re  of severa l B . bronchiseptica  s tra in s  of d iffe ren t p ro p ertie s . The 
p ro p e rtie s  of th e  B . bronchiseptica  s tra in s  w ere de te rm ined  as describ ed  above, 
w h e reas  those of th e  P . m ú lto d d á  s tra in s  b y  th e  m ethods o f  Io rd a c h e  e t al.
(1980) and  de Jo n g  e t  al. (1980).

Im m unological studies  w ere p e rfo rm ed  sim u ltan eo u sly  w ith  th e  b a c te 
rio log ica l exam in a tio n s. P ig le ts  im m u n ized  according to  schem e I I I  (as a 
r e s u lt  o f th e ir  fav o u rab le  b ac te rio log ica l find ings) and th e  c o n tro l an im als were 
ex am in ed . On one occasion  th e  im m u n o g lo b u lin  co n ten t o f  th e  n a sa l secretion  
o f  th re e  pigs per g roup  w as d e te rm in ed  b y  in d irec t IF . T h e  re su lts  are  given 
as ex trem e  values. F ro m  20-h B . bronchiseptica  an d  P . m ú lto d d á  cu ltu res  of 
108 C FU /m l germ  c o u n t, sm ears w ere p rep a red  and  fix ed  w ith  m e th an o l for 
20 m in  a fte r d ry ing . L o g 2 d ilu tions (10-1280) o f th e  nasa l sec re tio n  w ere layered
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o n to  th e  sm ears. T he sm ears w ere d ried  for 20 m in  a t  ro o m  te m p e ra tu re  an d  
w ash ed  in  PB S  th re e  tim es. T he p re p a ra tio n  w as t re a te d  w ith  1 : 50 d ilu tions 
o f  ra b b it  an ti-p ig  IgA  an d  IgG  fo r 20 m in, th e n  w ashed  th re e  tim es w ith  P B S  
ag a in . F in a lly  th e  p re p a ra tio n  w as s ta in ed  w ith  F IT C -lab e lled  a n ti- ra b b it Ig , 
w ash ed  th ree  tim es w ith  PB S , a n d  exam ined  in  a L e itz -O rth o p lan  flu o rescen t 
m icroscope a t  a m ag n ifica tio n  o f  X 375. In  a positive case th e  b ac te ria l cells 
e x h ib ite d  s tro n g  fluorescence. To o b ta in  nasa l secretion , 1 g o f m ucosa w as 
rem o v ed  from  th e  tu rb in a te s  o f each  an im al, cu t in to  sm all pieces, and  soaked  
in  2 m l saline fo r 24 h  a t  4 °C. T h e  secre tion  was cen trifu g ed  a t  5000 rp m  fo r 
30 m in , and  th e  clear su p e rn a ta n t w as used  (for th e  sake  o f  re p e a ta b ility , th e  
d ilu tio n  ra te  w as a rb itra r ily  considered  1 : 5).

Gross pathological ex am in a tio n s  w ere perfo rm ed  on  20 pigs of s lau g h te r 
w eig h t. The h ead  o f th e  pigs w as sp lit lo n g itu d in a lly  a n d  th e  a tro p h ic  changes 
o f  th e  tu rb in a te s , e th m o id  bone, n a sa l sep tu m  an d  tu rb in a te  bones were ra te d  
w ith  one to  fo u r crosses depend ing  on  th e ir  sev erity  (S zabó  an d  A ntal, 1971). 
T h e  average w as ca lcu la ted  for th e  20 pigs exam ined  in  th e  d ifferen t g roups 
as follows: e. g. 1 5 -, 4 -|-, 1 —|—|— =  6 — divided b y  20 =  0.3

R esults

B y  dete rm in in g  th e  bio logical p roperties of n u m ero u s B . bronchiseptica 
s tra in s  iso la ted  from  h e a lth y  sw ine herds, several a v iru le n t, atox ic  s tra in s  
w ere selected. T he capsule of th e  s tra in  used  in  th e  p re se n t experim en t co n 
ta in e d  5 ou t o f th e  7 К  an tig en  fac to rs  (7, 8, 9, 12 an d  13). T h e  18-h b ro th  cu l
tu re  of th is  s tra in , in  a d ilu tio n  o f  1 : 64, gave -f- +  a g g lu tin a tio n  w ith  sheep  
R B C s; how ever, i t  failed  to  a g g lu tin a te  ca lf an d  ho rse  R B C s. D uring  th e  
d e te rm in a tio n  o f v iru lence, m ice in o cu la ted  w ith  an y  d ilu tio n  o f th e  b a c te ria l 
c u ltu re  su rv iv ed  for 7 days (in  th e  low est d ilu tion  th is  m e a n t 107, 108 an d  
5 X 108 C FU  in  th e  case of in tra c e re b ra l, in tra tra c h e a l a n d  in tra p e rito n e a l 
in fec tio n , respective ly ). In  s tud ies on ex o tox in  p ro d u c tio n , a f te r  in trav en o u s  
in o cu la tio n  w ith  th e  low est d ilu tio n  no mice died w ith in  6 days. The re la tiv e  
sp leen  m ass o f m ice k illed on d a y  7 (on average o f 4 m ice) was 103.5, 109,
106.5, and  118 m g p e r 10 g bo d y  m ass i f  th e  1 : 2, 1 : 4, 1 : 8, a n d  1 : 16 d ilu tio n  
o f  th e  b ac te ria l cu ltu re  w as used , respective ly . The sp leen  o f th e  u n tre a te d  
c o n tro l m ice w as 45.5 m g/10 g b o d y  m ass.

The К  an tig en  fac to rs, th e  v iru lence  an d  h a e m a g g lu tin a tin g  ab ility  o f th e  
s tr a in  d id  n o t change d u ring  passages aim ed a t  d e te rm in in g  its  p a th o g en ic ity  
to  sw ine. D uring  th e  s tu d y  o f v iru lence , even mice in o c u la te d  w ith  th e  low est 
d ilu tio n  of th e  18-h b ro th  cu ltu re  su rv iv ed . In  stud ies on  ex o to x in  p ro d u c tio n , 
th e  re la tiv e  spleen m ass of m ice in o cu la ted  w ith  th e  lo w est ( 1 : 2 )  d ilu tions o f 
th e  b ac te ria l cu ltu re  w as fo u n d  to  be 109 m g/10 g b o d y  m ass. In  mice inocula-
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te d  w ith  th e  1 : 4 ,  1 : 8  a n d  1 : 16 d ilu tio n  th e  re la tiv e  sp leen  m ass was 107,
117.5 an d  114 m g p e r 10 g bo d y  m ass, respective ly .

Gross and  h is to p a th o lo g ica l e x a m in a tio n  of th e  in tra n a sa lly  infected  
S P F  p ig le ts revealed  no  p a tho log ica l changes in  th e  nose a n d  o th e r organs.

B acterio log ical ex am in a tio n s  p erfo rm ed  in  th e  im m u n ized  pig herds 
show ed  th a t  up  to  d a y  7 th e  vaccine s tr a in  could be re iso la te d  from  th e  nasa l 
c a v ity  of all p ig lets. A t 21 days old 1 0 -7 0 %  o f th e  p ig le ts  w ere in fec ted  b y  
B . bronchiseptica. E x a m in a tio n  of th e  su b cu ltu res  m ade fro m  th e  iso lates for 
v iru len ce  an d  ex o to x in  p ro d u c tio n  in d ic a te d  th a t  th e  iso la te s  w ere m ix tu res 
o f  th e  vaccine s tra in  a n d  v iru le n t B . bronchiseptica s tra in s . R eiso lation  a t 
te m p ts  perfo rm ed  on d a y  40 w ere successfu l only from  th e  n asa l m ucosa of 
p ig le ts  v acc in a ted  acco rd in g  to  schem e I I I :  th e  iso late  a lw ays proved  to  be 
th e  vaccine s tra in . O n d a y  90 v iru le n t B . bronchiseptica s tra in s  were iso la ted

Table I

Results of bacteriological examination of the nasal cavity in  the  four herds 
(20 piglets per group)

Schem e o f  v a c c in a tio n N eg ativ e  co n tro l

p ig le ts
(d ay s)

I I I I I I IV

B PВ P В P В P в P

7 20* _ 20* _ *о<м _ 20* _ 16-19*** _
21 8** 9 8-14** 4-8 2-7** 5-7 4-8** 6-7 18-20*** 9-14
40 0 7 0 3-6 9-13* 3-5 0 2-6 17-20*** 8-17
90 3*** 10 0 3-7 0 3-6 0 2-4 17-19*** 10-13

120 8*** 9 4-7*** 4-9 0 5-6 0 6-8 17-18*** 7-16

В =  В. bronchiseptica; P  =  P. múltoddá; *: the isolate is th e  vaccine strain; **: the 
isolate is a m ixture of the vaccine strain and a virulent strain; ***: the isolate is a virulent 
B . bronchiseptica strain. Figures indicate the num ber of strains isolated from the nasal cavity 
of 20 pigs; ranges show the extrem e values of the num ber of strains isolated in the three herds

Table II

Immunoglobulin titres of the nasal secretion after vaccination according to scheme III  and 
in  the control anim als in herds A, В and C (extreme values; 3 piglets per group)

V a c c in a te d  p ig le ts  C o n tro l p ig le ts
A ge o f ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
p ig le ts  B. bronchiseptica P. múltoddá В. bronchiseptica P. múltoddá
( d a y s ) ----------------------------------------- --------------------------------------------------------------------------------------------------------------------------

Ig A  Ig G  IgA  Ig G  IgA  Ig G  IgA  IgG

7 0-50 50-100 — 50 50-100 100-200 — —

21 200-400 400 100-200 200-400 100-200 100-400 50-100 100-200
40 400 400-800 100-200 200-400 200-400 400 50-100 100-400
90 400-800 800-1600 200-400 400 100-400 400-800 200 200-800

120 400-800 400-800 200-400 400 200-400 200-800 200 400-800

Acta Veterinaria Hungarica 36, 1988



IM M U N IZ A T IO N  A G A IN S T  A T R O P H IC  R H IN IT IS  O F  S W IN E 2 0 1

Table П1

Patho log ical changes o f th e  tu rb in a te s  a f te r  local v acc ina tion  in  th e  fo u r sw ine herds
(20 p iglets pe r group)

H erds
V acc in a tio n  schem es

- N eg a tiv e  c o n tro l
I I I I I I IV

Average: 0.85 0.45 2.20
A 9 —

6 +
4 +  +
1 +  +  +

1 2  —
7  +

1 +  +

2—
5 +

5  +  +  +  +

Average : 0.55 0.70 2.15

В
12 —

5 +
3 +  +

1 1  —
4 +
5 +  +

3—
4 +
4 +  +
5 +  +  +

Average: 0.65 0.45 0.75 2.00

C
1 0 —

7 +  
3 +  +

1 2  —
7 +
1 +  +

8—
10+

1 +  +
1 +  +  +

1 —

8 +
4 +  +
4 +  +  +  
3 +  +  +  +

Average: 0.85 1 . 9

D
8 —
8 +
3 +  +
1 +  +  +

4 —
3 +
6 +  +
5 +  +  +

from  a low  p ercen tage  o f p ig lets im m unized  accord ing  to  schem e I . B y  th e  
age o f 120 days, th e  in fec tion  ra te  h a d  risen  to  40% .

B acterio log ical e x am in a tio n  o f th e  tw ice im m unized  p ig lets a t  120 days 
old revea led  in fec tion  b y  v iru le n t B . bronchiseptica  on ly  in  p ig le ts  im m u n ized  
accord ing  to  schem e I I  (in fection  ra te :  20—35% ). A t t h a t  age B . bronchiseptica  
in fec tion  w as ab sen t from  p ig lets im m unized  accord ing  to  schem es I I I  an d  IV .

P . m últoddá  in fec tio n  could  be d e m o n s tra te d  f irs t  a t  21 days old. B y  th e  
age o f 40 days p ig lets o f all g roups show ed a reduced  ra te  o f in fec tio n  in  com 
p ariso n  w ith  th e  co n tro ls: in  th e  tw ice im m unized  p ig le ts  th is  w as 1 0 -3 0 % . 
In fec tio n  ra te  u n d e rw en t a sligh t increase w ith  age; how ever, in  p ig le ts  im 
m unized  accord ing  to  schem e I I I  or IV  i t  d id  n o t exceed  2 5 -4 0 %  ev en  a t  120 
days old. T he co n tro l an im als show ed a su b s ta n tia lly  h igher in fec tio n  ra te  
d u rin g  th e  ex p erim en t: b e tw een  21 an d  120 days old i t  ran g ed  be tw een  35 and  
85%  (Table I).
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Indirect I F  a im ed  at dem onstrating the im m unoglobulin  content o f  the nasal 
secretion. A t 7 days o ld  th e  n asa l secre tion  o f th e  ex p e rim en ta l an d  con tro l p ig 
le ts  w as e ither d ev o id  o f  IgA -class an tib o d ies  o r co n ta in ed  such  an tibod ies in  
a t i t r e  n o t exceeding 1 : 100. A t th e  sam e age th e  t i t r e  o f IgG -class an tibod ies 
fell betw een  1 : 50 a n d  1 : 200. T he h ig h es t t i t r e s  o f  IgA - a n d  IgG -class a n t i 
b od ies were d em o n strab le  in  th e  nasa l secre tio n  o f th e  im m u n ized  pig lets a t  
40 a n d  120 days o ld , w hereas in  th e  con tro l an im als a t  90 a n d  120 days old. 
T h e  Ig  titre s  of th e  c o n tro l p igs’ n asa l secre tion  w ere u su a lly  b y  a d ilu tio n  step  
low er. The IgA  a n d  IgG -class an tib o d ies  gave a re a c tio n  w ith  b o th  th e  B . 
bronchiseptica  a n d  P . m ú lto d d á  an tigens. T he t i t r e  o f IgA -class an tibod ies 
re a c tin g  w ith  B . bronchiseptica  w as 1 : 400-1  : 800 in  th e  im m u n ized  p ig lets 
a t  90 an d  120 day s o ld , w hereas t h a t  re a c tin g  w ith  P . m ú lto d d á  w as b e tw een  
1 : 200 an d  1 : 400. A t th e  sam e age th e  t i t r e s  o f  IgG -class an tibod ies w ere 
1 : 400-1  : 1600 a n d  1 : 400 w ith  th e  B . bronchiseptica  an d  P . m ú ltoddá  a n ti
gen , respectively  (T ab le  I I ) .

Gross pathological exam ina tion  o f  the p ig s  at slaughter. T he  20 co n tro l pigs 
o f  h e rd  A show ed n a sa l lesions o f 2.20 -f- se v e rity  on th e  average . I n  p ig lets 
v a c c in a te d  accord ing  to  schem es I I  an d  I I I  th e  sev e rity  o f th e  n asa l lesions 
w as 0.85 -|- and  0.45 respective ly .

T he severity  o f  n a sa l lesions in  co n tro l pigs o f  h e rd  В w as 2.15 -f- on th e  
av e rag e . In  pig lets v a c c in a te d  accord ing  to  schem e I I I  an d  IV  th e  sev e rity  of 
th e  n a sa l lesions w as 0.55 -f- an d  0.70 -f-, re sp ec tiv e ly .

T he severity  o f  n a sa l lesions in  con tro l p igs o f h e rd  C w as 2.00 -f- on th e  
av e rag e . In  piglets v a c c in a te d  accord ing  to  schem es I I ,  I I I  a n d  IV  th e  sev e rity  
o f  th e  nasa l lesions w as 0.65, 0.45 a n d  0.75 + ,  resp ec tiv e ly .

T he nasal lesions o f  1.9 -j- sev e rity , fo u n d  in  th e  co n tro l pigs o f h e rd  D, 
w ere  reduced  in  s e v e r ity  to  0.85 - f  as a re su lt  o f  im m u n iza tio n  accord ing  to  
schem e I (Table I I I ) .

D iscussion

Secretory  Ig A  is kn o w n  to  be th e  m o st im p o r ta n t  fa c to r  in  th e  specific  
lo ca l a n tib ac te ria l defence m echan ism  (P e tz o ld t, 1988): its  level is in  a closer 
co rre la tio n  w ith  p ro te c tio n  ag a in s t in fec tio n  th a n  are se rum  a n tib o d y  titre s . 
S ec re to ry  IgA  p ro d u c tio n  can  be b es t e lic ited  b y  local an tig en  ap p lica tio n : if  
th e  an tig en  is g iven  p a re n te ra lly , re p e a te d  ap p lica tio n s  a re  needed  for th e  
p ro d u c tio n  of even low  levels o f sec re to ry  IgA .

T he possib ility  o f  local p ro te c tio n  co n ferred  b y  an  a v iru le n t В . bron
chiseptica  s tra in  w as in d ic a te d  b y  th e  ex p erim en ts  o f  H a rris  a n d  Sw itzer (1969). 
I n  th e  nasal m ucosa freed  from  B . bronchiseptica  b y  su lfonam ide t re a tm e n t a 
s im ila r  resistance d ev e lo p ed  a g a in s t challenge w ith  v iru le n t B . bronchiseptica  
as a f te r  infection  w ith  th e  low -viru lence s tra in . T h is re s is tan ce  pers is ted  fo r 
95 d ay s . D evelopm ent o f  a live vaccine s tra in  w as fa c ilita te d  b y  th e  resu lts  o f
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É liás e t al. (1985), w ho fo u n d  th a t  a f te r  ch ron ic  local ap p lica tio n  of B . bron- 
chiseptica  ex o to x in  no an tib o d ies  were d em o n strab le  in  th e  n asa l secretion .

T herefore, i t  seem ed ju s tif ia b le  to  s tu d y  th e  effect o f  app ly ing  an  a v iru 
le n t В . bronchiseptica  s tra in  on th e  nasa l m ucosa u n d e r large-scale cond itions, 
in  sw ine a ffec ted  b y  A R .

In  th is  s tu d y  a n a tu ra l  av iru len t m u ta n t  o f  B . bronchiseptica  w as u sed  
w hich  h a d  p ro v ed  ap a th o g en ic  to  S P F  p ig le ts. T he s tra in  colonized th e  n a sa l 
m ucosa an d  could  be re iso la ted  fo r 3 w eeks. S tud ies aim ed a t  de te rm in in g  th e  
h aem ag g lu tin a tin g  a b ility  show ed, in  accordance  w ith  th a t  re p o rte d  b y  M agyar 
e t al. (1985), th a t  th e  p h ase  I I I  B . bronchiseptica  s tra in  used  h a d  lost m o st o f 
its  haem  agg lu tin in , as ev idenced  b y  its  fa ilu re  to  ag g lu tin a te  ca lf an d  horse 
RBCs. H ow ever, th e  s tra in  d id  ag g lu tin a te  sheep  R B C s, show ing th a t  i t  h a d  
re ta in e d  one o f i ts  h aem ag g lu tin in s  an d  p a r t  o f its  adhesive  a b ility  (É liás an d  
K rü g er, 1988).

B acterio log ical e x am in a tio n s  perfo rm ed  in  th e  im m unized  sw ine herds 
rev ea led  th a t  local im m u n iza tio n  of new born  p ig le ts  before th e y  could c o n tra c t 
in fec tion  from  th e  sows re su lte d  in  a m ucosal im m u n ity  su ffic ien tly  s tro n g  to  
p re v e n t co lon iza tion  o f th e  n a sa l m ucosa b y  v iru le n t B . bronchiseptica  s tra in s  
(T able I). Tw o im m u n iza tio n s  p rov ided  th e  p ig le ts  w ith  a m ucosal im m u n ity  
la s tin g  2 -3  m o n th s . T h is is co n sis ten t w ith  th e  fin d in g s of W isecarver an d  Good- 
now  (1980) an d  H arris  (1970). A fter local im m u n iza tio n  w ith  an  a v iru le n t В . 
bronchiseptica  s tra in  (D -l)  H a rris  (1970) d e m o n s tra te d  local p ro tec tio n  s ta r tin g  
from  d ay  25 a f te r  im m u n iz a tio n  an d  la s tin g  125 days.

I t  is su rp ris in g  th a t  a phase  I I I  s tra in  w hich  h ad  lo st one o f its  ag g lu tin in s  
an d  p a r t  o f its  p ili a n d  К  an tig en s is able to  ind u ce  f irm  p ro tec tiv e  im m u n ity  
in  th e  n asa l m ucosa . T h is m a y  be a t tr ib u te d  to  th e  im p o r ta n t p ro tec tiv e  ro le 
o f an tibod ies p ro d u ced  u p o n  exposure to  so m atic  an tig en s. These an tib o d ie s  
c ross-react w ith  P . m ú lto d d á  an tigens (É liás e t a l., 1985). P . m ú ltoddá  in fec 
tio n  w as less severe  in  th e  v a cc in a ted  p ig le ts th a n  in  th e  con tro ls. This can  be 
a t tr ib u te d  p a r t ly  to  th e  cross-reaction  be tw een  B . bronchiseptica  an d  P . m ú l
to d d á  s tra in s , p a r t ly  to  th e  in ta c t  m ucosa, free from  dam age done b y  B . 
bronchiseptica, w h ich  P . m ú ltoddá  s tra in s  can  h a rd ly  colonize.

S tud ies a im ed  a t  d e te rm in in g  th e  Ig  c o n te n t o f th e  im m unized  p igs’ 
n asa l secre tion  h av e  e lu c id a ted  th a t  b o th  Ig A  an d  IgG -class an tibod ies p la y  a 
role in  th e  local im m u n ity . I t  is rem ark ab le  th a t  th e  im m unized  and  th e  u n 
v acc in a ted  pigs h a v e  a lm o st id en tica l a n tib o d y  levels in  th e  n asa l secre tion  a t  
all ages. T he essen tia l difference is th a t  m ucosal p ro te c tio n  in d u ced  b y  v iru le n t 
B . bronchiseptica  s tra in s  c a n n o t p rev en t th e  dev e lo p m en t o f regressive changes 
caused  b y  ex o to x in s  (H a rris  an d  Sw itzer, 1969).

The efficacy  o f th e  o th e r  im m u n iza tio n  schem es v a ried . Two im m u n iza 
tio n s gave th e  b e s t re su lts , p a rtic u la rly  i f  th e  f ir s t  to o k  place a t  b ir th  an d  th e  
o th e r a t  30 day s old.
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LOCAL ACTIVATION OF THE MONOCYTE-MACROPHAGE 
SYSTEM IN EXPERIMENTAL CONTACT DERMATITIS OF

THE GUINEA PIG

É v a  V e r m e s*, R ózsa  I mre and P ir o sk a  F e k e t e

P lan t Protection  an d  Agrochemistry Centre, Pesticide Toxicology Laboratory, H-8361 K észt-
hely, P. О. Box 46, H ungary

(Received February  8, 1988)

A ctivation  of the monocyte-m acrophage (histiocyte) system was evalua ted  in 
guinea pig skin samples w ith experim ental con tac t derm atitis. Changes in the  cy to
plasmic organelles of m acrophages revealed by electron microscopy suggest an  ac tiv a 
tion m echanism  th a t could also be dem onstrated  light microscopically. G ian t cells, 
the final transform ation forms of macrophages, were recognizable 72 h after challenge 
in each skin-cytosm ear of guinea pigs trea ted  w ith the sensitizing agent dinitrochloro- 
benzene (DNCB) and Ipam  40. Since preparation  of cytosm ears is simple and rap id , it 
can usefully be integrated into various sensitizing tests to  facilitate evaluation  of the 
sensitization responses.

Keywords! Monocyte-macrophage system , skin-cytosm ears, light and electron 
microscopy, sensitization, guinea pig

S ensitiz ing  co n tac t d e rm a titis  is one o f th e  m ost im p o rta n t c lin ical m a n i
festa tio n s of d e lay ed  h y p e rsen s itiv ity  responses.

A m ong chem icals used in  th e  in d u s try , househo lds and  a g ricu ltu re , th e re  
are  com pounds o f  low m olecular w eight w hich  b in d  p ro te in  as h a p te n e s  an d  
can  induce  sen s itiz a tio n  in  th e  liv ing  o rganism  a f te r  rep e a te d  co n tac t (B a e r  an d  
H arb er, 1971; P o lak , 1978).

S creening  o f  th e  sensitiz ing  agen ts belongs to  th e  fie ld  of sa fe ty  e v a lu a 
tion , b u t  th e  te s ts  generally  used  (B ueh ler, 1965; M agnusson an d  K lig m an , 
1969) enable  o n ly  m acroscopic ev a lu a tio n .

In  a p rev io u s p ap er (Verm es e t ah , 1988) we rep o rted  a com plex m e th o d  
for th e  e v a lu a tio n  of skin sensitiz ing  te s ts  a n d  em phasized  th e  im p o rta n c e  of 
m acrophages in  th e  recognition  o f p ro life ra tiv e  in f la m m a to ry  responses.

This p a p e r  p resen ts th e  m orphological tra n sfo rm a tio n  of m acro p h ag es 
ad a p tiv e  to  th e  fu n c tio n a l changes in  ex p e rim en ta l co n tac t d e rm a titis  w ith  
th e  a id  of cy to log ica l and  h isto log ical p rep a ra tio n s .

Materials and methods

C o n tac t d e rm a titis  was ex p e rim en ta lly  in d u ced  in  D P H  a lb ino  gu inea  
pigs b y  th e  su b irr ita tiv e  dosages o f d in itroch lo robenzene  (DNCB) in  1 an d  
0 .1%  so lu tions a n d  of th e  pestic ide  Ip a m  40 (co n ta in in g  40%  am m o n iu m -

* P resen t address: In s titu te  of Physics, Janus Pannonius U niversity, H-7604 Pécs, 
Ifjúság u. 6, H ungary
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m e th y l-d ith io c a rb a m a te )  in  20%  so lu tion  acco rd in g  to  th e  m e th o d  o f D raize 
(1959), using e th an o l a n d  d istilled  w a te r  veh ic le  controls.

T w en ty -fou r, 48, 72 an d  96 h  a fte r  challenge, 18 sensitized  a n d  6 con tro l 
an im als  w ere e v a lu a te d  on  each  occasion ( to ta l :  n  =  96). Sk in  sam ples w ere 
ta k e n  from  th e  re sp o n d in g  areas and  cv to sm ea rs  w ere p rep ared  as described  
p rev io u sly  (Verm es e t  a l., 1988).

F o r h isto logy , sk in  fragm en ts w ere f ix e d  in  4 %  n e u tra l fo rm alin  and  
e m b ed d ed  in  p a ra ff in . Sections, 5 -7  p, th ic k , w ere p repared  an d  s ta in e d  w ith  
to lu id in e  b lu e-eo sin  (K ru ts a y , 1980).

F o r e lectron  m icroscopy , skin frag m en ts  w ere fixed  in  sodium  cacody la te  
b u ffe r , in  a m ix tu re  o f  2 5 %  g lu ta ra ld eh y d e  a n d  37%  form alin , rin sed  w ith  th e  
b u ffe r  an d  p o st-fix ed  in  3 %  osm ium  te tro x id e . A fte r d eh y d ra tio n  in  e th an o l, 
th e  sam ples were e m b ed d ed  in  D urcupan-A C M  (F lu k a) resin , an d  sec tions were 
c u t  w ith  an  L K B  U ltra to n  ty p e  u ltra m ic ro to m e . The sem ith in  sec tions w ere 
s ta in e d  w ith  to lu id in e  b lu e  an d  ev a lu a ted  u n d e r  lig h t m icroscope. T he u ltra th in  
sec tio n s w ere c o u n te rs ta in e d  in  5%  u ra n y l a c e ta te , th en , a f te r  rin sin g  w ith  
d is tilled  w ate r, w ith  R e y n o ld ’s lead  c itra te  so lu tio n .

E lec tro n  m ic ro g rap h s w ere p rep ared  w ith  a Tesla BS ty p e  e lec tro n  m ic
roscope.

R esults

In  th e  cy to sm ears  neu tro p h ilic  a n d  eosinophilic  g ran u lo cy tes , m acro 
p h ag es , and  ly m p h o cy te s  w ere recognized a n d  coun ted . T w en ty -fo u r h  a f te r  
challenge, th e  m acro p h ag es appeared  sim ilar in  sh ap e  an d  size to  th e  m onocy tes 
v is ib le  in  th e  p e rip h e ra l b lood  film s. T he n u c leu s  w as m ost f re q u e n tly  c rescen t
sh a p e d , an d  th e  cy to p la sm  w as hom ogeneous w ith  sligh tly  u n d u la tin g  surface. 
B y  th e  48 th  h  th e  nu c leu s an d  th e  c y to p la sm  h a d  becom e a b u n d a n t in  f ila 
m e n ts  an d  th e  c y to p la sm  h ad  v acu o la r a p p e a ra n ce . The cells show ed m ore 
in te n se  phagocy tic  a c tiv ity . A t th is  stage  th e y  w ere v e ry  sim ilar in  ap p earan ce  
to  a c tiv a te d  m onocy tes in  tissue  cu ltu res (L a sk in  an d  P ilaro , 1986).

B y  th e  72nd h , th e  size o f m acrophages ap p ro x im a ted  30-50  p.. T heir 
fu s io n  resu lted  in  m u ltin u c le a te d  cells. T h en , 96 h  a fte r challenge, th e  m acro 
p h ag es  decreased in  n u m b e r, th e  cell bo d y  becam e  e longated  w ith  fre q u e n t fo r
m a tio n  of ta il-like p seu d o p o d ia  (Fig. 1).

T he ligh t m icroscopic  sections clearly  d e m o n s tra te d  th e  m ig ra tio n  p a t 
te r n  o f  m acrophages. T h e ir  m ass em ig ra tio n  fro m  th e  p e rip h era l b lood  took  
p lace  24 h  a fte r challenge an d  th e y  to o k  an  e lo n g a ted  shape to  fa c ilita te  p en e
t r a t io n  th ro u g h  th e  en d o th e lia l cells (F ig. 2). A t th e  72nd h , m acrophages w ere 
p re d o m in a n t w ith in  th e  en tire  respond ing  sk in  a rea  (Fig. 3), an d  w ere en larged  
d u e  to  ac tiv a tio n .

T he elec tron  m icro g rap h s revealed  t h a t  a t  th e  challenge s ite  th e  sk in  
c o n ta in e d  num erous m acrophages a c tiv a te d  fro m  m onocytes.
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Fig. 1. A ctivation of the m onocyte-m acrophage system  in skin cytosmears from  guinea pigs a t 
various intervals after challenge. A, B: ethanol control cytosmears 24 and 72 h after challenge, 
respectively; C, D: 24th h: cytosm ears showing abundance of cells and monocytes, in  response 
to  ec. trea tm en t w ith 1% DNCB (C) and 20% Ip am  40 (D), respectively; E , F , G: 48th h: 
cytosm ears showing vacuolated  cells (E), phagocytosed red blood cells (F) and filam entous 
cells (G), in response to ec. trea tm en t w ith 1% DNCB (E , F) and 20% Ipam  40 (G) resp.; H, I, 
J :  72th h: cytosmears showing m itotic activ ity  (H ), swelling of plasma and nucleus (I), and 
rnultinucleated cells (I), in response to ec. tre a tm en t w ith 1% DNCB (H) and 20% Ipam  40 
(I, J )  respectively; K , L: 96th h: decreased m acrophage activity (K) and  predom inance of 
lym phocytes (L) in response to  ec. trea tm en t w ith  1% DNCB (K) and 20%  Ipam  40 (L),

respectively



Fig. 2. Em igration of inflam m atory cells from the capillary in response to ic. trea tm en t w ith 
0.1% DNCB, 24 h after challenge (Sem ithin section, toluidine blue staining,

XlOOO)

Fig. 3. In filtra tion  of inflam m atory cells in the subcutis in response to ic. trea tm en t w ith 0.1%  
DNCB, 72 h after challenge (Sem ithin section, toluidine blue staining, XlOOO)





Fig. 4. Macrophage activation  p a tte rn  in the guinea pig skin a t various intervals after chal
lenge. A :  24th h, activated  m onocyte; B :  48th h, macrophage; C: 72nd h, proliferation, m ito 
sis; D: 72nd h, epitheloid cell; E :  72nd h, g iant cell. Corresponding trea tm en ts: A, В =  1% 

DNCB ее.; C -E : 0.1%  DNCB ic. X6000





E X P E R IM E N T A L  C O N TA CT D E R M A T IT IS  I N  G U IN E A  P IG S 207

These cells were ro u n d -sh ap ed  w ith  severa l pseudo-cy top lasm ic  f i la 
m ents, an d  th e ir  nuclei w ere segm en ted  in  ap p earan ce . T he cy top lasm  c o n ta in e d  
num erous R E R  an d  m ito ch o n d ria , fre q u e n tly  w ith  a cen trio lum  a ro u n d  th e  
Golgi-zone. T h e  presence o f vacuoles, lam e lla ry  phagosom es, lysosom es, red  
blood cells, a n d  cellu lar debris in d ica ted  p rogressive phagocytosis. T h e  cells 
show ed in c rea sed  m ito tic  a c tiv ity  72 h  a fte r  challenge.

M a tu ra tio n  of m acrophages re su lted  in  th e  fo rm a tio n  of ep ithe lo id  cells 
v a ry in g  in  size an d  hav ing  an  e longated  slipper-like shape . T heir nuclei c o n ta in e d  
little  c h ro m a tin  an d  occasionally  severa l nucleoli an d  a sm all incisure on  th e  
surface.

In  th e  cy to p lasm  of th e  ep ithe lo id  cells th e  m ost cha rac teris tic  f in d in g s  
inc luded  th e  m u ltip le  G olgi-region, v acu o la tio n , ab u n d an ce  of cy to p lasm ic  
filam en ts , a n d  in ten se  p ro te in  syn thesis .

M itochondria  were p ro m in en t, an d  th e  cells w ere h igh ly  ph ag o cy tic .
F in a lly , we also n o te d  th e  p resence o f g ian t cells associated  to  localize 

an d  e lim in a te  an tigens. T hese cells re su lted  from  th e  fusion of ep ithe lo id  cells 
(Fig. 4).

Discussion

M onoblasts an d  m onocy tes o rig in a tin g  from  th e  bone m arrow  cells m ay  
leave th e  p e rip h e ra l b lood, e n te r  th e  tissues an d  tra n s fo rm  in to  m acrophages. 
Some of th e se  m acrophages e x e rt an  an tig en -o rien ted  im m u n o -p h ag o cy tic  
a c tiv ity  re g u la te d  b y  th e  T  ly m p h o cy tes . As a re su lt o f fu rth e r  s t im u la tio n  
these  m acro p h ag es are tra n sfo rm e d  in to  ep ith e lo id  cells an d  u ltim a te ly  fuse 
to  form  m u ltin u c le a te d  g ian t cells (S pecto r, 1977; S u tto n  and  W eiss, 1966).

In  th e  p re se n t ex p erim en ts  sen sitiza tio n -in d u ced  m a tu ra tio n  o f cells o f 
th e  m acro p h ag e  system  w as m on ito red .

T he cy to sm ears  revealed  an  increase of m acrophages n o t only in  n u m b e r 
b u t in  re la tiv e  p ro p o rtio n  as w ell as in  p a r tic ip a tio n  in  th e  in f la m m a to ry  r e 
sponse. F o rm a tio n  of cy top lasm ic  filam en ts , en la rg em en t of cells w ith  in ten se  
m ito tic  a c tiv ity , an d  presence o f g ian t cells w ere n o ted .

T he lig h t m icroscopic slides p ro v ed  su itab le  fo r de tec tin g  m ig ra tio n , e n 
la rg em en t o f m acrophages an d  th e ir  increase in  n u m b er.

T he e le c tro n  m icrographs d e m o n s tra te d  th e  u ltra s tru c tu ra l changes o f 
m acrophages inc lud ing  increased  n u m b er o f ribosom es and  m ito ch o n d ria , 
p ro m in en t G olgi com plex, ab u n d an ce  o f lysosom es a n d  vacuoles, in ten se  
phagocy tosis  a n d , fina lly , fo rm a tio n  o f g ian t cells, w h ich  are all in d ic a tiv e  o f 
ac tiv a tio n . W ith  know ledge o f th e  u l tra s tru c tu ra l  changes we assum e th a t  
m orphological tra n sfo rm a tio n  o f m acrophages is a genera l consequence of 
im m u n o stim u la tio n .

N a tu ra lly , i t  is n o t n ecessary  to  ca rry  o u t e lec tro n  m icroscopic s tu d ie s , 
b u t e v a lu a tio n  o f sk in -cy tosm ears can  usefu lly  be in te g ra te d  in  th e  v a rio u s
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sen s itiz a tio n  te s ts . W h en  sk in -cy tosm ears co n ta in  m acrophages o f  v a ry in g  
size a n d  s tru c tu re  in  a b u n d a n t n u m b er a n d  w ith  m ito tic  a c tiv ity , especially  
w ith  th e  presence o f  m u ltin u c lea ted  g ia n t cells, i t  is p robab le  th a t  th e  te s t  
a n im a l has been exposed  to  a sensitizing  ag en t.
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ELECTROPHORETIC STUDY OF LAYING HENS’ SERUM  
BY CROSSED IMMUNOELECTROPHORESIS

G u r k i r p a l  S i n g i i *

In s titu te  of Medical Microbiology, Copenhagen U niversity , Copenhagen,
D enm ark
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Serum from  hens in full egg production  was exam ined by  crossed im munoelec- 
trophoresis. The picture obtained was in general similar to  th a t found for chickens. 
The prealbum ins, album in, glycoproteins, haem opexin and alpha-2-m acroglobulin as 
well as transferrin , IgG, IgM and C3 com plem ent ß-1-A ß-1-C globulin were read ily  
identified. The characteristic feature was th e  presence of lipoprotein complex (LPC) in 
the gam m a-globulin region and lipoprotein (L P) in  the beta-globulin region. The slow 
moving lipoprotein (9) was detected in the  alpha-beta-gam m a-globulin area. T ransferrin  
was found a t  higher level. Some ten ta tiv e  correlations of these precipitates w ith resu lts 
published by  various workers are discussed.

Keywords: Laying hen, serum, crossed im munoelectrophoresis

L aure ll’s crossed  im m unoelec trophoresis  has been  used  in  th e  s tu d y  o f 
se ru m  p ro te in s  in  grow ing chickens (S ingh , 1978, 1981). T his com m u n ica tio n  
describes som e o b serv a tio n s on serum  p ro te in s  of lay in g  hens.

M aterials an d  m ethods

Pooled se ru m  from  W hite  L eg h o rn  hens in  full egg p ro d u c tio n  w as u sed .
Crossed im m unoelec trophoresis  w as done essen tia lly  as described (W eeke, 

1973). One p e r c e n t agarose ty p e  H S A  (L itex  A /S, G lostrup , D en m ark ) in  
T ris /b a rb ita l b u ffe r  (con ta in ing  0.073 M T ris, 0.024 M b a rb ita l, 0.00034 M 
calcium  la c ta te  a n d  0.0019 M sod ium  azide), p H  8.6, w as used. Tw o p i o f 
lay in g  hen  se rum  w as ru n  for 1.5 h  a t  10 V olts/cm  in  th e  f ir s t  d im ension . Sec
ond  d im ension  w as perfo rm ed  in  th e  presence of r a b b it  an ti-ch ick en  (w hole) 
serum  (D a k o p a tts  A /S, C openhagen), co rrespond ing  to  12.5 pi an tib o d y /c m 2 
o f gel, an d  ru n  fo r 18-20 h a t  2 Y olts/cm . T he p la te s  w ere pressed, w ash ed  
an d  d ried , a n d  s ta in e d  w ith  Coom assie B rillian t B lue R -250. The im m u n o p re - 
c ip ita te s  w ere d e te rm in ed  as p rev io u sly  described  (S ingh, 1978) by

( i )  M orphology;
( i i )  E lec tro p h o re tic  position ;

( i i i )  U sing  specific  an tibod ies in  in te rm e d ia te  gel in  crossed im m u n o -

* Present address: ADRC Virus L aboratory , College of V eterinary Science, P un jab  
A gricultural U niversity , Ludhiana-141 004, Ind ia
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e lec trophoresis  (A xelsen, 1973). T h e  specific an tib o d ies  used  w ere 
a n ti-h u m a n  p rea lb u m in , a n ti-h u m a n  tran sfe rrin , an ti-ch ick en  IgG  
an d  an ti-ch ick en  IgM .

( iv )  Specific s ta in in g  m ethods: Oil R ed  0  s ta in ing  (U riel, 1964) for lip o 
p ro te in s  a n d  period ic  a c id -fo rm a za n  reac tio n  (U riel, 1964) fo r g lyco
p ro te in s .

T he n u m b erin g  o f p rec ip ita te s  (arcs) w as given an od ica lly  as described  
(S ingh , 1978).

Results and discussion

Fig. 1 illu s tra te s  th e  e lec tro p h o re tic  p ic tu re  of lay ing  h en s’ serum . T he 
p a t te r n  o b ta in ed  w as in  general s im ilar to  th a t  rep o rted  in  chickens (Singh, 
1978). T he p rea lb u m in s , a lbum in , arcs 5 ,7 ,8 ,1 0 ,1 3 ,2 1  an d  24, a n d  alpha-2 -m ac- 
ro g lo b u lin  as w ell as tra n sfe rr in , IgG , IgM  an d  C3 com plem en t /3-1-А, /3-1-С 
g lo b u lin  w ere re a d ily  id en tified . F igs 2 a n d  3 give th e  id en tific a tio n  o f tw o  
o f  th e  p ro te in s  b y  crossed im m u n o elec trophoresis  w ith  in te rm e d ia te  gel. 
H o w ev er, th e  m o b ility  a n d  th e  n u m b er o f  p rec ip ita te s  o f a lp h a-b e ta -g lo b u lin  
reg io n s ap p eared  to  be d ifferen t from  th o se  o f chickens. B esides, th e  p rec ip 
i t a t e  m ark ed  as L PC  w as d e tec ted  in  th e  gam m a-g lobu lin  reg ion .

C om ponen t 9 w as a h eav y  lip id  s ta in e d  p rec ip ita te  as d e te rm in ed  b y  
s ta in in g  w ith  Oil R ed  0 (U riel, 1964) a n d  w as seen in  th e  a lp h a -b e ta -g a m m a  
g lo b u lin  regions. T h e  m ig ra tio n  o f th is  c o m p o n en t was m uch  slow er th a n  th a t  
o f  th e  alpha-1  lip o p ro te in  in  grow ing ch ickens (Singh, 1978 an d  1981). I t  
w as also found  co n sid e rab ly  decreased  in  h e ig h t. I ts  tra ilin g  edge (ca thod ic) 
w as seen crossing th e  lead ing  edge (anod ic) o f th e  LPC  co m p o n en t in  th e  
gam m a-g lo b u lin  reg ion . H ow ever, its  a p p a re n t  position  (anodic) an d  d is tin c 
tiv e n e ss  ap p ea red  to  be n o t v e ry  d issim ilar to  th a t  o f a lpha-1  lip o p ro te in  in  
ch ickens. This p re c ip ita te  is p ro b ab ly  s im ila r to  th e  lip o v ite llin  in  lay ing  
fem ales as re p o rte d  b y  Schjeide (1963).

The lip o p ro te in  L P  w as a sy m m etric  p re c ip ita te  poorly  s ta in ed  w ith  Oil 
R e d  0, an d  i t  m ig ra te d  in  th e  a lp h a-2 -b e ta-g lo b u lin  regions.

I t  is o f in te re s t  to  no te  th a t  no  p re c ip ita te  occurred  in  lay in g  h e n s ’ 
se ru m  in  th e  p o sitio n  o f b e ta -lip o p ro te in  as seen in  chickens (S ingh, 1978 an d
1981) or w ith  m orph o lo g y  alike b e ta -lip o p ro te in , b y  double lip id -p ro te in  s ta in 
ing .

Moore (1948) d e m o n s tra te d  th e  p resence  of a lip o p ro te in  com ponen t in  
th e  serum  of lay in g  hens. T here w as also a n  increase in  lip o p ro te in  o f lay in g  
h en s  in  th e  b e ta -g lo b u lin  region an d  a decrease  in  th e  a lp h a -l-g lo b u lin  region. 
T h is  p ic tu re  w as co n firm ed  in  general b y  B ra n d t e t al. (1951), Clegg an d  H ein  
(1953), M cK inley  e t al. (1953) an d  Y an sto n e  e t  al. (1955), u sing  e lec tro p h o re tic  
s tu d ie s  in  hens. T h e  w ork  o f M clndoe (1959) also in d ica ted  a sim ilar s itu a tio n .
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Fig. 1. E lectrophoretic picture of laying hens’ serum exam ined by crossed im munoelectro- 
phoresis. Anode to the left. Arcs 2, 3 and 4: prealbum ins; arc 5: double contoured, weak pre
cipitate; arc 6: album in; arc 7: sym m etric, distinct precip ita te ; arc 8: glycoprotein; arc 9: 
lipoprotein; arcs 10 and 13: glycoproteins; arc 21: haem opexin; arc 24: glycoprotein; arc 25: 
alpha-2-m acroglobulin; arc LP: lipoprotein; arc 35: transferrin ; arc 36: IgM; arc 38: IgG; arc 
LPC: lipoprotein complex. Note: the o ther precipitates (although no t numbered) appeared 

similar in m obility and morphology to those reported in growing chickens (Singh,
1978)



)

Fig. 2. Crossed im munoelectrophoresis w ith interm ediate gel showing arc 1 obtained w ith 
an ti-hum an  prealbumin. Anode to the left. The control w ithout an ti-hum an prealbum in is

shown in the left p a rt of the figure



Fig. 3. Crossed immunoelectrophoresis with interm ediate gel showing the identification of 
IgM with anti-chicken IgM (anti-IgM  used was no t anti-,« and therefore reacted w ith IgG also). 
Anode to the left. The control w ithout anti-chicken IgM is shown in the left p art of th e  figure
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E v id en tly , th e  observa tions m ade on serum  lip o p ro te in s  in  th e  c u rre n t 
s tu d y  fairly  agree w ith  th o se  of th e  v a rio u s au th o rs  c ited .

A com ponen t w h ich  was p re sen t as a d is tin c t p re c ip ita te  (ind ica ted  b y  
a d o tte d  arc in  F ig . 1) in  fresh  serum  from  lay ing  hens d isap p eared  w hen th e  
serum  was s to red  a t  —20 °C for tw o day s an d  frozen  a n d  th aw ed  once. T he 
p re c ip ita te  m ig ra ted  in  th e  beta -g am m a-g lo b u lin  reg ions. T his com ponen t w as 
also de tec ted  in  fre sh  ch icken  serum  in  th e  sam e p o sitio n  (S ingh, unpub lish ed  
d a ta ) .

T ran sfe rrin  w as d e tec ted  a t  h ig h er level in  serum  from  lay ing  hens. T h is 
fin d in g  is in  c o n fo rm ity  w ith  th e  w orks o f R am say  a n d  C am pbell (1954) an d  
P lan as  e t al. (1961) w ho found  th a t  lay in g  fem ales show ed h igher iro n -b ind ing  
c a p ac ity  in  th e  se ru m  in  o rd er to  p re v e n t losses of iro n  th ro u g h  eggs.

In  o th e r se ru m  p ro te in s  no s ig n ifican t d ifferences w ere recorded  betw een  
hens in  lay  in  th e  c u r re n t s tu d y  an d  g row ing  chickens (S ingh , 1978 an d  1981)#
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A cute and subacute toxicity  studies were perform ed on 18 and 26 rabb its  (body 
mass: 2 kg), respectively, trea ted  w ith T-2 tox in  per os. The T-2 toxin, HT-2 tox in , 
neosolaniol, T-2 trio l and T-2 te trao l concentrations of the  stom ach contents, caecal 
contents, faeces, and liver were determ ined. The results are sum marized in tables.

The toxin  concentration found in  the stom ach and caecal contents and faeces 
was in linear correlation w ith the ingested am ount of T-2 toxin. Toxin concentration  
was higher in  the posterior portions of the  intestine, indicating th a t the m ain rou te  of 
excretion was via the faeces. From the chemical analysis of the  faeces the tox in  load 
could be estim ated. Oral adm inistration of T-2 toxin over a period of 10 days a t  a 
subtoxic dose ra te  (1 mg/kg body m ass/day) revealed a gradual decrease in the toxin- 
m etabolizing capacity  of the liver, as indicated  by the increasing am ount of T-2 toxin  
per u n it of liver tissue and by the decreasing am ount of metabolites. Parallel to  th is, 
the susceptibility of the organism to th e  tox in  increased.

Keywords: T-2 toxin, trichothecene, fusariotoxin, metabolism , excretion, rab b it

Like o th e r m y co tox ins, T-2 to x in  is chem ically  stab le  an d  resis ts  th e  
ac tion  of e x te rn a l fac to rs . R ecen tly , how ever, i t  has com e to  lig h t t h a t  in  a 
biologically  ac tiv e  en v iro n m en t th e  to x in  is m etabo lized  (decom posed  or 
transfo rm ed) ra th e r  qu ick ly . W ei e t al. (1971) rep o rted  t h a t  in  a slig h tly  a lk a 
line m edium  T-2 to x in  is h y d ro lysed  in to  H T-2 to x in , T-2 tr io l and  T-2 te tra o l . 
T he 12, 13-epoxy g roup  itse lf  rem ains in ta c t .  In  F u sa riu m  nivale an d  F . solani 
cu ltu res Y osh izaw a an d  M orooka (1975) d e m o n s tra te d , in  a d d itio n  to  T -2 , also 
H T-2 to x in . A sim ilar d e riv a tiv e  was iso la ted  from  T-2 so lu tion  t r e a te d  w ith  
h u m an  an d  bov ine  liv er hom ogenate  (O h ta  e t al., 1977; E llison an d  K o tso n is , 
1974).

R obison  e t  al. (1979) and  M irocha an d  R obison  (1976) s tu d ied  th e  m e ta 
bolism  of T-2 in  8 -11  w eeks old bro iler ch ickens. A b o u t h a lf  of th e  ex c re ted  
to x in  q u a n ti ty  w as T-2 to x in , w hile neosolan io l, H T-2 to x in  an d  T-2 te t r a o l  
c o n s titu te d  th e  o th e r ha lf. The m etabo liz ing  c a p ac ity  o f th e  liver v a rie s  b y  
an im al species (O h ta  e t al., 1978). T rich o th ecen e  m yco tox ins in c lud ing  T-2 
to x in  are m e tabo lized  in  em b ry o n a ted  h e n ’s eggs (B a ta  e t al., 1983) a n d  b a c 
te ria l cu ltu res  (U eno e t a l., 1983) as well. F u rth e rm o re , F . sporotrichioides,
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th e  s tra in  w hich p roduces T-2, ca tabo lizes th e  to x in  para lle l to  syn th esiz in g  
i t  (S án d o r e t  al., 1984).

T here  is a sc a rc ity  o f d a ta  in  th e  l i te ra tu re  on th e  m etabo lism  o f T-2 in  
r a b b its . L ucisano e t  al. (1983) p erfo rm ed  su b a c u te  to x ic ity  s tu d ies  o f T-2 in  
r a b b its , b u t  failed  to  s tu d y  th e  m etab o lism  o f th e  to x in . In  p re lim in a ry  e x p e ri
m e n ts  we found  th a t  T-2 is m etabo lized  also in  ra b b its , b u t  less ra p id ly  th a n  
in  o th e r  an im al species (Y ányi e t al., 1986; V án y i and  B a ta , 1987). T he ra b b its  
ex c re te  th e  to x in  in  th e  faeces an d  to  a lesser e x te n t in  th e  u rine . T-2 to x in  an d  
its  m e tab o lite s  are  ex c re ted  in  th e  m ilk  as well.

I n  H u n g a ry  ta b le  r a b b it  an d  an g o ra  w ool p ro d u c tio n  has g rea t econom ic 
im p o rta n c e . T he d igestive  m echanism  o f th e  r a b b it  differs from  th a t  o f  all 
o th e r  m onogastric  dom estic  an im al species. T h is difference is due to  th e  fac t 
t h a t  ra b b its  consum e h igh -fib re  d iets a n d  p rac tise  coprophagy . These fac ts  
p ro m p te d  us to  ge t a closer in sig h t in to  th e  m etabo lism  o f T-2 to x in  in , an d  
its  ex c re tio n  from , th e  r a b b i t ’s o rganism .

Materials and m ethods

T o x in  production fo r  analytical standard

To produce  T-2 to x in , HT-2 to x in  a n d  neosolaniol, F . sporotrichioides 
w as grow n on rice in  th re e  successive te m p era tu re -p e rio d s : a t  22 °C fo r 7 
d ay s , a t  4 °C for 7 day s a n d  a t  22 °C fo r 10 d ay s. T he cu ltu re  w as d ried , g ro u n d  
a n d  e x tra c te d  w ith  ace to n itrile -w a te r (5 : 1). The ace to n itrile  e x tra c t  w as 
p a r ti t io n e d  w ith  h ex an e . T he co n c e n tra ted  ace to n itrile  phase  w as p u rified  on 
silica  gel co lum n (45 m esh) b y  e lu tion  o f a s tep  g rad ien t sy s tem  consisting  of 
benzene  an d  acetone. T h e  frac tions co n ta in in g  H T-2 to x in  o r neosolaniol w ere 
p u rif ie d  fu r th e r  b y  p re p a ra tiv e  th in - la y e r  ch ro m a to g rap h y  (TLC), u sing  
c h lo ro fo rm -e th an o l (8 : 2) m ix tu re . E a c h  to x in  w as c ry sta llized  re p e a te d ly  
fro m  e th y l a c e ta te -h e x a n e . E ach  p ro d u c t w as o f 9 5 -9 7 %  p u r i ty  as d e te rm in ed  
b y  gas-liqu id  ch ro m a to g ra p h y  (GLC).

T-2 te tra o l an d  T-2 trio l to x in s  w ere o b ta in ed  b y  hydro lysis  o f H T-2 
to x in . H T-2 to x in  w as dissolved in  0.5 M N aO H  in  m e th an o l an d  s tir re d  a t  
ro o m  te m p e ra tu re  fo r 1 h. The so lv en t w as rem oved  in  vacuo. T he p ro d u c ts  
w ere p u rified  b y  p re p a ra tiv e  TLC a n d  c ry sta llized  re p ea ted ly  from  e th y l 
a c e ta te -h e x a n e . T he T-2 te tra o l an d  T-2 tr io l  used in  th is  s tu d y  w ere o f 9 0 -  
9 2 %  p u r ity , con tro lled  b y  GLC.

Chem ical analysis

C hem ical analysis  w as p erfo rm ed  b y  cap illa ry  gas ch ro m a to g ra p h y  as 
describ ed  earlier (Y ányi e t al., 1982). T he sam ples were tre a te d  w ith  g lu cu ro n i
dase  a n d  e x tra c te d  w ith  e th y l a c e ta te . A fte r  ev ap o ra tio n , th e  e x tra c t  w as
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d e fa tte d  using a p o la r-apo la r p a rtitio n in g  sy stem , p u rified  on a L ich rop rep  
R P  18 colum n a n d , a f te r  deriv a tio n , analysed  on  a cap illa ry  co lum n p re tre a te d  
w ith  CB 8 hu m id ifie r.

Q u a lita tiv e  ev a lu a tio n  w as perfo rm ed  on  th e  hasis o f th e  re te n tio n  tim e . 
A fte r tra n sm e th y la tio n , a n o th e r analysis w as perfo rm ed  fo r con firm atio n . 
Q u a n tita tiv e  e v a lu a tio n  was based  on th e  area  u n d e r th e  cu rve .

Rabbit experim ents

A cute tox ic ity  study. G row ing ra b b its  o f 2 kg  bo d y  m ass were used  in  
th e  ex perim en ts accord ing  to  th e  following design.

N u m b er o f  
rab b its

T o x in  dose 
p e r  an im al*

T o x in  dose 
p e r  k g  b o d y  

m ass

2 2 mg 1 mg
2 4 mg 2 mg
2 8 mg 4 mg
2 12 mg 6 mg
2 16 mg 8 mg
2 20 mg 10 mg
2 30 mg 15 mg

* A dm inistered th rough  an oesophagogastric tube

F u rth e r  tw o  ra b b its  w ere tre a te d  w ith  so lv en t (d im eth y l sulfoxide) o n ly , 
an d  tw o  u n tre a te d  ra b b its  served  as contro ls.

F o rty -e ig h t h ou rs a fte r o ral to x in  a d m in is tra tio n  th e  ra b b its  were k illed  
b y  bleeding. F ro m  th ese  ra b b its , and  from  tho se  th a t  h ad  d ied  in  th e  m e a n 
tim e , sam ples w ere ta k e n  from  th e  s tom ach  c o n ten ts , caecal co n ten ts , and  faeces 
fo r chem ical an a ly sis . The sam ples w ere assay ed  for T-2 to x in , HT-2 to x in , 
neosolaniol, T-2 tr io l, and  T-2 te tra o l b y  cap illa ry  gas ch ro m ato g rap h y .

Subacute toxicity  study  and study o f  toxin  metabolism

T h irteen  ra b b its  w eighing 2 kg received  1 m g/kg  b o d y  m ass T-2 to x in  
m ixed  in  th e  feed , daily . A n o th er th ir te e n  ra b b its  w ere t r e a te d  w ith  th e  to x in -  
free so lven t a n d  se rv ed  as con tro ls. One t re a te d  an d  one co n tro l ra b b it  w ere 
k illed  b y  b leed ing  6 an d  12 h  a fte r  t re a tm e n t a n d  th e n  a t  th e  sam e tim e  d a ily . 
T he stom ach  c o n te n ts , caecal co n ten ts , faeces, an d  liver w ere assayed  for to x in  
co n cen tra tio n .
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Results and discussion

T he to x in  c o n cen tra tio n  o f th e  s to m a c h  co n ten ts, caecal c o n te n ts , and  
faeces, as de te rm ined  in  th e  acu te  to x ic i ty  experim en t, is show n in  T ab le  I. 
T h e  to x in  co n cen tra tio n  is p ro p o rtio n a l to  th e  am o u n t o f to x in  ing ested . The 
T-2 co n cen tra tio n  of th e  s to m ach  c o n te n ts , T-2 c o n cen tra tio n  of th e  caecal 
c o n te n ts , and  th e  to x in  co n cen tra tio n  o f  th e  faeces are  in  a close lin ea r  co r
re la tio n  w ith  th e  a m o u n t o f T-2 to x in  in g ested .

I t  can  be seen from  T ab le  I  th a t  p roceed ing  to w ard s th e  end  o f th e  d iges
t iv e  t r a c t  th e  am o u n t o f T-2 to x in  increases.

T he T-2 to x in , H T -2 to x in , neoso lan io l, T-2 trio l an d  T-2 te tra o l  con
c e n tra tio n s  of th e  s to m ach  con ten ts , caecal co n ten ts , faeces and  liver, as d e te r
m in ed  in  th e  su b acu te  to x ic ity  ex p e rim e n t, are show n in  T ables I I ,  I I I ,  IV 
a n d  V.

F rom  Tables I  an d  I I  i t  ap p ears  t h a t  th e  ingested  T-2 to x in  rem ains 
u n ch an g ed  in  th e  s to m ach  an d  is passed  on  u n a lte red . In  th e  s to m ach  co n ten ts  
p ra c tic a lly  no m etab o lite s  o f T-2 to x in  can  be d etec ted . O n th e  o th e r h a n d , in

Table I

Toxin concentrations measured in anim als of the acute toxicity  experiment 
(mg/100 g) 48 h after oral toxin  adm inistration

T o x in  ingested
(m g 14) T-2 to x in H T -2  to x in N eoso lan io l T -2 t r io l T -2 te tra o l

Stomach contents
l 0 0 0 0 0
2 0 .2 0.1 0 0 0
4 0.5 0.1 0 0 0
6 0 . 8 0 0 0 0

1 0 3.8 0 0 0 0
15 6.3 0 .2 0 0 0

Caecal contents
1 0 . 6 0.1 0 . 2 0.1 0
2 1.4 0.3 0.3 0 .2 0
4 3.2 0 . 6 0 . 6 0 . 6 0
6 4.5 0.7 0 . 6 0 . 6 0.1

1 0 5.6 0.5 0.5 0.4 0.1
15 10.3 0.1 0.1 0 0

Faeces
1 3.2 2.3 1.9 1.5
2 4.8 3.2 3.1 2.4 0
4 7.2 4.7 4.2 3.2 0.4
6 9.2 5.7 4.3 3.0 0

1 0 1 2 .2 3.5 2.1 2.3 0
15 1 0 .0 1 .2 0.7 0.3 0
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Table II

Toxin concentration of the stomach contents (mg/kg) in rabbits treated  w ith 
1 mg/kg body mass T-2 toxin daily

Tim e o f  sam pling  
(h  a fte r  the  

f ir s t  t re a tm e n t)

T o x in  o r  m e tab o lite

T-2
to x in

H T -2
to x in

N eo-
solaniol

T-2
trio l

T-2
te tra o l

0 0.3 0 0 0
6 0.7 0.1 0 0

12 0.9 0 0 0
24 1.2 0.1 0.05 0 0
48 1.4 0.2 0.1 0 0
72 1.2 0.1 0.5 0 0
96 1.0 0 0 0 0

120 1.1 0 0 0 0
144 1.0 0 0 0 0
168 0.9 0 0 0 0
192 0 .8 0 0 0 0
216 0.9 0 0 0 0
240 0.9 0 0 0 0

Table III

Toxin concentration of the caecal contents (mg/kg) in rabbits treated  w ith 
1 mg/kg body mass T-2 toxin daily

T o x in  o r  m e tab o lite
I  ím e o f  sam pling  

(h a f te r  the
f ir s t  t re a tm e n t) T-2

to x in
H T -2
to x in

N eo-
solanio l

T-2
trio l

T-2
te tra o l

0 0 0 0 0 0
6 1.3 0.6 0.4 0.1 0

12 1.6 0.4 0.3 0.2 0
24 1.8 0.3 0.3 0.2 0
48 1.6 0.3 0.3 0.2 0
72 1.7 0.4 0.4 0.2 0
96 1.7 0.3 0.4 0.3 0

120 1.8 0.4 0.3 0.2 0
144 1.7 0.4 0.3 0.3 0
168 1.9 0.3 0.3 0.2 0
192 1.7 0.3 0.2 0.2 0
216 1.8 0.3 0.2 0.1 0
240 1.7 0.3 0.1 0.2 0

th e  caecal co n ten ts  (Tables I  an d  I I I )  all m e tabo lites of th e  to x in  are  d em o n 
strab le . T he sam e holds for th e  faeces (Tables I  and  IY , Fig. 1), w ith  th e  ex 
cep tion  th a t  in  th e  la t te r  th e  q u a n ti ty  of m e tabo lites usually  s ig n ifican tly  
increased  ( th a t  of T-2 te tra o l only  in  tw o  sam ples). I n  rab b its  rece iv ing  10 or 
15 m g to x in  p er kg  b o d y  m ass, th e  r a te  o f to x in  d eg rad a tio n  is in s ig n ifican t. 
These d a ta  suggest th a t  in  th e  ra b b it  caecum  th e  in ten siv e  d igestive processes 
are  accom pan ied  b y  su b s ta n tia l to x in  ca tab o lism . T his to x in -d eg rad in g  c a p a c 
ity , how ever, seem s to  get ex h au sted  a ro u n d  a to x in  dose of 4 -5  m g /kg  body
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m ass. N am ely , in  an im als  tre a te d  w ith  6 m g/kg  b o d y  m ass th e  p ro p o rtio n  o f 
m e tab o lite s  does n o t  rise  fu rth e r. In  an im als receiv ing  even h ig h er doses (10 
o r 15 m g/kg b o d y  m ass) th e  p ro p o rtio n  o f m e tab o lite s  decreases, in d ica tin g  
t h a t  th e  b u lk  of th e  T -2 to x in  is ex c re ted  in  th e  faeces unchanged .

T h e  to x in  a n d  m etab o lite  co n cen tra tio n s  m easu rab le  in  th e  liver (T able 
У , F ig . 2) deserve p a r tic u la r  a tte n tio n . T he 1 m g/kg  body m ass to x in  dose 
in g e s te d  daily  in  th e  f i r s t  th ree  days is m o stly  m etabo lized  in  th e  liver, an d  
o n ly  a b o u t o n e -fo u rth  rem ain s unch an g ed . B ey o n d  d ay  3 th e  increased  to x in  
lo ad  re su lts  in  a re d u c e d t ox in -m etabo liz ing  c a p a c ity  o f the  liver. O n d ay  10 m ore

Table IV

Toxin concentration of the faeces (mg/kg) in rabbits treated w ith 
1 mg/kg body mass T-2 toxin daily

Tim e o f  s am p lin g  
(h a f te r  th e  

f ir s t  t re a tm e n t)

T o x in  o r  m e ta b o lite

T-2
to x in

H T -2
to x in

N eo-
so lan io l

T-2
trio l

T-2
te tra o l

2 4 1 .6 1 .4 0 . 6 0 .5 0
4 8 2 .2 1 .6 0 . 7 0 . 6 0
7 2 2 .8 1 .2 0 . 5 0 .5 0 .1
9 6 2 .0 1 .5 0 . 7 0 .4 0

1 2 0 2 .2 1 .4 0 . 8 0 .5 0
1 4 4 2 .4 1 .4 0 . 8 0 . 6 0
1 6 8 2 .2 1 .6 0 . 6 0 .4 0
1 9 2 2 .0 1 .5 0 . 5 0 . 4 0
2 1 6 2 .4 1 .5 0 . 4 0 .3 0
2 4 0 2 .6 1 .0 0 . 3 0 .2 0

Table V

Toxin concentration of the liver (//g/kg) in rabbits treated w ith 
1 mg/kg body mass T-2 toxin  daily

. .. Toxin o r m etaboliteTime of sampling 
(h a fte r  th e

f ir s t  t re a tm e n t) T-2
to x in

H T -2
to x in

N eo-
so lan io l

T-2
tr io l

T-2
te t r a o l

0 0 0 0 0 0
6 4 0 1 6 0 1 4 0 8 0 0

1 2 7 0 1 4 0 1 4 0 9 0 0
2 4 8 0 1 2 0 1 3 0 8 0 +
4 8 1 2 0 1 6 0 1 4 0 1 2 0 0
7 2 1 4 0 1 4 0 1 4 0 1 4 0 +
9 6 1 8 0 1 3 0 1 2 0 1 0 0 0

1 2 0 2 4 0 1 1 0 1 0 0 8 0 0
1 4 4 2 8 0 9 0 8 0 8 0 0
1 6 8 3 2 0 9 0 7 0 6 0 0
1 9 2 3 4 0 8 0 6 0 4 0 0
2 1 6 3 6 0 4 0 4 0 4 0 0
2 4 0 3 6 0 4 0 2 0 2 0 0
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mg/kg

— C ' — T-2 toxin —ú-------- rV- Neosolaniol
- X ------- HT-2 toxin -O--------O- T-2 triol

Fig. 1. Toxin concentration of the  faeces (mg/kg) in rabb its trea ted  w ith 1 mg/kg body mass
T-2 toxin  daily

/jg/tg

T-2 toxin 
HT-2 toxin

Neosolaniol 
T-2 triol toxin

Fig. 2. Toxin concentration of the liver (/tg/kg) in rabbits trea ted  w ith 1 mg/kg body mass
T-2 toxin  daily

th a n  80%  o f th e  to x in  q u a n t i ty  d em onstrab le  in  th e  liv e r  is p re sen t as u n 
changed  T-2 to x in . The m etab o lism  o f T-2 to x in  causes a m ark ed  red u c tio n  in  
its  biological a c tiv ity . T hus, i f  th e  h u lk  o f th e  to x in  leaves th e  liv er unch an g ed , 
th e  organism  will have  h ig h e r re la tiv e  sen s itiv ity  to  i t .  P ro longed  a d m in 
is tra tio n  of th e  to x in  enhances th e  organ ism ’s se n s itiv ity . T he re la tio n sh ip  
b e tw een  th e  d u ra tio n  of to x in  a d m in is tra tio n  an d  th e  increase  in  se n s itiv ity  
is m uch  s tro n g er th a n  linear.
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I t  was beyond  th e  scope o f th e  p re sen t s tu d y  to  d e te rm in e  th e  L D 50 or 
o th e r  to x ic ity  values. N evertheless, ce rta in  conclusions can  be d raw n  from  
th e  resu lts  in  th a t  re sp e c t, too . R ab b its  t re a te d  w ith  1 or 2 m g/kg  bo d y  m ass 
T-2 to x in  su rv ived  fo r 48 h . One o u t o f th e  tw o  ra b b its  t r e a te d  w ith  4 m g/kg 
b o d y  m ass to x in  d ied , w h ereas  all ra b b its  fed  doses h ig h er th a n  4 m g/kg body  
m ass d ied. C onsidering th e se  fac ts, th e  L D 50 o f T-2 to x in  fo r ra b b its  is p ro b ab ly  
a ro u n d  3 -4  m g/kg b o d y  m ass. The resu lts  o f th e  m etab o lic  s tu d ie s  a re  consis
te n t  w ith  th is . T he T-2 to x in  q u a n tity  w hich  th e  liv er an d  caecum  still ca ta - 
bolize w ith  ad eq u a te  effic iency  is a round  3 -5  m g. Doses la rg e r th a n  th is  get 
in to  th e  blood c ircu la tio n , an d  from  th e re  to  o th e r  o rgans, as u n ch an g ed  T-2 
to x in  (i.e. w ith  u n a lte re d  biological ac tiv ity ).

C om paring th e se  v a lu es  to  those  m easu red  or kn o w n  fo r o th e r  species 
o f  an im als, th e  ra b b it  c a n  be considered ra th e r  sensitive  to  T-2 to x in . In  our 
op in ion , th is  m ay  be a t t r ib u te d  to  co p rophagy , b y  w hich  s u b s ta n tia l  to x in  
q u a n titie s  get back  in to  th e  d igestive t r a c t  o ra lly , re su ltin g  in  pro longed  ex 
c re tio n  tim es.
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S tra w  used fo r feeding d iffe ren t an im a ls  and  as b ed d in g  straw  m ay  be in fec ted  
b y  Stachybotrys atra, a fungus p roducing  h ig h ly  tox ic  m acrocyclic  tricho thecenes. T hese 
to x in s  can  k ill s traw -ea tin g  an im als o r p red ispose  an im als to  fa ta l  secondary  diseases, 
e.g. p asteu re llo sis o f sheep. T he a m o u n t o f  th e  four m o st im p o r ta n t m acrocyclic  tri-  
cho thecene  s ta ch y b o try o to x in s  (sa tra to x in s  G an d  H , ro r id in  E , v e rru ca rin  J )  w as 
d e te rm in ed  in  a rtific ia l cu ltu res o f 21 S. atra s tra in s  iso la ted  in  C entra l E urope.

H igh-p ressu re  liq u id  c h ro m a to g ra p h y  an d , a f te r  tran ses te rif ic a tio n , gas-liqu id  
c h ro m a to g ra p h y  w ere used for th e  ana ly sis . All 21 s tra in s  p ro d u ced  each to x in  b u t  in 
d iffe ren t am o u n ts . S a tra to x in  H  w as co n sis ten tly  p re sen t in  th e  g rea tes t a m o u n t in  th e  
sam ples. I t s  L D 50 v a lu e  fo r m ice was 1.4 m g/kg  in tra p erito n ea lly .

Keywords: Stachybotrys atra, sa tra to x in s , m acrocyclic  tricho thecene , to x in  p ro 
d u c tio n

M acrocyclic trich o th ecen e  m y co to x in s  are to x ic  m etabo lites p ro d u ced  
b y  fungi, inc lu d in g  Stachybotrys an d  M yrothecium  species (B am burg  an d  S tro n g , 
1972; J a rv is  e t  a l., 1980). These fung i a re  th e  cau sa tiv e  agen ts o f s ta c h y b o t-  
ryo toxicosis an d  are know n to  possess p h y to p a th o g en ic  p roperties as well. 
V arious re p o rts  have  been  pub lished  on  m acrocyclic trich o th ecen e  re la te d  
m ycotoxicosis (s tach y b o try o to x ico sis ; D an k o , 1976; H a rra c h  e t ah , 1983; 
S chneider e t ah , 1979; H in tik k a , 1977). S uch  diseases w ere described in  v a rio u s 
p a r ts  o f th e  w orld , e. g. in  S ou th  A frica (S chneider e t ah , 1979), F in land  (H in tik 
k a , 1977), th e  Soviet U nion (Y uskiv , 1968), F ran ce  (L e  B ars e t ah , 1977), 
an d  H u n g a ry  (D anko , 1976; A n d rássy  e t ah , 1980; H a rra c h  e t ah , 1983). 
S tra in s  iso la ted  in  P o lan d , th e  G erm an D em ocra tic  R ep u b lic , C zechoslovakia, 
H u n g a ry , In d ia  and  E g y p t have been  show n to  p ro d u ce  s tach y b o try o to x in s . 
These to x in s  seem  to  occur in  m an y  co u n trie s  of th e  w orld .

T he on ly  availab le  m eth o d  fo r th e  d e te rm in a tio n  o f these to x in s  w as 
described  b y  S tack  an d  E p p ley  (1980). T h is  m eth o d  is su itab le  only for cereals. 
Since on cereals, how ever, o th e r fun g i te n d  to  overgrow  Stachybotrys atra, 
th e  likelihood  o f d e tec tin g  s ta c h y b o try o to x in s  in  cereal sam ples is v e ry  low. 
O n o th e r m ed ia , e. g. on straw , w here o n ly  few fu n g a l species are ab le to  
grow, i t  is v e ry  p robab le  th a t  S . atra  becom es th e  d o m in a n t fungus because 
i t  can  u tilize  th e  cellulose p resen t in  s traw . S traw  is w idely  used as feed an d
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b e d d in g  m ate ria l fo r sheep . T his m ay  be a n  ex p lan a tio n  for th e  h igh incidence  
o f s tach y b o try o to x ico s is  in  th is  species. U sually  s traw  of th e  poo rest q u a lity  
is u se d  fo r sheep: in  m o st cases th e  an im als  consum e i t  w ith o u t an y  prob lem  
b u t  som etim es a severe disease (stach y b o try o to x ico sis) develops.

Satratoxin G Satratoxin F

Fig. 1. C hem ical s tru c tu re  o f th e  m acrocyclic  trich o th ecen e  to x in s

T he ob jec tive  of th e  p re sen t w ork  w as to  s tu d y  th e  to x in  p ro d u c tio n  o f 
d iffe re n t S . atra  s tra in s  iso la ted  in  C en tra l E u rope. The a m o u n t of fou r m a 
crocyclic  trich o th ecen e  to x in s  (sa tra to x in s  H  and  G, ro rid in  E  an d  v e rru ca rin  
J )  p ro d u ced  b y  th e se  iso la tes w as d e te rm in e d  (F ig. 1).

M aterials an d  m ethods
Culture

Stachybotrys atra  s tra in s , iso la ted  in  vario u s p a rts  of H u n g a ry , Czechoslo
v a k ia , an d  th e  G D R  in  connection  w ith  s tach y b o try o to x ico sis  in  an im als w ere 
c u ltiv a te d . The iso la tes w ere in c u b a te d  on 100-g portions o f  sterilized  rice, d is
t r ib u te d  in  2 1 R o u x  b o ttle s  p lugged  w ith  c o tto n  wool, an d  allow ed to  h a rd e n  
in  h o rizo n ta l position . T he iso lates w ere cu ltu red  for 7 days a t  room  te m p e ra 
tu re ,  fo r an o th e r 7 day s a t  4 -7  °C, an d  for 7 days again  a t  room  te m p e ra tu re .

Iso la tion  o f  toxins

T he cu ltu res w ere e x tra c te d  w ith  300 m l e th y l ace ta te  fo r 4 h , th e n  w ith  
fre sh  so lven t o v e rn ig h t. E th y l a c e ta te  w as ev ap o ra ted  a n d  th e  oily residue  
w as dissolved in  60 m l aceto n itrile  a n d  w ashed  w ith  3 x 2 0  m l p e tro leu m  e th e r. 
T h e  to x in -co n ta in in g  aceto n itrile  phase  w as evapora ted , th e  residue w as d is
so lved  in  2 m l m e th an o l, an d  2 m l w a te r  w as added to  i t .  T h is m ix tu re  w as
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passed  th ro u g h  a Sep-Pack  Clg ca rtr id g e  (W aters  A ssociates In c ., M ilford) 
w hich  w as th e n  w ashed  w ith  2 m l o f  a m e th an o l : w a te r  m ix tu re  (1 : 1). The 
to x in s  w ere e lu ted  w ith  3 m l o f m e th a n o l : w a te r  m ix tu re  (8 : 2) from  th e  
ca rtr id g e  w hich w as reg en era ted  w ith  5 m l m e th an o l : w a te r m ix tu re  (1 : 1) 
before  use. T he to x in -co n ta in in g  e lu en t w as ev ap o ra ted  to  d ry n ess  u n d e r  
n itro g en  s tream  a t  80 °C. The residue  w as red isso lved  in  100 p i m e th a n o l.

T hin-layer chromatography (T L C )

K ieselgel-60 1 0 x 1 0  cm H P T L C  (M erck, D a rm s ta d t, F R G ) p la te s  w ere 
used  fo r TLC analysis . The so lv en t sy stem  w as chloroform  : iso p ro p an o l 
(94 : 6 v /v ). C om pounds can be d e tec ted  u n d e r UV lig h t (254 nm ) or b y  sp ray in g  
th e  p la te s  w ith  1%  4 -(p -n itro b en zy l)-p y rid in e  so lu tion , d ry ing  th e m  a t  150 
°C fo r 30 m in, an d  sp ray ing  w ith  10%  te tra e th y le n e  p en tam in e  re a g e n t. The 
to x in s  ap p ea r as b lu ish -v io let spo ts a g a in s t a w h ite  back g ro u n d .

H igh-pressure liqu id  chromatography (H P L C )

T he H P L C  separa tions w ere p erfo rm ed  w ith  a W aters  in s tru m e n t on a 
5 -pm  C18 Poligosyl 60D (25 cm X  4.6 m m ; M acherey-N agel, D u ren , F R G ), 
using  th e  g rad ien t m ode of o p era tio n . E lu e n t A w as m ethano l : w a te r  20 : 80 
(v /v), an d  e luen t R m ethano l : w a te r  80 : 20 (v /v). R unn ing  tim e  w as 20 m in.

P eak s e lu ted  w ith  th e  sam e re te n tio n  tim e  as th e  s ta n d a rd  w ere collec
te d  a n d  ev ap o ra ted  to  dryness u n d e r N 2 s tream .

G as-liquid chromatography

F if ty  /Л of 0.5 N sodium  m eth o x id e  re a g e n t w as added  to  th e  d ry  residue 
(F ig . 2). T he m ix tu re  was p laced  in to  a b lock  th e rm o s ta t  an d  k e p t  th e re  a t  
60 °C fo r 15 m in. W hen  th e  reac tio n  w as over, 60 p i o f m eth an o l, co n ta in in g

Fig . 2. T ranseste rifica tio n  reac tio n  o f m acrocyclic  tricho thecene  to x in s
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0.5 N  HCl, was ad d e d  to  th e  m ix tu re  to  n e u tra liz e  th e  base, an d  th e  m ix tu re  
w as ev ap o ra ted  to  d ry n ess . S ubseq u en tly  100 p i o f B S T F A  reag en t w as ad d ed  
an d  th e  m ix tu re  w as p laced  again in to  a b lock  th e rm o s ta t  a t  60 °C fo r 15 m in . 
To d e te c t th e  b is- tr im e th y ls ily l e th e r  d e riv a tiv e  o f  v erru caro l, a glass cap il
la ry  w e tte d  w ith  S E  52 s ta tio n a ry  p h ase  w as u sed  (10 m X O .30 m m  i.d .) . Co
lu m n  te m p e ra tu re  w as 160-220 °C a t a 4 ° C /m in r a te .  T he sp lit ra tio  w as 1 : 10.

F ig . 3 . A ty p ica l GLC chrom atogram  (for conditions, see the tex t)

Fig. 4. A  ty p ic a l  H PLC  ch ro m a to g ram  (for con d itio n s, see th e  te x t)
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R esu lts

The Rf v a lu e  o f sa tra to x in  G, s a tra to x in  H  a n d  v e rru ca ro l w as 0.53, 
0.43 and  0.30, re sp ec tiv e ly . Fig. 3 show s th e  gas ch ro m a to g ram  of a sam p le  
con ta in ing  th e  trich o th ecen e  sk e le ton  (verrucaro l). F ig . 4 shows th e  H P L C  
ch ro m ato g ram  o f som e sam ples w ith o u t tra n sm e th y la tio n .

Table I

R eten tion  tim es an d  Rf values for th e  m acrocyclic trich o th ecen e  toxins tes ted

Com pound R e te n tio n  tim e  
(m in)

Rf value

S a tra to x in  H 9.2 0.43
S a tra to x in  G 11.0 0.53
R orid in  E 18.8 0.65
Y errucarin  J 21.4 0.70
V errucarol — 0.30

Table II

Chemical analysis o f  th e  S. atra stra in s  te s te d

N o . a n d  d esigna tion
S a tra to x in

H
S a tra to x in

G
R o rid in

E
V erru ca rin

J
o f  s tra in s

( /jg /R o u x  b o ttle )

1 B eldvárdgyu la 640 280 100 90
2 B u d a p es t I 880 800 170 130
3 B u d a p es t I I 540 700 100 60
4 B u d a p es t I I I 1250 970 260 110
5 D ebrecen  23 840 510 50 60
6 D ebrecen  1132 850 400 120 120
7 D ebrecen  5142 1020 900 210 80
8 K arcag  I 650 700 120 60
9 K a rca g  I I 980 870 100 110

10 M iskolc I I 160 70 10 10
11 M iskolc I I I 150 40 0 10
12 N ag y ta rc sa 950 810 25 70
13 P e triv e n te 15 0 0 0
14 P e rk á ta 24 5 0 0
15 Z saro lyán 440 210 140 80
16 M Y 276 720 240 180 100
17 M Y 93 1610 520 80 30
18 S t 1911 510 640 210 —

19 S t 1912 740 680 140 —
20 S t 1910 210 150 57 —

21 S t 1909 340 540 140 —
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T he sen sitiv ity  o f  th e  TLC m e th o d  w as 0.3 m g/kg w h en  used  fo r d e te r 
m in in g  th e  v erru caro l c o n te n t of th e  sam ple , an d  0.2 m g/kg fo r b o th  sa tra to x in  
G a n d  H .

T h e  sen sitiv ity  o f  th e  GLC m e th o d  w as 0.05 m g/kg fo r v e rru ca ro l and  
t h a t  o f  H P L C  w as 0.01 m g/kg  fo r sa tra to x in s  G and  H  an d  v e rru c a r in  J ,  an d  
0.015 m g/kg  for ro rid in  E .

T h e  re ten tio n  tim e s  and  Rf v a lu es  o f  th e  com pounds exam ined  are  
show n  in  T able I.

A ll s tra in s ex am in ed  in  these ex p e rim en ts  p roduced  m acrocyclic  tr ich o th e - 
cene to x in s . The q u a n ti ta t iv e  resu lts  a re  show n in  T able I I .

D iscussion

In  H u n g ary  s tach y b o try o to x ico s is  occurs freq u en tly  in  sheep an d  o th e r 
an im als  consum ing la rg e  q u an titie s  o f  s traw . S traw  c o n ta m in a te d  w ith  Sta- 
chybotrys causes su b s ta n tia l  econom ic losses in  C entral E u ro p e  an d  p resu m ab ly  
in  o th e r  p a rts  of th e  w orld  as well. A ll s tra in s  of S . atra iso la ted  in  connection  
w ith  disease cases w ere found  to  p ro d u ce  m acrocyclic tr ich o th ecen e  to x in s  in  
o u r exp erim en ts , g iv ing  an  in d irec t p ro o f  o f  th e  aetio logical in v o lv em en t of 
m acrocyclic  tr ich o th ecen es  in  th is  d isease. M acrocyclic tr ich o th ecen es  are 
m u ch  m ore tox ic  th a n  non-m acrocyclic  ones (T-2 to x in , d iace to x y sc irp en o l, 
e tc .). T h e  L D 50 va lu e  o f  sa tra to x in  H  w as fo u n d  to  be 1.4 m g /kg , in d ica tin g  
t h a t  i t  is a lm ost fo u r tim es  as tox ic  as T -2 to x in . I t  ap p ears  fro m  our s tu d ies  
t h a t  sa tra to x in s , y ie ld in g  a to ta l  o f 0.1—0.2 m g/kg  v erru caro l, can  cause fa ta l  
m yco tox icosis in  fa rm  an im als. F u rth e rm o re , s tach y b o try o to x in s  freq u en tly  
p red isp o se  an im als to  fa ta l  secondary  diseases. As a re su lt o f  th e  im pairing  
e ffec t ex e rted  by  sa tra to x in  on th e  im m u n e  system , Pasteurella haemolytica  
b io ty p e  T  s tra in s  are  a c tiv a te d  an d  m u ltip ly  in  th e  to nsils  earlie r. T his fre 
q u e n tly  leads to  m ass fa ta l  disease in  a d u lt  sheep. The co n d itio n  is u su a lly  
d iagnosed  as acu te  p asteu re llo sis  fa c ilita te d  b y  feeding an d  zoohygienic p ro b 
lem s (H a jtó s  e t al., 1983).

T h e  v e te rin a ry  p a th o lo g is t shou ld  co n su lt a m yco tox in  an a ly tica l la b o 
r a to ry  in  every  case o f  pasteu rellosis w h en  sheep are losing th e ir  fleece, w hen  
lesions a re  seen in  th e ir  o ra l c av ity  a n d  d igestive  tra c t,  w h en  P . haemolytica  
c a n n o t be iso la ted  fro m  all carcases, a n d  w hen  an tib io tics a re  n o t effective 
a g a in s t th e  disease. T re a tm e n t shou ld  inc lude  rem oval o f  th e  sa tra to x in -  
c o n ta m in a te d  s traw  a n d  th e  use of a n tib io tic s  effective a g a in s t a c tiv a te d  p a s 
teu re llo sis .
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ULTRASTRUCTURE OF MICROGAMETOGENESIS 
OF E I M E R I A  S T I E D A I  IN RABRITS 
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U ltrastructural aspects of mierogametogenesis of Eim eria stiedai in the bile 
duct epithelium were studied in experim entally infected rab b its  by transm ission and 
scanning electron microscopy after cryo-fracture. D eveloping microgamonts had m any 
fissures in the cytoplasm . Extensive invaginations produced cytom eres in the m ature 
stages around the boundaries of which microgametes d ifferentiated . Each microgamete 
had two flagella and four supportive internal m icrotubules.

Keywords: Eimeria stiedai, mierogametogenesis, u ltrastru c tu re , rabb it

F ine  s tru c tu ra l s tu d ies  on m ierogam etogenesis o f E im eria  in ra b b its  bave 
been m ain ly  confined  to  th e  in te s tin a l species. T his process in E . perforons  was 
b rie fly  rep o rted  b y  S cho ltyseck  an d  Spiecker (1964), H am m o n d  et al. (1967), 
S cho ltyseck  e t al. (1972), an d  S treu n  e t al. (1979), a n d  m ore ex tensively  b y  
S cho ltyseck  in  1965. M ierogam etogenesis in  E . in testina lis  has been recorded  b y  
C heissin  (1965) an d  S n ig irevskaya  (1969), an d  in  E . m agna  b y  Cheissin (1965), 
S n ig irev sk ay a  (1969), and  Speer an d  D an fo rth  (1976).

A p a rt from  E . hiepei rep o rted  b y  G rafner e t al. (1967) in  th e  bile ducts  
of a m in k , E . stiedai is u n iq u e  am ongst th e  m am m a lia n  coccidia in  th a t  i t  
develops in  th e  bile d u c t ep ith e liu m  o f th e  ra b b it, Oryctolagus cuniculus, th e  
hare , L epus europaeus (V arga, 1976a, 19761»^, an d  p o ssib ly  in  o th e r L eporidae 
(P e llé rdy , 1974). A p a rt from  a b rie f descrip tion  of th e  ea rly  m icrogam ont of 
th is  p a ra s ite  (H am m o n d  e t al., 1967) th ere  are to  th e  b e s t of ou r know ledge 
no o th e r  pub lished  d a ta  re la tin g  to  th e  m icrogam on t o r its  developm ent for 
th is  species.

S canning  e lectron  m icroscopy has been used  e x ten s iv e ly  in  th e  s tu d y  
of coccidial infections. M ost o f th e  in fo rm atio n  o b ta in e d  b y  th is  techn ique  has 
been m ore re lev an t to  th e  p a th o lo g y  of th e  in fec tion  th a n  to  p a ras ite  s tru c tu re  
itself. T he reason  fo r th is  is th a t  w hen  co n v en tiona l tech n iq u es  are used to  
exam ine in te s tin a l surfaces, th e  p a ra s ite s  w ill be rev e a le d  on ly  if  th e  h o st cells 
are ru p tu re d  as a re su lt o f pa tho log ica l even ts or as a p re p a ra tiv e  a r tifa c t. 
F o r exam ple, i t  w as possible to  use scann ing  e lec tron  m icroscopy  to  exam ine 
m ierogam etogenesis o f E . m axim a  (B all e t al., 1981) because  surface dam age
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o c c u rre d  to  such an  e x te n t  th a t  m a n y  organism s were revealed . M ore recen tly , 
h o w ev er, we have ex am in ed  c ry o -frac tu red  tissue co n ta in in g  E . acervulina  
a n d  u se d  th is m e thodo logy  along w ith  tran sm issio n  e lec tro n  m icroscopy  to  
r e p o r t  m acrogam etogony  an d  o ocyst w all fo rm atio n  fo r th is  species (P ittilo  
a n d  B all, 1984). T his te c h n iq u e  exposes in te rn a l surfaces an d  allow s fields to  be 
e x a m in e d  th a t  w ould  n o t n o rm a lly  be accessible to  th e  scan n in g  electron  
m icroscope.

In  th is  paper we em p lo y  sim ilar m ethods to  exam ine m icrogam etogenesis 
o f  E . stiedai and to  in v e s tig a te  th e  possib ility  o f s tru c tu ra l a n d  deve lopm en ta l 
d ifferences betw een th is  species an d  o th e r eim erian  p a ra s ite s , p a rticu la rly  
th o se  in  th e  rab b it.

Materials and methods

T hree  specific p a th o g e n  free N ew  Z ealand  w hite  fem ale ra b b its  o f 2 to
2.5 k g  bo d y  w eight w ere each  in o cu la ted  ora lly  w ith  1 X 104 sp o ru la te d  oocysts 
o f  th e  s tra in  E . stiedai o rig inally  supp lied  b y  D r M. E . Rose. L iv e r tissue  was 
co llec ted  on days 19, 21 an d  23 a f te r  in o cu la tio n  an d  p rep a red  b y  th e  m ethods 
d esc rib ed  previously  (P ittilo  an d  B all, 1979, 1984).

Results

T h e surface m o rp h o lo g y  of n o n -frac tu red  infec ted  b ile  d u c t  ep ithe lium  
sh o w ed  an  irregu lar su rface  w ith  m an y  o f th e  cells p ro tru d in g . I n  areas of 
sev e re  dam age i t  w as possib le  to  observe th e  surface s tru c tu re  o f exposed  p a ra 
s ite s . T he frac tu red  su rfaces show ed a heav ily  parasitised  ep ith e liu m  in  w hich 
m icro g am o n ts  a t  all s tag es  of dev e lo p m en t could be seen a t  th e  th re e  d ifferent 
t im e s  exam ined.

T he young m icro g am o n t developed  in  a p a rasito p h o ro u s v acuo le  lim ited  
b y  a h o s t m em brane devo id  o f in tra v a c u o la r  folds (Figs 1 a n d  2). T he early  
s ta g e s  h ad  nuclei, w ith  p ro m in en t nucleoli, d is tr ib u ted  th ro u g h o u t an  u n d iv id 
ed  cy top lasm  w hich co n ta in ed  m an y  m itoch o n d ria  (F ig. 2). M icropores in 
th e  p a ra s ite  m em brane w ere ev id en t (F ig. 3).

As the  m icro g am o n t increased  in  size num erous e u ch ro m a tic  nuclei were 
p re s e n t and  the  cy to p lasm  co n ta in ed  m any  vesicles (F ig. 5). A n o tab le  fea tu re  
a t  th is  stage, and  th ro u g h o u t su b seq u en t developm ent, w as th e  presence of 
c le fts  o r fissures in  th e  p a ra s ite  cy to p lasm  (Figs 4 and  5). P a ire d  centrioles 
w ere  ev iden t in  th e  cy to p la sm  or positioned  betw een  th e  n u c le i an d  th e  m i
c ro g am o n t surface (F ig . 5).

D uring  fu r th e r  dev e lo p m en t th e  m icrogam ont becam e d iv id ed  in to  cyto- 
m eres (Figs 6-9) re su ltin g  in  section  in  th e  appearance  of is lan d s o f cy top lasm
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Figs 1-4. Young m icrogam onts of Eimeria stiedai
Fig. 1. Transm ission electron micrograph (ТЕМ) of young microgam ont w ithin parasitophorous 

vacoule. Nuclei have large nucleoli and m any m itochondria are present in the cy to
plasm. X 7,000

Fig. 2. Scanning electron micrograph (SEM) of cryo-fractured tissue showing a young m icroga
m ont. Vesicles and small fissures are present. X 6,500 

Fig. 3. Micropores in the young microgam ont. ТЕМ , X 23,400 
Fig. 4. SEM of cryo-fractured tissue showing a growing microgam ont w ith fissures and invagi

nations (arrow heads) of the surface. X 3,800

Abbreviations: G =  centriole; F =  fissure; FL =  flagellum; M =  m itochondrion; MI =  m icro
pore; N =  nucleus; NM =  nucleus of microgam ete; NU =  nucleolus; P F  =  paired flagella; 

PV =  parasitophorous vacuole; V =  vesicle
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Figs 5 and 6. ТЕМ of growing microgamonts
Fig. 5. Similar stage to Fig. 4. Nuclei have dispersed heterochrom atin. Centrioles are evident

in places. X 6,100
Fig. 6. Large m icrogam ont showing cytoplasm divided into cytomeres. Vesicles and fissures 

are prom inent and nuclei tend to be in peripheral positions in the cytoplasm ic
masses. X 2,800



Figs 7—10. SEM of m aturing microgamonts
Fig. 7. M icrogamont showing deep invaginations and beginning of cytom ere form ation. X 3,400 

Fig. 8. Large cytom eres are evident. X 3,800 
Fig. 9. Large and num erous small cytom eres. X 2,700 

Fig. 10. Paired flagella emerging from the surface of microgam ont during early m icrogam ete
form ation. X 11,200



Figs 11-13. ТЕМ of differentiating microgamonts
Fig. 11. Em ergent flagellum  of a microgamete shows close association of nucleus and m ito

chondrion. X 23,600
Fig. 12. Developing m icrogam ete showing 4 supportive microtubules (arrow  heads). X 50,000 
Fig. 13. M ature m icrogam ont w ith large num bers of microgametes w ithin the parasitophorous 

vacuole. The residual cytoplasm  (the cytom eres) contain fissures 
and vesicles. X 2,800
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each  w ith  several nucle i w hich  te n d e d  to  lie along th e  p e r ip h e ry  (F ig. 6). M any 
o f th e  clefts appeared  to  be in  close association  w ith  th e  n u c le i (F ig . 6).

As flagella  e lo n g a ted  from  th e  surface o f th e  m ic ro g am o n t (Figs 10 an d  
11), th e  nuclei w ere und erg o in g  d iffe ren tia tio n  in  w h ich  th e  h e te ro ch ro m atic  
p a r t  becam e m ore d is tin g u ish ab le . A t th is  s tage, each  nu c leu s w as associa ted  
w ith  tw o  flagella  an d  a m ito ch o n d rio n  (Fig. 11). T he m a tu r in g  m icrogam ont 
occupied  th e  en tire  g re a tly  en la rged  bile d u c t cell.

M icrogam etes w ere re leased  in to  th e  p a ra s ito p h o ro u s  vacuole  (Fig. 13) 
an d  each  h ad  tw o free flag e lla  (F ig . 10). Large am o u n ts  o f  re s id u a l cy top lasm  
rem ain ed  in  w hich m an y  vesicles an d  fissures w ere p re se n t (F ig . 13). W ith in  
th e  developing m icrogam ete  fo u r m icro tubu les w ere s i tu a te d  b e tw een  a b asa l 
bo d y  a n d  th e  m ito ch o n d rio n  (F ig . 12).

A t days 21 an d  23 a f te r  inocu la tio n  m icro g am o n ts  w ere a t  various 
stages o f developm ent in  a n y  one bile d u c t section  b u t  th e  fo rm a tio n  o f m i
crogam etes in  an y  one p a ra s ite  w as synchronous.

Discussion

T he n u m b er o f species o f  E im eria  exam ined  b y  e lec tro n  m icroscopy is 
su ffic ien t to  allow general conclusions to  be d raw n co ncern ing  m orphogenesis. 
T he basic  p a tte rn  of g ro w th  o f th e  m icrogam ont d u rin g  w h ich  th e re  is n uc lear 
d iv ision , follow ed b y  a p h ase  w hen  m icrogam etes are  d iffe re n tia ted  w as f irs t 
p ro p o u n d ed  b y  S cho ltyseck  e t al. (1972), and  has b een  s u b s ta n tia te d  b y  su b 
seq u en t stud ies on m icrogam etogenesis. E . stiedai does n o t  d ev ia te  from  th is . 
H ow ever, i t  was n o tab le  t h a t  th e  surface a rea  o f th e  m icro g am o n t o f E . 
stiedai w as increased  b y  deep in v ag in a tio n s of th e  pellicle to  fo rm  cytom eres 
in  section , along th e  o u te r  su rface  o f w hich  m icrogam etes developed . In  general, 
th e  re la tiv e ly  sm all sized m icrogam on ts of severa l species o f coccidia (see 
S cho ltyseck  e t al., 1977) a re  n o t subd iv ided , b u t  la rg e  m icrogam on ts o ften  
developed  invag in a tio n s w hich  p rov ide  add itio n a l su rface  a rea  fo r th e  p ro d u c 
tio n  o f large num bers o f m icrogam etes. Therefore, E . stiedai is sim ilar to  E . 
magna  as dep ic ted  b y  Cheissin (1965) in  th e  in te s tin a l cells o f th e  ra b b it.

P re su m ab ly  m ic rogam on ts o b ta in  n u tr ien ts  b y  o sm o tro p h y  and  th e  use 
o f  m icropores w hich w ere a b u n d a n t in  th e  young s tages o f  E . stiedai. In ten s iv e  
m etabo lism  of th e  early  s tages o f developm ent is re fle c ted  in  th e  large n u m b er 
o f m itoch o n d ria  p re sen t in  th e  cy top lasm . A ccom pany ing  th e  g row th  o f th e  
m icrogam onts th e  n u m b e r o f  vesicles increased  a n d  m a n y  rem ain ed  in  th e  
resid u a l cy top lasm  a fte r  m icrogam ete  fo rm ation . T hese m a y  h av e  co n ta ined  
lip id . N o polysaccharide  g ranu les w ere observed.

R ep o rts  differ on th e  d is tr ib u tio n  of ch ro m atin  w ith in  th e  nucleus w hich 
is to  be in co rp o ra ted  in to  th e  m icrogam ete and  w h e th e r  or n o t th e  w hole
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n u c leu s  is involved. C heissin(1965) suggested  th a t  a w hole nu c leu s w as em ployed 
in  th e  fo rm ation  o f  a m ic ro g am o n t o f E . in testinalis  a n d  E . magna  in  th e  
r a b b i t ,  as was re p o rte d  fo r E . perforons  (Scholtyseck e t a l., 1972). The p resen t 
s tu d y  suggests th a t  th is  also occurs in  E . stiedai. B y  c o n tra s t ,  on ly  th e  con
d en sed  ch rom atin  p o r tio n  w as show n to  be in co rp o ra ted  in  th e  m icrogam etes 
o f  E . intestinalis (S n ig irev sk ay a , 1969) an d  E . m agna  (S n ig irevskaya , 1969; 
S p eer and  D an fo rth , 1976).

As po in ted  o u t b y  S cho lty seck  e t al. (1977), i t  is d iff ic u lt to  accu ra te ly  
a sc e r ta in  the  n u m b er o f  flage lla  p re se n t in  all coccidial m ic ro g am etes , an d  th e y  
l is t  references su p p o rtin g  th e  conclusion  th a t  those  species h a v in g  tw o or th ree  
f lag e lla  are ab o u t e q u a l in  n u m b er. A ll e im erian  m icro g am etes  h av e  tw o free 
f lag e lla  as shown h ere  fo r  E . stiedai w h ich  does n o t possess a th ird , b u t  does 
h a v e  a row of fou r m ic ro tu b u le s  o rig in a tin g  in  th e  a n te r io r  end .
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M acrogam etes were first identified by the appearance of wall-forming bodies of 
type 2 (W FB  II ) . M aturation resulted in the form ation o f wall-forming bodies of type  
1 (W FB I), and  th e  accum ulation of food reserves in  th e  form  of polysaccharide granules 
and lipid. The m eans by which the parasite  obtains nu trien ts  during developm ent is 
discussed. O ocyst wall form ation occurred by a typ ical eim erian pattern  involving the 
W FB I and W FB  II . Membranes were shed from  the  developing oocyst during this 
process and th e  ou ter layer consisted of an osmiophilic and  a granular region.

Keywords! Eimeria bakuensis, m acrogam ete, oocyst, u ltrastructure

E im eria  bakuensis  M usaev, 1970 (syn. E . o v in a )  h as  recen tly  been  show n  
to  be th e  co rrec t n a m e  fo r th e  ov ine p a ra s ite  w h ich  is th e  c o u n te rp a r t o f  E .  
arloingi in  th e  g o a t (N o rto n , 1986). L o tze (1953) p u b lish ed  a descrip tion  o f th e  
life cycle of th is  p a ra s ite , th e n  know n  as E . arloingi.

The p u rp o se  o f  th is  p ap er is to  re p o rt th e  u l tra s tru c tu re  of th e  m ac ro g a 
m ete  and  oocyst w all fo rm atio n  in  th is  species. I n  v iew  o f th e  large l i te ra tu re  
on th ese  d ev e lo p m en ta l stages in  coccidia, we h av e  re s tr ic te d  th e  d iscussion  to  
novel find ings on ly .

Materials and methods

M aterial w as o b ta in ed  from  a 9-w eek-old la m b  th a t  h ad  been  ra ise d  
coccidia-free. A t 5 w eeks of age i t  h a d  been  in o c u la te d  w ith  E . parva  to  o b ta in  
a cu ltu re . A t 9 w eeks o f age i t  show ed tra n s ie n t a d v e n titio u s  in fection  w ith  E .  
ovinoidalis. A t th is  tim e  i t  was in o cu la ted  w ith  105s p o ru la ted  oocysts o f E .  
bakuensis. No oo cy sts  o f an y  species w ere p ro d u ced  betw een  d ay  2 a n d  d a y  
21 a f te r  th e  E . bakuensis  ino cu la tio n . B etw een  d a y  21 an d  day  24, w hen  i t  w as 
killed , 5.9 X 109 oo cy sts  o f E . bakuensis  were p ro d u ced . T issue sam ples from  an  
oocyst p a tc h  in  th e  je ju n u m  w ere ta k e n  u n d er deep p e n to b a rb ito n e  an aes th es ia  
on d ay  24.
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T h e tissue w as co llec ted  in to  2 .5 %  g lu ta ra ld eh y d e  in  0.1 M cacody la te  
b u ffe r  a t  p H  7.2. Fo llow ing  p rim ary  f ix a tio n  th e  tissues were w ash ed  w ith  fresh  
b u ffe r  an d  p o st-fixed  in  1%  osm ium  te tro x id e  for 30 m in. U sing  s ta n d a rd  
tech n iq u es , th e  tissu es  w ere d e h y d ra te d  th ro u g h  alcohol, tra n s fe r re d  to  a 
so lu tio n  of propy lene o x ide  th e n  em b ed d ed  in  A rald ite .

T h in  sections w ere c u t on a R e ic h e rt OM U4 u ltram ic ro to m e  an d  a fte r  
s ta in in g  w ith  lead  c i tr a te  exam ined  in  Je o l 100S and  Philips 301 tran sm issio n  
e le c tro n  m icroscopes.

R esu lts

M acrogam etes cou ld  f irs t be id e n tif ie d  b y  th e  appearance  o f  w all-form ing  
bodies o f ty p e  tw o (W F B  II)  (F ig. 1). T hese w ere f irs t id e n tif ie d  as ro u n d  
s tru c tu re s  of m edium  b u t  n o t un ifo rm  e lec tro n  d en sity  th a t  w ere su rro u n d ed  
b y  g ra n u la r  endop lasm ic  re ticu lu m  (F ig . 1). W all-form ing bodies o f ty p e  one 
(W F B  I) were fre q u e n tly  only  a p p a re n t as sm all h igh ly  osm iophilic  granules 
ev en  w hen  num erous w ell-form ed W F B  I I  could  be iden tified  (F ig . 1).

F u r th e r  d ev e lo p m en t of th e  W F B  I I  w as accom panied  b y  li t t le  m o rp h o 
log ical change o th e r th a n  an  increase in  size an d  a ten d en cy  to  becom e m ore 
sponge-like in  ap p ea ran ce  an d  have a p re fe ren ce  to  locate in  a rin g  in te rio r  
to  th e  rap id ly  develop ing  W F B  I w hich  w ere now  s itu a te d  im m e d ia te ly  below  
th e  lim itin g  m em branes o f  th e  p a ra s ite  (F igs 2 an d  3). O ccasionally  W F B  
I I  w ith  a lte red  s tru c tu re  w ere a p p a re n t w ith  e lectron  pale is lan d s  p resen t 
w ith in  th e  W FB  I I  m a te r ia l (Figs 4 a n d  5). A lso, in  places th e  W F B  I I  m a te 
r ia l w as so closely ap p lied  to  th e  g ra n u la r  endop lasm ic  re ticu lu m  t h a t  th e  usual 
space  seen was occluded  (F ig . 4).

P o lysaccharide  g ran u les  w ere sp a rse  in  y oung  m acrogam etes (F ig. 1) 
b u t  w ere a b u n d a n t in  m a tu re  m acro g am etes  (F igs 2, 4 an d  5). T h e  elec tron  
d e n s ity  o f th e  p o ly sacch arid e  was v a ria b le  (com pare  Fig. 2 w ith  F ig . 5). U sua l
ly  la rg e  am oun ts o f lip id  w ere ev id en t in  all b u t  th e  youngest m acro g am etes  
a n d  w ere m ain ly  c o n ta in e d  w ith in  th e  can a licu li (F ig. 4).

T he p a ras ito p h o ro u s  vacuole w as o f  v a ria b le  w id th  an d  o fte n  co n ta in ed  
g ra n u la r  m ateria l (F ig . 2). In tra v a c u o la r  fo lds w ere found w ith in  th e  p a ra s ito 
p h o ro u s  vacuole (F igs 2 an d  3). In tra v a c u o la r  tubu les w ere o n ly  observed  
w ith in  th e  p a ras ito p h o ro u s  vacuole o f one m acrogam on t, w here  a p o rtio n  of 
th e  tu b u le s  was seen (F ig . 3). The p a ra s ite  w as lim ited  b y  tw o  m em branes 
w ith  in te r ru p te d  m em b ran e  portions p re se n t below  th e  in n er m em b ran e  (Fig. 
3). M icropores were ra re ly  seen.

A p ro m in en t nucleo lus was p re se n t in  a n u m b er of sections th ro u g h  th e  
p a ra s ite  nucleus (F ig . 6). M itochondria , g ra n u la r  endoplasm ic re tic u lu m  and  
free  ribosom es were a b u n d a n t th ro u g h o u t th e  cy top lasm  (Fig. 3).
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F o rm a tio n  o f th e  o u te r la y e r  o f th e  oocyst w all re su lts  from  a tra n s fe r  
o f m a te ria l o f th e  W F B  I to  th e  m arg in  o f th e  p a ra s ite  to  fo rm  w h a t is in it ia lly  
an  irreg u la r  osm iophilic lay e r (F ig . 7). T h is lay e r becam e m ore reg u la r in  
w id th  b u t  w as n o t o f un ifo rm  e lec tro n -d en s ity  (Figs 8 an d  9) u n til  a f te r  th e  in n e r 
la y e r  o f  th e  oocyst w all h ad  been  fu lly  fo rm ed . A t th is  s tage  th e  m a jo r p a r t  
o f th e  o u te r  la y e r  o f th e  oocyst w all w as ag a in  osm iophilic  (F ig . 10).

W h en  th e  b u lk  o f th e  W F B  I  m a te r ia l h ad  been  tra n s fe rre d  to  th e  p e r i
m e te r  o f th e  p a ra s ite , only  W F B  I I  rem a in ed  w ith in  th e  developing  o ocyst 
(F igs 6 ,7 ,8  an d  9). A t th is  s tage , th e  W F B  I I  w ere v e ry  sponge-like in  a p p e a r
ance an d  ex is ted  as islands w ith in  e lec tro n  pale areas (F igs 6 an d  9). F o rm a 
tio n  of th e  in n e r lay e r o f th e  oocyst w all w as associa ted  w ith  th e  d isap p earan ce  
o f W F B  I I  from  th e  oocyst cy to p lasm  (F ig . 10).

F u lly  fo rm ed  oocysts w ere p oo rly  in f il tra te d  w ith  resin  w hich ren d ered  
th e m  d ifficu lt to  exam ine (F ig. 10). T here  w as ev idence to  in d ica te  t h a t  tw o  
m em branes are  shed from  th e  oocyst a f te r  oocyst w all fo rm a tio n  (F igs 8 an d  
10). T he o u te r  lay e r o f th e  oocyst w hen  fu lly  developed  is h igh ly  osm iophilic  
w ith  som e g ran u la r  m a te ria l on th e  su rface  (F ig. 10).

D iscussion

T he s tru c tu re  of th e  developing  m acrogam etes o f p ro to zo a  belong ing  to  
th e  genus E im eria  show  considerab le  u n ifo rm ity  an d  th is  has been  rev iew ed  b y  
S cho ltyseck  e t al. (1971) an d  S cho lty seck  (1973). I n  general, E . bakuensis  
conform ed  w ith  th e  usual d ev e lo p m en ta l processes o f m acrogam etogony , 
a lth o u g h  som e novel aspects w ere n o ted .

In  th is  s tu d y  m acrogam etes w ere f irs t  id en tified  b y  th e  ap p earan ce  of 
W F B  I I .  I t  w as u su a l to  see stages w ith  m orpho log ica lly  m a tu re  W F B  I I  b u t  
w ith  th e  W F B  I  on ly  recognisab le  as sm all osm iophilic g ranu les. T his is co n 
s is te n t w ith  th e  W F B  I I  being  fo rm ed  in  ad v an ce  of th e  W F B  I (S cho ltyseck , 
1973).

W F B  I I  s tru c tu re  w as u n u su a l in  som e places in  t h a t  e lec tron  pale  areas 
ex is ted  w ith in  som e W F B I I . l t  is possible t h a t  th e re  are  a n u m b er of b io ch em 
ica l p a th s  b y  w hich  w all-form ing  m a te r ia l is accu m u la ted  an d  in te rm e d ia te  
m e tab o lic  p ro d u c ts  m ay  p re sen t a v a ry in g  m orpho logy .

T he accu m u la tio n  of po lysaccharide  granu les an d  lip id  d u rin g  d ev e lo p 
m e n t o f th e  m acrogam ete  is n o rm al fo r e im erian  m acrogam etes (S cho ltyseck  
e t ah , 1971; Scholtyseck , 1973). T he m eans b y  w hich  m acrogam etes of E . 
bakuensis  o b ta in  n u tr ie n ts  is u n c lea r b u t  i t  is p robab le  th a t  close ap p o sitio n  
be tw een  th e  p a ra s ite  an d  th e  h o s t cell m em b ran e  of th e  p a ras ito p h o ro u s  v a c u 
ole, m icropores an d  in tra v a c u o la r  tu b u le s  are  all in v o lved  to  v a ry in g  e x te n ts . 
W e could  easily  h av e  re p o rte d  in tra v a c u o la r  tu b u les  as b e ing  ab sen t in  th is
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species as th e y  w ere o n ly  observed  once. I f  th e  n u tr itio n a l h y p o th esis  is co rrec t 
fo r  in tra v a c u o la r  tu b u le s  (H am m o n d  e t  a l., 1967; S cho ltyseck  e t al., 1971; 
S ch o lty seck , 1973; M ichael, 1975), i t  is possib le  th a t  th e y  m a y  be req u ired  for 
n u tr i t io n  only w hen  o th e r  m eans are in su ffic ien t. A lthough  s tru c tu ra l connec
tio n s  have  been re p o r te d  betw een  th e  h o s t cell, in tra v a c u o la r  tu b u le s  an d  
m ac ro g am ete  su rface  (S cho ltyseck  e t  a l., 1971; M ichael, 1975; V arghese, 1975; 
P i t t i lo  an d  Ball, 1979) fo r a n u m b er o f  species, in fo rm a tio n  is lack ing  as to  th e  
m ean s  of fo rm atio n  o f  th e  tu b u les  or w h e th e r  or n o t th e y  can  be re a d ily  a s 
sem b led  and  d isassem bled  as can  occu r w ith  m icro tubu les. I t  m ay  be th a t  
species rep o rted  to  h a v e  no in tra v a c u o la r  tu b u le s  inc lud ing  E .fe r r is i  (C hobo tar 
e t  a l., 1975), E . stieda i (Scholtyseck  e t ah , 1966; P ittilo  e t a l., 1980), an d  th e  
r e la te d  coccidia Isospora  fe lis  an d  I .  rivolta  (P e ls te r, 1973) an d  Toxoplasm a  
g o n d ii  (P e lste r a n d  P iek arsk i, 1972; F e rg u so n  e t al., 1975) m a y  e v en tu a lly  be 
sh o w n  in ce rta in  c ircu m stan ces to  be cap ab le  o f form ing  th e  tu b u les .

T he p a ra s ito p h o ro u s  vacuo le  c o n ta in e d  g ran u la r m a te ria l th a t  w as 
o f te n  o f sim ilar e lec tro n  d en sity  to  th e  h o s t cell cy top lasm . I t  has been p o s tu 
la te d  th a t  th e  in tra v a c u o la r  folds becom e d e tach ed  from  th e  host cell m em 
b ra n e  form ing p a r tic u la te  m a te ria l w ith in  th e  p aras ito p h o ro u s  vacuole th a t  m ay  
be ta k e n  in to  th e  p a ra s ite  (S cho ltyseck , 1973). T his could acco u n t for th e  orig in  
o f  th e  g ran u la r m a te r ia l  in  th e  case o f E . bakuensis. A n a lte rn a tiv e  e x p lan a tio n  
m a y  be th a t  i t  re p re se n ts  w aste  m a te r ia l from  th e  p a ra s ite . T here  are consid 
e ra b le  gaps in  o u r know ledge as to  how  m acrogam etes o b ta in  th e ir  n u tr ie n ts  
a n d  dispose o f w aste  p ro d u c ts  an d  all a t te m p ts  to  exp la in  th e m  m u st a t  th e  
p re s e n t tim e  re m a in  specu la tive .

T he com plete  process of oocyst w all fo rm a tio n  was n o t observed  a lth o u g h  
ev id en ce  is p re sen ted  to  ind ica te  t h a t  fo r  E . bakuensis i t  does n o t differ o th e r  
th a n  in  deta il from  t h a t  considered to  be n o rm a l for coccidia (S cho ltyseck  e t 
a l., 1971; S cho lty seck , 1973). T he ex is ten ce  o f m em branes su rro u n d in g  th e  
d ev e lo p in g  oocyst is w ell recognised in  a n u m b e r of coccidia a n d  th is  has been  
d iscu ssed  in  som e d e ta il in  re la tio n  to  th e  av a ilab le  l i te ra tu re  fo r E . brunetti 
(F e rg u so n  e t ah , 1977), E . m axim a  (P it t i lo  a n d  B all, 1980), a n d  E . acervulina  
(P i t t i lo  and  B all, 1984). In  th e  case o f  E . bakuensis, th e y  a lm o st c e rta in ly  
a rise  from  th e  o rig in a l p a ra s ite  lim itin g  m em branes and  th e  su rro u n d in g  m em 
b ra n e  of th e  W F B  I.

E . bakuensis is u n u su a l in  th a t  th e  W F B  I I  are fo u n d  w ith in  large elec
tro n -p a le  areas d u rin g  fo rm atio n  o f th e  oocyst Avail. A s im ila r phenom enon  
o ccu rred  w ith  th e  W F B  I  in  th e  fo rm a tio n  o f  th e  oocyst w all o f E . acervulina  
(P i t t i lo  and  B all, 1984). In  th e  case o f  E . bakuensis  i t  is possib le th a t  som e of 
th e  e lec tron -pale  m a te r ia l  is lip id  d e riv ed  fro m  th e  large am o u n ts  th a t  w ere 
p re s e n t w ith in  th e  m a tu re  m acro g am ete . T he m echanism  b y  w hich  W F B  I I  
m a te r ia l  is tra n s fe rre d  from  th e  c is te rn ae  o f th e  g ran u la r  endop lasm ic  re t i 
c u lu m  to  the  e x te r io r  o f th e  p a ra s ite  is u n c lear. In te rp re ta tio n  of th is  process
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Fig. 1. A young m acro g am ete  o f E. bakuensis. W all fo rm ing  bodies o f ty p e  tw o (W 2) su rro u n d 
ed b y  g ran u la r endoplasm ic re ticu lu m  (G) are easily recognisab le , b u t  a t  th is  stage w all-fo rm 
ing bodies of ty p e  one (W l)  a re  on ly  p re sen t as sm all osm iophilic  s tru c tu re s  w ith in  th e  c y to 

plasm . T he p a ras ito p h o ro u s  vacuole (PV ) is e lectron  pale. X 8,100 
Fig. 2. P a r t  of a m a tu re  m acro g am ete  o f E. bakuensis. W ith in  th e  parasito p h o ro u s vacuole 
am o rp h o u s m ate ria l (A) an d  in tra v a c u o la r  folds (F ) can  be seen. M any po lysaccharide g ranules 
are p re sen t w ith in  th e  c y to p la sm  of th e  m acrogam ete . T his p a ra s ite  is found  ju s t  below  th e  

b ru sh  b o rd er o f th e  h o st cell (H ). X 6,700
Fig. 3. A po rtio n  of tw o m a tu re  m acrogam etes of E. bakuensis. W ith in  th e  parasito p h o ro u s 
vacuole  of one of th e  stages, in tra v a c u o la r  folds an d  in tra v a c u o la r  tu b u le s  (T) can  be seen. 
T he p a rasite s  are lim ited  b y  tw o com ple te  m em branes below  w hich  som e in te rru p ted  m em brane  
p o rtio n s  a re  found . T he W F B  I I  (W 2) are su rrounded  b y  g ra n u la r  endoplasm ic re ticu lu m .

X 19,200

Abbreviations used on figures
A: am orphous m a te ria l; A R : a r te fa c t;  C: canaliculi; F : in tra v a c u o la r  fold; G: g ran u la r  en 
doplasm ic re ticu lu m ; H : h o st cell; I: in n er lay e r of oocyst w all; M: m ito chondrion ; N : nucleus; 
N u : nucleolus; 0 :  o u te r  lay e r o f oocyst w all; P: p o lysaccharide  g ran u le ; PY : parasito p h o ro u s 
v acu o le ; S: e lectron  pa le  space; T : in tra v ac u o la r  tu b u le ; W l: w all-fo rm ing  body of ty p e  one;

W 2: w all-form ing body  of ty p e  tw o



Fig. 4. P a r t  of a m atu re  m ac ro g am ete  o f E. bakuensis. A pale islan d  w ith in  a W F B  I I  is a r
ro w ed . T he polysaccharide g ran u le s  ap p ea r e lectron  p a le .T h e  p a rasito p h o ro u s vacuole  is d ifficult 
to  d isce rn  due to its h av in g  sim ila r e lectron  d en sity  to th e  h o st cell cy to p lasm  an d  because the  
p a ra s i te  is in  places closely ap p lied  to  th e  lim itin g  m em brane  of th e  p a ras ito p h o ro u s  vacuole.

C analiculi (C) co n ta in in g  lip id  a re  shown. X 6,600 
Fig. 5. P a r t  of a m atu re  m ac ro g am ete  of E. bakuensis. T he W FB  I I  h av e  pa le  islands w ith in  

their m ateria l. T h e  p o lysaccharide  g ranu les are electron  pale. X 8,300



F ig .  6 . An oocyst of E .  b a h u e n s is . The W FB I have disappeared from the cytoplasm . W ithin 
the cytoplasm  a prom inent nucleus (N) w ith nucleolus (Nu), W FB II surrounded by electron 

pale spaces (S), and polysaccharide granules can be discerned. X 4,200 
F ig .  7. An oocyst of E .  b a k u e n s is . The outer layer of the oocyst wall (0) is form ed by the fusion 
of W FB  I a t the perim eter of the parasite. A t this stage the outer layer is irregular and osmio- 

philic. W FB I I  can be seen within the cell. X 6,700 
F ig .  8 . An oocyst of E .  b a k u e n s is . The outer layer of the oocyst wall is of regular w idth bu t 
of variable electron density. A th in  granular layer separates this layer from a surface m em brane 
(arrowed). Although W FB II  can be seen w ith in  the cell, form ation of the inner layer (I) has

commenced. X 11,100
F ig .  9 . An oocyst of E .  b a k u e n s is  a t a sim ilar stage of developm ent to th a t  seen in Fig. 6. 
Fine am orphous m aterial appears to be w ith in  th e  electron pale areas surrounding the W FB

И . X 6,700
F ig .  1 0 . P a rt of an oocyst of E .  b a k u e n s is  is shown in which the oocyst wall is fully formed. 
A fter form ation of the oocyst wall, the oocyst cannot be satisfactorily prepared for electron 
microscopy using conventional techniques and a distorted appearance w ith  artefacts (AR) 
such as tearing away of the cytoplasm frequently  occurs. Arrows m ark the granular p a rt of 
the ou ter wall (1), the osmiophilic p art of the outer wall (2) and the inner layer of the oocyst 
wall (3). The membrane released from the oocyst wall shown in Fig. 8 can again be seen (arrow). 

Electron pale polysaccharide granules fill the cytoplasm. X 7,400
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m orpho log ically  is h am p ered  b y  th e  d ifficu lty  in  p re p a rin g  th in  sections o f 
oocysts for e lec tro n  m icroscopy th a t  re su lts  a f te r  even  p a r tia l  fo rm atio n  o f 
th e  oocyst w all h as  ta k e n  place. A lte rn a tio n  of th e  o u te r  lay e r of th e  o o cy st 
w all re su ltin g  in  i ts  consisting  of osm iophilic  and  g ra n u la r  p a rts  has b een  
re p o rte d  fo r  a n u m b e r of E im eria  species (see P ittilo  an d  B all, 1984).
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EFFICACY OF FUMAGILLIN AGAINST 
M Y X I D I U M  G I A R D I  CÉPÉDE,

1906 INFECTION OF THE EUROPEAN EEL 
( A N G U I L L A  A N G U I L L A ) :  NEW OBSERVATIONS 

ON MYXIDIOSIS OF IMPORTED GLASS EELS

Cs. S z é k e l y , К .  M o l n á r  and F. B a s r a

V eterinary  Medical Research In s titu te  of th e  H ungarian  Academy of Sciences, H-1581 B uda
pest, P. O. Box 18, H ungary

(Received Jan u ary  18, 1988)

W hen checked on im portation  in H ungary , glass eel stages of the E uropean  eel 
( A n g u i l l a  a n g u i l la )  caught a t  th e  A tlan tic  coast proved free from  parasitic  infection. 
A fter a few weeks, however, th e  plasm odia and cysts of M y x i d i u m  g ia r d i  were dem on
strable  in bo th  the eels kep t in a labora to ry  and those reared a t an  eel farm , indicating 
th a t  the fish had  been infected by  the parasite  la ten tly  already upon arrival in H ungary .

To preven t the developm ent of infection, the elvers were fed fum agillin mixed 
in the feed a t a dosage of 0.1%  or 1.0% . Continuous feeding of the fum agillin-containing 
d iet prevented  the developm ent of spores in  the y e t asym ptom atic fish stocks, and 
reduced th e  in tensity  of infection in eels showing an advanced stage of infection.

Keywords: M y x i d i u m  g ia r d i ,  A n g u i l l a  a n g u i l la ,  renal parasite, therapy , fum agil
lin, biology

U n til q u ite  recen tly , no efficacious d ru g  has been know n to  ex is t a g a in s t 
m y x o sp o rean s, p a ras ite s  th a t  cause s ig n ifican t diseases in  fishes. F in a lly  in  
1987 M olnár e t al. (1987) re p o rte d  th a t ,  w hen  m ixed  in  th e  feed  in  a c o n c e n tra 
tio n  o f 0 .1 % , F um ag illin  D C H  (C H IN O IN  P h a rm aceu tica l an d  C hem ical 
W orks L td ., B u d ap es t, H u n g ary ) p re v e n te d  th e  spore fo rm a tio n  o f th e  com m on 
carp  p a ra s ite  Sphaerospora renicola. E a r lie r  fum agillin  h a d  on ly  b een  used  
a g a in s t m icrosporeans, p a ras ite s  tax o n o m ica lly  d is ta n t from  m y x o sp o rean s. 
K a tzn e lso n  a n d  Jam ieso n  (1952) w ere th e  f irs t  to  use th is  a n tib io tic  a g a in s t 
n o sem a  disease o f th e  honey  bee. I n  fish , K an o  an d  F u k u i (1982) re p o rte d  
successfu l use o f fum agillin  ag a in s t m icrosporeosis o f th e  Jap a n e se  eel ( A n g u illa  
ja p o n ica )  caused  b y  Pleistophora anguillarum .

M y x id iu m  g iard i in fec tion  o f th e  eel is one of th e  m ost s ig n if ican t an d  
b e s t k n o w n  eel parasito ses. D a ta  on  its  p a th o lo g y  w ere re p o rte d  b y  C opland  
(1983), C rane an d  Eversole (1980), G h ittin o  e t al. (1974), L an d sb erg  (1983), 
an d  V e n tu ra  an d  P a p e rn a  (1984). M any  y e a rs ’ experience suggests t h a t  in  glass 
eels im p o rte d  to  H u n g a ry  M . g iard i in fec tio n  appears w ith in  a few  w eeks an d  
gives rise  to  su b s ta n tia l p a tho log ica l lesions.

T h e  fav o u rab le  effect o f fu m ag illin  ag a in s t ren a l sphaerosporosis o f th e  
com m on carp  p ro m p ted  us to  te s t  th e  efficacy  of th is  an tib io tic  a g a in s t eel
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m yxid iosis . The e fficacy  o f  Fum agillin  D C H  a g a in s t m yxidiosis is rep o rted  in  
th is  p a p e r , along w ith  observ a tio n s m ade on M y x id iu m  in fec tion  o f im p o rted  
glass eels.

Materials and m ethods

T h e ex p erim en ts  w ere conducted  u n d e r la b o ra to ry  conditions, in  401 
a q u a r ia , and  a t a w a rm -w a te r  eel fa rm  in  1987. In  th e  la b o ra to ry  experim en ts  
we u sed  im p o rted  g lass eels th a t  h ad  n o t fed  in  H u n g a ry  before, an d  p ig m en ted  
eels t h a t  h ad  been re a re d  a t  a H u n g a ria n  eel fa rm  fo r 2 -3  m o n th s. T he glass 
eels h a d  been c a u g h t in  riv e r m o u th s a t  th e  A tla n tic  coast o f F ran ce . Tw o 
b a tc h e s  of eels w ere u se d : th e  f irs t t r a n s p o r t  a rr iv e d  in  H u n g a ry  on 20 F e b 
ru a ry  1987 and  th e  seco n d  one m o n th  la te r , on  21 M arch  1987. U pon a rr iv a l 
th e  g lass eels were j u s t  s ta r t in g  to  feed . In  th e  a d a p ta t io n  period  la s tin g  a b o u t 
3 w eeks p rio r to  s ta r t in g  th e  la b o ra to ry  e x p e rim e n t th e y  received  e u t-u p  
tu b ife x . S u b seq u en tly  a g rad u a l tra n s it io n  w as m ade to  th e  m ed ica ted  or th e  
c o n tro l d iet. The c o n tro l d ie t used in  th e  ex p e rim en ts  w as th e  special f lo a tin g  
eel feed  m a n u fa c tu red  b y  T agger an d  Co. G m b H  (G raz, A ustria ). T h is w as 
su p p lem en ted  w ith  F u m a g illin  DCH  to  o b ta in  th e  m ed ica ted  d ie t. T he a n t i 
b io tic  fum agillin  is p ro d u c e d  b y  th e  fungus A sperg illu s fu m ig a tu s  an d  m a n u 
fa c tu re d  as d icyc lohexy lam ine  sa lt (D C H ) b y  C H IN O IN  P h a rm a c e u tic a l an d  
C hem ical W orks L td . (B u d ap est, H u n g a ry ). I t s  chem ical n am e is 2, 4, 6, 8- 
d e c a te traen ed io icac id  (4 -(l,2 -ep o x y -l,5 -d im eth y l-4 -h ex en y l)-5 -m e th o x y -l-o x a - 
sp iro  (2,5)oct-6-yl) m o n o este r. The eels w ere assigned  to  g roups an d  fed  a m ed i
c a te d  d ie t co n ta in in g  0.1 or 1.0%  F u m ag illin  D C H , or th e  co n tro l d ie t, u n til  
k illed . T he tre a tm e n t p e rio d  v aried  b e tw een  19 an d  61 days. T he eels assigned 
to  th e  d ifferen t e x p e rim e n ta l groups v a rie d  in  n u m b e r (T able I).

A t th e  end o f th e  ex p erim en t th e  eels w ere a n aes th e tized  and  d issected . 
S q u a sh  p re p a ra tio n s  m a d e  from  th e  k id n e y  w ere ex am in ed  fo r th e  presence of 
M . g iard i p lasm odia  a n d  spores b y  lig h t m icroscopy , u n d e r a coverslip . A l
th o u g h  M yx id iu m  c y s ts  m ay  occur in  th e  gills a n d  in  o th e r  organs as well, 
th e ir  n u m b er is neg lig ib le  as com pared  to  th a t  fo u n d  in  th e  k idneys. O n th e  
basis  o f  th e  spore c o u n ts , th e  in te n s ity  o f in fec tio n  w as ra te d  as one to  th re e  
crosses (see Tables I  a n d  I I ) ,  for lack  of a m ore accu ra te  m ethod . U n fo rtu n a te 
ly , u n d o u b te d ly  p a ra s ite -free  eels c an n o t be u sed , since th is  fish  species 
c a n n o t be cu ltu red  a r tif ic ia lly  (only few  p ro m ising  a tte m p ts  have been  m ade 
a t  i ts  a r tif ic ia l c u ltu re ).

T h e  fa rm -p o n d  tr ia ls  were co n d u c ted  a t  th e  eel farm  of th e  B H G  on 
tw o  occasions in  1987. I n  th e  f irs t ex p erim en t eels from  th e  f ir s t  t ra n s p o r t  w ere 
fed  a d ie t enabling  th e m  to  acclim atize, co n ta in in g  tu b ifex , th e n  tu b ife x  p lus 
f ish  p u lp , for tw o w eeks. S ubsequen tly  th e  eels w ere assigned to  tw o groups. 
E els o f th e  con tro l g ro u p  received a n o rm al, u n m ed ica ted  eel d ie t, w hereas
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th o se  o f  th e  exp erim en ta l group w ere fed  th e  m ed ica ted  d ie t co n ta in in g  0 .1%  
F u m ag illin  D CH  fo u r tim es daily , fo r 11 days. In  th e  second ex p e rim en t, la s t 
in g  76 days, eels fro m  th e  second tra n s p o r t  b a tc h  w ere u sed  a f te r  th e  a d a p ta 
tio n  period . The eels w ere fed th e  m ed ica ted  d ie t fo u r tim es a d a y  over th e  f irs t  
9 d ay s o f th e  ex p erim en t. S u b seq u en tly , over th e  rem ain in g  67 day s th e  fish  
w ere fed  th e  m ed icated  d ie t once an d  th e  con tro l one th ree  tim es a day . The f irs t  
e x p e rim en t was ev a lu a ted  a fte r  11 d ay s , an d  th e  second one six  tim es d u rin g  
th e  7 6 -day  m ed ication  period b y  ran d o m  sam pling . In  th e  fie ld  tr ia l each  
e x p e rim e n ta l group consisted  of eels fro m  th e  sam e ta n k .

R esults

Parasitological exam ination o f  the glass eels

U pon  arriva l in  H u n g ary , eels o f b o th  tra n sp o r t  b a tch es , o rig ina ting  
d ire c tly  from  th e  A tla n tic  coast, ap p e a re d  to  be pa rasite -free .

T w en ty -fiv e  an d  38 days a f te r  th e  f irs t  im p o rta tio n  (i.e. a t  th e  beg inn ing  
o f th e  ex p erim en t, a f te r  th e  a d a p ta t io n  period), th e  u n tre a te d  eels rea red  in  
a q u a r ia  proved  free from  parasite s . F o rty -sev en  days a fte r  im p o rta tio n , how 
ever, M y x id iu m  in fec tion  becam e a p p a re n t and  reach ed  a p rev a len ce  o f 3 0 % . 
F if ty - s ix  a n d  77 day s a fte r  a r r iv a l th e  p revalence  o f in fec tio n  reach ed  80 a n d  
1 00% , respec tive ly . T he in te n s ity  o f  in fec tion  was low  ( +  ) a t  all tim es s tu d ied .

T w en ty  days a fte r  th e  second im p o rta tio n  (i. e. a t  th e  b eg inn ing  o f th e  
ex p e rim e n t, a f te r  th e  a d a p ta tio n  period) th e  u n tre a te d  eels rea red  in  a q u a 
r ia  a lre a d y  ex h ib ited  an  in fec tion  o f low  p revalence an d  in te n s ity . F o rty -n in e  
day s a f te r  im p o rta tio n  (i.e. a t  th e  end  of th e  ex p erim en t) th e  p revalence  
o f in fec tio n  was 85%  an d  its  in te n s i ty  w as m o d era te  (-)--{-).

M edication  trials against M y x id iu m  g iard i in  eels kept under laboratory condi
tions  (T able I)

I n  th e  f irs t ex p erim en t th e  eels received  th e  m ed ica ted  d ie t fo r 22 days. 
O ne o u t o f  th e  17 f ish  fed  0 .1%  F u m ag illin  D C H  show ed in fec tio n  o f low  in te n 
s ity , w hereas all 18 fish  fed  th e  m ed ica ted  d ie t co n ta in in g  1 .0%  F u m ag illin  
D C H  rem ain ed  parasite -free . In  th e  co n tro l g roup  an  in fec tio n  o f low  in te n 
s ity  a n d  30%  p revalence  (4 o u t o f 12) w as fo und . ( In  th e  f ir s t  ex p e rim en t 
l a t e n t ly  in fec ted  eels o f th e  f irs t  t ra n s p o r t  b a tc h  w ere used.)

T h e  second ex p erim en t w as e v a lu a te d  in  tw o  p a r ts . O n d ay  19 of m ed i
c a tio n  all 8 eels fed  1-0%  F u m ag illin  D C H  w ere n eg a tiv e , w hereas in  th e  con
tro l g ro u p  an  in fec tion  of low in te n s ity  an d  80%  p revalence  (8 o u t o f  10) w as 
d e m o n s tra te d . All te n  tre a te d  eels k illed  on d ay  40 o f th e  m ed ica tio n  tr ia l  w ere
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Table I

Efficacy of Fum agillin DCH against the eel parasite M yxidium  giardi 
(laboratory experiments performed in 1987)

O rig in  o f B eg in n in g  
o f  th e  

e x p e rim e n t

E n d  o f  th e
D u ra tio n  

o f  th e
F ish  t re a te d  w ith  
F u m ag illin  D C H

C ontro  1th e  eels ex p e rim en t e x p e rim en t
(days) 0.1% 1%

D irectly from the 1st 
tran sp o rt (20 Feb.) 17 March 8 April 22 1 + 0 4 +

17 18 12
D irectly  from the 1st 

tran spo rt (20 Feb.) 30 March 17 April 19 _ 0 8 +
8 10

D irectly from the 1st 
tran sp o rt (20 Feb.) 30 March 8 May 10 _ 0 10 +

10 10
D irectly from the 2nd 

tran spo rt (21 March) 10 April 8 May 29 _ 7 + 17 + +
20 20

1st tran spo rt (20 Feb.) 
(back from farm)* 17 April 22 May 36 _ 8 + 8 + + +

10 10
1st transport (20 Feb.) 

(back from farm)* 17 April 3 June 48 8 + 10 + + +
28 11

2nd transport (21 March) 
(back from farm)** 25 June 10 August 47 10 + + 10 + 10 + + +

10 10 10
2nd transport (21 March) 

(hack from farm)** 25 June 3 Septem ber 61 10 + + 10 + 10 + + +
10 10 10

+ =  low intensity; + + =  medium intensity; + + + =  high in tensity ; num erator: num ber 
of infected fish; denom inator: number of fish tested  ;*: the eels were reared a t  the farm  from 
20 F ebruary  to 15 April; **: the eels were reared a t the farm  from  21 March to  23 June

n e g a tiv e , while in  th e  co n tro l group th e  p revalence  o f in fec tio n  w as 100% . In  
th e  p ositive  con tro l f ish  th e  in te n s ity  o f in fec tio n  w as low.

In  th e  th ird  e x p e rim e n t eels o f th e  second tra n s p o r t  b a tc h  w ere used. 
T hese  f ish  h ad  a p p a re n tly  been  in fec ted  a lread y  a t  th e  s ta r t  o f th e  ex p erim en t. 
A fte r  feeding 1 .0%  F u m a g illin  DCH  fo r 29 days, 7 o u t o f th e  20 tre a te d  eels 
w ere positive , w ith  low  in te n s ity  of in fec tio n . In  th e  u n tre a te d  con tro ls b o th  
in te n s i ty  and  p rev a len ce  (17 ou t of 20) o f in fec tion  w ere h igher.

T he fo u rth  e x p e rim e n t was also e v a lu a te d  in  tw o  p a r ts . I n  th is  ex p e ri
m e n t eels of th e  f ir s t  im p o r t  h a tch  an d  re tu rn e d  from  th e  eel fa rm  w ere used. 
T hese  fish  had  been  in fe c te d  a lready  a t  th e  beg inn ing  o f th e  ex p erim en t. T he 
p rev a len ce  of in fec tio n  w as betw een  40 an d  50%  an d  its  in te n s ity  was low.
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A fte r d ay  36 of m ed ica tio n , th e  k id n ey s o f 8 ou t of 10 eels fed  1 .0%  F um ag illin  
D C H  were in fec ted  b y  M . giardi spores (the  in te n s ity  o f  in fec tion  was low). 
In  th e  con tro l g roup  th e  in te n s ity  o f  in fec tion  w as v e ry  h ig h  and  th e  p re v a 
lence w as th e  sam e as in  th e  tre a te d  group  (8 o u t o f  10). T he rem ain ing  eels 
w ere exam ined  a f te r  d a y  48 of m ed ica tio n . A t th a t  tim e  8 o u t  of th e  28 t r e a te d  
eels w ere in fec ted  (w ith  th e  low  in te n s i ty  a lread y  d em o n strab le  a t  th e  s ta r t  o f 
th e  experim en t). A t th e  sam e tim e , 10 o u t o f th e  11 c o n tro l eels te s te d  w ere 
in fec ted , w ith  an  ex trem e ly  h igh in te n s ity .

In  th e  f if th  ex p erim en t, s im ila rly  to  th e  fo u r th  one, eels b ro u g h t b a c k  
fro m  th e  eel fa rm  w ere used. T hese eels, how ever, cam e fro m  th e  second im p o rt 
b a tc h . A t th e  beg in n in g  of th e  e x p e rim en t th e  eels show ed  100%  p revalence 
an d  low in te n s ity  o f  M . giardi in fec tio n . The e x p e rim e n t w as ev a lu a ted  in  
tw o  p a rts .

B y d ay  47 o f m ed ica tio n  w ith  1 .0 %  F um ag illin  D C H  th e  in te n s ity  o f in 
fec tion  h ad  n o t ch an g ed  as co m p ared  to  th e  in itia l v a lu e , a n d  th e  spore co u n ts  
dem o n strab le  in  th e  k idneys a lre a d y  a t  th e  s ta r t  o f th e  ex p e rim en t w ere p re 
se n t even  a t  th e  tim e  o f ev a lu a tio n . I n  fish  fed  0 .1%  F u m ag illin  D CH , b y  d a y  
47 o f m ed ication  th e  in te n s ity  of in fec tio n  som ew hat in c reased  as com pared  
to  th e  in itia l level. A t th e  sam e tim e , in  th e  con tro l f ish  th e  in te n s ity  of in fec
tio n  increased  eno rm ously , i.e. e x tre m e ly  large n u m b e rs  o f spores w ere d e 
m o n strab le  in  th e  k id n ey s. A t d ay  61 o f  m ed ication  th e  sam e resu lts  w ere o b 
ta in e d  as a t  d a y  47 fo r  all g roups (0 .1%  F um ag illin  D C H , 1 .0%  F um ag illin  
D C H , contro l).

F ield  trials with eels infected by M . g iard i (Table I I )

In  th e  f ir s t  ex p e rim en t th e  m ed ica ted  feed c o n ta in in g  0 .1%  F um ag illin  
D C H  was fed  fo u r tim es  daily  over a perio d  of 11 d ay s . T h e  10 eels exam ined  
w ere nega tive , w hereas 4 o u t o f th e  13 co n tro l fish  h a d  M . giardi in fec tion  of 
low  in te n s ity . In  th is  ex p erim en t th e  eels h ad  been n e g a tiv e , o r la te n tly  in fe c t
ed , a lread y  a t  th e  s ta r t .

I n  th e  second ex p erim en t, eels fro m  th e  second im p o r t b a tc h  were used . 
These eels h ad  b een  in fec ted , w ith  low  prevalence an d  in te n s ity , a lready  a t  th e  
beg inn ing  o f th e  ex p e rim en t. A fte r feed ing  0 .1%  F u m ag illin  D CH  four tim es  
a d ay  over a period  o f  9 days, one o u t o f th e  10 t r e a te d  f ish  w as found  to  h av e  
in fec tion  of low  in te n s ity . A t th e  sam e tim e , 3 o u t o f  th e  10 con tro l fish  w ere 
in fec ted , w ith  s im ila r in te n s ity  as th e  t r e a te d  ones. A fte r  d a y  9, th e  m ed ica ted  
feed co n ta in in g  0 .1 %  F um ag illin  D C H  w as fed o n ly  once, an d  th e  n o rm al, 
no n -m ed ica ted  eel feed  an  a d d itio n a l th re e  tim es, d a ily . A fte r  d ay  21 of m ed i
ca tio n  one o u t o f th e  11 tre a te d  eels h a d  M . giardi in fec tio n  o f low in te n s ity , 
w hereas 5 o u t o f th e  20 fish  in  th e  tw o  co n tro l ta n k s  h a d  lo w -in ten s ity  in fec tion  
b y  M . giardi spores in  th e  k id n ey . A t d ay  36 of m ed ic a tio n  2 ou t o f th e  15
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Table II

Efficacy of a medicated d ie t containing 0.1%  Fumagillin DCH against th e  eel parasite 
M yxidium  giardi (field experim ents performed in 1987)

O rig in  o f  th e  eels 
( tra n sp o r t)

T im e o f  th e  
e x am in a tio n

D u ra tio n  o f  
th e

e x p e rim en t
(d ay s)

G ro u p
tre a te d  w ith  

F u m ag illin  
D C H l

C o n tro l g ro u p

2 3

E x p e r i m e n t  1 
1 11 0/10 4/13 +

(20 F eb ru a ry )

E x p e r im e n t  2 
2

21 M arch

9* 1/10 + 3/10 +
(21 M arch) 

2
17 A pril 
29 A pril 21 1/11 3/10 + + 2/10 + + _

2 14 M ay 36 2/15 + 7/15 + + + — —
2 27 M ay 48 10/30 + 20/20 + + + — —
2 8 Ju n e 62 20/20 20/20 + + + — —

2 23 Ju n e 76

15 +
5 + + + 

18/20 + + + 20/20 + + + 10/10 + + + 10/10 + + +

B ody  m ass a t 
th e  end of 
ex p erim en t 2
(X )

0.45 g 0.44 g

+ =  low intensity; + + =  medium intensity; + + + =  high in tensity ; num erator: number 
of infected fish; denominator: num ber of fish tested ; *: the medicated feed was fed four times 
daily (for 9 days), and subsequently only once daily

t r e a te d  eels showed in fe c tio n  o f low  in te n s ity , w hereas in  th e  co n tro l group 
7 o u t o f  15 fish  w ere in fec ted , w ith  spore coun ts s ig n ifican tly  increased  since 
th e  p rev ious ex am in a tio n . A t d ay  49 o f  m ed ica tion  10 o u t o f  th e  30 tre a te d  
f ish  h a d  infection  o f low  in te n s ity . B y  th a t  tim e  an  in fec tio n  o f  100%  p re v 
alence  an d  ex trem ely  h ig h  in te n s ity  h a d  developed in  th e  20 con tro l eels 
ex am in ed . I t  should be n o te d  th a t  in  t h a t  period , in  la te  M ay , th e  m ed ica ted  
feed  w as p robab ly  n o t fed  reg u la rly : i ts  q u a n ti ty  d id  n o t decrease  as qu ick ly  
as i t  shou ld  have . A t d a y  62 o f m ed ica tio n  th e  p revalence  o f  in fec tio n  reach ed  
100%  a ls ó in  th e  tr e a te d  g ro u p . H ow ever, in  m ost eels (15 o u t o f  20) th e  in 
te n s i ty  o f in fection  w as m ark ed ly  low er th a n  in  th e  co n tro l. (P revalence  of 
in fe c tio n  w as 100%  in  th e  con tro l g roup  as well). On d ay  76 o f  th e  exp erim en t 
18 o u t o f th e  20 t re a te d  eels w ere p o sitiv e , an d  th e  in te n s i ty  o f  in fec tion  h a d  
in c reased . The 50 co n tro l eels, o rig in a tin g  from  th ree  c o n tro l ta n k s , show ed 
a n  in fec tio n  of 100%  p rev a len ce  an d  v e ry  h igh  in ten s ity .

I n  th e  field tr ia l  th e  effect o f fu m ag illin  on th e  eels’ b o d y  m ass gain w as 
also  exam ined . A t th e  e n d  o f th e  e x p e rim en t th e  average  b o d y  m ass gain  o f 
th e  tr e a te d  and  con tro l f ish  w as 0.45 a n d  0.44 g, re spec tive ly .
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D iscussion

U n til now , glass eels c a u g h t fro m  riv e r  m o u th s  a t  th e  A tla n tic  C oast 
h av e  been  th o u g h t to  be free from  in fec tio n  b y  th e  p a ra s ite  M . g iard i (C rane 
an d  E verso le , 1980). I t  was assum ed  t h a t  th ese  eels c o n tra c te d  in fec tio n  on ly  
la te r , a t  th e  eel fa rm , a fte r th e y  h a d  s ta r te d  to  feed. T h is w as su p p o rte d  b y  
n eg a tiv e  re su lts  o f th e  d iagnostic  e x a m in a tio n  o f  eel tra n s p o r ts  a rr iv in g  in  
H u n g a ry . T he p re se n t ex perim en ts h a v e  rev ea led  th a t  glass eels are  la te n t ly  
in fec ted  b y  ce rta in , h ith e rto  u n k n o w n , d ev e lo p m en ta l stages o f M . g iard i 
w hich  developed  in to  m a tu re  s tages ev en  u n d e r la b o ra to ry  rea rin g  co n d itio n s 
(w here th e  eels could  no t c o n tra c t in fec tio n ) a f te r  som e tim e . I t  w as fo u n d  
th a t  th e  glass eels h a d  been in fec ted  la te n t ly  (w ith  100%  prevalence) a lre a d y  
a t  th e  tim e  o f im p o rta tio n . T here w as a d ifference b e tw een  th e  in d iv id u a l eel 
specim ens in  th e  tim e  of spore fo rm a tio n , p re su m ab ly  d epend ing  on th e  tim e  
of th e ir  in fec tio n  a t  th e  A tlan tic  C oast. E els  a rriv in g  in  H u n g a ry  on 20 F e b ru 
a ry  developed  a less in tensive  in fe c tio n  o v er a period  o f 77 d ays th a n  th o se  
a rriv in g  a m o n th  la te r , on 21 M arch , a n d  k e p t u n d e r th e  sam e la b o ra to ry  co n 
d itions, in  48 days. A p robable  e x p la n a tio n  fo r th is  fa c t is th a t ,  befo re  h a v in g  
been  c a u g h t, eels o f th e  second t r a n s p o r t  h a d  sp e n t a longer tim e  in  th e  r iv e r  
m o u th s o f th e  A tla n tic  Coast, a n d  w ere th u s  longer exposed  to  th e  r isk  of 
c o n tra c tin g  in fec tio n  from  m a tu re  eels liv in g  th e re .

M edication  tr ia ls  conducted  in  a q u a r ia  have  show n th a t ,  w hen  m ix ed  in  
th e  feed  in  1 .0%  co n cen tra tio n , F u m a g illin  D C H  successfully  p re v e n te d  th e  
p lasm o d iu m  an d  spore fo rm ation  of M . g iard i in  th e  la te n tly  in fec ted  fish . In  
ex p e rim en ts  in  w hich  th e  eels h a d  show n signs o f in fec tio n  a lread y  a t  th e  
s ta r t ,  m ed ica tio n  fa iled  to  e lim in a te  f ro m  th e  k id n ey  spores th a t  h a d  b een  
p re se n t th e re  earlie r. N evertheless, fu m ag illin  d id  p re v e n t th e  fo rm a tio n  o f 
new  spores. T h is w as confirm ed b y  th e  rise  in  th e  p revalence  an d  in te n s i ty  o f 
in fec tion  in  th e  co n tro l group. F u m ag illin  b locks th e  dev e lo p m en t of M . g iard i 
an d  p re v e n ts  th e  fo rm atio n  o f new  sp o res; how ever, i t  h as  no effect on  th e  
a lread y  ex is tin g  ones. I t  should  be p o in te d  o u t th a t  fu m ag illin  p re v e n ts  th e  
spore fo rm a tio n  o f th e  com m on ca rp  p a ra s ite  Sphaerospora renicola , a n o th e r  
m y x o sp o rean , as well (M olnár e t a l., 1987).

U n fo rtu n a te ly , th e  f irs t fie ld  tr ia l ,  co n d u c ted  w ith  la te n tly  in fec ted  eels 
o f th e  f irs t  im p o r t b a tch , was ca lled  o ff a f te r  11 day s fo r te ch n ica l reaso n s. 
T he re su lts  o f  th is  sh o rt ex p erim en t a re  p rom ising  ( th e  t r e a te d  g roup  w as 
n eg a tiv e , a n d  th e  co n tro l show ed a n  in fec tio n  o f  30%  p rev a len ce  a n d  low  
in te n s ity ) . H ow ever, from  these  re su lts  no fa r-reach in g  conclusions can  be 
d raw n.

T he f ir s t  th re e  sam plings o f  th e  second  fie ld  t r ia l  show ed th a t  feed ing  
of 0 .1%  F u m ag illin  D CH  k e p t M . g ia rd i in fec tio n  a t  a low er level, in  b o th  p re v 
alence an d  in te n s ity , th a n  in  th e  c o n tro l g roups. I n  la te  M ay, th e  fa rm  s ta f f ’s
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fa ilu re  to  feed fu m ag illin  regu la rly  re su lte d  in  a rise o f in fec tio n  in  th e  tr e a te d  
g ro u p : f ir s t  th e  p rev a len ce , th e n  also th e  in te n s i ty  o f in fec tio n  reach ed  th e  
v a lu e s  o b ta in ed  fo r  th e  con tro l g roups. T hese  n o t fu lly  conv incing  re su lts  
m a y  be  accoun ted  fo r  b y  th e  im p ro p er feed in g  o f F u m ag illin  D C H . I t  is also 
possib le  th a t  a single d a ily  dose of F u m a g illin  D C H  in  th e  feed  w as n o t su ff i
c ie n t to  con tro l th e  in fec tio n . W hen th e  n o rm a l d ie t w as offered  th re e  tim es  a 
d a y  a n d  th e  m e d ic a te d  d ie t once daily , a t  11 a .m ., th e  eels p re su m ab ly  fa iled  
to  consum e su ffic ien t am o u n ts  of i t  because  o f its  s lig h tly  u n p le a sa n t ta s te . 
U n fo rtu n a te ly , we co u ld  n o t ex ten d  th e  e x p e rim e n t to  m ore ta n k s  an d , th u s , 
w ere  unab le  to  te s t  th e  effect of o th e r doses.

W e have b een  u n a b le  to  de te rm ine  w ith  c e r ta in ty  w h e th e r, besides th e ir  
l a te n t  in fection  b ro u g h t from  th e  A tla n tic  C oast, th e  eels c o n tra c t in fec tio n  a t  
th e  fa rm  and , if  yes, ho w  severe th is  in fe c tio n  is. W e do n o t know  w h e th e r th e  
s u b s ta n tia l  increase o b serv ed  in  th e  in te n s i ty  o f in fec tio n  can  be ex p la in ed  b y  
th e  g rad u a l d ev e lo p m en t of la te n t fo rm s, o r b y  th e  eels’ co n tin u o u s  re in fec tio n  
a t  th e  farm .

W e can conc lude  th a t  fum agillin  does n o t h av e  a n y  adverse  effect on 
th e  b o d y  m ass ga in . H ow ever, in  to x ic ity  ex p e rim en ts  (to  be re p o rte d  la te r  
on) we arrived  a t  th e  conclusion  th a t  a t  a  h ig h  co n c e n tra tio n  (5 -1 0 % ) F u m a 
g illin  D C H  ex erts  a n eg a tiv e  effect on  b o d y  m ass gain  as co m p ared  to  th e  
co n tro l.
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The protein  profile of three am phistom es (Gastrothylax crumenifer, Paramphisto- 
mum  epiclitum, and Gigantocotyle explanatum) from  th e  buffalo was investigated by 
polyacrylam ide gel electrophoresis and compared w ith th a t  of the host tissue. Signifi
can t differences were observed in the densitom étrie p a tte rn s  reflecting the protein poly
m orphism of parasites and host tissues. G. crumenifer and  P. epiclitum  showed 14 and 
12 hands respectively (Fig. 1A and IB ), while in the rum en  tissue 16 protein fractions 
were detected (Fig. 1C). G. explanatum  and liver tissue proteins were separated into 18 
and 21 fractions respectively (Fig. ID  and IE ). The num ber and relative m obilities 
of protein bands differed considerably no t only betw een G. crumenifer and P. epiclitum  
b u t also betw een these two am phistom es and the host rum en tissue. Similarly, G. 
explanatum  and th e  liver protein profiles were significantly different from each other. The 
differences in protein  polym orphism are discussed in th e  ligh t of biochemical taxonom y 
and  host—parasite  relationship.

Keywords: P rotein polym orphism, am phistom e, host tissue, buffalo, biochem i
cal taxonom y, host—parasite relationship

A m phistom e tax o n o m is ts  are  facing  m an y  d ifficu lties because o f th e  
v a s t n u m b e r of genera  an d  species described  in  th e  p a s t. T ill recen tly , c lassi
fic a tio n  has been b ased  on m orphological ch a ra c te rs . H ow ever, owing to  th e  
degree of m orpho log ica l v a r ia b ility  in  am p h istom es, th e  in fluence  of th e  w orm  
b u rd en  an d  o th e r h o s t-re la te d  fac to rs  also c o n tr ib u te  to  such  v a ria tio n s . Sey 
(1979) synonym ized  a n u m b er o f ta x a  w ith  P aram phistom um  ep ic litum  
(F ischoeder, 1904) on th e  basis o f h istom o rp h o lo g ica l sim ilarities. Since th e  
p ro te in  com position  o f an  organism  re flec ts  its  genetic  c o n s titu tio n , se p a ra tio n  
of p ro te in s  b y  e lec trophoresis  has p ro v ed  to  be a v a lu a b le  tax o n o m ic  too l. 
E lec tro p h o re tic  te ch n iq u es  have  been  used  in  s e p a ra tin g  m an y  Schistosom a  
an d  Paragonim us  species (Y osh im ura, 1968, 1969).

T he p re sen t s tu d y  is an  a t te m p t  to  d iffe ren tia te  v a rio u s  genera of a m p h is 
tom es p a rasitiz in g  th e  w a te r  buffa lo . T he p ro te in  p o ly m o rp h ism  of th e  p a ra 
sites w as co m p ared  w ith  th a t  of th e  h o st tissue  in  o rd e r to  reveal th e  degree of 
h o s t-p a ra s ite  re la tio n sh ip .

* Present address: D epartm ent of Microbiology, M aulana Azad Medical College, New 
Delhi-110 002, India.

+ To whom all correspondence should be addressed.
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M aterials an d  m ethods

M atu re  G astrothylax crum enifer  a n d  P aram phistom um  ep ic litum  w ere 
co llec ted  from  th e  in fe c te d  ru m en  an d  Gigantocotyle exp lana tum  fro m  th e  liver 
o f  w a te r  buffaloes (B u b a lu s  bubalis) s lau g h te red  a t  th e  local a b a tto ir .  T he 
p a ra s i te s  and  in fec ted  h o s t tissues w ere w ashed  w ith  saline sev era l tim es in  
o rd e r  to  rem ove th e  d eb ris . S u b seq u en tly  a 20%  an d  15%  (w /v) h om ogenate  
w as p re p a re d  re sp ec tiv e ly  b y  using  a m o to r-d riv en  glass te f lo n  hom ogenizer. 
A f te r  cen trifu g a tio n  th e  h om ogenates w ere processed for p o ly ac ry lam id e  gel 
e lec tro p h o res is  acco rd in g  to  th e  m e th o d  o f D avis (1964). Gels w ere p rep ared  
a n d  a 3 mA/gel c u rre n t w as app lied . A fte r  a com plete  e lec tro p h o re tic  ru n  th e  
gels w ere rem oved fro m  th e  glass tu b e s  an d  fixed  in  perch lo ric  acid , m e th an o l 
a n d  w a te r  (5: 25: 75 v /v )  fo r 30 m in  an d  s ta in ed  fo r 2 h  w ith  C oom assie b r il
l i a n t  b lue . The dye (0 .0 4 % ) w as p re p a re d  in  f ix a tiv e . A fte r s ta in in g , th e  gels 
w ere  desta in ed  in  a so lu tio n  consisting  o f  glacial acetic  acid , m e th an o l an d  
w a te r  (5: 20: 75 v /v) u n t i l  c lear p ro te in  b an d s  ap p eared . T he gels w ere s to red  
in  7 %  acetic  acid.

D en sito m etry  o f  th e  gels for q u a n ti ta t io n  of th e  p ro te in  b a n d s  w as done 
o n  a  S ystro n ic  d e n s ito m e te r  (ty p e  201) b y  p lac ing  th e  gels h o riz o n ta lly  on th e  
a d a p to r .  A red  f i l te r  w as u sed  an d  tra n sm iss io n  (per cen t) w as reco rd ed  a t  1 
m m  in te rv a ls  along th e  le n g th  o f th e  gel up  to  th e  b ro m o p h en o l b lue  m ark er. 
T h e  d en sito m ete r h a d  b een  ca lib ra ted  b y  using  an  u n s ta in e d  p o rtio n  of th e  
gel.

R esults an d  discussion

T h e  resu lts o b ta in e d  on th e  p ro te in  po lym orph ism  o f th e  p a ra s ite  an d  
h o s t  tissu e  w ith  re sp ec t to  e lectric  m o b ility  a re  sum m arized  in  T ab le  I .

Table I

Protein polym orphism  of some amphistomes and host tissue

P a ra s i te /H o s t  t is s u e
n

N u m b er o f  ban d s
T o ta l

an o d a l
reg ion

m id-gel
reg ion

c a th o d a l
reg io n

Gastrothylax crumenifer 3 8 l 5 14
Paramphistomum epiclitum 3 6 2 4 12
Rumen tissue 3 9 2 5 16
Gigantocotyle explanatum 3 7 2 9 18
Liver tissue 3 10 2 9 21

n  =  number of replications
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Fig. 1. E lectropherogram s w ith corresponding densitom étrie scans of protein  profile. Arrow 
indicates the direction of protein m igration. N um bers on the scan represen t the bands. A: 
Gastrothylax crumenifer; B: Paramphistomum epiclitum ; C: buffalo rum en tissue; D: Giganto- 

cotyle explanation ; E : buffalo liver tissue

S ign ifican t d ifferences w ere o b serv ed  in  th e  d en sito m é trie  p a tte rn s  re 
f le c tin g  th e  p ro te in  p o lym orph ism  o f p a ra s ite s  an d  h o s t tissu es . G. crum enifer  
a n d  P .  epiclitum  show ed 14 an d  12 b an d s  re sp ec tiv e ly  (F ig . 1A an d  IB ), 
w hile in  th e  ru m e n  tissu e  16 p ro te in  frac tio n s  w ere d e te c te d  (F ig . 1C). G. 
exp lana tum  an d  liv e r tissue  p ro te in s  w ere se p a ra te d  in to  18 a n d  21 frac tio n s 
re sp ec tiv e ly  (F ig . ID  and  IE ) . H ow ever, th e  n u m b er o f an o d a l an d  ca th o d a l 
b a n d s  an d  th e ir  re la tiv e  m obilities w ere also d iffe ren t in  tre m a to d e s  an d  in  
re sp ec tiv e  h o st tissu es  (Table I).

T he n u m b er an d  re la tiv e  m ob ilities o f p ro te in  b an d s d iffe red  co nsiderab ly  
n o t o n ly  b e tw een  G. crum enifer a n d  P . epic litum  b u t  also b e tw een  th ese  tw o  
am p h isto m es an d  th e  h o st ru m en  tissu e . S im ilarly , G. exp lana tum  an d  th e  liv er 
p ro te in  profiles w ere s ig n ifican tly  d iffe ren t from  each  o th e r . T h u s  i t  could  
be  in fe rred  th a t  each  am p h isto m e as w ell as th e  h o s t tissu e  h as  a specific  nu m -
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b er an d  a p a r tic u la r  m ig ra tio n  p a t te rn  o f  p ro te in  b a n d s . M any w orkers h av e  
also se p a ra te d  an d  synon y m ized  severa l co n tro v ers ia l species be longing  to  
d iffe ren t genera o f tre m a to d e s  on th e  basis  o f s im ila rities a n d  d issim ilarities in  
th e ir  p ro te in  sp ec tru m  (Y osh im ura e t a l., 1970; K lim enko  a n d  V elichko, 1972). 
O sikovski e t al. (1978) in v es tig a ted  th e  e lec tro p h o re tic  p a tte rn s  of th e  w a te r- 
so luble p ro te in s  o f P . m icrobothrium , P . cervi an d  P . microbothrioides. P . cervi 
show ed 16, P . microbothrium, 18, an d  P . microbothrioides 19 b an d s. T he in d i
v id u a l frac tions h a d  d iffe ren t e lec tro p h o re tic  m o b ility  ch a ra c te ris tic  o f th e  
species te s te d . S im ila rly , th e  p ro te in  p ro file  o f th e  th re e  P aram phistom um  
species h as  m an y  asp ec ts  in  com m on. T h e  p re se n t s tu d y  is in  ag reem en t w ith  
earlie r find ings as fa r  as th e  specific ity  in  th e  p ro te in  p ro file  of a p a r tic u la r  
species is concerned . S uch  a s tu d y  cou ld  p ro v e  to  be a usefu l too l in  th e  fie ld  
of b iochem ical ta x o n o m y  o f a v a r ie ty  o f tre m a to d e s .

T he s im ilarities a n d  differences n o te d  in  th e  p re se n t s tu d y  in  th e  p ro te in  
pro files am ong th e  th re e  am phistom es a n d  th e ir  re sp ec tiv e  h o st tissues w ould  
also p ro v id e  som e b as ic  know ledge reg a rd in g  th e  h o s t-p a ra s i te  re la tio n sh ip . 
F u rth e rm o re , c e r ta in  p ro te in  bands o f th e  p a ra s ite s  show ing  d iss im ila rity  w ith  
tho se  o f th e  host tis su e  can  be used  as ta rg e ts  fo r c h e m o th e rap eu tica l co n tro l. 
Such v a ria tio n s  in  th e  p ro te in  profile  m a y  fu r th e r  be ex p lo ited  for p h a rm a c o 
logical an d  im m uno log ica l stud ies.

H ow ever, fu r th e r  s tud ies are req u ired  to  in v e s tig a te  d ifferences in  p ro 
te in  p o lym orph ism  w h ich  is a consequence of d ifferences in  gene expression .
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DISPOSITION KINETICS AND 
DOSAGE REGIMEN OF 2-FORMYL 1-METHYL 

PYRIDINIUM OXIME (2-PAM) IN HEIFERS

A. K . S r iv a st a v a , H . N. K h a n ik o r  and J .  K . Ma l ik
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Disposition kinetics and  dosage regimen of 2-PAM were investigated  in heifers 
after its intravenous adm in istra tion  (30 mg/kg body mass). The peak plasm a level of 
2-PAM (200.9 i  12.8 p g  ■ m l-1) was reached a t  1 min and therapeu tic  concentration 
was m aintained up to  th e  6 th  hour. The d istribution  half-life and elim ination half-life 
were calculated to  he 0.091 i  0.008 h  and 2.49 A 0.13 h, respectively. The values of 
Vd(area) anc* to ta l body clearance (Clg) were 1.438 ±  0.072 L • k g -1 and 382.7 ±  58.7 
m l • k g -1 • h _1, respectively. 2-PAM bound to  the  plasm a proteins of heifers to the 
ex ten t of 48.4 ±  1.97 per cent. The binding capacity  of 2-PAM to plasm a proteins and 
the dissociation ra te  constan t of the protein—drug complex were 3.85 X lO -6 mol • g _1 
and 2.57X l O -4 mol, respectively. To m aintain  th e  therapeutic  plasm a concentration 
in  heifers, 2-PAM adm inistra tion  is to  be repeated a t a dose ra te  of 26 mg/kg body mass 
6 h after the first trea tm en t.

Keywords: 2-PAM, disposition kinetics, dosage regimen, i n  v i t r o  plasm a protein 
binding, heifer
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A n tid o ta l t re a tm e n t o f  o rg an o p h o sp h a te  po isoning  invo lves a tro p in e  and  
acety lcho linesterase  (A C hE) re a c tiv a to rs . 2 -form yl 1 -m ethy l p y rid in iu m  oxim e 
(2-PAM ) is used  w idely  a g a in s t o rg an o p h o sp h a te  in to x ic a tio n  in  m an  and  
an im als (W arrin er e t a l., 1977; T ay lo r, 1980; H a tc h , 1982). T he efficacy  of 
t r e a tm e n t  w ith  A ChE re a c tiv a to rs  depends on th e  re p e a te d  a d m in is tra tio n  of 
th e se  drugs in  o p tim u m  dose an d  a t  su itab le  tim e  in te rv a ls , d e te rm in ed  from  
th e ir  d isposition  k inetics s tu d ie s . A lthough  th e  d isposition  k in e tic s  o f d ifferen t 
A C hE  rea c tiv a to rs  has b een  s tu d ied  in  m an  a n d  an im als (S idell an d  Groff, 
1971; S riv a s tav a  e t a l., 1985; S riv a s tav a  an d  M alik, 1986), su ch  in v estig a tio n s 
on  2-PA M  are lack ing .

A ccordingly , th e  o b jec tiv e  of th e  p resen t s tu d y  w as to  in v e s tig a te  th e  
d isposition  k inetics an d  dosage reg im en of 2-PA M  in  heifers. I n  vitro  p lasm a 
p ro te in  b ind ing  of 2-PA M  w as also s tud ied .

M ateria ls and  m ethods
D isposition  kinetics

E x p e rim en ts  w ere p e rfo rm ed  on h e a lth y  heifers w ith  an  average  body  
m ass of 180-216 kg. T he an im als  w ere p u rch ased  from  th e  local m a rk e t and  
housed  in  a d e p a rtm e n ta l an im a l shed p rio r to  th e  s ta r t  o f th e  experim en ts.
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A fte r  w ithd raw in g  th e  co n tro l b lo o d  sam ple, 2-PA M  (A ldrich  C hem ical Co., 
M ilw aukee, W isconsin, USA ) w as ad m in is te red  as 8 p e r  cen t so lu tio n  in  iso
to n ic  saline in to  th e  le f t ju g u la r  v e in  o f th e  an im als a t  a dose level o f 30 m g/kg 
b o d y  m ass. (The dose o f  r e a c tiv a to r  refers to  base). B lood  sam ples w ere co llect
ed  fro m  th e  r ig h t ju g u la r  v e in  in to  heparin ized  glass cen trifu g e  tu b e s  a t  1,
2 .5 , 5, 7.5, 10, 15 an d  30 m in  a n d  1, 1.5, 2, 3, 4, 5, 6 a n d  8 h  a f te r  d ru g  ad m in 
is t r a t io n . E ry th ro c y te s  a n d  p la sm a  w ere se p a ra te d  a t  ro o m  te m p e ra tu re . The 
c o n c e n tra tio n  of 2-PA M  in  th e  b lo o d  p lasm a an d  e ry th ro c y te s  w as m easu red  
b y  a n  UV sp e c tro p h o to m e tric  m e th o d  as described  b y  C reasy a n d  G reen 
(1959). T he p lasm a c o n c e n tra tio n -tim e  profile  o f 2 -fo rm yl 1 -m ethy l p y rid in iu m  
o x im e  w as used to  ca lcu la te  v a rio u s  p h a rm aco k in e tic  p a ra m e te rs  (G ibald i and  
P e rr ie r , 1975).

I n  vitro p lasm a pro tein  b inding

I n  vitro b in d in g  o f  2-PA M  to  p lasm a p ro te in s  o f heifers w as d e te rm in ed  
b y  em ploy ing  an  eq u ilib riu m  d ia ly sis  tech n iq u e  (K u n in  e t a l., 1959). A dialysis 
b a g  o f  4 A poré  size w as u sed  in  th e  p resen t in v e s tig a tio n . A fte r  e s tim a tin g  free 
a n d  b o u n d  drug  th e  b in d in g  c a p a c ity  of p lasm a p ro te in s  to  2-PA M  an d  th e  
d isso c ia tio n  ra te  c o n s ta n t o f  th e  p ro te in -d ru g  com plex  w ere d e te rm in ed  b y  
th e  p ro ced u re  of P illo u d  (1973).

R esu lts  and  discussion

A sem ilogarithm ic  p lo t o f  decline in  th e  p lasm a  c o n c e n tra tio n  o f 2-PA M  
is sh o w n  in  Fig. 1. T he d a ta  w ere b e s t f i t te d  to  a tw o -c o m p a rtm e n t open  m odel 
a n d  a d eq u a te ly  described  b y  th e  eq u a tio n  CP =  A e -a  -|- B e -/?t. A t 1 m in  of 
in je c tio n  th e  peak  p la sm a  c o n c e n tra tio n  o f 2-PA M  w as 200.9 ^  12-8 pg  • m l-1 
w h ic h  declined to  1.48 +  0.45 pg • m l-1  a t  8 h  o f a d m in is tra tio n . T h e  th e ra 
p e u tic  p lasm a level o f 2-PA M  h as  been  rep o rted  to  be >  4 pg • m l-1  (Sund- 
w a ll, 1961). In  th is  s tu d y , th is  c o n c e n tra tio n  o f 2-PA M  w as m a in ta in e d  from  
1—240 m in  of its  a d m in is tra tio n . In tra v e n o u s  a d m in is tra tio n  of A C hE re a c tiv a 
to r  is th e  m ost re liab le  m eans o f  tr e a tin g  o rg an o p h o sp h a te -p o iso n ed  an im als, 
as a n  in itia lly  h igh d ru g  level in  th e  cen tra l c o m p a rtm e n t is req u ired  to  o b ta in  
a  fav o u ra b le  diffusion g rad ien t.

T he th e ra p e u tic  e fficacy  o f  2-PA M  depends on  its  p e n e tra tio n  in to  
e ry th ro c y te s . A t d iffe ren t b lo o d  co n cen tra tio n s, 2-PA M  p e n e tra te d  in to  e ry 
th ro c y te s  to  th e  e x te n t o f 3 .8 4 -1 6 .4  p e r cen t o f th e  to ta l  b lood  c o n c e n tra tio n  
(T ab le  I) . No co rre la tio n  b e tw een  th e  co n cen tra tio n  o f d ru g  in  th e  b lood  and  
th e  e x te n t of its  p e n e tra tio n  in to  e ry th ro cy tes  could  be e s tab lish ed . The 
good  p e n e tra tio n  o f 2-PA M  in to  e ry th ro cy te s  re flec ts  t h a t  2-PA M  m ay  be
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F i g .  1. Semilogarithmic plot of plasm a concentration-tim e profile o f 2-PAM in heifers following 
a single intravenous dose (30 mg/kg). Values given are mean i  SE  of th e  results obtained for 
5 animals. D istribution (a) and elim ination (ß ) phases are represented  by  least square regres
sion lines. The calculated points (0) of the d istribution  phase were obtained  by the feathering

technique

beneficial in  th e  t r e a tm e n t o f o rg an o p h o sp h a te  in sec tic ide  poisoning  in  heifers. 
O rgan o p h o sp h a te  insectic ides are  k n o w n  to  in h ib it th e  e ry th ro c y te  ch o lin este 
rase  to  a g rea te r  e x te n t th a n  o th e r esterases (S riv a s ta v a  e t  a l., 1984).

V arious d isposition  k in e tic  p a ra m e te rs  o f 2-PA M  are  sum m arized  in  
T ab le  I I .  T he h igh  va lu e  o f ra te  c o n s ta n t a  (7.86 ^  0 .74 h “ 1) in d ica ted  t h a t  
2-PA M  is ra p id ly  d is tr ib u te d  in  p e rip h era l c o m p a rtm e n t o f  heifers. T he ra p id  
d is tr ib u tio n  of 2-PA M  is fu r th e r  su b s ta n tia te d  b y  th e  h ig h  ra tio  of K 12/ K 21

Table I

Levels of 2-PAM in blood and erythrocytes of heifers following a single intravenous
dose of 30 mg/kg body mass

T im e  a f te r  2-PAM  
a d m in is tra tio n

(h)

B lood  
(MS ■ m !-1 )

E ry th ro c y te s  
(%  o f  b lood  

c o n cen tra tio n )

0-1 14 .5-150 .3 11.6 ±  1.32
1-2 5 .54 -7 .32 3.84 ±  0.11
2-4 2 .52 -4 .62 14.4 ±  0.84
4-8 0 .53 -2 .52 15.4 ±  2.12

Values given are mean i  SE of the results obtained for 5 animals
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Table II

Pharmacokinetics of 2-PAM in heifers following a single in travenous dose of
30 mg/kg body mass

K in e tic
p a ra m e te r

U n it M ean  +  SE ВLange

Cp /lg ■ m l - 1 223.4 ± 7.94 217.5--250.9
A fig ■ m l - 1 219.7 ± 8.72 201.7--240.6
a h - 1 7.860 ± 0.740 6.444--9.623

tl/îa h 0.091 ± 0.008 0.072--0.108
В fig ■ m l-1 12.7 ± 1.38 10.3--16.5

ß h - 1 0.282 ± 0.015 0.249--0.318

11/20 h 2.49 ± 0.13 2.18--2.78

Ki2 h - 1 4.278 ± 0.642 2.725--5.369

K 21 h - 1 0.713 ± 0.079 0.547--0.893
K 12/K 21 Ratio 5.919 ± 0.347 4.986--6.666

Kei h - 1 3.151 ± 0.308 2.531--3.854

Ч /2 К е1 h 0.226 ± 0.022 0.179--0.252

AUC fig ■ m l-1 X h 75.74 ± 7.01 57.32--87.34

Vc L • k g - 1 0.129 ± 0.004 0.119--0.138

^d(area) L • k g - 1 1.438 ± 0.072 1.318--1.646

Vd(B) L • k g - 1 2.231 ± 0.390 1.32 -2.913

Vd(89) L • k g - 1 0.899 ± 0.071 0.0876--1.042

C1B m l ■ k g -1 • h - 1 382.7 ± 58.7 243.5--523.4

td h 7.21 ± 0.39 6.33--8.08

T/P Ratio 10.1 ± 0.57 8.55--11.12

a Kinetic param eters are described by  Gibaldi and Perrier (1975). 
b Values given are m ean ±  SE of the results obtained for 5 anim als

(5 .919 i  0.347). C lin ically  i t  is of u tm o s t  im p o rtan ce  to  d e te rm in e  th e  e x te n t 
o f  d ru g  d is tr ib u tio n  r a th e r  th a n  th e  r a te  o f  d is trib u tio n . T h e  ca lcu la ted  a p p a r 
e n t  vo lum e of d is tr ib u tio n  (1.44 ±  0.07 L  • k g “ 1) in d ica te s  t h a t  th e re  is good 
d is tr ib u tio n  of 2-PA M  in  bo d y  flu id s  a n d  tissues. T he r a th e r  h igh  T /P  ra tio  
(10.1 ^  0.57) fu r th e r  con firm ed  th e  e x te n t  o f p e n e tra tio n  o f  2-PA M  in to  b o d y  
f lu id s  an d  tissues o f  heifers. T he id e n tic a l values of V d(area)> V d(B) an d  V d(SS) 

a re  co nsisten t w ith  th e  find ings of N o to ri (1973) and  suggest t h a t  th e  m ethods 
o f  ca lcu la tion  h av e  no  in fluence  on th e  vo lum e of d is tr ib u tio n  o f th e  drug .

T he e lim in a tio n  half-life  of 2-PA M  in  heifers (2.49 i  0.13 h) estab lished  
in  th is  s tu d y  is s im ila r to  th e  t y 2/s o f  2-PA M  in  m ale ra ts . T h e  half-life o f 2- 
PA M  was rep o rted  to  be  88 m in  in  fem ale  r a ts  and  124 m in  in  m ale  ra ts  (D as 
G u p ta  e t al., 1979). A s com pared  to  he ife rs  a sh o rte r e lim in a tio n  half-life of 
2 -P A M  (56.76 m in) w as re p o rte d  in  m a n  (Ja g e r  e t al., 1958; S idell and  Groff, 
1971; Sw artz an d  S idell, 1974).
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T ab le  I I I  show s th e  c a p ac ity  o f p lasm a p ro te in s  to  b ind  2-PA M  (ßi) 
an d  th e  d issoc ia tio n  ra te  c o n s ta n t o f th e  p ro te in -d ru g  com plex (K^). A t d if
fe re n t co n c e n tra tio n s  o f  2-PAM  th e  values o f  ßi a n d  w ere ca lcu la ted  to  be 
3.85 X 10 6 ^  0.137 X 10-6  an d  2.57 X Ю-4  +  0.186 x  10~4 m ol re sp ec tiv e ly . 
O verall, 48.4 +  1 .97%  o f 2-PA M  w as b o u n d  to  th e  p la sm a  p ro te in s  o f  heifers. 
P la sm a  p ro te in  b in d in g  of a d ru g  is an  im p o r ta n t in d e x  to  assess th e  ac tiv e  
f ra c tio n  o f  d ru g  in  th e  b lood  an d  tissu e  c o m p a rtm e n t. I t  has been  conc luded  
th a t  low  to  m o d era te  (< 8 5 % )  degrees o f p ro te in  b in d in g  have  li ttle  o r no 
in fluence  on  th e  k in e tic  d isposition  o f d ru g  (B ag g o t, 1982). On th e  basis  of 
ßi an d  Kß, i t  c an  be e s tab lish ed  th a t  ( i )  th e  b in d in g  o f 2-PA M  to  p la sm a  p ro 
te in s  o f he ifers is w eak  because o f th e  neglig ib le v a lu e  o f  ß l an d  ( i i )  th e  p ro te in  
b in d in g  o f  2-PA M  is reversib le  because  of th e  h ig h e r v a lu e  o f th e  d isso c ia tio n  
ra te  c o n s ta n t o f th e  p ro te in -d ru g  com plex  th a n  th e  b in d in g  cap ac ity  o f p lasm a  
p ro te in .

T he u ltim a te  ob jec tiv e  of a d isposition  k in e tic  s tu d y  is to  d e te rm in e  th e  
dosage reg im en . W ith  a conven ien t a n d  su itab le  dosage in te rv a l, ca lcu la tio n  
o f th e  m a in ten an ce  dose (D) is based  on th e  m in im u m  effective c o n cen tra tio n  
(M EC) o f 2-PA M  an d  is ca lcu la ted  b y  th e  fo rm ula .

D =  M EC • Vd(area) (e+/it — 1)

T ak in g  6 h  as con v en ien t an d  su itab le  dosage in te rv a l, w ith  a m in im u m  
th e ra p e u tic  p lasm a  level o f  4 p g -m l^ 1 an d  using  th e  values of ß  a n d  Vd(area) 
o f T ab le  I ,  th e  o p tim a l dose w as d e te rm in ed . B ased  on these  p a ra m e te rs , i t  is 
suggested  th a t  in  heifers 2-PA M  tre a tm e n t is to  be re p e a te d  a t  th e  dose ra te  of

Table Ш

In  vitro b inding of 2-PA M  to  pasm a proteins o f heifers

C o n c e n tra tio n  o f 
2-PA M

P a ra m e te r8,

Bi
(m o le -g —*)

KB
(m ole)

E x te n t  o f 
b ind ing  

(%)

2 4 .15  X 1 0 “ 6 2.95 X IO “ 4 48-3
5 3.81 Х Ю - 6 1.85 X 1 0 - 1 46.68

10 4 . 1 5 Х Ю - Э 2.66 X 1 0 - 4 45.2

25 3.13 X 1 0 “ 6 2.95 X 1 0 - 1 52.6

50 3.95 X 1 0 - 6 3 .1 8 X 1 0 -4 54.5
100 4.08 X 1 0 - 6 2.25 X 1 0 - 4 47.8
200 3.68 X 1 0 - 6 2.16 X 1 0 ~ 4 43.5

Mean 3 .8 5 X 1 0 - 6 2 .5 7 X 1 0 - 4 48.36

±  S E 0 .1 3 7 X 1 0 “ ® 0 .1 8 6 X 1 0 -4 1.97

F or each concentration, values given are th e  m ean of four experim ents. 
a Various param eters were calculated by  th e  m ethod  of Pilloud (1973)
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25.5 (26) m g/kg  b o d y  m ass 6 h  a f te r  th e  f i r s t  t re a tm e n t. T he lo ad in g  dosage 
leve l o f  2-PA M  em p lo y ed  in  th e  p re se n t in v e s tig a tio n  is q u ite  co m p arab le  to  
th e  dosage g iven  fo r  th e  t re a tm e n t o f o rg an o p h o sp h a te  po isoning  in  m an  an d  
an im a ls  (Ja g e r  e t  a l., 1958; W rig h t e t  a l., 1966; T ay lo r, 1980).
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PROTEIN-INDUCED CHANGES IN THE  
RESPONSE OF PLASMA CORTISOL OF LAMBS 

TO HEAT STRESS

F o u a d  M. A. G h a n i *

D epartm en t of Anim al Physiology, U niversity  of Agricultural Sciences, H-8361 Keszthely,
D eák F . u. 16, H ungary

(Received A ugust 28, 1987)

The present study was conducted to  show whether or n o t protein  intake can 
induce changes in  the plasm a cortisol concentration of lam bs exposed to acute and 
chronic heat stress.

Four groups, each comprised o f four Merino lambs, were used. Two groups were 
kep t a t 18 °C and the others were subjected  to an am bient tem p era tu re  of 32 °C. The 
anim als received a diet supplying each of them  w ith 98.8 and 154.4 g crude protein daily 
in the first and second group, respectively, a t each environm ental tem perature , and 
w ith  6.9 M J m etabolizable energy' daily  in each group.

Cortisol concentration was determ ined by radioim m unoassay to  study  the effect 
of protein in take and acute (3 days a t  32 °C) and chronic (30 days a t  32 °C) hea t stress 
on cortisol concentration.

On th e  th ird  day of heat exposure cortisol concentration w as nearly  2.5 tim es 
th a t  m easured a t com fort tem pera tu re , a t  bo th  protein intake levels. W hen exposed to 
32 °C for one m onth , the  lam bs had  a significantly decreased plasm a cortisol concentra
tion  a t bo th  levels of protein in take . The study  showed a positive effect of increasing 
protein intake and heat stress on the  concentration of plasm a cortisol in  sheep.

Keywords: Protein in take, plasm a cortisol, heat stress, lam b
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T he ad ren a l g land  is k n o w n  to  be a ffec ted  b y  th e  p ro te in  c o n te n t of th e  
d ie t . A  review  o f th e  l i te ra tu re  o f  a d re n a l h y p e rtro p h y  rev e a le d  th a t  m an y  of 
th e  c ircu m stan ces in  w hich  su ch  h y p e r tro p h y  occurs a re  ch a rac te rized  b y  
e ith e r  a re la tiv e  or an  ab so lu te  in c rease  in  th e  ra te  of p ro te in  ca tab o lism . Also, 
th e re  is evidence th a t  a d m in is tra tio n  o f  ce rta in  am ino ac ids c a n  influence  th e  
fu n c tio n a l a c tiv ity  of th e  ad re n a l co rtex . I t  w as suggested  t h a t  th e  p i tu i ta r y -  
a d re n a l system  w as m ore ac tiv e  in  an im als  u n d e r s tress i f  th e y  w ere fed  a 
h ig h -p ro te in  d ie t, an d  th is  effect w as a t t r ib u te d  to  an  e n h a n c e d  secre tion  of 
ad ren o co rtico tro p in .

A lthough  th e  effect o f h e a t  s tre ss  on  cortiso l c o n c e n tra tio n  has been  
e v a lu a te d , th e  p ro b ab le  ac tio n  t h a t  p ro te in  m ay  ex ert in  m o d ify in g  th is  effect 
in  ru m in a n ts  has n o t been  c la rified  y e t.  T herefore, th e  p re se n t s tu d y  w as 
c o n d u c te d  to  show  th e  changes in d u c e d  in  cortiso l c o n c e n tra tio n  b y  d iffe ren t 
leve ls  o f  p ro te in  in ta k e  w hen  th e  la m b s  w ere exposed to  a c u te  o r chronic  h e a t 
s tre ss .

* Present address: In s titu t de Biologie, U niversité d’Oran, Es-Senia, O ran, Algérie.

Acta Veterinaria Hungarica 3 6, 1988 
Akadémiai Kiadó, Budapest



258 G H A N I e t  al.

M aterials an d  m ethods

S ix teen  3 -m o n th -o ld  M erino lam b s, w ith  an  in it ia l  b o d y  m ass of 26 ^  
±  1.5 kg  each, w ere assigned  ran d o m ly  to  fou r g roups a n d  housed  in  in d iv id u a l 
p en s . Tw o groups w ere  k e p t  a t  18 ^  2 °C an d  th e  o th e r  tw o  w ere su b jec ted  to  
an  a m b ie n t te m p e ra tu re  o f 32 ^  1 °C.

T he anim als w ere  fed  750 g p e lle ted  d ie t once d a ily  a t  7:00 a .m . a n d  
a n  a d d itio n a l 200 g o f  h a y  a t  noon. T h e  d ie t p ro v id ed  ea c h  an im al w ith  98.8 g 
(m ed ium  p ro te in  in ta k e )  or 154.4 g (h igh  p ro te in  in ta k e )  c rude  p ro te in  da ily  
in  th e  f irs t  and  second  g roup , re sp ec tiv e ly , a t  each e n v iro n m e n ta l te m p e ra tu re . 
T h e  p ro te in  c o n te n t o f  th e  d ie t w as a d ju s te d  on th e  b as is  o f  chem ical analysis  
o f  each  in g red ien t u sed . T he m etab o lizab le  energy  c o n te n t  of th e  d ie t w as 
ca lc u la ted  from  N . R . C. tab le s  (1968) to  su p p ly  each  an im a l w ith  6.9 M J 
d a ily  in  each g roup . A ccord ing  to  R a t t r a y  e t al. (1973), th is  ca lcu la ted  energy  
leve l w as expec ted  to  m ee t th e  n e t en erg y  req u irem en ts  fo r m ain ten an ce  an d  
to  p ro m o te  a da ily  ga in  o f  a b o u t 100 g.

T ab le  I  show s th e  in g red ien t com position  o f  th e  exp erim en ta l d ie ts . 
A lfa lfa  m eal was u sed  in  th e  sam e p ro p o rtio n  in  b o th  d ie ts  an d  soybean  m eal 
rep laced  corn  in  o rd e r to  change p ro te in  w ith o u t a lte r in g  th e  energy  co n te n t o f 
th e  d ie ts .

H e a t exposure  to o k  place a fte r  th e  an im als h a d  b een  k e p t a t  an  a m b ie n t 
te m p e ra tu re  of 18 °C a n d  fed  a m ed iu m  or h ig h -p ro te in  d ie t fo r one w eek. 
B lood  w as collected  b y  v e n ip u n c tu re  ev e ry  second d a y  o f  t h a t  w eek in  o rd er to  
m ak e  th e  an im als fa m ilia r  w ith  th e  s ta f f  an d  th e  sam p lin g  techn ique . P lasm a  
co rtiso l c o n cen tra tio n  o f  b lood  co llected  a t  th e  th ird  sam p lin g  (one d ay  before 
h e a t  exposure) w as u sed  as con tro l fo r th a t  m easu red  in  b lood  ta k e n  a t  th e  
f if th  sam pling  (on th e  th ird  d ay  o f h e a t  exposure). B y  th is  m eth o d  th e  re 
sponse  o f cortiso l c o n c e n tra tio n  to  a c u te  h e a t s tre ss  w as m on ito red . A fte r

Table I

Composition of the rations fed to lambs (in % )

In g re d ie n t M edium  p ro te in  
d ie t

H ig h  p ro te in  
d ie t

Alfalfa meal 20 20
Corn 66 46
Soybean 10 30
Mineral and vitam in mixture 4 4

Total: 100 100

Crude protein (% ) 13.18 20.58
Metabolizable energy (MJ/kg) 9.186 9.285
Daily crude protein intake (g) 98.85 154.35
Daily m etabolizable energy 

intake (M J) 6.89 6.96
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Two groups exposed to high ambient temp. (32°C) from the 7 ^  day 
(one fed medium, the other high protein)

Feeding regime at 18 °C Heat exposure (32 °C ) -Cannulation for blood sampling

Days of
treatments 1 ^ ^ 5 6 7| в 9

Successive
blood sampling | J

28 29 30 31 32 33 3 i*  35 36 37 38 39
u — ,— «— h ----- 1— I— 1— j— 1------ 1------ 1— *-

Successive 
blood sampling

Days of 
treatments

1st 2nd 3rd 4th 5th 
\  /  

used to study effect
of short term heat 
exposure on cortisol

1st 2nd 3rd 4th ^J>th

used to study effect of chronic 
heat exposure on cortisol 
concentration _

1st 2nd 3rd 4th 5th

1 2 3 J 28 29 30 31 32 33 34 35 36 37 38 39

Cannulation for blood sampling

Two groups kept at mild temp. (18 °C). one fed medium and the other high protein 

Fig. 1. Design of the experim ent

th ree  w eeks of h e a t exposu re , ca th e te rs  w ere in se rted  in to  th e  ju g u la r  ve in  
fo r b lood  sam pling  w hich  w as carried  o u t ev e ry  second d ay . One w eek  was 
considered  su ffic ien t fo r th e  an im als to  reco v er from  th e  su rg ical lo ad  a n d  to  
ge t accustom ed  to  th e  sam p lin g  p rocedure. P la sm a  cortiso l c o n c e n tra tio n  was 
m easu red  in  blood from  lam b s k e p t a t  18 ° C an d  in  th a t  from  lam b s k e p t  a t 
32 °C fo r one m o n th  to  s tu d y  th e  effect o f lo n g -te rm  h e a t exposure  on cortiso l 
c o n cen tra tio n . T he design o f th e  ex p erim en t is show n in  F ig . 1.

A ssa y  o f  p la sm a  cortisol concentration

C ortiso l co n c e n tra tio n  w as dete rm in ed  b y  rad io im m u n o assay  (R IA ) as 
follows.

E xtraction . 3000 cpm  3H -cortiso l w as d ried  in  a conical s to p p e r glass tu b e  
o f 20 m l vo lum e, w hich  w as used  to  assess reco v ery . A 300 /Д vo lum e o f p lasm a  
w as sh ak en  w ith  3 m l d ich lo ro m eth an  for 2 m in , cen trifu g ed  a t  3000 rp m  for 
10 m in , an d  th e  d ich lo ro m e th an  phase  w as tra n s fe rre d  in to  a c lean  glass 
tu b e  an d  ev ap o ra ted  to  d ry n ess  in  w a te rb a th  (37 °C) u n d e r a s tre a m  o f a ir.

R I A .  T he dried  e x tra c t  w as d issolved in  300 p i  ab so lu te  e th a n o l u sin g  a 
v o rte x  m ix er an d  th e  so lu tio n  w as d iv ided  in to  th re e  a liq u o ts . T he f ir s t  100 pi 
a liq u o t w as tra n s fe rre d  in to  a cu v e tte  an d  5 m l sc in tilla tio n  so lu tio n  (3 p a r ts  
B ra y  so lu tio n  an d  1 p a r t  T r ito n  X -100)w as a d d ed  to  i t  to  m easu re  th e  reco v 
ery . T he second 100 pi vo lum e was tra n s fe rre d  in to  a p o ly e th y len e  tu b e  for 
R IA . T he rem ain in g  100 jul vo lum e w as e v a p o ra te d  an d  d issolved in  200 pi
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3H -co rtiso l b ind ing  so lu tio n  (6000 cpm ), 200 jul p h o sp h a te  b u ffe r an d  1 : 800 
d ilu te d  a n tib o d y  (a t  4 °C) u sin g  a v o rte x  m ix e r fo r 30 sec. T he so lu tio n  was 
in c u b a te d  a t  +  37 °C fo r  30 m in  an d  a t  +  4 °o v e rn ig h t.

A fte r in cu b a tio n , se p a ra tio n  was ca rried  o u t b y  ad d in g  500 /A  o f a m ix 
tu r e  o f N orit A -j- D e x tra n  T 70 (2 g N o rit A a n d  200 m g d e x tra n  T 70 d isso lved  
in  1 l itre  of p h o sp h a te  bu ffe r), allow ed to  s ta n d  fo r 10 m in  a t  4 °C, th e n  cen
tr ifu g e d  a t  300 rp m  fo r 10 m in  a t  4 °C.

A 500 jid vo lum e o f  th e  su p e rn a ta n t w as a d d ed  to  5 m l o f th e  sc in tilla tio n  
so lu tio n  in  a c u v e tte  a n d  ra d io a c tiv ity  was m easu red  fo r 10 m in  w ith  a P a c k a rd  
T r ic a rb  3375 sc in tilla tio n  sp ec tro p h o to m e te r .

Counting. T he  v a lu es  o f b o u n d  an d  to ta l  ra d io a c tiv ity  w ere ca lcu la ted , 
in  p e r  cen ts, from  a s ta n d a rd  curve. T he ca lc u la ted  values w ere co rrec ted  b y  
th e  m easu red  reco v ery  coeffic ien t to  o b ta in  th e  a c tu a l a m o u n t o f  co rtiso l in  1 
m l o f  p lasm a.

R esults

R esponse o f  cortisol concentration to heat stress

O n th e  th ird  d a y  o f h e a t  exposure th e  lam b s h ad  s ig n ifican tly  increased  
lev e ls  (P  <  0.01) o f co rtiso l. A t h igh  te m p e ra tu re  co rtiso l c o n c e n tra tio n  was 
n e a r ly  2.5 tim es h ig h e r th a n  th a t  m easu red  a t  com fort te m p e ra tu re  a t  b o th  
p ro te in  in tak e  levels (T able  I I ) .

L am bs exposed  to  m o d e ra te  h e a t s tre ss  (32 °C) ch ron ica lly , fo r one 
m o n th , h ad  a s ig n ifican tly  (P  <[ 0.01) decreased  p lasm a cortiso l co n c e n tra tio n  
a t  b o th  m edium  an d  h ig h  p ro te in  in ta k e  (T ab le  I I I ) .

Table II

Influence of protein intake on cortisol concentration (ng/ml) when lambs were 
exposed to 18 °C for 3 days

T e m p era tu re

C ortiso l 18 °c 32 °C
c o n cen tra tio n ,

ng /m l M edium
p ro te in
in ta k e

H igh
p ro te in
in ta k e

M edium
p ro te in
in ta k e

H ig h
p ro te in
in ta k e

3.06 3.30 7.08 8.41
3.44 3.42 7.95 9.23
2.83 3.86 6.00 10.12
3.13 4.21 7.54 11.00

X 3.12A 3.69B 7.14AB 9  6 9 AB

±  SD 0.25 0.42 0.84 1.12

Values having a common letter in their superscript are significantly different
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Table III

Plasma cortisol concentration (ng/ml) of lambs fed two different protein levels and 
kep t a t 18 °C or 32 °C for one m onth

T e m p era tu re

C ortiso l 18 °C 32 °C
c o n c en tra tio n ,

n g /m l M edium
p ro te in
in ta k e

H igh
pro te in
in ta k e

M ed iu m
p ro te in
in ta k e

H igh
p ro te in
in ta k e

2.89 3.95 1.90 2.40
2.71 3.40 2.45 2.43
3.04 3.04 1.43 2.66
2.55 3.27 2.30 2.77

X 2.80^ 3.42Ba 2.02Ab 2.57Bb

±  SD 0.21 0.39 0.46 0.18

Values having a common le tter in their superscript are significantly different (A, В =  
=  P  <  0.01; a, b  =  P  <  0.05)

E ffects o f  pro tein  in take on cortisol concentration

H igh  p ro te in  in ta k e  h a d  a defin ite  effect on th e  p lasm a cortiso l co n cen 
tra t io n  of grow ing lam b s a t  b o th  sh o rt-te rm  a n d  ch ro n ic  h e a t s tress. I t  s ig n ifi
c a n tly  (P  <7 0.01) increased  th e  p lasm a cortiso l c o n c e n tra tio n  o f lam b s exposed  
to  32 °C fo r 3 d ay s (T able I I )  a n d  caused a s ig n if ic a n t rise  (P  <  0 .05) in  th e  
co rtiso l co n c e n tra tio n  o f an im als  exposed to  ch ro n ic  h e a t s tress or k e p t  a t  
18 °C (Table I I I ) .

D iscussion

E ffec t o f  blood sam pling  procedure on cortisol concentration

Cortisol va lu es  fo r sheep seem  to  v a ry  c o n sid e rab ly  in  th e  d iffe ren t la b o 
ra to rie s  even  w hen  sim ilar tech n iq u es  are u sed  fo r th e  m easu rem en ts .

B a sse tt an d  H in k s (1969) fo u n d  th a t  increases  in  p lasm a  cortico ids w ere 
cau sed  b y  successive v e n ip u n c tu re  and  th e  in c rease  w as less expressed  in  a n i
m als con d itio n ed  to  h an d lin g  as com pared  to  u n tra in e d  an im als. S im ilarly , 
R e id  an d  Mills (1962) o bserved  th a t  p lasm a co rtiso l response w as less p ro 
n o u n ced  w hen tra in e d  an im als w ere tra n sp o r te d  as co m p ared  to  g raz ing  a n i
m als. These o b se rv a tio n s, a long  w ith  th e  d a ta  re p o r te d  b y  W ille tt a n d  E rb  
(1972), suggest t h a t  th e  m ost p rac tica l ap p ro ach  is to  accu sto m  th e  an im als  
to  fre q u e n t h a n d lin g  an d  to  th e  exp erim en ta l p ro ced u re  p rio r to  e x p e rim e n ta 
tio n . T his ap p ro ach  w as used  in  ou r ex p erim en ts.

D a ta  in  T ab le  IV , co llected  from  T ables I  a n d  I I ,  show  th a t  th e  d iffe r
ences betw een  th e  tw o  base  va lu es  serving as c o n tro l fo r sh o rt- te rm  an d  long-
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Table IV

E ffect of the blood sampling procedure on cortisol concentration of lam bs kep t a t 
18 °C and fed two different protein levels

Cortisol

O ne  w eek  o n  feed  
reg im e a n d  b lood  

sa m p lin g  b y  v e n ip u n c tu re

One m o n th  o n  feed  
reg im e a n d  sam pling  

th ro u g h  c an n u la

n g /m l M edium
p ro te in
in ta k e

H ig h
p ro te in
in ta k e

M edium
p ro te in
in ta k e

H igh
p ro te in
in ta k e

3.06 3.30 2.89 3.95
3.44 3.42 2.71 3.40
2.83 3.86 3.04 3.04
3.13 4.21 2.55 3.27

X 3.12“ 3.69“ 2.80b 3.42»

±  SD 0.25 0.42 0.21 0.39

Values having a common le tter in their superscript are significantly different (P  <  0.05)

te rm  h e a t  exposure w ere n o t  s ig n if ican t (P  >  0.05). T his show s t h a t  th e  an i
m a ls  w ere well accu sto m ed  to  th e  e x p e rim e n ta l p rocedure .

T h e  p lasm a co rtiso l v a lu e  (2.8 ng /m l) o b ta in e d  b y  us in  g row ing  sheep 
a c c u s to m ed  to  th e  te c h n iq u e , k e p t a t  n e u tra l  te m p e ra tu re  (18 °C) a n d  fed  th e  
m e d iu m  p ro te in  level, is s im ila r to  th e  v a lu es  (2—4 ng/m l) m easu red  b y  T ilto n  
e t  a l. (1975) in  m a tu re  ew es, an d  s lig h tly  h ig h e r th a n  th o se  re p o r te d  b y  o thers 
(b e tw e e n  1.8 and  2.0 n g /m l; S ab a , 1964; P a te rso n , 1964; P a te rso n  a n d  H arriso n  
1967; a n d  P a te rso n  a n d  H ills, 1967). T h e  v a lu e  o b ta in ed  b y  us is , how ever, 
m u c h  h igher th a n  0 .5 -1 .0  ng /m l, a v a lu e  re p o rte d  b y  som e a u th o rs  in  sheep, 
u n d e r  d iffe ren t co n d itions (B a sse tt, 1963; L in d n er, 1964; C oghlan  a n d  Scog
g ins, 1967; B asse tt and  H in k s, 1969).

T he wide v a ria tio n s  in  p lasm a  co rtiso l c o n cen tra tio n  o f sheep  rep o rted  
in  th e  lite ra tu re  com prise th e  effect o f m a n y  v a riab le s  in c lud ing  th e  tech n iq u es 
u se d , feed ing , en v iro n m e n ta l fa c to rs , degree o f stress, or a d a p ta t io n  o f th e  
a n im a ls  to  th e  sam pling  tech n iq u e .

E ffec t o f  protein intake on p lasm a  cortisol concentration

T he influence o f excess p ro te in  in ta k e  on th e  p i tu i ta ry —a d re n a l axis 
h a s  n o t  been w idely  s tu d ie d  in  fa rm  an im als.

T h e  positive e ffec t o f h igh  p ro te in  in ta k e  on p lasm a co rtiso l level of 
sh eep  in  th is  s tu d y  (T ab les I I  an d  I I I )  obeys th e  general t re n d  o f  p ro te in  ef
fe c t re p o rte d  b y  K o v ács an d  K o rp á ssy  (1952) w ho suggested  t h a t  in  ra ts  
u n d e r  stress th e  p i tu i ta ry -a d re n a l  sy s tem  w as m ore ac tiv e  i f  th e  an im a ls  were 
g iv en  h ig h -p ro te in  d ie ts . T h is m a y  ex p la in  th e  fin d in g  th a t  th e  rise  of th e
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cortiso l leve l in  an im als exposed  to  acu te  h e a t  stress w as m ore ex p ressed  w hen  
th e  an im als  consum ed  m ore p ro te in  (T ab le  I I ) . A h igher secre tion  ra te  of 
A C TH  cau sed  b y  h igher p ro te in  levels in  th e  r a t  (M unro e t ah , 1962; M unro , 
1964; M unro  e t  ah , 1965) m ig h t h av e  been  th e  case in  lam bs of th is  s tu d y , co n 
sum ing  150 g in s te a d  of 100 g crude  p ro te in  da ily . T his increased  p ro te in  in ta k e  
m ig h t h av e  led  to  enh an ced  a c tiv a tio n  of th e  ad renals to  secrete m ore co rtiso l 
a t  b o th  te m p e ra tu re s  (Tables I I  an d  I I I ) .

T he e x a c t m echan ism  v ia  w hich p ro te in  or am ino acids e x e rt th e ir  e ffect 
on th e  p i tu i ta ry  g land  to  release A CTH  has n o t  been  e lu c id a ted  y e t. H o w ev er, 
T egler an d  Schuelke (1981) show ed th a t  increased  p ro te in  re su lted  in  h ig h e r 
g lu co co rtico id -b in d in g  cap ac ity , lead in g  to  a decrease in  free co rtiso l. S ince 
on ly  free co rtiso l can  e x e rt a feedback  e ffec t on th e  p itu ita ry , h igh  p ro te in  
in ta k e  m ay  in d ire c tly  a ffec t A C TH  release b y  decreasing  th e  feedback  e ffec t of 
cortiso l.

T he in d ire c t effect o f d ie ta ry  p ro te in  on  cortiso l co n cen tra tio n  m ig h t be 
m ed ia ted  th ro u g h  its  in fluence  on in su lin  since in su lin  h y pog lycaem ia  a c tiv a te s  
th e  w hole h y p o th a la m u s—p itu ita ry —a d re n a l axis (B ethge  e t ah , 1967) an d  
p lasm a  in su lin  o f ru m in a n ts  w as show n to  be  re la te d  to  p ro te in  in ta k e  (B as
s e t t  e t ah , 1971; B orger e t ah , 1973; M artin  e t ah, 1979).
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Reticuloendotheliosis v irus (REV) infection was dem onstrated in  laying flocks of 
an in tegrated  tu rkey  breeding organization which exhibited low levels of m ortality  from 
leukotic tum ours, sporadic fowl pox like lesions and fluctuating  egg fertility . N atural 
m ortality  from  lym phoid neoplasm s in  the liver, spleen, pancreas and small intestine 
occurred after 20 weeks of age. Histologically the tum ours were composed of a m oder
ately pleomorphic population of lym phoblastoid cells. There was no bursal involvem ent, 
and the peripheral nerves lacked m ononuclear endoneural infiltrations. Skin lesions were 
of fowl pox origin and no t a cutaneous m anifestation of reticuloendotheliosis. A ntibod
ies to  REV  were dem onstrated by  the indirect im munofluorescence tes t in 2 to  50%  of 
random  serum  samples from  five of the seven exam ined laying flocks. Egg infertility  
problems observed in some flocks could not be directly related to  R EV  infection.

In  chick embryo fib rob last cultures, chloroform sensitive viruses of about 100 
nm  in d iam eter w ith typical C-type morphology and RN A -directed DNA polym erase 
ac tiv ity  were isolated from  plasm a samples and lym phoid tum ours of tu rkeys over 28 
weeks of age. The virus isolates, designated as strains REV-H-10 and REV -H -16, were 
culturally  and antigenically sim ilar to  the pro to type REV  strain  T, and were free of 
contam ination w ith exogenous av ian  leukosis-sarcoma viruses by  cell-culture assay.

In  em bryonally, neonata lly  or contact infected tu rkeys, cell-free virus isolates 
produced a chronic neoplastic disease similar in gross and microscopic appearance to 
th a t  seen in the natu ral disease, w ith la ten t periods of 91 to 237 days. T um our m orta lity  
of the 1-day-old inoculated poults was 16% during a 34-week experim ental period, and 
20%  of th e  tum our-bearing tu rkeys had bursal involvem ent. Turkeys infected by 
contac t exposure from 1 day of age developed lym phom as a t a lower (5.6% ) frequency, 
whereas those infected a t 4 weeks of age were refractory  to  tum our developm ent. R EV  
could be reisolated from 57%  of birds th a t died w ith tum ours. REV  viraem ia and an ti
bodies to R EV  were detected in  a num ber of tu rkeys from  all experim entally  infected 
groups. N eonatally  infected tu rkeys were deficient in the secondary antibody response 
to  sheep red blood cells and Brucella abortus and in m itogen-induced blastogenesis of 
blood lym phocytes a t 30 to  34 weeks of age.

Keywords: Turkey, avian  reticuloendotheliosis virus, isolation and characteriza
tion, n a tu ra l and experim ental infection, pathology, im m une response

T he m ost com m on n a tu ra l ly  occurring  n eo p lastic  d isease o f tu rk e y  
( M eleagris gallopavo) ,  leukosis, is associa ted  w ith  in fec tio n  o f e ith e r  re tic u lo e n 
do theliosis  v iru s  (R EY ) belong ing  to  th e  R e tro v irid ae  fam ily  or an  unc lassified  
re tro v iru s  called  ly m p h o p ro lifé ra tiv e  disease v iru s  (B iggs e t al., 1978; B iggs, 
1980). T he p ro to ty p e  v iru s  o f  th e  R E V  group  o f av ian  C -type  re tro v iru se s  
(P u rch ase  e t a l., 1973) is s tr a in  T  w hich w as iso la ted  from  a tu rk e y  w ith  
ly m p h o p ro lifé ra tiv e  lesions (R o b in so n  an d  T w iehaus, 1974). T h is v iru s  s tra in
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in d u ces an  acu te  r e tic u lu m  cell n eop lasia  in  a n u m b e r o f  a v ia n  species lead ing  
to  d e a th  w ith in  one to  tw o  weeks a fte r  in fec tio n  (T ay lo r a n d  O lson, 1972 ;T heilen  
e t a l., 1966). I t  has b e e n  show n (H oelzer e t a l., 1979) to  co nsist o f tw o  v iruses: 
a rep lica tio n -d efec tiv e  v iru s  w ith  v -re l oncogene (W ong a n d  L ai, 1981) w hich 
tra n sfo rm s  av ian  cells in  cu ltu re  an d  is responsib le  fo r th e  acu te  oncogenicity , 
an d  a nondefec tive  h e lp e r  v iru s  w hich  causes e ith e r  n o n n eo p las tic  d isorders, 
in c lu d in g  ru n tin g , b u rs a  an d  th y m u s  a tro p h y , g enera l im m unosuppression , 
p e rip h e ra l nerve  e n la rg e m e n t, ab n o rm al fe a th e r  d ev e lo p m en t, e n te ritis , p ro 
v e n tr ic u litis , anaem ia , liv e r  an d  spleen necrosis (Ja c k so n  e t  al., 1977; K o y am a 
e t a l., 1976; L u d fo rd  e t  a l., 1972; M cD ougall e t a l., 1978; M ussm an an d  Twie- 
h au s , 1971; T räger, 1959; W itte r  e t a l., 1970), o r a ch ron ic  n eo p lastic  disease 
w ith  or w ith o u t th e  in v o lv e m e n t o f th e  b u rsa  o f F ab ric iu s  (W itte r  an d  C ritte n 
den , 1979; W itte r  e t a l., 1981, 1986).

Since th e  o rig in a l iso la tio n  of th e  T  s tra in  o f R E V , a d d itio n a l nondefec
tiv e  R E V  stra in s  h a v e  b een  iso la ted  from  tu rk e y  flocks w ith  a h is to ry  o f m or
ta l i ty  from  n eo p lastic  d isease (M cD ougall e t a l., 1978; P a u l e t  al., 1976; Sarm a 
e t a l., 1975; Solom on e t  a l., 1976; W itte r  a n d  G lass, 1984). T he p re se n t p ap e r 
re p o rts  th e  iso la tion  o f  a  C -type re tro v iru s  id e n tif ie d  as a new  m em b er o f  th e  
R E V  group  from  a d u l t  b reed ing  tu rk e y  flocks experienc ing  low  levels of 
n eo p lastic  m o rta lity , sp o rad ic  fowl p o x  a n d  egg in fe r ti l i ty  w ith  g rea t econom ic 
im p a c t. Some c h a ra c te r is tic s  and  p a th o g e n ic ity  of th e  new  v irus iso la tes are 
also rep o rted .

M aterials an d  m ethods

E xperim en ta l turkeys

T u rk e y  h a tc h in g  eggs and  1 -day-o ld  p o u lts  w ere o b ta in e d  from  a p a re n t 
b reed in g  tu rk e y  flo ck  k n o w n  to  be free o f R E V . T he p o u lts  w ere rea red  on th e  
flo o r in  an im al room s a n d  w ere fed on com m ercial tu rk e y  grow er an d  b reeder 
ra tio n s . F eed  and  w a te r  w as m ade av a ilab le  ad  lib itu m  to  all b ird s.

P urifica tio n  o f  turkey IgG

T u rk e y  im m u n o g lo b u lin  G (IgG ) w as p u rified  from  egg yo lk . E gg  yolk  
g lobu lin , sep a ra ted  as described  (Jen sen iu s  e t a l., 1981), w as d ia ly sed  ag a in st 
T ris  (h y d ro x y m e th y l) am in o m eth an e  -  HC1 0.03 M N aCl, p H  7.5, buffer 
an d  app lied  to  a D E A E -S ep h ace l (P h a rm a c ia  B io techno logy  In te rn a tio n a l 
A B , U ppsa la , Sw eden) co lum n eq u ilib ra te d  w ith  th e  sam e bu ffe r. T he IgG  
f ra c tio n  th a t  passed  s t r a ig h t  th ro u g h  th e  co lum n w as fu r th e r  f ra c tio n a te d  by  
p re p a ra tiv e  agarose gel e lec trophoresis (Jo h an sso n , 1972) to  o b ta in  p u re  IgG .

Acta Veterinaria Hungarica 36, 1988



R E T IC U L O E N D O T H E L IO S IS  IN  T U R K E Y S 267

Production o f  fluorescein-labelled rabbit antiserum  to turkey  IgG

R a b b its  w ere in jec ted  in tra d e rm a lly  w ith  tu rk e y  Ig G  in  a dose o f 50 -1 0 0  
pg /kg  b o d y  m ass em ulsified  in  in com ple te  F re u n d ’s a d ju v a n t (Difco L a b o ra to 
ries, D e tro it, U .S .A .) six  to  e ig h t tim es fo rtn ig h tly , an d  b led  ou t 10 to  14 day s 
a fte r  th e  la s t  in o cu la tio n . T he IgG  fra c tio n  o f th e  o b ta in e d  im m une serum  w as 
iso la ted  (H arb o e  an d  In g ild , 1973) an d  labelled  w ith  flu o resce in -iso th io cy an a te  
(F IT C , Iso m er 1, S erva F einb iochem ica  G m b H  an d  Co., H eidelberg , G erm any) 
a t  a ra te  o f  16 f i g  dye/m g IgG  accord ing  to  G oldm an  (1968). The c o n ju g a te  
w as ch a rac te rized  as described  b y  H olborow  and  Jo h n so n  (1967). I t  c o n ta in e d  
20 m g/m l o f p ro te in , h a d  a F IT C /p ro te in  m o la r ra tio  o f 3.8 an d  h ad  a s ta n d a rd  
gel d iffusion  p re c ip ita tio n  t i t re  o f >  64 ag a in s t tu rk e y  IgG . I t  w as u sed  a t  
1 : 40 d ilu tio n  fo r in d irec t im m unofluorescence  (IF ) te s t .

Im m u n e  sera

C hicken an ti-R E Y -T  im m une se ru m  was o b ta in e d  from  In te rv e t , L td  
(N e th e rlan d s), ra b b i t  a n ti-a v ia n  m yelob lastosis  v iru s  (AMY) im m une se ru m  
from  D r. E . J .  S m ith  (R egional P o u ltry  R esearch  L ab o ra to ry , E a s t L ansing , 
U .S.A .) an d  F IT C -co n ju g a ted  sw ine a n ti- ra b b it  g lobulin  from  SEVAC (P rag u e , 
C zechoslovakia). P ro d u c tio n  of F IT C -labelled  r a b b it  an tise ru m  to  ch ick en  
im m unog lobu lin s has been  described p rev io u sly  (D rén  e t a l., 1988).

Cell cultures

C ultu res o f ch ick  em bryo  f ib ro b la s ts  (C E F) w ere p rep a red  and m a in ta in e d  
b y  th e  m e th o d  described  b y  T em in  an d  R u b in  (1958), fro m  10-day-old em b ry o s 
w hich w ere d eriv ed  from  th e  specific-pathogen-free  W h ite  L eghorn flo ck  of 
P h y la x ia  V e te r in a ry  B iologicals Co. (B u d ap est, H u n g a ry ).

Viruses

T he R E V -H -1  s tra in  w as iso la ted  from  ly m p h o re ticu la r  tu m o u rs  of 
p h e a sa n ts  (D rén  e t  a l., 1983). T he n o n d efec tiv e  R E V -T  s tra in  was o b ta in e d  
from  D r. R . L. W itte r  (R egional P o u ltry  R esearch  L a b o ra to ry , E a s t L an sin g , 
U .S.A .) a n d  th e  H P R S -F 4 2  s tra in  o f a v ia n  ly m p h o id  leukosis v irus from  D r. 
L . N . P a y n e  (H o u g h to n  P o u ltry  R esearch  S ta tio n , H o u g h to n , E n g lan d ). A ll 
v iru s  s tra in s  w ere p ro p ag a ted  in  C E F  cu ltu res  an d  u sed  as cell-free flu id s  
from  th e  3 rd  to  6 th  tissu e  cu ltu re  passage.

V irus isolation

F o r v iru s  iso la tio n  cell suspensions w ere p rep a red  asep tica lly  from  su s
pec ted  tu m o u ro u s  organs an d /o r th e  sp leens in  H a m ’s F-10 m edium  (F low
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L a b o ra to rie s  L td , I rv in e , S cotland) c o n ta in in g  10%  (v/v) n ew born  ca lf  se
ru m , 10%  (w/v) try p to s e  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 .) an d  7 .5%  (v /v) d im e th y l su lp h o x id e , an d  sto red  in  th e  gaseous p h ase  
o v er liq u id  n itro g en  fo r  fu r th e r  p rocessing . Cell v iab ility  w as d e te rm in ed  b y  
th e  try p a n -b lu e  exc lusion  te s t . H ep a rin ized  (50 units/m l) w hole b lood w as 
ta k e n  asep tica lly  from  tu rk e y s  b y  v e n ip u n c tu re . P lasm a w as sep a ra te d  from  
th e  b lo o d  cells by  c e n tr ifu g a tio n  an d  s to re d  a t  —70 °C u n til  te s te d .

D u p lica te  18- to  2 4 -h o u r m ono layers o f  C E F  in  60 m m  p las tic  P e tr i  
d ishes (F alcon  P la s tic s , Los A ngeles, U .S .A .) w ere e ith er in o cu la ted  in to  th e  
m ed iu m  w ith  a b o u t 10® cells/0.2 m l or th e  m ed ium  was rem o v ed  an d  0.2 m l 
p la sm a  w as in o cu la ted  o n to  th e  d ra in ed  m onolayers. In  th e  la t te r  case, a f te r  
one h o u r  o f ad so rp tio n  a t  37 °C, th e  cells w ere refeeded w ith  g ro w th  m ed ium  
su p p le m e n te d  w ith  5 u n its /m l h ep arin . C o n tro l cu ltu res w ere e ith e r  in o cu la ted  
w ith  th e  sam e dose o f sp leen  cells from  n o rm a l h ea lth y  tu rk e y s  or rem ain ed  
u n in o c u la te d . The c u ltu re s  w ere m a in ta in e d  u n d e r liqu id  m ed iu m  a t  37 °C in  
a 5 %  (v/v) C 0 2 h u m id if ie d  a tm o sp h ere  fo r  17 days, w ith  tw o  in te rm e d ia te  
p assag es , and  ex am in ed  fo r R E V  an d  a v ia n  leukosis-sarcom a v iru s (ALSV) 
g roup-specific  an tig en s b y  th e  in d irec t I F  tech n iq u e  as described  p rev io u sly  
(D rén  e t  al., 1988) u sin g  ch icken  a n tise ru m  to  R EV -T  s tra in  an d  ra b b it  a n t i 
se ru m  to  AMV an d  th e  a p p ro p ria te  F IT C -lab e lled  an ti-im m u n o g lo b u lin  re 
a g e n ts , respective ly .

Test fo r  sensitiv ity  to chloroform

S en sitiv ity  of th e  new  v iru s  iso la tes to  5 %  (v/v) ch lo ro fo rm  w as te s te d  
acco rd in g  to  L u k é rt (1980). R esidual in fe c tiv ity  of th e  ch lo ro fo rm -trea ted  
v iru s  iso la tes was te s te d  in  C E F  cu ltu re s  as described in  th e  p reced ing  p a r 
ag ra p h .

Reverse transcriptase assay

C E F  cu ltu re  f lu id s  collected 72 h o u rs  a fte r  in o cu la tio n  w ith  th e  v iru s  
s t r a in  u n d e r s tu d y  w ere clarified  b y  c e n tr ifu g a tio n  a t  8000 g  fo r 20 m in . A fte r 
f u r th e r  cen trifu g a tio n  o f  th e  su p e rn a ta n t  a t  116,000 g fo r 90 m in  in  a SW -27 
r o to r  o f  R eckm an  Spinco  L2-65B u ltra c e n tr ifu g e  th e  re su ltin g  v iru s  pelle t w as 
hom ogen ized  in  200 p i 10 inM T ris-H C l -f- 0.1 M NaCl, p H  7.4, bu ffer an d  
s to re d  a t  —70 °C u n til  u sed . S im u ltan eo u sly  processed flu id s from  u n in o cu la ted  
C E F  cu ltu res  and  from  R E V  s tra in  T -in fec ted , R EV -H -1 s tra in -in fec ted  or 
a v ia n  lym pho id  leukosis v iru s  s tra in  H P R S -F 4 2 -in fec ted  C E F  cu ltu res served  
as co n tro ls  for th e  a ssay . R N A -d irec ted  D N A  polym erase (reverse  tra n s c r ip 
ta se )  a c tiv ity  w as assay ed  in  th e  s ta n d a rd  exogenous re a c tio n  (W aite  an d  
A llen , 1975) in  20 p i  f in a l volum e o f a re a c tio n  m ix tu re  co n ta in in g  50 mM  
T ris-H C l, pH  8.3, b u ffe r, 50 mM К  Cl, 6 mM  MgC.l2, 5 mM d ith io th re ito l, 0 .2 %

Acta Veterinäria Hungarica 36, 1988



R E T IC U L O E N D O T H E U O S IS  I N  T U R K E Y S 269

(v/v) T rito n  X -100, 0.5 mM th y m id in e  tr ip h o sp h a te , 0.5 mM 3H -th y m id in e  
tr ip h o sp h a te  (specific a c tiv ity  2.2 T B q /m m o l, A m ersham  In te rn a tio n a l p ic, 
A y lesbury , E n g lan d ) and  1 p g poly(rA ) X oligo(dT)15 te m p la te -p r im e r  
(B oehringer M annheim  G m hH , G erm any). Tw o to  th ree  [Л sam ples w ere a d d e d  
to  th is  re a c tio n  m ix tu re  an d  in c u b a te d  a t  37 °C fo r 30 m in. The sam ples w ere 
th e n  sp o tte d  o n to  W h a tm an  D E-81 p a p e r discs, t re a te d  as described  b y  Ma- 
n ia tis  e t al. (1982) an d  coun ted  fo r ra d io a c tiv ity  in  B ra y ’s sc in tilla tion  f lu id  w ith  
an  L K B  R a c k b e ta  3 liqu id  sc in tilla tio n  c o u n te r . R esu lts  are ex p ressed  as 
3H -th y m id in e  u p ta k e  in  counts p e r m in u te  (cpm ), u n a d ju s te d  for b a c k g ro u n d .

Electron m icroscopy

T he cells from  in fec ted  an d  co n tro l CE F  cu ltu res  were fixed  in  2 .5 %  
(v/v) g lu ta ra ld e h y d e , post-fixed  in  1%  (w/v) osm ium  te tro x id e  and  em b ed d ed  
in  D u rcu p an  (F lu k a  AG, B uchs, S w itzerland ). U ltra th in  sections w ere  c u t 
an d  s ta in ed  w ith  u ran y l a c e ta te - le a d  c itra te  an d  exam ined  in  a Jeo l-1 0 0 B  
e lec tron  m icroscope.

A ssa y  fo r  R E V  antibody

T u rk e y  se ru m  or p lasm a sam ples w ere te s te d  for an tibodies to  R E V  b y  
th e  in d irec t I F  tech n iq u e  described  elsew here (D rén  e t al., 1988) u s in g  R E V  
stra in -T  in fec ted  C E F  cells as an tig en . All sam ples w ere te s ted  a t  1 : 20 d ilu 
tion .

Pathological studies

D ead  a n d /o r  culled ailing tu rk e y s  w ere d issec ted , an d  portions o f v isce ra l 
organs w ith  or w ith o u t gross tu m o u ro u s  lesions as well as th y m u s, b u rs a  o f 
F ab ric iu s a n d  th e  nervous system  w ere fix ed  in  10%  (v/v) n eu tra l fo rm a ld e 
hyde an d  5 p m  sections w ere s ta in ed  w ith  h a e m a to x y lin  an d  eosin. C ulled  a n d  
dead  b ird s fro m  p a th o g en ic ity  ex p erim en ts  w ere processed likewise.

Test o f  hum oral im m une response

A t 30 w eeks o f age, 12 tu rk e y s  from  th e  1 -day-o ld  inocu la ted  g ro u p s a n d  
eigh t co n tro l tu rk e y s  were im m unized  in tra -a b d o m in a lly  w ith  0.4 m l o f  2 5 %  
(v/v) sheep re d  b lood  cells (SRBC) an d  w ith  a b o u t 1010 in ac tiv a ted  B rucella  
abortus o rgan ism s (P h y lax ia  V e te rin a ry  B iologicals Co., B u dapest, H u n g a ry )  
p er kg of b o d y  m ass, and  boosted  w ith  th e  sam e an tig en  doses th ree  w eeks l a t 
er. Sera w ere collected  seven days a fte r  each  im m u n iza tio n  for d e te rm in in g  
p rim a ry  an d  secondary  a n tib o d y  responses. A n tibod ies to  SRBC a n d  B . 
abortus w ere assay ed  on m ic ro titra tio n  p la te s  (T ak á tsy , 1955) in  th e  p resen ce  
or absence o f 0.4 M 2 -m ercap to e th an o l. T w ofold  d ilu tions of serum  w ere te s te d ,
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a n d  a n tib o d y  ti t re s  w ere expressed  as th e  lo g , o f th e  reciprocal o f th e  h ig h es t 
se ru m  d ilu tio n  to  d e m o n s tra te  a g g lu tin a tin g  a c tiv ity . A rith m etic  m eans ^  
s ta n d a rd  e rro r va lu es  fo r  th e  ex p e rim en ta l g ro u p s were ca lcu la ted . S tu d e n t’s 
i - te s t  w as used fo r ca lcu la tio n  o f s ta tis t ic a l  sign ificance.

M itogen  stim ula tion  assay

M itogen s tim u la tio n  m icroassay  w ith  w hole-blood cu ltu res  w as p e r
fo rm e d  on 96-well f la t-b o tto m e d  m ic ro titre  p la te s  (M icrotest I I ,  F a lco n  P la s 
tic s , Los A ngeles, U .S .A .) according to  a m o d ifica tio n  of th e  m e th o d  described  
b y  Lee (1978). A fte r 48 hou rs  of in c u b a tio n  a t  37 °C in  a 5%  (v/v) C 0 2 h u m id 
if ie d  a tm o sp h ere  o f 10 pi heparin ized  w hole  b lood in  200 p l R P M I 1640 
m e d iu m  (Flow  L a b o ra to rie s  L td , Irv in e , S co tlan d ) w ith  or w ith o u t 5 pg/w ell 
C o n can av a lin  A (S erva  F einb iochem ica  G m b H  a n d  Co., H eidelberg , G erm an y ), 
0.5 pCi o f 3H -th y m id in e  (specific a c tiv ity  185 G B q/m m ol) w as a d d ed  to  each  
w ell. A fte r a 16-hour pu lse  w ith  th e  ra d io la b e l, th e  cells w ere h a rv e s te d  b y  a 
se m ia u to m a tic  m u ltip le  cu ltu re  cell h a rv e s te r  on  W h a tm an  G F/A  glass filte rs . 
T h e  f ilte rs  w ith  th e  d ep o sited  cells w ere w ash ed  five tim es w ith  D ulbecco’s 
P B S  (p H  7.2), e x tra c te d  w ith  ice-cold 6 %  (w /v) trich lo roacetic  acid , w ashed  
once w ith  m eth an o l, d ried  an d  coun ted  fo r  ra d io a c tiv ity  in  B ra y ’s sc in tilla tio n  
f lu id  u sing  a P a c k a rd  liq u id  sc in tilla tio n  c o u n te r . E ach  sam ple w as te s te d  in  
s ix  w ells w ith  or w ith o u t m itogen . R esu lts  w ere  expressed as m ean  va lu es  o f 
cp m  o f  th e  s tim u la te d  cu ltu re s  and  u n s tim u la te d  con tro l cu ltu res, tra n sfo rm e d  
to  loge, an<l  are  g iven  as to ta l  m ean  ^  s ta n d a rd  erro r p e r an im al group . 
S ta tis t ic a l  analysis o f  th e  loge d a ta  w as c o n d u c te d  b y  th e  S tu d e n t’s t- te s t.

P athogenicity  tests o f  R E V  isolates

T he p a th o g e n ic ity  o f  th e  new R E V  iso la te s  was s tud ied  in  tw o  se p a ra te  
ex p e rim e n ts . In  th e  f i r s t  tr ia l, 103-5 50%  tis su e  cu ltu re  in fective dose/0.2 m l o f 
cell-free su p e rn a ta n t f lu id  from  th e  second C E F  passage of fie ld  v iru s  iso la tes 
d e s ig n a ted  R E V -H -10  a n d  R E V -H -16 w as in o cu la ted  v ia  th e  y o lk  sac in to  
tw o  g roups o f 14-day-o ld  tu rk e y  em bryos w h ich  were h a tch ed  w ith  p a ra lle l 
u n in o c u la te d  con tro ls . T h e  p ou lts  h a tc h e d  fro m  inocu la ted  an d  c o n tro l eggs 
w ere  housed  in  s e p a ra te  room s. A t 4 w eeks o f  age a random  sam ple  w as b led  
a n d  exam ined  fo r R E V  v iraem ia  and  a n tib o d ie s  to  R E V . P o sitiv e  tu rk e y s  
w ere  b led  again  a t  8 a n d  12 weeks of age fo r  v iraem ia  and  a n tib o d y  te s t .  T he 
e x p e rim e n t w as te rm in a te d  w hen th e  b ird s  w ere  16 weeks old.

I n  th e  second tr ia l ,  71 1-day-old  tu r k e y  po u lts  were d iv ided  in to  five  
g ro u p s . T he f irs t tw o  g roups consisted o f  17 a n d  14 tu rk ey s  w hich w ere in o c
u la te d  in tra p e rito n e a lly  a t  one d ay  of age w ith  103'5 50%  tissue  c u ltu re  in fec
tiv e  dose/0.2 m l o f cell-free su p e rn a ta n t f lu id  from  th e  second C E F  passage 
o f  R E V -H -10  an d  R E V -H -16  iso lates, re sp ec tiv e ly . The th ird  group  consisted
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Fig. 2. Focal proliferation of tum our cells in the liver. H aem atoxylin and eosin. B ar =  150 /um

Fig. 1. Nodular tum ours in the liver of a 56-week-old breeder turkey. The spleen is m oderately
enlarged and m ottled



Fig. 3. Section of a lesion from  a tum ourous liver showing proliferation of m oderately 
pleomorphic lym phoblastoid cells. H aem atoxylin and eosin. B ar =  20 //m

Fig. 4. Mononuclear cell in filtra tion  of myocardium in a tum our-bearing adult turkey. H aem a
toxylin  and eosin. Bar 100 fim



Fig. 6. G ranular cytoplasm ic immunofluorescence of a reticuloendotheliosis virus isolate on 
chick embryo fibroblasts. The cells were reacted  w ith anti-R EV -T  chicken serum and stained 

w ith fluorescein-isothiocyanate-conjugated rabb it anti-chicken immunoglobulins

Fig. 5. Section of duodenum  showing focal proliferation of lym phoblastoid cells in the mucosal 
layer. Haem atoxylin and eosin. B ar =  150 /xm



Fig. 7. Electron micrograph of chick embryo fibroblasts inoculated w ith plasm a sam ple from 
an ad u lt turkey with tum ours showing C-type virus particles of about 100 nm in the ex tracel

lular space and budding from the plasma m em brane. B ar =  200 nm

Fig. 8. Feathering defect of a tu rkey  poult inoculated as 14-day embryo w ith 103*5 50%  tissue 
cu ltu re  infective dose of a reticuloendotheliosis virus field isolate. The barbs of the prim ary 
wing feathers either did no t develop or stuck to the rachis on shorter or longer sections
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of 10 po u lts  w hich  w ere k ep t in  a s e p a ra te  room  u n til 4 w eeks of age, w h e n  
th e y  w ere in o cu la ted  in tra p e rito n e a lly  w ith  th e  above dose o f R E V -H -16 iso 
la te  an d  th e n  m o v ed  in to  the  sam e ro o m  as th e  f ir s t  tw o  groups. The fo u r th  
g roup  consisted  o f  18 tu rk ey s  w hich w ere  c o n ta c t exposed  from  one d a y  o f 
age b y  in te rm in g lin g  an d  housing to g e th e r  w ith  th e  in o cu la ted  b ird s . T h e  
f if th  g roup  consisted  o f 12 tu rk ey s w h ich  w ere k e p t sep a ra te ly  to  serve  as 
iso la ted  con tro ls. S am ples of serum  a n d /o r  h ep arin ized  p lasm a  were co llec ted  
a t  2, 4, 8 and  12 w eeks of age for th e  d e te rm in a tio n  of R E V  v iraem ia  a n d  
an tib o d ies  to  R E V . A t 30 weeks of age 12 o f th e  su rv iv in g  1-day-old  in o c u la te d  
g roups an d  eigh t o f th e  contro l g roup  -were se lec ted  a t  ra n d o m  an d  b led  fo r  
ly m p h o cy te  s tim u la tio n  assays. T h ey  w ere b led  again  a t  34 weeks o f age fo r 
d e te rm in a tio n  of th e  presence of R E V  v iraem ia  an d  an tib o d ies  to  R E V . T hese  
tu rk e y s  w ere also im m u n ized  a t  30 a n d  33 w eeks of age w ith  SRBC a n d  B . 
abortus as described  ab o v e  to  te s t h u m o ra l im m u n e  responsiveness. T he e x p e r i
m e n t w as te rm in a te d  w hen  th e  tu rk e y s  w ere 34 w eeks old.

All b irds d y in g  d u rin g  th e  e x p e rim e n ts  o r k illed  a t  th e  end  w ere n ec ro p - 
sied , an d  th e  gross lesions were reco rd ed . Som e selec ted  b ird s  were ex am in ed  
h isto log ically .

R esu lts

C linical features and  pathology

T h e m ajo r h e a lth  problem  on th e  lay in g  fa rm  of an  in te g ra te d  tu rk e y  
b reed ing  en te rp rise  w as th e  high f lu c tu a tio n  o f  egg fe r ti l i ty  am ong flo ck s . 
Egg in fe rtility  r a te  am o u n ted  to  64%  in  som e flocks. A fow l pox  like d isease  
o ccu rred  sp o rad ica lly  on  th e  farm  d u rin g  th e  la y in g  period . Gross lesions w ere  
m o st p ro m in en t on th e  h ead  skin an d  in  th e  m o u th , an d  occasionally  w ere n o t 
ed on  th e  fe a th e red  sk in  of affected  tu rk e y s . S k in  lesions consisted  of ra ise d  
red  coalescent no d u les , o ften  w ith  d ry  b la c k  n ec ro tic  surfaces, while th e  lesions 
in  th e  m o u th  ap p e a re d  as p laque-like caseous n ec ro tic  depositions u n d e r th e  
to n g u e  an d  a t  th e  com m issures of th e  m o u th . T o ta l m o r ta li ty  o f flocks d u e  to  
e n te ritis , sporad ic  fow l p o x  like disease a n d  v iscera l neop lasm s varied  b e tw een  
a few  an d  ab o u t 10%  during  th e  p ro d u c tio n  life. M o rta lity  from  ly m p h o id  
tu m o u rs  w as f irs t  n o te d  a round  20 w eeks o f age in  som e flocks, b u t u su a lly  
o ccu rred  sp o rad ica lly  a f te r  30 weeks o f  age. T o ta l m o r ta l i ty  from  ly m p h o id  
tu m o u rs  was e s tim a te d  to  be less th a n  2 % .

Since R E V s are  know n to  cause cu ta n e o u s  lesions rem in iscen t o f fow l 
pox , a serological su rv e y  w as conducted  fo r th e  d e m o n s tra tio n  o f th e  p resence  
of R E V  in fec tion  in  seven  p a ren t flocks ex p erien c in g  spo rad ic  fowl p o x  lik e  
lesions w ith  or w ith o u t considerable egg in fe r ti l i ty . R esu lts  are given in  T a b le  
I . In  all flocks w ith  m ore  th a n  10%  egg in fe r ti l i ty , ex cep tin g  P - J - l  flock, a n ti-
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Table I

Incidence of antibodies to  reticuloendotheliosis virus (REV) detected by the indirect 
immunofluorescence te s t in parent turkey flocks w ith  or w ithout candled egg in fertility

F lock
code

In fe r ti l i ty
T u rk e y s  te s te d  fo r  an tib o d ies  to  R E V

% Age in 
w eeks

S ex N o.
te s te d

N o.
p o sitiv e

%
p o s itiv e

p - j - i 50.2 44 M“ 10 0 0
P-4 38.2 44 M 10 5 50
P-6 40.9 56 F b 50 12 24
P-7 11.7 28-45 M +  F 97 30 30.9

P-J-2 4.0 44 F 20 0 0
P-3 8.3 36 M +  F 48 1 2.1
P-8 5.9 53 M +  F 35 5 14.3

a M =  male 
b F  =  female

b o d ies  to  R E V  w ere d e tec ted  in  24 to  5 0 %  o f ran d o m  serum  sam ples te s te d , 
w h e reas  in  those flocks w ith  neglig ib le egg in fe rtility  ra te , th e  p ro p o rtio n  o f 
a n tib o d y  positive  sam ples ranged  b e tw e e n  n il and  14.3% .

W h en  th e  fa rm  w as v isited , n ec ro p sies  were p erfo rm ed  on all d ead  a n d  
sac rificed  ailing tu rk e y s  betw een  28 a n d  56 w eeks of age in  th o se  th re e  flocks 
(P -4 , P -6  an d  P-7) w here  th e  h ig h est lev e ls  o f R E V  se ro p o s itiv ity  o ccu rred . 
S ev en  b ird s  w ere fo u n d  to  have  gross neo p lasm s. L ym phom a-like  n o d u la r  t u 
m o u rs  w ere p re sen t reg u la rly  in  th e  l iv e r  (F ig . 1) an d  occasionally  in  th e  
p a n c re a s , k id n ey  an d  th e  w all of d u o d e n u m . H isto logical ex a m in a tio n  rev ea led  
fo ca l an d /o r diffuse tu m o u r  cell p ro life ra tio n s  and  in filtra tio n s  in  v a rio u s  v is 
ce ra l o rgans p a r tic u la r ly  in  th e  liv e r  (F ig . 2 an d  3), sp leen, h e a r t  (F ig . 4), 
p a n c re a s  an d  th e  w all o f duodenum  (F ig . 5). The p ro life ra tin g  tu m o u r  cells 
w ere  re la tiv e ly  u n ifo rm  large ly m p h o b la s to id  cells w ith  m o d era te  f a in tly  b a- 
so p h y lic  cy top lasm  a n d  large v esicu la r n u c leu s con ta in in g  one or tw o  p ro m i
n e n t  nucleoli (Fig. 3). T he nervous sy s te m  an d  th e  b u rsa  o f  F a b ric iu s  w ere 
n o rm a l b y  b o th  gross an d  m icroscopic e x a m in a tio n . C u taneous lesions co llec ted  
fro m  o th e r n o n tu m o u ro u s  b irds in  th e  sam e  flocks p ro v ed  to  be o f  fow l p o x  
o rig in .

V iru s  isolation and characterization

V irus iso la tions w ere m ade on p la sm a  sam ples an d  cell suspensions o f  
tu m o u ro u s  organs from  a d u lt tu rk e y s  in  p a re n t flocks w here an tib o d ie s  to  
R E V  h a d  been d e m o n s tra te d  to  occur a t  h ig h  frequencies. In  3 o f 50 a t te m p te d  
iso la tio n s , a m ild diffuse cy to p a th ic  e ffec t ap p eared  in  C E F  cu ltu re s  a b o u t 7 -8  
d a y s  a fte r  ino cu la tio n . D uring  th e  c y to p a th ic  effect th e  cell n u m b e r d ecreased
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so m ew h at in  th e  in fec ted  cu ltu res a n d  m o s t o f th e ir  cells w ere m ore re fra c tile  
a n d  n a rro w  th a n  con tro ls . On fu r th e r  in c u b a tio n , th e  cells began  to  d iv ide  
ag a in  u n til  th e y  p ro d u ced  a m ono layer in d is tin g u ish ab le  from  th e  u n in fe c te d  
con tro ls . I n  th e  cells o f these  cu ltu res , a  d iffuse an d /o r g ran u la r  b rig h t-g reen  
cy top lasm ic  fluorescence occurred u p o n  in d ire c t IF  s ta in in g  w ith  an ti-R E Y -T  
ch icken  serum  (F ig . 6). All the  o th e r  in o c u la te d  and  co n tro l cu ltu res  gave 
n eg a tiv e  resu lts  b y  th is  te s t. E lec tro n  m icroscopic e x am in a tio n  o f u l t r a th in  
sec tions o f th e  cells from  th e  R E Y -p o sitiv e  cu ltu res  rev ea led  v iru s p a rtic le s  
o f  a b o u t 100 n m  in  d iam e te r  w ith  C -ty p e  m orpho logy  in  th e  ex tra c e llu la r  space 
a n d  b u d d in g  from  th e  cy top lasm a m e m b ra n e  (F ig. 7). N one of th e  c u ltu re s  
w ere p ositive  fo r A LSV  group-specific  a n tig e n  by  in d ire c t I F  s ta in in g  w ith  
an ti-A M V  ra b b it  im m u n e  serum , w hile  th e  cells of ly m p h o id  leukosis v iru s  
s tra in  H P R S -F 4 2 -in fec ted  C EF c u ltu re s , u sed  as positive  con tro ls , gave p ro 
m in e n t fluorescence.

Tw o v iru s  iso la tes  o b ta ined  from  th e  p la sm a  of a c lin ica lly  n o rm al tu rk e y  
a n d  from  a n a tu ra lly  occurring  ly m p h o m a  w ere selected  fo r fu r th e r  c h a ra c te r iz 
a tio n  stud ies. T hese iso la tes were d e s ig n a te d  R E V  s tra in  H ungary -10  (R E V - 
H -10) and  s tra in  H ungary -16  (R E V -H -16). B o th  iso la tes ap p eared  to  grow  
re a d ily  in  C E F  c u ltu re s  w ith  only a m ild  an d  tra n s ie n t cy to p a th o lo g y . T he 
fluorescence  in  in fec ted  cells s ta in ed  w ith  th e  reference an ti-R E V -T  ch icken  
se ru m  b y  th e  in d ire c t I F  techn ique w as in d is tin g u ish ab le  from  th a t  in  n o n d e 
fec tiv e  R E V  s tra in  T -in fected  cells. A  s im ila r cy top lasm ic  fluorescence w as 
also observed  w hen  sera  from  co n v a lescen t tu rk e y s  ex p erim en ta lly  in o c u la te d  
w ith  th e  new  R E V  iso la tes were u sed  fo r in d ire c t I F  s ta in in g  of R E V  s tra in  
T -in fec ted  cells. T re a tm e n t by  5%  (v /v ) ch lo ro fo rm  com ple te ly  abo lished  infec- 
t iv i ty  o f b o th  iso la tes , in d ica ting  th a t  th e y  h av e  a lip o p ro te in  envelope. C E F

Table II

Reverse transcriptase activ ity  of virus stra ins after concentration by  ultracentrifugation 
from supernatants of infected chick em bryo fibroblast (CEF) cultures

V iru s  s tra in s
N o . o f  p assag es  

in  C E F
E n zy m e
a c tiv ity
(cpm )a

REV-H-10 3 15 670.1
REV-H-16 3 14 880.5
REV-T 3 26 892.0
REV-H-1 4 26 456.1
H PRS-F42b 6 977.8

None 2 42.0

a: RNA-dependent DNA polymerase enzym e activ ity  as measured in the standard  exo
genous reaction in the presence of 6 mM MgCl2 using poly(rA) X oligo(dT)15 tem plate-prim er. 
3H-thym idine uptake in mean counts per m inute, unadjusted for background; 
b: H PRS-F42 strain  of avian lymphoid leukosis virus
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Table III

Response of 14-day-old turkey embryos to  infection w ith reticuloendotheliosis virus
(REV) isolates

Ino cu lu m *
N u m b e r  o f  e m b ry o s A n tib o d y Iso la tio n

in o cu la ted h a tc h e d
to  R E V b o f  R E V C

REV-H-10 14 и
78.5%

1/9
11.1%

1/5
20%

REV-H-16 14 11
78.5%

0/6 1/5
20%

None 17 15
88.2%

0/8 0/3

103'5 50% tissue culture infective dose per em bryo of each virus as cell-free super
n a ta n t fluid from  th e  second passage in chick em bryo fibroblasts; b: D etected by th e  ind i
rec t immunofluorescence te s t in sera of 4-week-old tu rkeys. No. poults positive/No. tested ; c: 
A ssay on plasm a sam ples from  4-week-old tu rkeys. No. poults positive/N o. tested

p ro p a g a te d , c o n c e n tra ted  an d  d is ru p te d  v iru s  iso lates show ed h igh lev e l o f  
rev e rse  tra n sc r ip ta se  a c tiv ity  co m p arab le  to  th a t  of R E Y -T  and  R E V -H -1  
s tra in s  (Table I I )  u sed  as p o sitive  co n tro ls .

Pathogenicity o f  R E V  isolates

T he p a th o g e n ic ity  of th e  new  R E V  iso la tes  w as s tu d ie d  in  tw o  e x p e ri
m e n ts . In  th e  f i r s t  ex p e rim en t, g roups o f 14-day-old  tu rk e y  em bryos w ere 
in o c u la te d  w ith  each  ce ll-c u ltu re -p ro p a g a te d  v iru s  iso la te . As show n in  T ab le  
I I I ,  ab o u t 10%  less tu rk e y  p o u lts  h a tc h e d  from  R E V -in o cu la ted  eggs th a n  
fro m  para lle l u n in o c u la te d  con tro ls . T h ere  w as no d ifference betw een  th e  tw o  
v iru s  iso lates. F e a th e r in g  defects s im ila r to  ‘n a k a n u k e ’ (K o y am a e t a l., 1976) 
w ere observed  b y  4 w eeks o f age in  2 o f 22 p o u lts  h a tc h e d  from  in o c u la te d  
eggs (F ig . 8). O ne o f  15 p o u lts  h a d  a n tib o d ie s  to  R E V  a n d  2 o f 10 p o u lts  w ere 
v iraem ic  w hen te s te d  a t  4 w eeks o f age. T h e  tw o  v iraem ic  tu rk e y s  w ere s till 
v iraem ic  an d  free o f  an tib o d ies  to  R E V  a t  12 w eeks o f age, an d  one o f th e m  
d ied  a w eek la te r  w ith  ly m p h o m as in  th e  liv e r , sp leen , sm all in te s tin e s , p ro v e n t-  
ricu lu s , pan creas  a n d  th e  b u rsa  of F ab ric iu s . H isto log ica lly , th e  ly m p h o m a to u s  
lesions were s im ila r in  cy to logy  to  th o se  seen in  th e  n a tu ra lly  d iseased  tu rk e y s . 
T h e  o th e r  tu rk e y  w as also found  to  be v iraem ic  w hen i t  w as k illed  a t  16 w eeks 
o f  age. T here w as no  a d d itio n a l tu m o u r  m o rta li ty , an d  none of th e  su rv iv o rs  
h a d  gross n eo p lastic  lesions w hen  n ecropsied  a t  16 w eeks o f age. C on tro l t u r 
key s w ere clin ica lly  n o rm a l an d  th e y  show ed no lesions a t  te rm in a tio n . A lso, 
n e ith e r  R E V  n o r an tib o d ies  to  i t  could  be d e m o n s tra te d  in  th e  exam ined  b ird s  
a t  4 w eeks of age.
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In  th e  second  experim en t, g ro u p s  o f  tu rk e y  p o u lts  were in fe c te d  w ith  
R E Y  a t  1 d a y  o f age, 4 weeks o f age  a n d  b y  c o n ta c t exposure from  1 d a y  of 
age. T ab le  IV  show s th e  overall m o rta litie s  to g e th e r  w ith  th e  tu m o u r m o r ta l i ty  
fo r th e  v a rio u s  ex p erim en ta l g roups. T w elve o f 31 tu rk e y s  in ocu la ted  a t  1 -day- 
old d ied  or w ere k illed  w hen m o rib u n d  b e tw een  117 an d  237 days o f  age, of 
th ese  fiv e  show ed gross ly m p h o p ro lifé ra tiv e  lesions a t  au to p sy . No m o r ta l i ty  
w as n o ted  in  th e  4-w eek-old in o c u la te d  g roup . F o u r tu rk e y s  died in  th e  c o n ta c t 
g roup  a t  122 d ay s o f age, and  a t  n e c ro p sy  one w as found  to  have  ly m p h o id  
tu m o u rs . T h is w as th e  earliest tu m o u r-a sso c ia te d  d e a th  in  the  course o f  th e  
ex p erim en t. N onneop lastic  losses in  th e  co n tro l, c o n ta c t and  1 -day-o ld  in o c 
u la te d  g roups v a rie d  betw een  16.7 a n d  28 .6 % , an d  w ere m ostly  due  to  pero- 
sis, a r th r it is  a n d  occasionally  to  e n te r it is , chronic  p e rih ep a titis  a n d  a irsac- 
cu litis . S u rv iv o rs  o f th e  various e x p e rim e n ta l g roups h a d  no grossly d e te c ta b le  
tu m o u rs  w hen  k illed  a t  th e  end of th e  e x p e rim en t. T he gross tu m o u ro u s  lesions 
fo u n d  in  th e  six  affec ted  tu rk ey s  w ere  m a in ly  n o d u la r  an d  occurred  p re d o m i
n a n tly  in  th e  liv er, spleen and  d u o d e n u m  b u t  w ere also no ted  in  th e  b u rs a  of 
F ab ric iu s  in  one b ird . H isto log ical e x a m in a tio n  con firm ed  th e  p resen ce  o f  
diffuse a n d /o r focal p ro lifera tions o f  m o d e ra te ly  p leom orphic  ly m p h o b la s to id  
cells in  th e  a ffec ted  organs sim ilar to  th e  lesions observed  in  th e  n a tu ra l  d isease. 
No cu tan eo u s  lesions occurred  in  a ffe c ted  tu rk e y s , a n d  periphera l n e rv es  w ere 
n o rm a l b y  b o th  gross an d  m icroscopic ex am in a tio n .

C ellu lar suspensions from  tu m o u r-b e a r in g  tu rk e y s  were used  to  in fec t 
C E F  cu ltu res . A t th e  end  of th e  1 7 -d ay  c u ltiv a tio n  period , th e  cu ltu res  in fe c te d

Table IV

M ortality and incidence of lymphoid tum ours in groups of turkeys experim entally 
infected w ith reticuloendotheliosis virus (REV) isolates during a 34-week 

observation period

G roup In o cu lu m 3,
N o.

tu rk e y s
T o ta l

m o r ta l i ty

N o . w ith  

D ead

tu m o u rs

S u rv iv o rs  
a t  34 w k s

Age a t  d e a th  
(range in  day s)

I s o la t io n  
o f  R E V b

Inoculated a t REV-H-10 17 6 3 0 204-237 2/3
1-day-old 35.3% 17.6%

REV-H-16 14 6 2 0 117-131 1/2
42.9% 14.3%

Inoculated at REV-H-16 10 0 0 0
4 weeks

Contact exposed 18 4 1 0 112 0/1
22.2% 5.6%

Isolated controls None 12 3 0 0 10-128 0/3
25%

a: 103'5 50% tissue culture infective dose per poult of each virus as cell-free superna tan t 
fluid from the second passage in chick em bryo fibroblasts;

b: Assay on tum our tissue or spleen cells from  dead tum our-bearing and control tu rkeys
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w ith  sam ples fro m  th re e  of six b ird s r e a c te d  specifically  in  th e  in d ire c t I F  
t e s t  w ith  th e  re fe ren ce  an ti-R E Y -T  ch ick en  serum . A diffuse or g ra n u la r  
cy to p lasm ic  flu o rescen c  sim ilar to  th a t  seen  in  cu ltu res in fec ted  w ith  fie ld  
m a te r ia l  w as p re se n t. T issues from  all tu m o u r-b e a r in g  tu rk ey s  w ere n eg a tiv e  
fo r  A LSY  b y  th e  sam e  cell-cu lture assay  u s in g  th e  in d irec t I F  s ta in in g  o f  
in fe c te d  cu ltu res w ith  anti-A M V  ra b b it  se ru m .

T ab le  V an d  V I  p re se n t th e  incidence  o f  R E V  v iraem ia, as d e tec ted  b y  
v iru s  in  p lasm a sam p les , an d  th e  d ev e lo p m en t o f  a n tib o d y  a g a in s t R E V  in  all 
e x p e rim e n ta l g roups u p  to  12 weeks of age, re sp ec tiv e ly .

Table V

Incidence of reticuloendotheliosis virus (R E V ) viraemia in groups of 
experimentally infected turkeys

G roup In o cu lu m 3,
Age in w eeks

2 4 8 12

Inoculated  a t REV-H-10 0/17b 7/17 5/14 3/15
l-day-o ld 41.2% 35.7% 20%

REV-H-16 0/14 6/14 5/14 3/11
42.8% 35.7% 27.3%

Inoculated  at REV -H -I6 0/10 0/10 2/9 1/7
4 weeks 2 2 . 2 % 14.3%

C ontact exposed 0/18 0/15 8/14 0/14
57.1%

Isolated  controls None 0/10 0/9 0/7 0/7

a: 103'5 50% tissue culture infective dose per pou lt of each virus as cell-free supernatant 
fluid from  the second passage in chick embryo fibroblasts; 

b: Number positive over number tested

Table VI

Incidence of antibodies to  reticuloendotheliosis v irus (REV) detected by the indirect 
immunofluorescence test in groups of experim entally infected turkeys

G roup In o cu lu m 3
Age in  w eeks

2 4 8 12

Inoculated at 
l-day-old

REV-H-10 4/17»
23.2%

6/17
35.3%

5/15
33.3%

5/15
33.3%

REV-H-16 3/14
21.4%

5/14
35.7%

5/14
35.7%

2/11
18.2%

Inoculated  at 
4 weeks

REV-H-16 0/10 0/10 8/9
88.9%

5/7
71.4%

C ontact exposed 0/18 0/15 2/14
14.3%

10/14
71.4%

Isolated controls None 0/10 0/9 0/7 0/7

: 103 S 50% tissue culture infective dose per poult of each virus as cell-free supernatant 
fluid from  the second passage in chick embryo fibroblasts; 

b: Number positive over number tested
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Table VII

Im mune responsiveness of adult tu rkeys experimentally infected a t 1-day-old 
w ith a retieuloendotheliosis virus field isolate

G roup

A n tib o d y  resp o n se  t o  im m u n iz a tio n  w ith
Con-A 

response 
(Ioge cpm )°

30 w ks

SRBCf Brucella abortus

p rim a ry
31 w ks

secondary  
34 w ks

p r im a ry  
31 w ks

se co n d a ry  
34 w ks

In o cu la ted °5.0 ±  0.4 4.3 ±  0.2d 5.0 ±  0.2 2.3 ±  0.1d 8.62 ±  0.1e

n  =  12 b1.3 ±  0.4 1.6 ±  0.2 0.7 ±  0.1 0.8 ±  0.2

Control “6.2 ±  0.5 6.3 ±  0.4 5.1 ±  0.2 5.3 ±  0.4 9.50 ±  0.1

n  =  8 b0.8 ±  0.6 2.2 ±  0.3 0.2 ±  0.1 0.7 ±  0.2

*: Mean +  standard  error of log, agg lu tina tion  titres of sera prior to  2-m ercaptoetha- 
nol trea tm en t; b: Mean ±  standard  error of log2 agglutination titres o f sera after 2-m ercapto- 
e thanol trea tm en t; c: Mean ^  standard  error loge counts per m inute of 3H -thym idine up take  
by  Concanavalin A stim ulated  lym phocytes; 11 : Significant a t P <  0.05 level (com pared w ith  
control); e: Significant a t P  <  0.001 level (com pared w ith control); SRBC — sheep red blood 
cells

C ontro l tu rk e y s  w ere clinically n o rm a l th ro u g h o u t th e  34-week o b se rv a 
tio n  period . T here  w as no R E Y -re la ted  m o rta li ty  in  th e  group , an d  all su rv i
vors rem ain ed  free o f R E V  infection  b a s e d  on serological te s ts  an d  v iru s  iso la 
tio n  a t te m p ts  from  p lasm a  sam ples.

T he effects o f R E Y  infection  o n  im m unocom pétence  are  re p o r te d  in  
T ab le  V II . T hose 12 tu rk e y s  of th e  1 -d ay -o ld  in o cu la ted  g roups th a t  w ere selec
te d  a t  ran d o m  fo r im m unoresponsiveness stud ies w ere nonv iraem ic  a n d  on ly  
5 o f th e m  w ere p ositive  for R EV  a n t ib o d y  a t  30 an d  34 w eeks of age. T hese 
b ird s  w ere p a r tia lly  im m un o su p p ressed . T h e ir blood ly m p h o cy tes  w ere su b 
s ta n tia l ly  less responsive  to  s tim u la tio n  w ith  C oncanavalin  A th a n  w ere th o se  
o f u n in o cu la ted  co n tro l tu rk ey s. S ta t is t ic a l  analysis in d ic a te d  no s ig n ifican t 
d ifference be tw een  th e  loge counts in c o rp o ra te d  b y  n o n s tim u la ted  ly m p h o 
cy tes  from  b ird s  of th e  tw o ex p erim en ta l g roups (d a ta  n o t show n in  T ab le  V II) , 
R E V -in o cu la ted  tu rk e y s  were no t d e f ic ie n t in  th e  p r im a ry  a n tib o d y  response  
to  SR B C  an d  Brucella abortus an tig en s . T h e ir a n tib o d y  ti tre s  follow ing th e  
seco n d ary  im m u n iza tio n  w ere, h o w ev er, s ig n ifican tly  low er th a n  th o se  of 
con tro ls . T here  w as no s ta tis tic a lly  s ig n if ic a n t difference betw een  th e  t i t r e s  of 
2 -m ercap to e th an o l re s is ta n t an tibod ies to  e ith e r an tigen .

D iscussion

T h u s fa r, R E V  has seldom  b een  iso la te d  from  tu rk e y s  (M cD ougall e t 
al., 1978; P a u l e t ah , 1976; Sarm a e t a l., 1975; Solom on e t al., 1976; R ob in so n  
a n d  T w iehaus, 1974; W itte r  and  G lass, 1984). In  th e  p re sen t s tu d y  n a tu ra l
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R E V  in fec tion  w as d e m o n s tra te d , b y  b o th  serology an d  v iru s  iso lation , in  
b reed in g  tu rk e y  flocks experiencing  low  levels o f m o r ta li ty  from  leu k o tic  
tu m o u rs , v a ry in g  degree of egg in fe r ti l i ty  an d  sporad ic  cu tan eo u s lesions 
rem in iscen t o f fow l p ox .

T h e  p a th o lo g y  o f  neoplasm s w as s im ila r to  n a tu ra l re ticu lo en d o th e lio sis  
o u tb re a k s  in  tu rk e y s  described  b y  o th e rs  (M cD ougall e t a l., 1978; P au l e t a l., 
1976; S arm a e t a l., 1975; Solom on e t a l., 1976; W itte r  an d  G lass, 1984). H o w 
ev er, in  accordance  w ith  prev ious f in d in g s  (W itte r  an d  G lass, 1984), we a lso  
o b se rv ed  no e n te ritis  a n d  b u rsa l tu m o u rs , w h ich  were re p o rte d  b y  M cD ougall 
e t  a l. (1978), an d  th e  p e rip h era l nerves la c k e d  m ononuclear endoneura l in 
f i l t ra t io n s  described  b y  o thers (H an so n  a n d  H ow ell, 1979; P a u l e t al., 1976). 
H isto p a th o lo g ica l ex am in a tio n s  h av e  rev ea led  th a t  th e  sk in  lesions observed  in  
th e  p re se n t case w ere o f  fowl p o x  orig in  a n d  n o t  a cu tan eo u s m an ife s ta tio n  o f  
re ticu lo en d o th e lio sis  as rep o rted  b y  H an so n  a n d  H ow ell (1979).

T he m a jo r p ro d u c tio n  p rob lem  o f th e  in v es tig a ted  lay in g  farm  was th e  
f lu c tu a tio n  of egg in fe r ti l i ty  be tw een  4.0 a n d  64%  d u rin g  th e  lay ing  cycle . 
F e r t i l i ty  problem s h a v e  n o t y e t been  re p o r te d  to  occur in  associa tion  w ith  
n a tu r a l  R E V  in fe c tio n  in  tu rk e y s  (W itte r  a n d  Glass, 1984). A lthough  th e  
f re q u e n c y  of R E V  a n tib o d y  was g enera lly  h ig h e r in  th o se  flocks of th e  fa rm  
w h ere  h igh levels o f  in fe r tility  occurred , i t  cou ld  n o t be concluded  from  th e  
d a ta  re p o rte d  here  t h a t  in fe rtility  w as a d ire c t consequence o f  R E V  in fec tio n , 
b ecau se  th e  n u m b e r o f  te s te d  b ird s  w as re la tiv e ly  low  (a lto g e th e r 167 tu rk e y s  
fro m  fo u r flocks w ith  an  in fe rtility  r a te  ab o v e  10%  a n d  103 tu rk ey s  fro m  
th re e  problem -free flocks), and  because th e re  w ere flocks w here considerab le  
in fe r t i l i ty  (50 .2% ) o ccu rred  in  th e  absence o f R E V  in fection  ( P - J - l  flock, T a b le  
I)  a n d , conversely , w here  h igh  incidence  o f  R E V  a n tib o d y  (30.9% ) w as a s 
so c ia te d  w ith  re la tiv e ly  low  (11.7% ) egg in fe r ti l i ty  ra te  (P -7  flock , T ab le  I ) .  
C oincidence o f h igh  in fe r tility  ra te  w ith  h igh  R E V  se ro p o sitiv ity  in  tw o flo ck s  
(P -4  a n d  P-6 flocks, T ab le  I) suggests, how ever, a possible c o n tr ib u to ry  role o f  
R E V  infec tion . T h u s , c la rifica tio n  o f th is  p o in t deserves fu r th e r  studies.

I n  tissue cu ltu re s , chloroform  sen sitive  v iruses of a b o u t 100 nm  in  d ia m 
e te r  w ith  C -type m orpho logy  an d  R N A -d irec ted  D N A  p o lym erase  a c t iv i ty  
w ere iso la ted  from  p la sm a  sam ples o f c lin ica lly  h e a lth y  tu rk e y s  an d  from  se le c t
ed  ly m p h o id  tu m o u rs  o f tu rk ey s  over 28 w eeks o f age. T he v iru s  iso lates w ere  
s im ila r  to  th e  p ro to ty p e  s tra in  T  R E V  in  c u ltu ra l, m orphological and  an tig en i- 
cal c h a rac te ris tic s . T h is  ind ica tes  th a t  th e y  are  m em bers o f th e  R E V  group  o f  
a v ia n  re tro v iru se s . T h e  v iru s stocks w ere d e te rm in ed  to  be free  o f c o n ta m in a 
t io n  w ith  exogenous A LSV s b y  ce ll-cu ltu re  a ssay  using  th e  in d ire c t IF  s ta in in g  
w ith  r a b b it  anti-A M V  im m une serum  fo r th e  d e tec tio n  o f A LSV  group-specific  
a n tig e n  (P ay n e  e t  a l., 1966).

R esu lts  of p a th o g e n ic ity  s tud ies show ed th a t  in  em b ry o n a lly , n e o n a ta lly  
a n d  c o n ta c t in fec ted  tu rk e y s , R E V  fie ld  s tra in s  p roduced  a chronic  n eo p lastic
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disease s im ila r in  gross an d  m icroscopic  ap p earan ce  to  th a t  seen in  th e  n a tu ra l  
cases o f th e  disease, w ith  la te n t p e rio d s  of 91 to  237 days. Some of th e  h a tc h e d  
p o u lts  in o cu la ted  as 14-day em b ry o s developed  fea th e rin g  defects s im ila r to  
‘n a k a n u k e ’ seen in  exp erim en ta l R E V  infections in  chickens (K o y am a  e t al., 
1976; M otha  and  E g erto n , 1987). A s ex p ec ted  from  o th e r s tud ies (M cD ougall 
e t a l., 1980; P u rch ase  e t al., 1973; W it te r  an d  Jo h n so n , 1985), th e  R E V  fie ld  
s tra in s  w ere m ore oncogenic w hen  exposu re  was b y  in o cu la tio n  th a n  w hen 
ex p o su re  w as b y  c o n ta c t. F ou r-w eek-o ld  in o cu la ted  tu rk e y s  d id  n o t develop  
v isib le  ly m p h o m as, b u t  less su sc e p tib ility  of o lder b ird s  has been  n o ted  p re 
v iou sly  (M cD ougall e t al., 1980). I n  acco rdance  w ith  th e  re p o rt o f M cD ougall 
e t al. (1978), we also observed b u rsa l tu m o u rs  in  tw o  ex p e rim en ta lly  in fec ted  
tu rk e y s  th a t  died a t  91 and  231 d ay s  o f  age. W h eth er these  tu m o u rs  a re  c o m p a r
ab le to  th e  В -cell neoplasm s cau sed  b y  o th e r nondefective  s tra in s  o f  R E V  
in  ex p e rim en ta lly  in fec ted  chickens (W itte r  and  C ritten d en , 1979; W itte r  e t al., 
1981) a n d  are  induced  b y  a sim ilar m o lecu la r m echanism  (N oori-D alo ii e t al. 
1981) rem a in s  to  be elucidated . H o riz o n ta l sp read  of R E V  in fec tion  h as  been 
re p o r te d  to  occur in  chickens, d u ck s  an d  tu rk ey s  (M cD ougall e t a l., 1980; 
P a u l e t al., 1977; P u rch ase  e t a l., 1973; W itte r  an d  Jo h n so n , 1985). In  th is  
s tu d y  th e  v iru s was also found to  sp re a d  read ily  am ong tu rk e y s  as ev idenced  
b y  th e  presence o f v iraem ia  an d  se ru m  antibod ies an d  th e  d ev e lo p m en t of 
tu m o u rs  in  tu rk e y s  held  in  d irec t c o n ta c t  w ith  o thers in o cu la ted  w ith  fie ld  iso 
la te s  o f th e  v iru s sh o rtly  a fte r h a tc h in g .

D u rin g  th e  p a th o g en ic ity  e x p e rim e n ts , R E V  w ith  th e  sam e fe a tu re s  as 
th e  f ie ld  iso la tes w as re iso lated  fro m  57%  of tu m o u r-b ea rin g  tu rk e y s . R E V  
v ira e m ia  an d  serum  antibod ies to  R E V  w ere also d e tec ted  from  a n u m b e r of 
th e  su rv iv o rs  in  all ex p erim en ta lly  in fe c te d  groups. In  view  of p rev ious fin d in g s 
(M cD ougall e t al., 1980), th e  p oo r in d u c tio n  of to le ra n t in fec tion , i.e . p e rs is
te n t  v ira e m ia  in  th e  absence of se ru m  an tibod ies, b y  em b ry o n a l or n e o n a ta l 
in o cu la tio n , as re p o rte d  here, w as so m ew h at u n ex p ec ted . H ow ever, i t  has 
been  d e m o n s tra te d  in  chickens (W itte r  e t ah, 1981) t h a t  in d u c tio n  o f  to le ra n t 
in fec tio n  depends n o t on ly  on th e  age a t  in fec tion  b u t  also on th e  s tr a in  an d  
dose o f  v iru s . T hus, th e  in d u c tio n  o f  low er ra te s  o f to le ra n t in fec tio n  in  our 
s tu d ies  cou ld  be due to  th e  d ifferences in  th e  s tra in s  o f R E V  an d  to  th e  low er 
in p u t v iru s  doses used  fo r in o cu la tio n . A d ifferen tia l su scep tib ility  b e tw een  
th e  b reed s  of tu rk e y s  used  for th e  ex p e rim en ts  m ay  also p lay  a role.

T h e  effect o f R E V  in fection  on  th e  im m une com petence o f tu rk e y s  has 
n o t y e t  been  stu d ied . In  th is  s tu d y  n e o n a ta lly  in o cu la ted  tu rk e y s  t h a t  d evel
oped  a p p a re n t n o n to le ra n t in fec tion , d efin ed  here as th e  presence o f  d e te c ta b le  
im m u n o flu o rescen t serum  an tib o d ies , w ere found  to  be d efic ien t in  seco n d ary  
a n tib o d y  response to  SR B C  and  B . abortus an tigens an d  in  m ito g en -in d u ced  
b lasto g en esis  o f p e rip h era l blood ly m p h o c y te s  a t  30 to  34 w eeks o f  age. T his 
o b se rv a tio n  is n o tew o rth y , since th e  lo n g -te rm  im m unosuppressive  p o te n tia l
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of nondefective  R E V s in  tu rk e y s  has n o t b een  re p o rte d  p rev iously . T he m ech a
n ism  b y  w hich im m u n o su p p ressio n  occurs in  R E V -in fected  tu rk ey s  is n o t 
c lear. F u r th e r  w ork  is th e re fo re  requ ired  to  c la rify  w h e th e r th is  u n u su a l m an i
fe s ta tio n  of im m u n o su p p ressio n  was a p e c u lia r ity  o f ou r v iru s  iso lates or w as 
due to  a d ifferent h o s t re sp o n se  in  th a t  n o n to le ra n t R E Y  in fec tion  in  tu rk e y s , 
u n lik e  in  chickens (C a rp e n te r  e t al., 1977, 1978; R u p  e t al., 1979; W alker e t 
a l., 1983; W itte r an d  J o h n so n , 1985; W itte r  e t a l., 1981), leads to  th e  develop
m en t o f  a long-lasting  im m u n o su p p ressed  s ta te .

T he resu lts in  th e  p re se n t s tu d y  fu lfil K o c h ’s p o s tu la te s . W e are  th ere fo re  
e n tit le d  to  suggest t h a t  th e  n a tu ra lly  occu rrin g  n eo p lastic  disease o f tu rk e y s  
described  in  th is p a p e r  w as caused b y  new  s tra in s  o f R E Y . C u ltu ra l an d  p a th o 
g en ic ity  ch a rac te ris tic s  suggest th a t  these  v iru ses  are  sim ilar to  th e  nondefec
tiv e  h e lp e r R EV  (H o e lze r e t al., 1979). T h e ir o rig in  is u n k now n .
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STUDIES ON THE VIRULENCE OF PIGEON 
PARAMYXOVIRUS-1 (PMV-1) I. CHANGES IN THE 

VIRULENCE OF PIGEON PMV-1 STRAINS 
ISOLATED IN HUNGARY UPON PASSAGE 

IN CHICKENS, EMBRYONATED HEN’S EGGS AND
PIGEONS

B a ch ir  K is s i

V eterinary  Medical Research In s titu te , H ungarian  Academ y of Sciences, H-158I B u d ap est,
P. O. Box 18, H ungary

(Received F eb ruary  15, 1988)

Pigeon param yxovirus 1 (PMV-1) stra ins isolated in  H ungary  were exam ined 
for la ten t virulence to chickens. They were serially inoculated in  chickens and  th e ir 
virulence w as m easured after the fifth  passage. Three out of eight strains showed an  in 
creased virulence (IV PI =  1.3—1.7) after five passages in chickens. A transition  of v iru l
ence from the mesogenic to velogenic category  was no t observed. Passage of know n 
mesogenic laboratory  strains (like vaccine s tra in  H, M ukteswar, etc.) in chickens was 
only partia lly  successful. Only the virulence of stra in  Roakin could be increased b y  p as
saging it  in chickens (IV PI rose from 0.4. to  1.6). The same three PMV-1 stra ins exhi
b ited  a slight increase in  virulence after ten  passages in  chicken embryos. Two strains 
whose virulence did no t increase either in  chickens or in eggs (IV P I =  0) showed some 
increase in virulence when they  were passaged in  pigeons (IV P I =  0.6-1.0). T hus the  
pigeon m ight be one of the hosts where virus heterogeneity  is generated in natu re .

Keywords: Pigeon param yxovirus-1 (PMV-1), virulence, change, passage.

T he su scep tib ility  o f  pigeons to  fow l p e s t, a disease know n  as N ew castle  
d isease since an  o u tb re a k  in  G reat B r ita in  in  1926, has been  know n for a lo n g  
tim e  (L ode an d  G ruber, 1901; C en tan n i, 1902; H alász , 1912). T hese e a r ly  
w orks h a d  re p o rte d  n erv o u s signs an d  e n te r it is  in  pigeons. S u b seq u en tly  sev e ra l 
a u th o rs  re p o rte d  fie ld  o u tb reak s  am ong  p igeons (P ica rd , 1928; H an so n  a n d  
S inha, 1952; U lb rich  an d  Sodan, 1965; H ilb rich , 1972; S tew art, 1971; V in- 
devogel e t  a l., 1972; U tte rb a c k  an d  S ch w artz , 1973; M aes e t al., 1974; P e a rso n  
an d  M cC ann, 1975; Canic, 1981). T he co m m o n  fea tu res  o f th e  above lis ted  cases 
w ere ( i )  th e  la ck  o f ev idence fo r d irec t sp re a d  of in fec tio n  betw een  p ig eo n  
flocks (i. e. sp read  w ith o u t th e  in v o lv em en t o f  chickens); ( i i )  t h a t  all o u tb re a k s  
h ad  o ccu rred  in  p igeons liv ing  in  p ro x im ity  to  chickens a ffec ted  b y  N D ; a n d  
( i i i )  t h a t  th e  N D  v iru s  (NDY) s tra in s  iso la te d  from  th o se  o u tb reak s  w ere  
velogenic fo r ch ickens (H anson , 1975).

In  1981 an  N D -like disease, sp read in g  from  pigeon to  p igeon, em erg ed  
in  E u ro p e . T he disease w as f irs t described  in  I ta ly  (B iancifio ri an d  F io ro n i,
1983), th e n  i t  a p p ea red  in  severa l co u n trie s  o f  W este rn  E u ro p e  (Y iaene e t  a l.,
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1983; R ich te r, 1983; K a le ta  e t al., 1984; G u i t te t  e t al., 1984; A lex an d er e t  a l., 
1984a an d  b) a n d  in  H u n g a ry  (P o v azsán  e t  a l., 1984; Sólyom , 1984).

T he N D -like d isease sp read ing  am o n g  p igeons w as caused  b y  a p a ra m y 
x o v iru s  ty p e  1 (PM V -1) v iru s. T his a g en t show ed  h igh levels o f cross-reactio n  
to  N D Y  in  th e  h a e m a g g lu tin a tio n  in h ib itio n  (H I)  te s t  b u t cou ld  u n am b ig u o u sly  
be  d iffe ren tia ted  fro m  N D Y  stra in s  b y  m onoclona l an tib o d ies  (A lex an d er e t 
a h , 1984).

A tte m p ts  a t  in fec tin g  chickens w ith  th e  p igeon PM V-1 s tra in s  succeeded . 
M ost of th e  p igeon  PM V-1 s tra in s , h o w ev er, p roved  m esogenic fo r ch ickens 
(A lex an d er an d  P a rso n s , 1984). T he v iru len ce  o f some s tra in s  for chickens w as 
m a rk e d ly  in c reased  b y  passage th ro u g h  ch ickens (A lexander an d  P a rso n s ,
1984). This la te n t  v iru lence  fo r chickens m a y  have  c o n tr ib u te d  to  th e  sev ere  
N D  o u tb reak s cau sed  b y  p igeon PMV-1 s tra in s  in  chicken flocks n o t im m unized  
a g a in s t ND in  G re a t B rita in  (A lexander e t  a l., 1984b).

To assess th e  risk s c o n s titu te d  b y  p ig eo n  PMV-1 s tra in s  to  ch icken  flocks, 
th e  biological p ro p e rtie s  o f pigeon PM V -1 s tra in s  iso la ted  in  H u n g a ry  w ere 
ex am in ed . I t  w as fo u n d  th a t  ( i )  m ost o f th e  H u n g a ria n  p igeon  PMV-1 iso la tes  
be longed  to  th e  m esogenic v iru lence g ro u p  (K issi e t al., 1988); ( i i )  th e  
v iru len ce  of sev e ra l m esogenic p igeon PM V -1 s tra in s  iso la ted  in  H u n g a ry  w as 
s ig n if ican tly  in c rea sed  b y  passage th ro u g h  chickens (th is  p ap er); a n d  ( i i i )  
th e  v iru lence in c rease  occurring  d u rin g  p assage  th ro u g h  chickens re su lte d  
fro m  selection  (see th e  accom pany ing  p a p e r , K issi and  L om niczi, 1988).

M aterials a n d  m ethods

V iru s strains

The p igeon  PM V-1 s tra in s  w ere o b ta in e d  from  th e  C en tra l V e te r in a ry  
I n s t i tu te  (B u d a p e s t)  b y  th e  co u rtesy  o f  D r. E . Sághy. S tra in s  61, 201, 208 
a n d  225 were k in d ly  p ro v id ed  b y  D r. J .  T a n y i (V eterinary  In s t i tu te , D ebrecen ).

F o r th e  o rig in  of th e  pigeon PM V -1 an d  m esogenic NDV s tra in s , see 
ea rlie r papers (K issi e t al., 1988; R ussel a n d  A lexander, 1983).

V iru s propagation

The v iru s  s tra in s  w ere grow n in  th e  a llan to ic  c a v ity  o f 9- to  11-day -o ld  
ch icken  em bryos (L om niczi, 1973). T h e  sam e procedure  w as follow ed w hen  
re iso la tin g  th e  v iru s  from  20%  suspensions o f  ch icken  o rgans (liver, sp leen , o r 
b ra in ) .

Cell cultures, plaque purifica tio n  and plaque isolation

These w ere perfo rm ed  as describ ed  ea rlie r (L om niczi, 1973 a n d  1974).
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Intravenous pa thogenicity  index ( I V P I )  tests

T he IV P I  te s ts  w ere done in  S P F  chicks b y  a s ta n d a rd  p rocedure(A non ., 
1963). IV P I w as ca lcu la ted  a fte r  12 days.

V irus passage through chickens

T he ch ickens w ere in o cu la ted  in tra m u sc u la r ly  w ith  a 20%  liver-sp leen  
suspension . S im u ltan eo u sly  w ith  in jec tin g  ch ickens w ith  th e  organ  hom oge
n a te s , e m b ry o n a te d  eggs w ere in o cu la ted  to  d e te rm in e  th e  v irus co n cen tra tio n  
of th e  suspensions.

R esults

Changes in  the virulence o f  pigeon P M V -1  stra ins upon passage through  
chickens

T he v iru len ce  of 33 o u t o f th e  pigeon PMV-1 s tra in s  iso la ted  in  H u n g a ry  
w as d e te rm in ed  in  six-w eek-old  S P F  chickens. T h ir ty - tw o  o u t o f th e  33 iso 
la te s  w ere assigned  to  th e  m esogenic v iru lence c a te g o ry  (K issi e t a l., 1988).

As B ritish  resea rch ers  rep o rted  a considerab le  increase  in  th e  v iru lence  
of som e p igeon PMV-1 s tra in s  up o n  passage th ro u g h  ch ickens, i t  w as of in te re s t 
to  exam ine w h e th e r or n o t th is  w as tru e  fo r som e s tra in s  iso la ted  in  H u n g a ry  
an d  co n tin e n ta l E u ro p e . E ig h t H u n g a rian  s tra in s  a n d  four s tra in s  iso la ted

Table I

Virus titres of the 20% liver-spleen homogenate in  the  different passages 
(the in itial inoculum contained 106 PFU /chicken)

PM V-1
s tra in s

Plaquf;-form ing u n its /0 .1  m l in p assag e

1 2 3 4 5

4 8 0 * 0 3 1 3 0 > 3 0 0

5 2 0 3 7 1 1 5 3 8 > 1 5 0

5 5 0 1 4 7 9 > 3 0 0

5 6 4 0 1 1 0 2 4 0 > 1 3 0

5 7 0 2 8 0 3 3 > 1 0 0

5 8 0 2 3 1 0 3 1 5 0 > 2 2 0

6 1 0 0 0 0 1 0

2 3 4 0

2 0 9 0 0 0 8 0 > 2 0 0

2 1 8 0 0 0 5 7

2 2 7 3 5 7 1 0 > 2 0 0

2 6 6 0 5 1 0 4

* If  the plaque count was 0, the virus was always dem onstrable by inoculating fertile 
eggs. Furtherm ore, in m ost cases it  could he passaged w ithout previous enrichment in eggs
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Table II

Effect of passage th rough  chickens on the virulence of pigeon PMV-1 strains

V iru s
s tr a in O rig in

V iru lence (IV P I)

In it ia l
inocu lum

5 th
p assag e

48 H ungary, 1983 0.0 0.0
52 H ungary, 1983 0.66 0.72
55 H ungary, 1983 0.0 1.30
56 H ungary, 1983 0.18 1.34
57 H ungary, 1983 0.0 0.0
58 H ungary, 1983 0.0 1.68
61 H ungary, 1983 0.0 0.0

234 H ungary, 1983 0.6 1.8

209 The N etherlands, 1983 0.36 0.10
218 Iraq , 1978 0.40 0.40
227 Italy , 1982 0.0 0.0
266 Yugoslavia, 1984 0.0 0.0

o u ts id e  H u ngary  w ere  passaged  f iv e  tim es  th ro u g h  chickens a t  4- to  5-day  
in te rv a ls . None o f th e  chickens becam e ill. B y  inocu la ting  e m b ry o n a te d  h en ’s 
eggs, th e  virus w as a lw ay s d e te c ta b le  in  th e  liv e r an d  spleen h o m o g en a te  used 
fo r  passage.

T he virus t i t r e  o f  th e  organs p e rm itte d  successful passage o f  th e  v iru s w ith  
th e  2 0 %  organ h o m o g en a te  itse lf. P rev io u s v iru s  p ro p a g a tio n  in  eggs was 
re q u ire d  only ex cep tio n a lly  (som etim es a f te r  th e  f irs t passage). T ab le  I  shows 
t h a t  para lle l to  th e  rise  o f th e  n u m b e r o f passages v iru s t i t r e s  in  th e  liver 
a n d  spleen increased .

A fte r th e  5 th  passag e  in  ch ickens, IV P I  te s ts  were d one  in  6-w eek-old 
ch ick en s  w ith  th e  in i t ia l  inocu lu m  an d  w ith  v iru s  from  th e  5 th  passage , a fte r 
p re v io u s  en rich m en t in  e m b ry o n a te d  eggs (T able I I ) . The v iru len ce  of s tra in s  
d e s ig n a te d  55, 56 a n d  58 increased  co n sid e rab ly  (IV P I =  1.3—1.7), w hile th a t  
o f  th e  o th e r s tra in s  d id  n o t change. V irus could  alw ays be reco v ered  from  th e  
b ra in  o f m oribund  o r d ead  ch ickens.

Changes in  the virulence o f  mesogenic N D V  strains upon passage through 
chickens

To judge th e  sign ificance  o f v iru lence  increase i t  w ould  be  im p o r ta n t to  
k n o w  w hether th is  w as a p ro p e rty  o f m esogenic N D V  stra in s (in c lu d in g  num erous 
v a c c in e  stra ins) in  g enera l, o r w as on ly  an  in d ic a to r  of th e  la te n t  chicken 
p a th o g e n ic ity  o f  p ig eo n  PMV-1 s tra in s . N am ely , i t  is possib le  t h a t  th e  v iru 
len ce  o f  the  m esogenic s tra in s  k n o w n  b y  us is n o t s tab le ; since, how ever, no
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a tte m p ts  h av e  been  m ade to  a lte r  i t  ex p e rim en ta lly  (e. g. b y  passage th ro u g h  
ch ickens), th is  phenom enon  has n o t been  observed  in  connection  w ith  th e se  
s tra in s  so fa r.

A lth o u g h  th e  above p h enom enon  has obvious p ra c tic a l bearings, th e re  
are  no  d a ta  in  th e  l ite ra tu re  on how  m esogenic NDY stra in s , v iruses c lo sest in  
v iru lence  to  th e  p igeon РМУ-1 s tra in s , beh av e  u n d e r sim ilar co n d itio n s . 
T h erefo re , som e m esogenic N D Y  iso la tes  long  know n from  th e  l i te ra tu re  a n d  
som e recen t fie ld  iso lates (stra in s 201 a n d  208), o f th is  g roup  w ere p assag ed  
th ro u g h  ch ickens. T he passage an d  v iru len ce  of th ese  s tra in s  are sh o w n  in  
T ab le  I I I .  Som e o f th e  s tra in s p ro v ed  non-passageab le  in  chickens. O nly  s tr a in  
R o a k in  could  be m a in ta in ed  up  to  th e  5 th  passage, th e  o th e rs  “ died o u t”  e a r 
lier, s im ila rly  to  s tra in  225, a len togen ic  fie ld  iso late w hich  h ad  been e x p e c te d  
to  be  non -p assag eab le  a t  all. (Som e s tra in s  could be p assaged  only a f te r  th e y  
h a d  been  grow n up  in  em b ry o n a ted  h e n ’s eggs betw een  th e  passages.) S tra in  
R o a k in  w as n o t on ly  passageable b u t  also u n d e rw en t a considerab le v iru len ce  
increase , w hereas th e  v iru lence o f th e  o th e r  s tra in s  fa iled  to  increase.

Changes in  the virulence o f  pigeon P M V -1  strains upon passage in  em bryonated  
hen 's eggs

T h e above ex perim en ts h av e  show n th a t  th o u g h  in  p a th o g e n ic ity  to  
ch ickens th e  p igeon  PMV-1 s tra in s  a re  s im ila r to  th e  m esogenic N D V  s tra in s  
(e. g. IV P I  1.5), th e  form er n o t o n ly  grow  well in  chickens b u t d u rin g  pas-

Table III

Passageability of mesogenic NDY strains through chickens 
(chickens in the firs t passage received 106 PFU /bird)

V iru s  s tra in O rigin

V iru lence ( IV P I)

In it ia l
inocu lum

L a s t
p assage

H Great B ritain, 1933 0.33 0.28 (2nd)
H/S3 (Selected from H)* 0.0 n.p.
L USA, 1940s 0.38 0.0 (4th)
K om arov Palestine, 1940s 0.0 0.5 (5th)
TCND USA 0.0 n.p.
B eaudette C USA, 1946 (1959) 0.0 n.p.
M ukteswar India, 1940s 0.0 0.0 (3rd)
Roakin USA, 1949 0.4 1.6 (5th)
201 H ungary, 1980 0.50 0.0 (3rd)
208 H ungary, 1981 0.40 0.23 (3rd)

225 H ungary, 1984 0.0 n.p.

* Prokopovitsch and Lomniczi, 1973; n.p. =  non-passageable
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Table IV
Changes in the virulence of pigeon PMV-1 stra ins upon passage in fertile hen’s eggs

V iru s
s tra in

V iru len ce  ( IV P I)

In it ia l
inoculum

5 th
p a ssa g e

10 th
passage

48 0.0 N T 0.0
55 0.0 0.0 0.28
56 0.34 N T 0.54
57 0.0 N T 0.0
58 0.0 0.23 0.41
61 0.0 N T 0.0

227 0.0 NT 0.0
266 0.0 NT 0.0

NT =  not tested

sage  th e ir  v iru lence  m a y  increase. B efore s ta r tin g  in v estig a tio n s in to  th e  
m ech an ism  of th e  ch an g e  o f v iru lence, th e  b eh av io u r of th e se  v iruses d u rin g  
p assag e  in  e m b ry o n a te d  h en ’s eggs w as ex am in ed .

P igeon  РМ У-1 s tra in s  of changing  a n d  those  of u n ch an g in g  v iru len ce  
w ere  passaged  te n  tim e s  in  em b ry o n a ted  h e n s ’ eggs, th e n  IV P I  te s ts  w ere 
d o n e  on  th e  in itia l in o cu lu m  an d  th e  10 th  p assag e  (Table IV ). A slight increase  
in  v iru len ce  w as fo u n d  fo r s tra in s  55, 56 a n d  58.

Changes in  the virulence o f  pigeon P M V -1  stra in s  upon passage through pigeons

T h e e x p e rim e n ta l d a ta  show n ab o v e  ra ise  an o th e r p ro b lem : if  som e o f 
th e  p igeon  PM V-1 s tra in s  are  com posed o f  heterogeneous v iru s  p o p u la tio n s  
(see also  th e  acco m p an y in g  paper, K issi a n d  L om niczi, 1988), how  does th is  
h e te ro g e n e ity  arise ? A s th e  n a tu ra l h o st o f  p igeon  PMV-1 s tra in s  is th e  p igeon , 
th e  q u es tio n  has a risen  w h e th e r or n o t m u ltip lic a tio n  o f th e  v iru s  in  p igeons 
fa v o u rs  th e  em ergence o f  th is  h e te ro g en e ity . T herefore, th re e  pigeon PM V-1 
s tra in s  w ere se lec ted  w hose viru lence h a d  n o t  changed  (i. e. rem ain ed  0) u p o n

Table V
Changes in th e  virulence of pigeon PMV-1 strains upon passage in pigeons

V iru s  s tra in
In it ia l

inocu lum

V iru len ce  (IV P I) 
5 th  passage

ch ick en pigeon

48 0.0 0.0 1.0
57 0.0 0.0 0.0

227 0.0 0.0 0.6
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passage th ro u g h  chickens. These s tra in s  w ere passaged  th ro u g h  pigeons (T able  
У). The v iru len ce  o f  tw o  o u t o f th e  th re e  iso la tes (s tra in s  48 an d  227) has 
som ew hat in c reased .

D iscussion

The aim  o f th e  p re sen t in v es tig a tio n s  w as to  assess th e  th r e a t  c o n s titu te d  
to  dom estic p o u ltry  flocks b y  v iru s  s tra in s  th a t  sp read  in  H u n g a ry  d u rin g  
o u tb reak s  in  p igeons.

A t th e  s t a r t  o f these  in v estig a tio n s, d a ta  ava ilab le  in  th e  l i te ra tu re  w ere 
re s tr ic te d  to  th e  v iru lence  of pigeon РМ У-1 s tra in s  iso la ted  in  G rea t B r ita in  
(A lexander a n d  P arso n s, 1984). A ccord ing  to  th e se  d a ta , m ost p igeon PM V-1 
s tra in s  w ere s im ila r  in  v iru lence  to  m esogenic  N D V  s tra in s , an d  som e o f th e m  
w ere m ore v iru le n t th a n  th e  o thers. I t  is e a sy  to  realize th a t  p igeons c a rry in g  
N D V  varie ties  o f  such  v iru lence  are a p o te n tia l  th re a t  as v iru s  t r a n s m itte r s  
to  chicken flocks. T here  a re  tw o a d d itio n a l p ro p e rtie s  w hich  u n d erlin e  th e  risk s  
connected  w ith  su ch  m esogenic s tra in s : ( i )  fro m  pigeons in fec ted  w ith  p igeon  
PMV-1 th e  v iru s  w as easily  tra n s m itte d  to  ch ickens p laced  am ong th e m ; a n d  
( i i )  th e  v iru len ce  o f th e  v iru s  s tra in s  w as in c reased  ex p erim en ta lly  b y  p assage  
th ro u g h  ch ickens (A lexander an d  P a rso n s , 1984). E v en  w ith  know ledge of 
th e se  fac ts , i t  cam e  as a su rp rise  w hen  in  m id-1983 th e  v iru s  ap p eared  in  m ore 
th a n  20 su scep tib le  ch icken  flocks o f G re a t B r ita in  (A lexander e t a l., 1985). 
T h e  cau sa tiv e  a g e n t of th ese  o u tb reak s w as id e n tif ie d  as a p igeon PMV-1 s tra in  
b y  m onoclonal an tib o d ies .

In  th e  l ig h t  o f th ese  fac ts  i t  w as c lea r t h a t  in  o rd er to  assess th e  p ossi
b i l i ty  of s im ila r o u tb re a k s  in  H u n g a ry  a n d  d raw  an  analogy  w ith  ev en ts  in  
G rea t B rita in , th e  H u n g a ria n  PMV-1 iso la te s  h a d  to  be s tu d ied  in  d e ta il.

The v iru len ce  o f m ost pigeon PM V-1 s tra in s  iso la ted  in  H u n g a ry  is s im i
la r  to  th a t  o f th e  m esogenic NDV s tra in s  (K issi e t al., 1988), s im ila rly  to  
w h a t was fo u n d  in  G rea t B rita in . N ev erth e less , th e  v iru lence  o f fou r o u t of 
e ig h t p igeon PM V -1 s tra in s  selected a t  ra n d o m  has increased  s ig n if ican tly  
u p o n  passage th ro u g h  chickens. (One o f  th e se  s tra in s , a m esogenic iso la te , h a d  
com e from  a ch ick en  flock  w here i t  cau sed  no  o u tb reak ). This la te n t  v iru len ce  
o f  pigeon PM V-1 s tra in s  has been c o n firm ed  w ith  s tra in s  iso la ted  in  T h e  
N e th e rlan d s  (B ijn en s  an d  D evos, 1987). O n  th e  o th e r h an d , o u t o f te n  m esoge
n ic  NDV s tra in s  o n ly  s tra in  R oakin  show ed  a sim ilar phenom enon . T he pas- 
sag eab ility  o f th e se  la t te r  s tra in s  w as p o o r: in  m ost cases passage w as su ccess
fu l only  if  th e  v iru ses w ere grow n in  e m b ry o n a te d  h en ’s eggs b e tw een  th e  
in d iv id u a l passages. Som e s tra in s  could  n o t  be passaged  a t  all.

A n o th e r p ro p e r ty  in  w hich p igeon  PM V -1 s tra in s  c o n s titu te  a g re a te r  
epizootio logical h a z a rd  th a n  do m esogenic N D V  s tra in s , is th e ir  in creased  
co n tag io sity  to  ch ickens. In  th e  p re se n t ex p erim en ts , in  fou r-d ay -o ld  S P F
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ch ickens c o n ta c t in fe c te d  w ith  s tra in s  52 a n d  56 th e  in fec tio n  ra te  w as 100%  
an d  th e  d e a th  ra te  w as be tw een  50 an d  6 0 % . A sim ilar co n tag io s ity  was r e p o r t 
ed b y  o th e rs  (B ijnens e t  ab , 1985).

U p o n  passage th ro u g h  e m b ry o n a te d  h e n ’s eggs th e  sam e th re e  s tra in s  
(55, 56 a n d  58) u n d e rw e n t a slight in crease  in  v iru lence  as in  ch ickens, th o u g h  
in  th e  case o f eggs th is  v iru lence in crease  w as d em o n strab le  on ly  a f te r  th e  
1 0 th  passage. Selec tion  o f th e  m ore v iru le n t v iru s  p o p u la tio n  (see th e  ac 
co m p an y in g  p ap er, K issi an d  L om niczi, 1988) ta k e s  p lace la te r  d u rin g  passag e  
in  eggs.

T h e  ex p erim en ts  described above h a v e  in d ica ted  th a t  d u rin g  passag e  
th ro u g h  chickens m ore  v iru le n t lines are  se lec ted  from  a p re su m ab ly  h e te ro 
geneous v iru s p o p u la tio n . C onsequently , som e p igeon PMV-1 s tra in s  are  m ore  
hete ro g en eo u s in  re sp e c t o f v iru lence th a n  o th ers . I t  w ould  he im p o r ta n t  to  
e lu c id a te  w h a t fac to rs  p a rtic ip a te  in  in d u c in g  th is  h e te ro g en e ity . I t  is possib le  
t h a t  m u ltip lica tio n  o f  th e  v iru s in  p igeons fav o u rs  th e  d eve lopm en t o f  a h e te 
rogeneous v iru s  p o p u la tio n . T herefore, p igeon  PMV-1 s tra in s  ex h ib itin g  th e  
low est degree of h e te ro g en e ity  (i.e. th e  v iru len ce  of w hich  failed  to  in crease  
u p o n  passage th ro u g h  e ith e r  chickens o r e m b ry o n a te d  h en ’s eggs) w ere p a s 
saged  in  p igeons. Tw o s tra in s  (48 an d  227) becam e he terogeneous a fte r  p assag e  
th ro u g h  pigeons, as in d ic a te d  b y  increase  o f  th e ir  v iru lence  to  chickens.

B esides G rea t B rita in , p igeon PM V-1 s tra in s  h av e  been  re p o r te d  to  
cause o u tb reak s  am o n g  chickens in  A u s tr ia  to o  (V asicek an d  Schusser, 1985). 
A t th e  tim e  of th e  o u tb re a k s  no im m u n iz a tio n  ag a in s t N D  w as p ra c tise d  in  
e ith e r  co u n try .

A lth o u g h  a p igeon  PMV-1 s tra in  o f m esogenic v iru lence  w as iso la ted  from  
a ch icken  flock  in  1983, no o u tb reak  co n n ec ted  w ith  p igeon PMV-1 h as  b een  
o b serv ed  in  H u n g a ry .

As some o f th e  H u n g a rian  p igeon  PM V-1 iso lates share  th e  v iru len ce  
c h a rac te ris tic s  (h igh co n tag io s ity  to  ch ick en  a n d  ten d en cy  fo r v iru lence  increase) 
o f s tra in s  iso la ted  in  coun tries w here th e y  d id  cause o u tb reak s  in  ch ickens, 
one m a y  specu la te  w h e th e r th e  absence o f su ch  o u tb reak s  in  H u n g a ry  c a n  be 
a t t r ib u te d , a t  le a s t in  p a r t ,  to  th e  fa c t t h a t  m ost o f th e  ch icken  flocks h ere  
are  im m unized  a g a in s t N D . This w as one o f th e  m ost im p o r ta n t d ifferences 
b e tw een  th e  s itu a tio n  in  H u n g ary  a n d  t h a t  p rev a ilin g  a t  th e  tim e  in  G re a t 
B r i ta in  an d  A u stria . I t  is also q u estio n ab le  w h e th e r or n o t a m esogenic PM V-1 
s tra in  o f “ ra ised  v iru len ce”  can s ta r t  an  o u tb re a k  even  am ong su scep tib le  
ch ickens. I t  is to  be  n o te d  th a t  th e  v iru len ce  increase o f no p igeon  PM V-1 
s tr a in  exam ined  h ere  reach ed  th e  velogen ic  level. I t  is m ore lik e ly  t h a t  in  
G re a t B rita in  an d  A u s tr ia  s tra in s  ve logenic  fo r ch icken , i. e. m ore v iru le n t 
th a n  th e  m a jo rity  o f  th e  m esogenic p igeon  PMV-1 s tra in s , caused th e  o u t
b re a k s , since th e ir  ra re  occurrence m a y  h av e  been  co u n te rb a lan ced  b y  th e  
co m p le te  su scep tib ility  o f  th e  chicken flocks. I n  H u n g a ry  th e re  are  m u ch  few -
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e r suscep tib le  ch icken flocks, a n d  pigeon PMV-1 s tra in  o f v e ry  h igh  v iru lence  
w as in tro d u ced  only  on one occasion  (K issi e t al., 1988).

In  th e  fu tu re  th e  p re v e n tiv e  v acc in a tio n  of pigeons on  a la rge  scale w ill 
fu r th e r  reduce  th e  risk  o f ch ick en  o u tb reak s  b y  decreasing  th e  n u m b e r of 
o u tb re a k s  occurring  am ong p igeons. N evertheless, pigeons in fec ted  b y  p igeon 
PM V-1 s tra in s  should  be co nsidered  a p o te n tia l source o f in fec tio n  as long  as 
th e  disease is n o t e rad ica ted .
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STUDIES ON THE VIRULENCE OF PIGEON 
PARAMYXOVIRUS-1 (PMV-1) II. MECHANISM OF 

THE VIRULENCE INCREASE OF 
PIGEON PMV-1

B a c h ir  K is s i  and B . L omniczi

V eterinary  Medical Research In s titu te , H ungarian  A cadem y of Sciences, H -I581 B udapest,
P . O. Box 18, H ungary

(R eceived February  15, 1988)

The virulence of individual plaques isolated from a pigeon PMV-1 stra in  was 
determ ined in  6-week-old chickens. I t  was shown th a t  PMV-1 stra ins are heterogeneous 
in  virulence. Pigeon PMV-1 stra ins (IV PI =  0.0) th a t exhibited a virulence increase 
during passages in chickens (IV P I =  1.3-1.8) yielded plaques whose virulence was 
elevated (IV P I =  0.9-1.2) though less than  th a t of the passaged strains. I t  is concluded 
th a t  virulence increase of pigeon PMV-1 strains during passages in  chickens is due to  
selection of th e  m ost v iru lent subpopulation.

Keywords: Pigeon PMV-1, virulence increase, selection, heterogeneity

N ew castle  disease v iru s (N D V ) s tra in s  are  com posed o f  he terogeneous 
v iru s  p o p u la tio n s  w ith  re sp ec t to  p laq u e  size (G ranoff, 1964), p laq u e  ty p e  
(D an ie l an d  H an so n , 1968), h e a t s ta b ili ty  (G ranoff, 1964; S p a la tin  an d  H a n 
son , 1976), an d  v iru len ce  (D an ie l a n d  H anson , 1968; P ro k o p o v itsch  an d  L o m 
n iczi, 1973; H an so n  a n d  S p a la tin , 1981; M cM illan an d  H an so n , 1986). T he 
f lu c tu a tio n  in  th e  v iru lence  o f a n a tu ra l  N D V  iso la te  d u rin g  passage in  eggs 
(H a n so n  an d  S p a la tin , 1981) an d  th e  red u c tio n  of its  v iru lence  d u rin g  passage  
th ro u g h  chickens (B rough  an d  B eard , 1984) h av e  been ex p la in ed  b y  h e te ro 
g en e ity . A lex an d er an d  P arso n s (1984) w ere th e  f irs t  to  re p o r t  an  increase  of 
v iru len ce  d u rin g  passage of p igeon  p a ram yxov irus-1  (PM V-1) in  ch ickens; 
th e y , how ever, d id  n o t in v e s tig a te  th e  m echan ism  u n d erly in g  th is  p h en o m e
no n .

A n increase in  th e  v iru lence  o f p igeon  PMV-1 s tra in s  has g re a t epizootio log- 
ica l im p o rtan ce  a n d  i t  has also b een  observed  b y  us w ith  som e H u n g a ria n  
iso la te s  of N D V  (K issi, 1988). I n  th e  p resen t w ork  th e  m echan ism  o f th e  v iru 
lence increase o bserved  in  chickens w as in v es tig a ted . I t  has b een  rev ea led  th a t  
som e PMV-1 s tra in s  are  he terogeneous in  v iru lence  an d  th a t  th e  v iru lence  
in c rease  occurring  u p o n  passage  in  chickens is caused  b y  se lec tion  o f th e  m ost 
v iru le n t v irus clones.
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M aterials and  m ethods

V irus p ro p ag a tio n , cell cu ltu re  w ork  an d  an im al ex p erim en ts  w ere p e r
fo rm ed  as described in  th e  accom pany ing  p a p e r  (K issi, 1988).

R esults

Id en tifica tio n  o f the m ost v iru len t plaques in  the virus popu la tion  o f  stra in  58

I t  has been a ssu m e d  th a t  upon  p assage  in  chickens th e  m ost v iru le n t 
v irio n s o f  a he terogeneous p o p u la tio n  w ill overgrow  th e  less v iru len t ones and , 
as a re su lt  of selection , a f te r  a few passages th e  fo rm er w ill c o n s titu te  th e  
m a jo r ity  o f th e  p o p u la tio n . W h eth e r th is  is t ru e  or n o t can  easily  be asce rta in ed  
i f  w e se lect p laques o f  a  s tra in  show ing increase  in  v iru lence , grow  th e m  in  
e m b ry o n a te d  eggs, a n d  d e te rm in e  th e ir  v iru len ce  in  ch ickens. As, how ever, 
th is  w ou ld  require a t  le a s t  2 to  3 grow ing ch ickens p e r  sam ple, an d  i t  is ques
tio n a b le  w hether th e  p ro p o r tio n  of h ig h ly  v iru le n t p laq u es  w ould  reach  even 
1 p e r  cen t, th e  p laq u es o f  a single s tra in  w ould  h av e  to  be te s te d  in  several 
h u n d re d  growing ch ick en s, a procedure t h a t  w ould  obv iously  be fa r  to o  ex p en 
sive.

T herefore, an  eco n o m ica l m ethod  w as em ployed  fo r id en tify in g  th e  m ost 
v iru le n t p laques w ith in  a  g iven v irus p o p u la tio n . B rie fly : 50 or 100 p laques 
w ere p ick ed  ou t from  se v e ra l s tra in s show ing  an  increase  in  v iru lence (s tra in s 
55, 58 an d  234). E ach  p la q u e  was grow n up  in  an  e m b ry o n a te d  egg, an d  each 
a lla n to ic  flu id  was m a rk e d  sep ara te ly  (e. g. 55 p i, p2 , p3 , e tc .). S u b seq u en tly  
0.1 m l volum es w ere t a k e n  from  each p laq u e  iso la te  a n d  pooled  in  g roups of 
te n  (1 to  10, 11 to  20, e tc .) . E ach  pool o f te n  p laq u es w as in o cu la ted  in to  th ree  
ch ickens. I f  a group c o n ta in e d  a t  leas t tw o  po sitiv e  (ill or dying) b ird s , all 10 
p laq u es  o f th e  given p o o l w ere exam ined  sep a ra te ly . P laq u es o f th e  h ighest 
v iru len ce  were id e n tif ie d  b y  inocu la ting  th re e  chickens each , an d  IV P I  te s ts  
w ere done on each p la q u e  in  six  b irds.

T h e  procedure is d e m o n s tra te d  in  d e ta il on s tra in  58 (Table I). I t  can  
be seen th a t  in itia lly  th e  IV P I  of s tra in  58 h a d  been  O .T h e  v iru lence o f s tra in  
58 p la q u e  m ix tu re  p 3 1 —p40 already  exceeded  th a t  o f  th e  in itia l s tra in  (2 
p o sitiv e  o u t of 3 b ird s te s te d ) . In  p laque m ix tu re  p 3 1 -p 4 0  p33 an d  p39 h ad  an  
IV P I  o f  0.8 and  1.1, re sp ec tiv e ly , in d ica tin g  th a t  s tra in  58, an  iso la te  w ith  an  
IV P I  =  0, con ta ined  a p laq u e  of a t  le a s t as h igh  a v iru lence  as IV P I  =  1.1. 
A lth o u g h  th is is low er th a n  1.7 (the IV P I  m easu red  fo r s tra in  58 a fte r  five 
passages in  chickens), th e  chances of fin d in g  th e  m ost v iru le n t p laque are  v e ry  
p o o r (le t alone th e  excessive  n um ber of ex p e rim en ta l b ird s  to  be used). H ow 
ever, th is  is no t n ecessa ry  fo r p roving  th e  above h y p o th es is .
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Table I

Identification of the m ost virulent virus in pigeon PMV-1 population designated 58

A) Pathogenicity of virus mixtures

V iru s  p laq u e  
m ix tu re s

n u m b er
in o cu la ted

Chickens

n u m b er
p a ra ly sed

n u m b e r
d e a d

p l-p lO 3 0 l
p ll-p 2 0 3 0 0
p21-p30 3 0 l
p31-p40 3 1 i
p41-p50 3 0 0

B) Pathogenicity of virus plaques

V iru s  p laq u es

Chickens

n u m b er
in o cu la ted

n u m b er
p a ra ly sed

n u m b e r
d e a d

p31 3 0 l
p32 3 l l
p33 3 l l
p34 3 0 0
p35 3 0 l
p36 3 0 0
p37 3 0 1
p38 3 0 1
p39 3 1 1
p40 3 0 1

C) Virulence of individual plaques

C hickens
V iru len ce

P la q u e
n u m b er  n u m b er  

in o cu la te d  p a ra ly sed
n u m b er

d ead

( IV P I)

p33 6 0 3 0.80
p39 6 2 2 1.10

Heterogeneity in  virulence o f  P M V -1  strains 55 and  234 before and  after passage 
in  chickens

T able I I  show s th e  h e te ro g en e ity  in  v iru lence  o f s tra in  55, w hile T ab le  
I I I  sum m arizes th e  re su lts  o b ta in ed  w ith  th e  th re e  s tra in s .

In  can  be seen th a t  b y  ana ly sin g  100 p laq u es each  s tra in  w as found  to  
co n ta in  p laques o f m uch  h ig h er v iru lence  th a n  th e  in it ia l  v iru lence  level, even
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Table U

Virulence distribution of 100 plaques isolated from strain  55

M ixture  o f  
p laques I V P I

In d iv id u a l
p laques I V P I

1-10 0.0 p i i 0.0
11-20 1.0 p l2 0.0
21-30 0.0 p l3 0.3
31-40 0.0 p l4 0.2
41-50 0.2 pl5 0.2
51-60 0.2 p l6 0.0
61-70 0.4 P17 0.0
71-80 0.4 p l8 0.0
81-90 1.0 p l9 0.9
91-100 0.0 p20 0.0

Table III

Plaques of the highest virulence of different pigeon PMV-1 strains

V irus s tr a in  
o r p laq u e

V iru lence ( IV P I)

In it ia l
inocu lum

5 th
p assag e

55 original 0.0 1.3
p l3 0.3
p l9 0.9

58 original 0.0 1.7
p33 0.8
p39 1.1

234 original 0.6 1.8
p24 1.1
p26 1.2

i f  th e ir  v iru lence fa iled  to  reach  t h a t  found  a f te r  passage  in  ch ickens. W hen 
p la q u e s  were p icked  o u t from  such  s tra in s  of increased  v iru len ce , th e  in d iv i
d u a l v iru lence  o f th e se  p laques w as a lw ays high an d  th e  s tra in  in  q u es tio n  could 
be  considered  ra th e r  hom ogeneous (d a ta  n o t show n).

D iscussion

F ro m  th e  epizootio log ical p o in t o f view  th e  m o st in te re s tin g  p ro p e r ty  of 
p ig eo n  PMV-1 s tra in s  is th a t  d u rin g  passage th ro u g h  ch ickens th e ir  v iru lence 
in c reases  (A lexander an d  P arso n s, 1984; B ijnens e t ah , 1985; K issi, 1988).
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T he resu lts  o f th e  above a u th o rs  suggest th a t  in  re sp ec t to  h e te ro g en e ity  p igeon 
PMV-1 s tra in s  fa ll in to  tw o  ca tegories: (a) Som e s tra in s  are  p ro b a b ly  hom o
geneous in  v iru lence  a n d  do n o t  co n ta in  p o p u la tio n s  o f h ig h er v iru lence  th a n  
th e  orig inal s tra in . T herefo re , d u ring  passage in  ch ickens th e  v iru lence  o f such  
s tra in s  w ill n o t change , (b) S tra in s  w hich u n d erg o  a su b s ta n tia l increase in  
v iru len ce  d u rin g  p assage  in  chickens. T hese s tra in s  a re  heterogeneous in  v iru 
lence an d  d u rin g  passag e  in  chickens th e  m o st v iru le n t subclones o f th e  p o p u 
la tio n  are rap id ly  se lec ted  for. T his is n o t in c o n s is te n t w ith  th e  fa c t th a t  w ith  
th e  th ree  s tra in s  ex am in ed  b y  us th e  analysis o f  100 p laq u es  w as n o t su ffic ien t 
to  fin d  p laques o f  th e  h ig h es t v iru lence  (i.e. th o se  o f post-passage  v iru lence  
level) in  th e  s tra in s  befo re  passage in  ch ickens. T h is m u s t h av e  been  due to  
th e  fa c t th a t  in  none o f th e  s tra in s  d id  th e  p ro p o rtio n  o f th e  m ost v iru le n t 
p laques reach  1% . A t th e  sam e tim e , th e  m o st v iru le n t p laques o f th e  o rig inal 
p o p u la tio n  w ere v iru le n t enough  (th o u g h  s till w ith in  th e  m esogenic ca tegory) 
to  p rove  th a t  th ese  s tra in s  w ere heterogeneous in  v iru lence .

I t  shou ld  also be n o te d  th a t  h e te ro g en e ity  in  v iru lence  per se does n o t 
ex p la in  th e  m echan ism  o f v iru lence  increase d u rin g  passage  in  chickens an d  
does n o t m ean  th a t  e n r ic h m e n t an d  selection  of th e  m o st v iru le n t subclones 
are ob lig a to ry  step s . O n th e  c o n tra ry , th e re  h av e  b een  re p o rts  on th e  decrease 
in  v iru lence  o f N D V  s tra in s  passaged  in  ch ickens. E . g. B rough  an d  B ea rd  
(1984) iso la ted  a v isce ro tro p ic  velogenic N D V  s tra in  fro m  exotic  b ird s. T his 
s tra in  caused  on ly  m ild  d isease signs in  chickens an d , in te re s tin g ly , its  v iru 
lence w as n o t in c reased  even  a f te r  passage in  ch ickens.

In v e s tig a tin g  th e  h e te ro g e n e ity  o f an  N D V  s tra in , H an so n  an d  S p a la tin
(1981) es tab lish ed  t h a t  th e  s tra in  w as com posed o f m esogenic an d  velogenic 
su b p opu la tions. A fte r  se p a ra tio n  of these  su b p o p u la tio n s  an d  th e ir  com bined  
in o cu la tio n  in  a g iven  ra t io  i t  w as found  th a t  clones o f low er v iru lence in h ib ited  
th e  v iru lence  o f th e  m ore  v iru le n t su b p o p u la tio n s.

H ence, p igeon PM V-1 s tra in s  differ from  th e  ab o v e  N D V  s tra in s  in  th e ir  
biological p ro p e rty  m e n tio n e d  above. N am ely , sev era l p igeon PMV-1 s tra in s  
h av e  a la te n t  v iru len ce  fo r ch ickens, w hich  m an ifests  i tse lf  a f te r  passage in  
th is  species. I t  has b een  e s tab lish ed  th a t  h e te ro g e n e ity  in  v iru lence a n d  ra p id  
se lection  of th e  m o st v iru le n t su b p o p u la tio n  in  ch ickens are th e  fac to rs  u n 
derly ing  th e  increase  in  v iru lence . Such a selection  m a y  also occur, th o u g h  m uch  
less rap id ly , d u rin g  p assage  in  em b ry o n a ted  eggs (K issi, 1988). E v e n  if  th e  
less v iru le n t su b p o p u la tio n s  are p red o m in an t w ith in  a pigeon PMV-1 s tra in , 
th e  m ost v iru le n t su b p o p u la tio n s  w ill overgrow  th e m , c o n tra ry  to  w h a t w as 
found  fo r N D V  s tra in s  s tu d ie d  b y  o thers. I t  is to  be  n o te d  th a t  a  m esogenic 
N D V  s tra in , R o a kin , e x h ib its  a sim ilar ph en o m en o n  (d a ta  n o t show n).

As opposed to  w h a t h as  been  re p o rte d  on th e  changes of m ixed  N D V  
popu la tio n s, p igeon PM V-1 su b p o p u la tio n s o f  h ig h er v iru lence  fo r ch icken  w ill 
rap id ly  overgrow  th e  less pa th o g en ic  ones in  a su scep tib le  h ost since th e  l a t 
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t e r  do  n o t ex e rt a n y  in h ib ito ry  e ffec t (e.g. b y  in te rfe ren ce). T h e  fa c t th a t  
p ig eo n  PMV-1 s tra in s  c a rry  su b p o p u la tio n s  w hose ch icken  p a th o g e n ic ity  can  
b e  a c t iv a te d  rap id ly  h as  p ra c tic a l s ign ificance  as a p o te n tia l th r e a t  to  ch icken  
f lo c k s . H ow ever, th is  p h en o m en o n  m a y  also in d ica te  th a t  th e  em ergence of 
h e te ro g e n e ity  of PM V-1 s tra in s  is fa c ilita te d  in  th e  p igeon . T h e  la t te r  p o ssi
b i l i ty  h as  been te s te d  e x p e rim e n ta lly : tw o  s tra in s  failing  to  u n d erg o  v iru len ce  
in c re a se  during  p assage  in  ch ickens d id  so u p o n  passage in  p igeons. A fte r five  
p a ssag es  th is  increase w as n o t to o  h ig h  ( th e  IV P I  o f one o f th e  s tra in s  rose to  
1 .0). S till, since th e  v iru len ce  in c rease  o ccu rred  fo r a s tra in  t h a t  fa iled  to  y ield  
v i ru le n t  su b p o p u la tio n s  b y  passag e  th ro u g h  ch ickens, i t  can  be  assu m ed  th a t  
th is  re c e n t h e te ro g en e ity  has em erged  d u rin g  passage in  p igeons (K issi,1988).
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BOOK REVIEWS

A. S c h e i n e r t  and A. T r a u t m a n n : T e x tb o o k  o f  V e te r in a r y  P h y s io lo g y .  7th  E dition. 
E d ited  by G. W ittke. Paul Parey, Berlin und  H am burg, 1987. ISB N  3-489-66216-4. 712 pages, 
index, w ith  418 graphs, 2 coloured tables and  116 tables.

The tex tbook  was first published in 1939 by Scheunert, T rau tm ann  and K rzyw anek. 
The recen t 7 th  edition has been edited by  Prof. W ittke and is also fully reconsidered as a real 
tex tbook  of ve terinary  physiology.

The subject is detailed in th e  following 15 chapters: I. In troduction . I I . Basis of life- 
processes. I I I .  M etabolism. IV . Therm al regulation. V. Blood and lym ph. YI. Blood circula
tion. V II. R espiration. V III. W ater and electrolyte regulation, renal physiology. IX . E ndo
crines. X . Physiology of reproduction. X I. Physiology of milk secretion. X II. Egg form ation. 
X I I I .  N europhysiology and sensory functions. XIV. Movement. XV. Physiology of behaviour.

References are added to  each chapter and a detailed index will help the readers find  the 
requested  data . The concept of th is book is quite clear. The logical “ build-up”  of th e  tex t 
m akes easy for th e  reader to  understand  the im portan t facts of physiology. New p a rts  are added 
as e.g. Physiology of behaviour. The book was fully revised, especially new da ta  on neurophys
iology, endocrinology, m ilk secretion, egg form ation and metabolism  are detailed im pressively. 
Tables, figures and  o ther illustrations are presented in an easily understandable m anner.

Typographically  the two-column pages and the page setting of th e  tex t, often  used by 
Springer Verlag, m akes reading and learning very  easy.

The book is intended for the education of veterinary  students. I t  offers an excellent 
description of th e  m ain topics of physiology. This book is therefore very m uch recom m ended for 
G erm an-speaking students as well as for veterinarians, anim al production experts, and espe
cially for use in  postgraduate  training.

The book was w ritten  by  16 authors (E . Bam berg, K. Bronsch, H . E der, M. From m , 
J .  G ropp, К . H ierholzer, H. Hörnicke, G. Hofecker, K. M änner, Е. Pfeffer, E . Scharrer, H. 
Spörri, A. Wels, G. W ittke, K. Zerobin, and H . Zucker). Despite the relative large num ber of 
au tho rs the language of the tex t is very  homogeneous. For this fac t the E d ito r, Prof. Dr. G. 
W ittke  deserves praise.

G. P e t h e s

R o y  M a c k : D ic t io n a r y  f o r  V e te r in a r y  S c ie n c e  a n d  B io s c ie n c e s /  W ö r te rb u c h  f ü r  V e te r in ä r 
m e d i z i n  u n d  B io w is s e n s c h a f te n .  G erm an-English/English-G erm an/W ith trilingual appendix: 
L a tin  term s. By R . Mack, W eybridge/England. 1987. 324 pages. Soft cover DM 49.80. ISB N  
3-489-50516-6.

This dictionary  has been compiled as a result of m any years experience of transla ting  
tex ts  in  th e  biological sciences, particu larly  veterinary  medicine. The aim  is to  supplem ent 
the  general dictionaries w ith  technical term s in the fields of anatom y, microbiology, physi
ology, parasitology, pathology, pharm acology, toxicology and zootechnics, w ith special refer
ence to  domestic anim als and their diseases. The commoner wild anim als and those present 
in  zoos are also included. As a specialized vocabulary  the work is addressed to  studen ts, prac
ticians and  scientists in  veterinary  medicine and in the biological sciences; i t  is indispensible 
to  professional translators, libraries and authorities.
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P a y n e , J . M. and P a y n e , S.: T h e  M e ta b o lic  P r o f i l e  T e s t .  Oxford U niversity  Press, New 
York. 1987. 179 pages.

B y  surveying re levan t papers published since 1970, th e  authors give an account of the 
new biological concept in  w hich the use of profile tes ts  occupies a central place. This new 
concept stem s from experience th a t  subclinical m etabolic disorders disturb th e  production of 
dom estic anim als more th a n  do clinically apparent diseases. In  the absence of clinical sym ptom s 
these disorders are dem onstrable only by laboratory  chemical tests elaborated in  recent years. 
The au tho rs evaluate the resu lts  of these investigations, sum m arize recent years’ findings, and 
pred ict possible future applications of this new biological concept.

Profile tests were f irs t developed in the field of ca ttle  production where the results are 
d ifferentiated  according to  aspects of milk and beef production. Subsequently param eters 
best reflecting the in tensity  of production  were established for o ther species of anim als, too.

The book is divided in to  18 chapters devoted to  the  critical evaluation  of param eters 
used in  th e  profile tests. These are as follow.

T h e  b a c k g r o u n d  o f  p r o f i l e  te s ts  (critical evaluation of th e  profile tests). I n d ic a to r s  o f  
e n e r g y  s ta tu s  (glucose, non-esterified fa tty  acids, volatile f a t ty  acids). I n d ic a to r s  o f  p r o te in  
s ta tu s  (urea, albumin, globulin). I n d ic a to r s  o f  c a lc iu m  a n d  p h o s p h o r u s .  I n d ic a to r s  o f  m a g n e s iu m .  
I n d ic a to r s  o f  the  e lec tro ly tes  (N a, K). H a e m o g lo b in  a n d  p a c k e d  ce ll v o lu m e  a s  in d ic a to r s .  In d ic a to r s  
o f  tra c e  e le m e n ts  (Cu, Se, I , Co, Zn, Mn). In d ic a to r s  o f  b lo o d  e n z y m e s  (GOT, GPT, LD H , CPK). 
T h e  p r o f i l e  le s t a s a  m o n ito r  o f  e x e r c ise . P r o f i le  te s ts  to m o n i to r  g r o w th . P r e d ic t io n  a n d  d ia g n o s is  
o f  d is e a s e . P r o f i le  tes ts  f o r  i n f e r t i l i t y .  D e te c tio n  o f  s tre ss . T h e  p r o f i l e  te s t u s e d  i n  s u r v e y s .  P r o f i le  
te s ts  i n  th e  d e tec tio n  o f  c o n g e n i ta l  d iso r d e rs . P r o f i le  te s ts  i n  v a r io u s  sp e c ie s . T h e  f u t u r e  o f  p r o f i l e  
te s ts .

The book provides a b u n d an t inform ation for basic and  applied research of the production 
and production  diseases of dom estic animals.

L. P r o h á s z k a

Acta Veterinaria Hungarica 36, 1988
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