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FEEDING TRIAL IN PIGS WITH A DIET 
CONTAINING SODIUM h-BUTYRATE

P .  G a l f i 1 a n d  J .  B o k o r i 2

'D e p a r tm e n t of P h y sio lo g y  an d  d e p a r tm e n t  o f  A n im al N u tr itio n , U n iv e rs ity  o f V e te rin a ry  
Sciences, H-1400 B u d a p es t, P . 0 .  B o x  2, H u n g a ry

(R eceived M ay 9, 1989)

Pigs w eigh ing  7 to  102 kg w ere fed  a d ie t co n ta in ing  0 .17%  sodium  n -h u ty ra te . 
T he d ie t in creased  th e  average daily  b o d y  m ass ga in  o f pigs b y  23 .5% . D ue to  its  
d ie te tic  effect, fe ed  consum ption  in creased  b y  8 .9 % . H ow ever, owing to  th e  h igher 
feed  conversion, specific  feed u tiliza tio n  w as red u ced  b y  11.8% . T he e x p erim en ta l d ie t 
m ark ed ly  red u ced  th e  percen tile  p ro p o rtio n  of coliform  b a c te ria  in  th e  ileum  as com 
p a red  to  Lactobacillus ssp.: i t  decreased  th e  coliform  co u n t and  in creased  th e  co u n ts  
o f Lactobacillus sp p . T he d ie t increased  th e  len g th  o f ileal m icrovilli a n d  th e  d e p th  of 
caecal c ryp ts . I t  ra ised  th e  co n cen tra tio n  o f im m u n o reac tiv e  in su lin  in  th e  b lood  
p lasm a. T he feed  supp lem en ted  w ith  so d iu m  b u ty ra te  did n o t a lte r  adv erse ly  th e  
clinical indices te s te d . I t  reduced  feed  costs b y  9 %  a n d  increased  th e  re tu rn s  fro m  
sales by  13% . A s th e  add itive  is n o rm ally  p ro d u ced  b y  m icrob ial fe rm e n ta tio n  in  th e  
large  in testin e , i t  is n o t alien to th e  b o d y . Sod ium  b u ty ra te  ex erted  i ts  fav o u rab le  
effect in 3.6- to  24.2-fold lower c o n ce n tra tio n s  th a n  th e  organic  acids (c itric  acid , 
fum aric  acid, p ro p io n ic  acid) used  earlie r.

W ith  re sp ec t to  its  favourab le  b io log ical a n d  econom ic effect, sod ium  n -b u ty ra te  
can  be recom m ended  for use in pig feed ing  as a g ro w th  p ro m o te r.

Keywords: B u ty ra te , pig, b o d y  m ass ga in , in te s tin a l m icroflo ra , c lin ica l indices

I t  lias been  o b serv ed  th a t  p ig le ts fed  a d ie t p reserved  or su p p lem en ted  
w ith  organic acids show  higher body  m ass g a in  an d  im proved  feed u tiliz a tio n  
(Cole e t  ah , 1968; C ornelius, 1988; E d m o n d s e t ah , 1985; F alkow sk i and 
A herne , 1984; G iesting  and  E as te r , 1985; K irchgessner an d  R o th , 1982; 
K u ta s  e t ah , 1973). A lthough  th e  b io logical role o f  b u ty ric  acid  is in  m an y  
resp ec ts  th e  sam e as t h a t  o f th e  o rganic  acids used  earlier (c itric  acid , fu m aric  
ac id , propionic ac id  a n d  lactic  acid), i ts  d ie te tic  effect in  pigs has n o t been  
s tu d ie d  y e t. The a im  o f th e  p resen t e x p e rim e n ts  w as, th ere fo re , to  s tu d y  th e  
effects ex e rted  b y  a b u ty ra te  co n ta in in g  feed  on th e  clinical s ta tu s , feed  u t i 
liz a tio n , and  b o d y  m ass gain  of pigs. As b u ty r ic  acid is know n  to  reg u la te  
cell d iv ision, we m o n ito red  its  effect on  th e  com position  o f th e  in te s tin a l 
m icro flo ra , th e  d ev e lo p m en t of oesophagogastric  u lcer, an d  th e  s tru c tu re  an d  
b eh av io u r o f th e  in te s tin a l ep ithe lium  in  pigs.

1* Acta Veterinaria Hungarica 38, 1990 
Akadémiai Kiadó, Budapest
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Materials and methods

E xperim enta l a n im a ls and diet. T he  experim en ts  w ere ca rried  o u t in  a 
la rg e  p ig  u n it. A to ta l  o f  164 L arge W h ite  L an d race  X D uroc p ig le ts  (average  
b o d y  m ass: 7 kg) w ean ed  a t  31 days o f age w ere used . T he p ig lets w ere k e p t 
in  a tw o -s to rey  b a t te ry  w ith  a c a p ac ity  fo r 164 p ig le ts , in  groups o f six . T he 
b a t te r y  w as designed a n d  m a n u fa c tu red  b y  th e  J o in t  V en tu re  fo r In d u s tr ia l  
P o rk  P ro d u c tio n  (ISV ). P ig le ts  k e p t in  th e  sam e air-space w ere d iv id ed  in to  
tw o  g roups of id en tica l size an d  to ta l  livew eigh t (con tro l g roup : 82 p ig le ts , 
to ta l  livew eight: 574 k g ; ex p e rim en ta l g roup : 82 p ig le ts, to ta l  livew eig h t: 
574 kg). The piglets re m a in e d  in  th e  b a t te ry  for a to ta l  of 79 days. A fte r  th e  
second  w eighing th e y  w ere tra n sfe rre d  to  th e  fa tte n in g  house, w here b o th  th e  
c o n tro l an d  th e  e x p e rim e n ta l g roups w ere subd iv id ed  in to  tw o  g roups o f  
a b o u t 40 pig lets each. T h e  p ig lets w ere fa tte n e d  fo r 139 days u n til  th e y  e x 
ceeded  th e  livew eight o f 100 kg. T he an im als w ere k e p t accord ing  to  th e  ISV  
m an ag em en t techno logy  th a t  h ad  been  used  on th e  fa rm  a lread y  earlie r, an d  
w ere  fed  diets an d  co n c e n tra te s  fo rm u la ted  accord ing  to  th e  specifica tions 
o f  A g ro k o m p lex -C en tra l Soya (A grokom plex , A gárd). In  th e  b a t te r y  th e  
p ig le ts  received a p ig le t d ie t for a m o n th , th e n  a p ig le t s ta r te r  d ie t. A fte r

Table I

C om position  (in  % ) of d ie ts  fed  du rin g  th e  tr ia l

Ingredients
Piglet diet 
(TA 8030)

Piglet diet 
(TA 8099)

Piglet rearing 
diet (TA 8012)*

Sodium n -b u ty ra te 0.17 0.17 0.17
Maize 62.83 76.83 84.33
Soybean (48% ) 
Fish  m eal (70% )

10 15.5 8.0
5.5 2 —

W heat flakes 9.5 — —
W heat b ran — 2 —
Sunflower m eal (1st class) — — 4
Piglet d ie t su p p lem en t 12.0* — —
Complete p rem ix — 3.5** 3.5***

100 100 100

Contents
M etabolizable energy

(M J/kg) 13.53 12.91 12.50
Crude p ro te in  (% ) 21.10 18.02 16.05
Crude fa t (% ) 5.10 2.99 2.98
Crude fibre (% ) 2.14 2.58 3.90

* K E  8030 000 p ig le t d ie t supplem ent; ** K P  8099 000 
piglet s ta r te r  com plete  p rem ix ; *** K P  8120 000 pig grower com 
plete prem ix. T h e  supplem ents and  com plete p rem ixes m arked w ith  
asterisks are th e  p ro ducts of C entral Soya (A grokom plex, Agárd). 
+ containing 15.75 m g/kg T ylan .
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tran sfe rred  to  th e  fa tte n in g  house, th e y  co n tin u ed  to  receive th e  p ig let s ta r te r  
d ie t for a w eek, th e n  th e y  w ere fed  a grow er d ie t p ro d u ced  a t  10-day in te rv a ls  
in  th e  fa rm ’s ow n m ixing p la n t. T he com position  o f th e  feeds is show n  in  
T ab le  I . The o n ly  difference b e tw een  th e  ex p e rim en ta l a n d  th e  con tro l d ie t 
w as th a t  th e  fo rm e r was su p p lem en ted  w ith  15 m m ol/kg  (0.17% ) so d ium  n- 
b u ty ra te  th ro u g h o u t th e  tr ia l. S odium  n -b u ty ra te  w as o b ta in ed  by  n e u tra l i 
za tio n  of tech n ica l-g rad e  n -b u ty ric  acid  m a rk e te d  b y  R ean a l Fine C hem icals 
Co. I t  was m ix ed  in  th e  d ie t in  a ir-d ry  s ta te , a f te r  m u ltip le  d ilu tions a n d  
hom ogen ization  w ith  corn g rits . T he p ig le ts  w ere fed  th e  ex p erim en ta l d ie t 
from  d ay  7 a f te r  tra n sfe r  to  th e  b a tte ry . T he a m o u n t o f feed consum ed b y  
th e  pigs w as reco rd ed  in  each g roup . T he pigs w ere w eighed  a fte r t ra n s fe r  
to  th e  b a tte ry , a t  th e  tim e of g roup ing , an d  u p o n  tra n s p o r ta tio n  to  th e  a b a t 
to ir .

Sam pling . Processing and analysis o f  feed  sam ples

The e x p e rim e n ta l and  co n tro l d iets w ere sam pled  on  a to ta l  of 12 o cca
sions. The d ry  m a tte r  co n ten t w as d e te rm in ed  an d  th e  feeds were an a ly sed  
b y  W eendei’s a n a ly tic a l m ethods. T he dev ia tio n s o f th e  o b ta in ed  values fro m  
th e  d o cum en ted  ones were alw ays w ith in  th e  to le rab le  lim its . In  the  a m o u n t 
m ixed  in  th e  d ie t, sodium  n -b u ty ra te , th o u g h  hygroscop ic , d id  no t a ffec t th e  
d ry  m a tte r  c o n te n t o f th e  feed m ix.

To m easu re  sodium  n -b u ty ra te  co n cen tra tio n , th re e  w eight u n its  o f 
d istilled  w a te r  w ere  added  to  one w eigh t u n it  o f feed. S u bsequen tly  b u ty ra te  
w as e x tra c te d  in  a shaker fo r 30 m in  (a t 60 rp m ). A fte r cen trifu g a tio n  a t  
5000 rp m  fo r 15 m in  th e  s u p e rn a ta n t w as tr e a te d  w ith  2 5 %  m etap h o sp h o ric  
ac id  a t  a ra tio  o f  5 : 1 and  s to red  a t  —20 °C u n til  used  fo r th e  gas c h ro m a to 
g raph ic  d e te rm in a tio n .

Blood sam ples  were ta k e n  fro m  th e  pigs a t  63, 109 an d  206 days o f age. 
As an tico ag u lan t, N a 2ED TA  (for b lood  co u n t an d  d iffe ren tia l blood co u n t) o r 
h ep arin  so lu tion  (for u rea and  enzym e d e te rm in a tio n s) w as used. The p la sm a  
w as sep a ra ted  fro m  th e  h e p a rin -tre a te d  sam ples b y  cen trifu g a tio n  a t  5000 rp m  
fo r 15 m in an d  i t  w as stored  in  liq u id  n itro g en  u n til  used  fo r sodium  n -b u ty ra te  
an d  enzym e d e te rm in a tio n s .

Gastric and  intestinal contents and tissue sam ples w ere ta k e n  im m ed ia te ly  
a f te r  s lau g h te r fro m  th e  sto m ach , h in d m o st p o rtio n  o f  th e  ileum  a n d  th e  
caecum . A fter cen trifu g a tio n  a t  5000 rp m  for 15 m in th e  su p e rn a ta n t o f  th e  
gastric  an d  in te s t in a l  co n ten t w as p re p a re d  fo r v o la tile  f a t ty  acid (V FA ) 
d e te rm in a tio n  in  th e  sam e w ay  as th e  feed  sam ples w ere processed fo r d e te r 
m in a tio n  o f b u ty ra te  co n cen tra tio n . F o r bacterio log ical ex am in a tio n , ileal a n d  
caecal po rtions w ere  iso la ted  b y  lig a tio n  an d  s to red  a t  —20 °C u n til p rocessed . 
O n d issection  o f  th e  digestive o rgans a t  th e  a b a tto ir , th e  oesophageal p a r t  o f
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th e  s to m a c h  an d  ce rta in  p a r ts  o f  th e  in te s t in a l  t r a c t  (ileum  a n d  caecum ) w ere 
f ix e d  in  10%  fo rm alin  fo r m icroscopic ex am in a tio n .

M ethods. B lood sam ples tre a te d  w ith  N a 2E D T A  as a n tic o a g u la n t w ere 
a n a ly sed  in  an  au to m a tic  in s tru m e n t fo r re d  b lood cell (R B C ) c o u n t, h aem o 
g lo b in  (H b) c o n cen tra tio n , pack ed  cell vo lum e (PCV), m ean  co rpuscu la r 
vo lu m e (MCV), m ean  co rpuscu la r h aem o g lo b in  (MCH), m ean  co rp u scu la r 
h aem o g lo b in  co n cen tra tio n  (MCHC), a n d  w hite  b lood  cell (W BC) co u n t. 
K n o w in g  th e  ly m p h o cy te  co u n t, d e ta ils  o f  th e  d ifferen tia l b lood  co u n t (the 
ra tio s  o f segm en ted  n e u tro p h ils , eosinoph ils , m onocytes a n d  ly m phocy tes) 
w ere g iven  num erically .

Urea concentration o f th e  b lood  p la sm a  sam ples s to red  in  liq u id  n itro g en  
w as d e te rm in ed  b y  th e  G oedecke (U ras tra t® ) te s t and  th e ir  A SA T an d  A P 
a c tiv i ty  b y  R oche te s ts . T he c o n c e n tra tio n  of im in u n o reac tiv e  in su lin  (IR I)  
w as m easu red  w ith  a 125I-in su lin  A B /P E G  rad io im m u n o assay  (R IA ) in  vitro 
k i t  (Iso to p e  R esearch  In s t i tu te ,  H u n g a ria n  A cadem y o f Sciences, B u d ap est) .

F o r  ev a lu a tin g  th e  lesions found  on  th e  stom ach m ucosa a score sy stem  
w as estab lish ed . T he m ucosal lesions seen  in  th e  oesophageal p a r t  o f th e  
s to m a c h  w ere assigned in to  one of th e  fo llow ing six “ se v e rity  g rades” .

1: P hysio log ical s ta tu s  (no p a th o lo g ica l lesion)
2: F in e , yellow ish coating
3: R ough , rugged  c rusts
4 : U lcers of sm all size
5: L arge ulcers an d  sm all, in c ip ie n t c icatrices
6: L arge u lcers invo lv ing  th e  w hole oesophageal p a r t  o f th e  sto m ach , 

an d /o r ex ten siv e  cicatrices w ith  oesophagostenosis.

D u rin g  th e  h isto log ical ex a m in a tio n  o f  ileal and  caecal sections s ta in ed  
w ith  h aem a to x y lin  an d  eosin, th e  cells o f  th e  in tes tin a l v illi an d  c ry p ts  w ere 
c o u n te d  u n d e r a lig h t m icroscope, a n d  th e i r  leng th  an d  d e p th , resp ec tiv e ly , 
w as m easu red  w ith  an  o cu la r m icrom eter.

S odium  n -b u ty ra te  an d  V FA  co n cen tra tio n s  of th e  b lood  p lasm a w ere 
d e te rm in e d  b y  th e  m e th o d  of H u sv é th  a n d  G aál (1988) an d  V F A  c o n cen tra tio n  
o f  th e  g astric , ileal an d  caecal co n ten ts  accord ing  to  th e  m e th o d  o f C ouno tte  
e t  al. (1979), b y  gas ch ro m ato g rap h y .

Bacteriological exam ination . T he b a c te r ia l  flora o f th e  in te s tin a l co n te n t 
(co lifo rm  b ac te ria , Streptococcus spp ., C lostrid ium  spp ., Lactobacillus spp .) w as 
d e te rm in e d  b y  surface cu ltu re  of a d ilu tio n  series p rep ared  from  th e  in te s tin a l 
c o n te n ts , w hile to ta l  v iab le  co u n t w as de te rm in ed  b y  K o ch ’s p la te -p o u rin g  
m e th o d .

B iom etric  e v a lu a tio n  of th e  re su lts  o b ta in ed  for th e  co n tro l an d  ex p eri
m e n ta l g roups w as done b y  S tu d e n t’s t te s t .
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R esults

Before s ta r t in g  th e  tr ia l, th e  so d iu m  n -b u ty ra te  to  be m ixed  in  th e  feed 
w as checked for p u r i ty  and  the  feeds w ere exam ined  fo r n -b u ty ra te  co n ten t. 
T h e  d ry  m a tte r  c o n te n t  o f sodium  n -b u ty ra te  was 9 1 % , a n d  th e  b u ty ra te  
c o n te n t o f th e  p re p a ra tio n  was 8.5 m ol/kg . T he con tro l d ie ts  d id  no t c o n ta in  
d e te c ta b le  n -b u ty ra te . T he average n -b u ty ra te  c o n te n t o f  th e  ex p erim en ta l 
d ie ts  w as 11.1 m m ol/kg .

T he e x p e rim e n ta l anim als a te  th e  te s t  d iets w ith  re lish . A ccording to  
th e  d a ta  show n in  T ab les I I ,  I I I  a n d  IV , th o u g h  average  daily  feed in ta k e  
w as n ea rly  the  sam e in  th e  tw o g roups w hile on  th e  b a tte ry ,  due to  increased  
feed  in tak e  of th e  ex p e rim en ta l g roup  in  a la te r  phase of fa tte n in g  the  overa ll 
feed  co n sum ption  o f  th e  ex p erim en ta l pigs w as b y  8 .9 %  h ig h er (Table IV ).

T he d a ta  co llec ted  a t  th e  fa rm  th ro u g h o u t th e  t r ia l  an d  sum m arized  
in  T ab les I I ,  I I I  a n d  IV  ind icate  t h a t  th e  ex p erim en ta l pigs show ed h ig h er 
b o d y  m ass gain  th ro u g h o u t. B ased u p o n  th e  w eighing p erfo rm ed  on d ay  97 o f 
th e  fa tte n in g  p e rio d  28 exp erim en ta l pigs (average n e t livew eigh t: 100.4 kg) 
a n d  12 con tro l an im als  (average n e t liv ew eig h t: 100.8 kg) reach ed  th e  s lau g h te r  
w eigh t. A t th e  sam e tim e , b y  th e  end  o f th e  feed ing  tr ia l, all pigs of th e  ex p e ri
m e n ta l group reach ed  th e  requ ired  s la u g h te r  w eigh t (48 p igs, average n e t live-

Tablc II

R esu lts of feeding th e  bu ty ra te-co n ta in in g  d iet in th e  76-day b a tte ry  rearing  period

Indices Control group
Experim ental

group

S ta rtin g  p ig le t stock (n) 82 82
S ta rtin g  to ta l  livew eight (kg)
Mean in d iv id u a l body m ass a t  th e  s ta r t

574 574

of th e  t r ia l  (kg) 7.0 7.0
Mean age a t  th e  s ta r t  of th e  tr ia l  (days) 31 31
N um ber o f d ea th s in  th e  b a tte ry  (n) 5 1
T otal b o d y  m ass o f dead p iglets (kg) 67 10
N um ber o f culled piglets (n) 2 2
T otal b o d y  m ass of culled p ig lets (kg) 
Mean in d iv id u a l body mass a t  th e  end

37 28

of b a tte ry  rearing 34.8 37.9
Body m ass gain  (kg)
Mean in d iv id u a l body m ass gain

2036 2416

(g/day)
Mean in d iv id u a l 1'eed consum ption

350 402

(g/day)
A m ount o f feed used up for 1 kg  body

1032 997

m ass ga in  (kg) 2.95 2.48
T otal n u m b er o f feeding days 
N um ber o f pigs transferred  to  th e  fa t-

5817 6015

ten ing  house  (n)
T otal bo d y  m ass o f pigs tran sferred  to

75 79

th e  fa tte n in g  house (kg) 2610 2990
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w eig h t: 99.4 kg). I n  th e  co n tro l g roup  o n ly  50 pigs reach ed  th e  req u ired  
s la u g h te r  w eight (m ean  n e t  livew eigh t: 101.7 kg); 13 an im als  were re ta rd e d  
in  g ro w th  (m ean n e t liv ew eig h t: 60 kg).

P igs of th e  e x p e rim e n ta l group used  up  less feed fo r 1 kg b o d y  m ass 
g a in  (T ables I I ,  I I I  a n d  IV).

Clinical observations. T h ro u g h o u t th e  215-day feed ing  tr ia l, th e  pigs fed  
a d ie t con ta in ing  sod ium  re-butyrate  n o t  on ly  h ad  b e t te r  a p p e tite  b u t  th e y  
also developed  m ore ra p id ly , th e ir  sk in  w as b rig h te r , th e ir  h a irco a t sm o o th er, 
a n d  th e  exp erim en ta l g roup  w as m ore un ifo rm . Mass occurrence o f d ia rrh o ea  
o r  a n y  o th e r disease w as n o t observed  in  e ith e r of th e  groups. T he spo rad ic  
d e a th s  recorded  d u rin g  th e  tr ia l fell to  th e  period  o f b a t te ry  rearin g  in  b o th

Tabic III

R esu lts of feeding th e  b u ty ra te -co n ta in in g  d ie t in  th e  139-day fa tten in g  period*

Indices Control group
Experim ental

group

D eaths (n) _ _
Technological culling (n) — 3
Body m ass o f culled pigs (kg) — 98
N um ber o f pigs sen t to  th e  a b a tto ir  
N et livew eight o f pigs sen t to  th e  ab a t-

62 76

to ir (kg)
N um ber o f re ta rd e d  (su b stan d ard ) pigs

6269 7 5 2 6

a t end of t r ia l  (n) 13 —
N et livew eight o f  re ta rd ed  pigs (kg) 780 —
T otal body m ass gain  (kg)
Mean ind iv idual bod y  m ass gain

3659 4 5 3 6

(g/day)
Mean ind iv idual feed consum ption

369 475

(g/day)
Feed used up  fo r 1 kg of body  m ass

1631 1867

gain 4.42 3 .9 3
T ota lnum ber o f feeding days (n) 9921 954 1

* 12 con tro l and 27 ex p erim en tal pigs were s laugh tered  on 
day 97 of fa tten in g , w hen th e y  reach ed  a livew eight o f 100 kg.

Table IV

O verall re su lts  o f feed ing  th e  h u ty ra te -c o n ta in in g  d ie t 
(a t  th e  end of th e  215-day period)

Indices Control group
Experim ental

group

Total n u m b er o f  feeding days 15,738 15,556
T otal body  m ass gain  (kg) 5,695 6,952
Mean ind iv idual body  m ass gain  (g /day) 
Mean ind iv idual feed consum ption

362 447

(g/day)
A m ount of feed used  up for 1 kg  of

1,408 1,533

body m ass ga in  (kg) 3.89 3.43
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Table V

Com parison of blood sam ples collected from  pigs o f d ifferen t age

63 days old 109 days old 206 days old

Indices
Control 
(n =  7)

Experim ental
(n = 4 )

Control 
(n =  12)

Experim ental 
(n =  U )

Control 
(n =  10)

Experim ental
(a = 1 0 )

R ed blood cell coun t (RBC, X  1012) 5 .7 6 + 0 .6 4 5 .94+ 1 .11 6 .3 1 + 0 .4 3 6 .6 2 + 0 .3 2 6 .2 2 + 0 .3 2 6 .3 4 + 0 .3 7

H aem oglobin concen tra tion  (H b . mM) 6 .41+ 0 .41 6 .3 4 + 1 .2 8 6 .8 2 + 0 .4 8 7 .02+ 0 .53 7 .0 2 + 0 .8 9 7 .7 7 + 0 .4 6

P acked  cell volum e (1/1) 0 .348±0.031 0 .364+0.078 0.364+0.028 0.384+0.032 0.403+0.029 0 .3 92+ 0 .030

M ean corpuscular volum e (MCV, fl) 6 0 .40+ 2 .1 60 .8 0 + 5 .3 0 57.65 +  2.00 58.10 +  1.70 6 4 .70+ 3 .10 6 1 .9 + 2 .8

M ean corpuscu lar haem oglobin (MCH, 
fM) 1 .11+ 0 .04 1 .07+ 0 .07 1 .08+ 0 .03 1 .06+ 0 .09 1 .26+ 0 .04 1 .2 3 + 0 .0 5

M ean corpuscular haem oglobin con
cen tra tio n  (MCHC, mM/1) 1 8 .5 + 0 .7 1 7 .6 + 0 .9 18 .8 + 0 .5 1 8 .2 + 0 .4 1 9 .5 + 0 .7 1 9 .9 + 0 .8

W hite  blood cell coun t ( X  109/1) 16 .7+ 5 .1 19 .7 + 3 .1 17 .9 + 3 .5 1 8 .7 + 2 .8 1 6 .0 + 4 .4 18.9 +  3.6

Segm ented n eu troph ils ( X 109/1) 3 .6 + 1 .2 3 .1 + 0 .8 5 .8 + 2 .1 6 .3 + 2 .3 5.6 +  5.0 4.4 +  1.3

E osinophils ( X  109/1) 0 .3 3 ± 0 .5 0 0 .4 4 + 0 .6 3 0 .3 4 + 0 .3 5 0.19 +  0.20 0 .1 4 + 0 .2 3 0 .5 6 + 0 .4 7

M onocytes ( X  109/1) 0 .66+ 0 .41 0 .9 5 + 0 .5 2 0 .6 5 + 0 .3 2 0 .5 4 + 0 .2 8 0 .67+ 0 .41 0 .6 9 + 0 .3 6

L ym phocytes ( X 109/1) 12.1 +  5.4 15.2 +  3.4 11.1 +  2.3 11 .7 + 3 .1 8 .8 + 3 .7 13.2 +  3.8

* x ± S D
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th e  co n tro l (five d e a th s : tw o pigs d ied  o f gastric  u lcer an d  bleed ing , a n d  th e  
o th e r  th ree  died o f c a ta rrh a l e n te ritis , a cu te  card iac failu re  and  p u lm o n a ry  
oedem a) and  th e  ex p e rim en ta l g roup  (one p ig  died of asphyx ia). T he an im als  
su b s ta n tia lly  fa lling  beh ind  th e  g roup  average  were cu lled : tw o co n tro l a n d  
f iv e  ex p erim en ta l pigs w ere sold o r s la u g h te re d  as technological w astag e .

Q u a n tita tiv e  an d  q u a lita tiv e  analy sis  o f blood sam ples co llected  a t  3 d if
fe re n t tim es d u rin g  fa tte n in g  rev ea led  no appreciab le  difference b e tw een  th e  
e x p e rim e n ta l an d  th e  con tro l g roup  (T able  Y). T here was no s ig n ifican t d if
fe rence  in  b lood p la sm a  u rea  c o n c e n tra tio n , ASAT an d  A P  a c tiv ity , w h ich  
w as m easu red  tw ice (T able V I). T he o n ly  difference w as th a t  th e  e x p e rim e n ta l 
p igs h a d  slig h tly  low er b lood p la sm a  u rea  co n cen tra tio n s a t  b o th  te s tin g  
lim e s . The V FA  an d  im m u n o reac tiv e  in su lin  co n cen tra tio n s o f th e  b lood  
p la sm a  w ere d e te rm in ed  once: th e y  gave h igher values in  th e  e x p e rim e n ta l 
g ro u p  (Table V I).

T he freq u en cy  d is tr ib u tio n  o f  lesion  scores re flec tin g  th e  s ta tu s  o f  
m ucous m em brane in  th e  oesophageal p a r t  o f th e  s tom ach  was s im ila r in  th e  
tw o  groups (F ig. 1). S tom achs w ith  com ple te ly  in ta c t m ucosa w ere scarce ly  
fo u n d . U lcera tive  lesions w ere d iagnosed  in  17.7%  an d  9 .2 %  o f th e  c o n tro l

Table VI

U re a  concentra tion , ASAT and  A P  ac tiv ity , an d  V FA  and im m unoreactive insulin  c o n cen tra tio n  
of th e  b lood p lasm a  in th e  co n tro l an d  experim en ta l groups

109 days old 206 days old

Control Experim ental Control E xperim ental

U rea 15.59 13.85 15.46 14.22
(m g/100 ml) ±  1.26 ±  1.23 ±  2.53 ±  1.82

n = l l n = 8 n = 1 2 n =  16

ASAT 24.4 23.5 36.9 37.0
(U /l) ±  3.5 ±  3.1 ±  6.8 ±  5.2

n = 1 2 n = 9 n = 1 0 n = 1 8

A P 45.5 45.2 41.6 42.0
(U /l) ± 1 4 .4 ± 1 7 .5 ±  8.3 ± 1 4 .1

n = 1 2 n 9 n = 1 0 n =  18

Y F A  
( f im ol/l) n =  3 n = 3
A cetic  acid NT NT 1304.4 1755.6

± 4 9 .1 ± 1 6 3 .8
P ropion ic  acid NT NT 9.8 9.3

± 1 .9 ± 0 .4
n -b u ty ric  acid NT N T 13.9 27.1

± 3 .8 ± 1 4 .8
Im m u noreac tive  insulin

(mU/1) 17.9 30.3* NT N T
±  5.2 ± 1 3 .5

n = 9 n = 8

N T  =  n o t te s ted ; x  ±  SD ; * sign ifican t difference from  th e  con tro l on P  <  0.05 level
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an d  ex p erim en ta l pigs, respective ly . L ig h t m icroscopic e x am in a tio n  in d ica ted  
a su b s ta n tia l increase  in  the  n u m b e r o f cells c o n s titu tin g  th e  ileal m icrovilli 
an d  in  th e  le n g th  o f th e  m icrovilli (33 .5%  a n d  30 .1% , respec tive ly ). A su b 
s ta n tia l  increase in  th e  num ber o f cells fo rm in g  th e  c ry p ts  a n d  in  c ry p t d e p th  
occurred  on ly  in  th e  caecum  (59 .1%  an d  2 3 .6 % , resp ec tiv e ly ; T ab le  V II) .

V F A  concentration o f  the gastric and  in testinal content, re-butyric acid  
w as d e tec tab le  on ly  in  th e  gastric  c o n te n t o f ex p erim en ta l pigs (T able V III ) . 
T he acetic  ac id , re-butyric acid a n d  to ta l  V F A  co n cen tra tio n s of th e  ileal

Tabic VII

H istological ex am in atio n  of ileal and caecal sam ples tak en  from  pigs slaughtered
a t  206 d ay s o f age

Indices tested
Control Experimci:ital

Ileum 
(n =  5)

Caecum
(n= 5)

Ileum
(n=5)

Caecum 
(n =  5)

Cell count (n) 
M icrovillus 2 9 .6 ± 3 .4 39 .5± 4 .6**
C rypt 2 0 .6 ± 2 .9 3 7 .4 ± 8 .2 26 .0+ 2 .3* 59 .5±7 .5**

T otal: 50.5 ± 6 .0 65.2 +  6.2**

Length (/mi) 
M icrovillus 234 .0±25.5 304.4±15.0***
C rypt 201.1 ±  5.9 3 8 1 .7 ± 3 8 .1 2 1 4 .9 ±  9.7NS 471.8±23 .0**
T otal: 43S .1±24 .6 519.3±21.3***

x ± S D . Level o f  significant d ifference be tw een  respective values o f th e  contro l and  
experim ental g roup: N S: n o t significant; * P  <  0.05; ** P  <  0.01; *** P  <  0.001

Acla Veterinaria Hungarica 38,1990
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Table VIII

Com parison of g astric  ileal and caecal co n ten ts  for V FA  co n cen tra tio n  in  con tro l and  
experim ental pigs a t  206 days o f age

VFA
(/imol/g)

Control Experim ental

Stom ach 
(n =  5)

Ileum 
(n =  5)

Caecum
(n = 5 )

Stomach
(n = 4 )

Ileum 
(n =  7)

Caecum
(n = 7 )

A cetic  acid 0 16 .5+8.4* 38.4 +  15.3 8 .5 + 4 .7 3 4 .9 + 1 1 .8  + 40.1 +  11.4

P ro p io n ic  acid 0 2.8 +  1.7 1 8 .6 + 9 .4 6 .9 + 4 .6 4.4 +  1.6 19.3 +  5.8

i-b u ty r ic  acid 0 0 .4 + 0 .2 1 .2 + 0 .7 0 0 .4 + 0 .3 1 .6 + 0 .7

n.-butyric  acid 0 1.8 +  2.5 5.1 +  3.2 2.9 +  0.3 9.0 +  6.3 + 6 .0 + 2 .6

i-valerian ic  acid 0 0 .4 + 0 .4 2.1 +  1.0 0 0 .8 + 0 .2 2.6 +  1.0

n-va lerian ic  acid 0 0 1 .7 + 0 .7 0 0 1 .8 + 0 .6

T o ta l: 0 21.8 +  11.3 67.6 +  28.8 49.5 +  15.1 + + 71.4 +  20.6

* x ± S D . Level o f significant d ifference be tw een  respective  values o f th e  con tro l and  
experim en ta l group: + P  <  0.05; ++ P  <  0.01

c o n te n t were s ig n ifican tly  h igher in  th e  ex p erim en ta l g roups. No ap p reciab le  
d ifference was fo u n d  betw een  th e  tw o g roups in  th e  p rop ion ic  acid c o n c e n tra 
tio n  o f th e  ileum  an d  Y FA  c o n cen tra tio n  o f th e  caecum  e ith e r  in  d is tr ib u tio n  
o r  in  abso lu te  q u a n t i ty  (Table V III) .

T able IX  an d  F ig . 2 show  th e  re su lts  o f bacterio log ical e x am in a tio n  o f 
in te s tin a l co n ten ts  collected a t  s lau g h te r. The p ercen tile  p ro p o rtio n  o f coli- 
fo rm s in  th e  ileal c o n te n t was h igher in  th e  co n tro l th a n  in  th e  ex p e rim en ta l 
an im als . This can  be exp la ined  b y  th e  fa c t th a t  in  th e  ex p erim en ta l pigs th e  
coliform  cou n t decreased  and  th e  co u n ts  o f Lactobacillus spp . rose. T he p e r 
cen tile  p ro p o rtio n  o f coliform  b a c te ria  in  th e  d iffe ren t in te s tin a l po rtio n s w as 
in  a sign ifican t n eg a tiv e  co rre la tion  (r =  —0.9656; P  <  0.05) w ith  th e  n-

ТаЫе IX

Com parison of th e  ileal and  caecal m icroflo ra  o f con tro l and  experim ental pigs 
(in  sam ples tak en  from  pigs s laugh tered  a t  241 days o f age)

Bacterial count, log/g 
intestinal content

Control pigs Experim ental pigs

Ileum 
(n —5)

Caecum 
(■>-5)

Ileum
(n = 5 )

Caecum 
(n =  3)

Coliform  bacteria 6 . 2 3 + 0 . 2 3 a # 6 .5 2 + 0 .6 9 “ * 5 . 4 6 + 1 .2 5 “ * 6 . 1 1 + 0 .8 3 “ *

Streptococcus spp. 6 .6 2  +  0 .61  a§ A 7 .2 8  +  0 .5 8 “ * 5 .8 1 ± 0 .9 8 “c§ 6 .7 7 ± 0 .7 9 “c§ *

C lostridium  spp. 3 . 0 8 + 1 .0 7 M 3 .0 4 + 0 .7 8 b* 2 . 2 2 + 0 . 17 b * 2 .0 2  +  1 .3 8 Ь *

Lactobacillus ssp. 6 .3 2 + 1 .0 2 “* 7 .1 7 ± 0 .5 6 “§* 6 . 9 9 + 0 . 7 6 4 * 7 .4 0 ± 0 .5 3 c§

x ± S D
“■ b, c S ignificant difference of a t  least P  <  0.05 w ith in  colum n 
§’ *  Significant difference of a t  least P  <  0.05 w ith in  row

Acta Velerinaria Hungarica 38, 1990
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□  Coliforms
Strepto
coccus spp GDLactoba

cillus spp.

Fig. 2. P e rcen tag e  d is tr ib u tio n  of th e  b a c te ria l f lo ra  o f th e  ileum  a n d  caecum  in th e  e x p e ri
m en ta l and  co n tro l g roups. Circle size is p ro p o rtio n a l to  to ta l  b ac te ria l co u n t (coliform s +  
+  Streptococcus sp p . -f- Lactobacillus spp.). C ontro l: ileum : 7 .9 x 1 0 “; caecum : 37.2 X  10G; 
ex p erim en tal: ileum : 10.7 X lO e; caecum : 3 2 .3 x 1 0 “ b ac te ria /g  o f in te s tin a l co n ten t. T h e  p e r

cen tag e  of Clostridium  spp. w as a lw ays below  0 .01%

b u ty ric  acid  co n c e n tra tio n  o f th e  in te s tin a l co n te n t. T here was a n eg a tiv e  
co rre la tion  b e tw een  th e  percen tile  p ro p o rtio n  o f  coliform s and  Lactobacillus 
spp. in  th e  ileum  (r =  —0.7303; P  <  0.05). T here  was no appreciab le  d ifference 
betw een  th e  tw o  groups in  th e  o th e r ind ices te s te d .

Discussion

In  th is  tr ia l ,  all econom ically  im p o r ta n t  indices w ere m ore fav o u rab le  
in  th e  e x p e rim e n ta l th a n  in  th e  con tro l g roup . T he overall resu lts (T able IV) 
in d ica ted  th a t  th e  average  body  m ass gain  o f ex p e rim en ta l pigs was b y  2 3 .5%  
higher. T hou g h  th e  ex p erim en ta l an im als consum ed  8 .9 %  m ore feed, ow ing 
to  th e ir  b e t te r  feed  u tiliza tio n  th e y  used  u p  11.8%  less feed for 1 kg  o f  b o d y  
m ass gain.

K irchgessner an d  R o th  (1978) an d  G iesting  an d  E a s te r  (1985) re p o rte d  
on a fav o u rab le  d ie te tic  effect o f c itric  acid , fu m aric  acid  and  prop ion ic  ac id  
in  pigs. T h ey  o b ta in e d  b e tte r  resu lts  in  y o u n g  an im als b y  feeding o rgan ic

Acta Velerinaria Hungarica 38, 1090
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Table X

N u tritiv e  effect on pigs o f o rganic acids m ixed in d ifferen t d iets

Liveweight
(kg)

Organic acid 
(%)«

Mean ind i
v idual body 
m ass gain

(%)

M ean indi
vidual feed 
consum ption 

(%)

Amount of 
feed used up 

for 1 kg 
body mass 

gain 
(%)

Reference

7.5-14.6 C itric acid  (2% ) 103.2 + 96.1 93.2 G iesting and E a s te r  
(1985)

18-95 F u m aric  acid  (0.6% ) 103.2 101.3 98.2 K irchgessner a n d  R o th  
(1978)

18-95 F u m aric  acid (1.8% ) 106.7 102.3 95.7 K irchgessner and  R o th  
(1978)

8-25 F u m aric  acid  (4% ) 103.8 99.3 94.9 K irchgessner an d  R o th  
(1976)

7.5-14.6 P ropion ic  acid (2% ) 95.6 89.0 93.1 G iesting and  E as te r  
(1985)

7-37.9 Sodium  n -b u ty ra te  
(0 .17% )

114.9 96.6 84.1 O ur own d a ta  (b a tte ry )

37.9-102 Sodium  n -b u ty ra te  
(0 .17% )

128.7 114.5 88.9 O ur own d a ta  (fa tten in g  
house)

7-102 Sodium  n -b u ty ra te  
(0 .17% )

123.5 108.9 88.2 O ur own d a ta  (overall)

+ All p ro d u c tio n  indices are given in %  of th e  contro l

acids (Table X ). W e found th a t  y o u n g  pigs (i.e. those k e p t in  th e  b a tte ry )  
u sed  up th e  le a s t feed  for 1 kg  o f b o d y  m ass gain  (Table X ). H ow ever, th e  
p ro d u c tio n  ind ices o f pigs fed re-b u ty ra te  rem ained  m ore fav o u rab le  also 
d u rin g  th e  fa tte n in g  period .

A ccording to  d a ta  of th e  l i te ra tu re , c itric  acid, fu m aric  acid  an d  p ro 
p ionic  acid w ere used  for pig feed ing  in  m u ch  h igher co n cen tra tio n s  (0.6 to  
4 .0 % ) th a n  so d ium  n -b u ty ra te  (0 .17% ). O u r resu lts  in d ica te  t h a t  sod ium  
n -b u ty ra te  can  e x e rt its  effect ev en  in  low er con cen tra tio n s on  b o th  p ro 
k a ry o tic  an d  e u k a ry o tic  organism s. I n  o u r  ex perim en ts e lev a tio n  o f  sod ium  
re-bu ty ra te  c o n c e n tra tio n  in  th e  ileal c o n te n t changed  th e  com position  o f th e  
ilea l m icroflora . I t  reduced  th e  pe rcen tile  p ro p o rtio n  of coliform  b a c te ria  an d  
ra ised  th a t  o f  Lactobacillus spp . in  th e  ileu m . B y  increasing  th e  len g th  of ileal 
m icrovilli, sod ium  re-bu ty ra te  en la rged  th e  ab so rp tiv e  su rface of th e  ileum , 
b y  th is  m eans fa v o u ra b ly  in fluenc ing  th e  tra n s p o r t  processes. All th is  re su lted  
in  an  overall im p ro v em en t in  in te s tin a l d igestion , b e tte r  feed  u tiliz a tio n  a n d , 
as a consequence, m uch  h igher b o d y  m ass gain.

B u g au t (1987) d em o n stra ted  t h a t  b u ty ra te  can  be ab so rb ed  also from  
th e  oesophageal p a r t  o f th e  s to m ach . P o ssib ly  th is  is w hy o n ly  low c o n c e n tra 
tio n s  of b u ty ra te  w ere p resen t in  th e  g as tric  co n te n t of th e  ex p e rim en ta l pigs.

Acta Veterinäria Hungarica 38, 1990
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A cetic acid co n cen tra tio n  w as also e leva ted  in  th e  s to m a c h  and  ileum  o f the  
exp erim en ta l pigs, in d ica tin g  th e  conversion of b u ty r ic  ac id  in to  acetic  acid 
(B u g au t, 1987). A t th e  sam e tim e , b u ty ra te  so m ew hat reduced  th e  sev e rity  
of u lcera tive  lesions in  th e  s to m ach . B y e leva ting  th e  c o n c e n tra tio n  of im m uno- 
reac tive  in su lin  in  th e  blood p lasm a  i t  ex e rted  a fav o u rab le  influence on in te r 
m ed iary  m etab o lism  w ith o u t ad v erse ly  affecting  th e  clin ical p a ram e te rs  
exam ined . T herefo re , its  effect c a n n o t be considered ad v erse .

In  th is  t r ia l  « -b u ty ric  ac id  was used  in low co n cen tra tio n , in  th e  form  
o f its  sod ium  sa lt. Besides its  fav o u rab le  d ie te tic  effec t, sod ium  n -b u ty ra te  
could easily  be m ixed  in  th e  d ie t. In  c o n tra s t to  o th e r  o rgan ic  acids used  b y  
o th e r au th o rs  (T able X I)  in  la rg e r q u an titie s  and  in  acid  form , sod ium  «- 
b u ty ra te  d id  n o t decrease th e  p H  of th e  d ie t (unpub lished  observations). T h u s , 
its  effect w as due to  its  b ro ad  bio logical ac tio n  ra th e r  th a n  to  its  acidic ch a ra c te r .

The b io logical role o f Y FA  (an tim icrob ia l effect, in flu en ce  on th e  m inera l 
an d  in te rm e d ia ry  m etabo lism , reg u la tio n  of cell d iv ision) has been re p o rte d  
on th e  basis o f num erous in  vivo  ex perim en ts (Table X I ) .  In  fu r th e r  in  vivo  
experim en ts Y F A  an d  th e ir  m e tab o lite s  (3 -O H -bu ty ric  ac id , acetoacetic  acid) 
an d  o th e r com pounds (e.g. succinic acid) p a rtic ip a tin g  in  in te rm e d ia ry  m e ta b 
olism) w ere s tu d ie d  fo r th e ir  efficacy  (D eu tsch  e t a l., 1977; G hosh e t al., 
1975; G insburg  e t  al., 1973; G riffin  e t a l., 1974; H e n n e b e rry  and  F ish m an , 
1976; K ru h , 1982; L eder an d  L eder, 1975). I t  w as fo u n d  t h a t  « -b u ty ric  acid  
has m uch b ro a d e r  bio logical a c tiv ity  th a n  th e  o th e r  o rgan ic  acids te s te d . 
T h rough  en h an ced  a c e ty la tio n  o f  ce rta in  h istone p ro te in s  of eu k ary o tic  
organism s i t  induces gene exp ression  an d  enhances th e  p ro d u c tio n  o f ce rta in  
p ro te in s (p re k e ra tin ; G álfi e t a l., 1985), horm ones (chorion ic  gonad o tro p in , 
fo llic le-stim u la ting  horm one), an d  enzym es (alkaline p h o sp h a tase ) (K ru h ,
1982). I ts  e ffec t is h igh ly  reversib le  (K ru h , 1982).

Table XI

Some im p o rtan t biological effects of volatile  f a t ty  acids

Effect Species A uthor

-R eg u la te  th e  g row th  and  ra tio s  o f b ac teria  
belonging to  th e  E n terobacteriaceae  fam ily M icroorganism B y rn e  and D an k ert (1979)

— E nhance th e  in te stin a l absorp tion  of w a ter 
and some e lectro ly tes (N a + , Mg + +) and  
th e  accum ulation  of H C 0 3_

R a t, rum inan ts R ayssigu ier and R em esy 
(1977)

-  A ugm ent th e  secretion  of some horm ones 
(insulin, glucagon)

R a t, rum inan ts M ontague and T aylor 
(1968), de Jo n g  (1979)

-  F ac ilita te  developm ent of th e  digestive tra c t  
(see ru m in an t forestom ach), increases 
epithelial cell division and  th e  m ass o f the  
in testinal w all (large in testine  in  ra ts )

R um inan ts, r a t F la t t  e t  al. (1958) 
S a k a ta  (1987)

Acta Veterinaria Ilungarica 38, 1990



16 GÁLFI and BOKORI

The biological e ffec t of n -b u ty ric  ac id  is d efin ite ly  m ore fav o u rab le  th a n  
t h a t  o f o th e r organ ic  ac id s . F o r th is  reason , a n d  because o f  th e  9 %  low er feed 
co s ts  an d  th e  13%  b ig g e r re tu rn  from  sales its  use as a g ro w th  p ro m o te r in  
p ig  feeding is ju s tif ie d  a n d  can  be recom m ended .
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CHANGES IN THE ELECTRIC RESISTANCE OF 
THE VAGINAL MUCUS IN OESTROUS SOWS

0 .  S z e n c i 1, Zs. S im a 2, C s . H a b t m a n n 2 a n d  J .  K e r e s z t e s 2

'D e p a rtm e n t an d  Clinic o f O b s te tr ic s  an d  R ep ro d u ctio n  B io logy , U n iv e rs ity  of V e te rin a ry  
Science, 11-1400 B u d ap es t, P . O. B o x  2; A g r ic u ltu ra l  C om binate  o f  K ö rn y e , H-3851 K örn y e ,

H u n g a ry

(R eceived  M ay 22, 1989)

Changes in  th e  e lec tric  re sistan ce  of th e  vag in a l m u cu s w ere m o n ito red  in  a large  
pig h e rd  a t  4-h in te rv a ls  w ith  a  h e a t d e tec to r (H a u p tn e r , F e d e ra l R epublic  o f G erm any) 
in  m u ltip a ro u s  sows (n  =  16; l i t t r e  size =  11.4 i  2.9) t h a t  show ed a positive  s tan d in g  
te s t  a n d  conceived. T h e  in it ia l  v a lu e  of resistance  w as 74.4 Az 7.4 ohm s. I n  36 h  th is  
v a lue  g ra d u a lly  in creased  to  93.6 A: 7.6 ohm s. One to  2 h  a f te r  th e  a rtific ia l in sem i
n a tio n s (A I) low er re s is tan ce  values w ere ob ta in ed , th o u g h  th e  d ifference w as n o t 
s ta tis tic a lly  s ig n ifican t. In  th e  second p a r t  o f th e  e x p e rim e n t 73 .9%  an d  82 .7%  of 
th e  g ilts (n  =  92) a n d  m u ltip a ro u s  sows (n  =  98) conceived , respec tive ly , w ith  an  
av erage  l i t te r  size o f 9.6 ±  2.2 an d  11.0 +  2.7, re sp ec tiv e ly . T h e  conception  r a te  of 
an im als t h a t  im m ed ia te ly  before  A I h a d  vag in a l m ucus re sis tan ce  va lues be tw een  
75 an d  90 ohm s w as a b o u t  20%  h igher. T he on ly  e x cep tio n  w ere 8 m u ltip a ro u s  sows 
w hich h a d  an  average  v a g in a l m ucus resistance  of 70 4.6 ohm s a f te r  th e  f i r s t  in 
sem ination . L it te r  size w as also th e  b iggest in  sows w ith  v ag in a l m ucus resis tan ce  
betw een  75 an d  90 ohm s. T h is difference was s ta tis t ic a lly  s ig n ifican t fo r th e  m u lti
pa ro u s sows. T he h e a t  d e te c to r  is considered  to  he a  u sefu l co m p lem en t to  conv en tio n al 
m ethods o f oestrus d e tec tio n .

Keywords: V aginal m ucus resistance, sow, o e s tru s  d e tec tio n , h e a t  d e tec to r, 
concep tion  ra te , l i t te r  size

D etec tio n  of th e  o p tim u m  tim e to  in sem in a te  is o f fu n d a m e n ta l im 
p o rtan ce  fo r p ro fitab le  large-scale  p ig  p roduc tion .

O v u la tio n  tak es  p lace  36 to  40 h  a fte r th e  o n se t o f  oestrus an d  la s ts
3.8 h  on th e  average. T he o v a  released  in to  th e  o v id u c ts  rem ain  v iab le  for 
ab o u t 12 h , w hile th e  sp e rm a to zo a  m a in ta in  th e ir  v ia b ili ty  fo r 18-24 h  a fte r  
a 2- to  4-h m a tu ra tio n  p rocess. The h ighest concep tion  ra te  can  be ach ieved  
if  th e  sows are  in sem in a ted  a b o u t 12 h  before th e  e x p e c te d  tim e  o f o v u la tio n  
th a t  is 24 to  36 h  before th e  beg inn ing  o f oestrus p ro p e r  (onset of th e  s tan d in g  
reflex) (H ughes an d  V a lley , 1980).

The beg inn ing  o f  o e s tru s  p ro p er and , th u s , th e  o p tim a l tim e to  in sem i
n a te  can n o t be re liab ly  d e te c te d  in  large pig herds w here  oestrous sows are 
selected  tw ice a day . T h is s ta te m e n t is su p p o rte d  b y  H u n g a ria n  stud ies 
according to  w hich  in  th e  m a jo rity  o f sows th e  beg in n in g  o f oestru s p ro p er 
falls betw een  4 and  10 a .m . o r 7 an d  10 p .m . A t n ig h t, a n d  even  m ore so in  
th e  d ay tim e , anim als new ly  com ing in to  oestrus are fo u n d  only  ex cep tiona lly  
(Becze, 1981). This in d ica te s  th a t  th e re  is an  a b o u t 12-h tim e  lag  betw een  
th e  onset an d  th e  d e tec tio n  o f  oestrus p roper.
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D etection  o f  th e  o p tim u m  tim e  to  in sem in a te  is re n d e re d  d ifficu lt by 
th e  fa c t th a t  on ly  7 5 %  o f th e  oestru s  sows d isp lay  oedem a a n d  redden ing  
o f  th e  vu lva, an d  th a t  in  a b o u t 4 0 %  o f th e m  th e  s ta n d in g  re fle x  can n o t he 
e lic ited  in  the  absence  o f  a b o a r. T herefo re , th e  use o f  te a se r  boars is y e t 
in d ispensab le  a t  la rge-scale  p ig  fa rm s. I f  te a se r  boars are n o t  av ailab le , th e  
b o a r  sp ray  can be u sed  w ith  good re su lts : th is  sp ra y  co n ta in s  pherom ones and  
h e lp s  to  elicit th e  s ta n d in g  re f le x  (H ughes an d  V arley , 1980; R eed , 1984).

The purpose o f  th is  s tu d y  w as to  e luc ida te  th e  re la tio n sh ip  ex isting  
b e tw een  the  electric  re s is tan ce  o f th e  v ag in a l m ucus m easu red  before artific ia l 
in sem in a tio n  (A I) a n d  th e  co n cep tio n  ra te .

Materials and methods

The ex p erim en ts  w ere ca rried  o u t a t  a large pig fa rm  w here  cross-breed
in g  o f  H u n g arian  a n d  E n g lish  L arge  W h ite  pigs w ith  pigs o f  th e  D u tch , 
Sw edish  and  H u n g a ria n  L an d race  b reeds is being  co n d u c ted . I n  th e  period 
b e tw een  18 M arch a n d  21 M ay 1988, 100 g ilts an d  100 m u ltip a ro u s  sows were 
te s te d  for oestrus in  th e  m orn in g  (betw een  7:30 and  8:30 a .m .) w ith  th e  help 
o f  te a se r  hoars. O n th e  d ay  o f selection  from  3 o ’clock p .m ., th e n  n e x t day  
fro m  10 o’clock a .m ., before  a r tif ic ia l in sem in a tio n  (A I) th e  e lec tric  resistance  
o f  th e  vaginal m ucus o f  oestru s  sows w as m easu red  w ith  a h e a t d e tec to r 
(H a u p tn e r , Solingen, F e d e ra l R epub lic  o f G erm any) as specified  b y  th e  m an u 
fa c tu re r . A I was done in  th e  presence o f a tease r b o ar, u sing  b o a r sem en 
(8 -1 0  X 109 sp erm ato zo a) fre sh ly  d ilu ted  in  m odified  K iev  d ilu e n t, w ith  a Mel
ro se  ca the te r.

In  ad d ition , changes in  th e  electric  re s is tan ce  o f th e  v a g in a l m ucus o f 
16 m u ltiparous sows w ith  po sitiv e  s ta n d in g  te s t  w ere m easu red  a t  4-h in te r 
v a ls  for 36 h a fte r  th e ir  se lec tion . T he p reg n an cy  of th e  in se m in a te d  sows was 
d e te rm in ed  on th e  basis  o f  th e ir  farrow ing . A fte r c a lcu la tin g  th e  m ean  an d  
s ta n d a rd  d ev ia tion , o u r d a ta  w ere e v a lu a te d  b y  analysis o f v a rian ce .

Results

Changes in  th e  e lec tric  re s is tan ce  o f th e  v ag in a l m ucus o f 16 m u ltip aro u s 
p re g n a n t sows w ere m easu red  a t  4-h  in te rv a ls  a fte r  th e  o n se t o f  th e  s tan d in g  
re flex  and  are show n in  F ig . 1. T he in itia l va lu e  of 7 4 .4 ^ 7 .4  ohm s g rad u a lly  
rose  to  9 3 .6 ^ 7 .6  o h m s in  36 h . T he m ean  values ca lcu la ted  in  th e  2 8 th , 32nd 
a n d  36th  h are, h ow ever, o n ly  o f in fo rm a to ry  value , as th e  values above 
100 ohm s, m easu red  in  2, 5 an d  6 sows a t  th o se  tim es, w ere un ifo rm ly  ta k e n  
as 100.
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F ig . 1. E lec tric  re sistan ce  of th e  vag ina l m ucus of m u ltip a ro u s  p re g n an t sows (n  =  16) 
in a 36-hour period  follow ing th e  onset of th e  s tan d in g  reflex

T he electric  re s is tan ce  of th e  v ag in a l m ucus te n d e d  to  decrease in  b o th  
cases a fte r  A I. T his decrease was n o t s ta tis tic a lly  sign ifican t.

T he electric  res is tan ce  o f th e  v ag in a l m ucus, th e  conception  ra te ,  an d  
th e  l i t te r  size o b ta in ed  for th e  100 g ilts an d  100 m u ltip a ro u s  sows (being  a t  
th e ir  2nd  to  6 th  p a r ity )  are show n in  T ab les I  an d  I I .  The d a ta  of o n ly  190 
o u t o f th e  200 pigs w ere processed as 8 gilts an d  2 sows h ad  to  be culled . 
O f th e  g ilts , 73 .9%  conceived, 16 (17 .4% ) re tu rn e d  to  oestru s, an d  8 (8 .7% ) 
th o u g h  d id  n o t re tu rn  to  oestrus, rem ain ed  open. C onception  ra te  w as 8 2 .7%  
fo r th e  sows. Tw elve sows (12.2% ) re tu rn e d  to  oestru s  an d  5 (5 .1% ), th o u g h  
d id  n o t re tu rn  to  o estru s , rem ained  open.

A ccord ing  to  th e  m a n u fa c tu re r’s specifica tions, a v ag in a l m ucus re s is t
ance b e tw een  75 an d  85 ohm s is o p tim a l for A I. O n th e  f irs t in sem in a tio n

Table I

E lectric  resistance of th e  vag ina l m ucus in gilts

Electric
F irst insemination Second insem ination L itter size

resistance 
of the 

vaginal 
mucus

Conceived

R e
turned

to
oestrus

Open Conceived

Re
turned

to
oestrus

Open
First

insemination
Second

insem ination

(ullliio)
n (%) n n n (%) n n (Ï± S D ) ( ; ± s d )

60-74 5 (62.5) l 2 1 (50.0) — l 8 .i± 2 .0 —

75-85 24 (80.0) 3 3 3 (60.0) — 2 9 .8 ± 2 .9 —
86-90 15 (88.2) 2 - 11 (68.8) 4 1 9 .4 ± 2 .4 10.0 +  2.3

91-100 5 (62.5) 3 - 22 (84.6) 3 1 9 .6 ± 1 .1 9 .6 ± 2 .7

> 1 0 0 19 (62.5) 7 3 31 (72.1) 9 3 9 .7 ± 1 .3 9 .4 ± 1 .9

T otal: 68 (73.9) 16 8 68 (73.9) 16 8 9 .6 ± 2 .2
(17.4) (8.7) (17.4) (8.7)
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Table II

E lectric  re sis tan ce  of th e  vag ina l m ucus in  m ultiparous sows

Electric
F irs t insem ination Second insem ination L itte r size

résistan te  
of th e  

vaginal 
m ucus 
(ohms)

Conceived

R e
tu rned

to
oestrus

Open Conceived

R e
turned

to
oestrus

Open
F irst

insemination
Second

insemination

n (%) n n n (%) n n (5 ± S D ) f i± S D )

60-74 8 (80.0) 2 — — l — 9 .8 ± 2 .2 a —

75-85 41 (89.1) 2 3 11 (78.6) 3 - 1 1 .8 ± 2 .7 ab 9 .9 ± 2 .6

86-90 18 (85.7) 2 l 25 (96.2) — l 10.3 ± 2 .0 1 1 .1 ± 2 .9

91-100 11 (68.8) 5 — 23 (92.0) 3 2 9 .4 ± 3 .0 b 1 1 .2 ± 2 .7

> 1 0 0 3 (60.0) 1 l 22 (75.9) 5 2 — 1 1 .0 ± 2 .6

T o ta l: 81 (82.7) 12
(12.2)

5
(5.1)

81 (82.7) 12
(12.2)

5
(5.1)

1 1 .0 ± 2 .7

a P  <  0.05; b P  <  0.01

3 2 .6 %  o f th e  g ilts a n d  4 6 .9 %  of th e  m u ltip a ro u s  sows fell in  th is  ran g e . I t  w as 
fo u n d  th a t  th e  c o n c e p tio n  ra te  for g ilts a n d  sows in sem in a ted  a t  a tim e  w hen  
th e  elec tric  re s is tan ce  o f  th e ir  v ag ina l m ucus w as betw een  75 an d  90 ohm s 
w as a b o u t 20%  h ig h e r  th a n  for th e  re m a in d e r. The on ly  ex cep tio n  w ere 
8 m u ltip a ro u s  sows w h ich  before th e  f ir s t  in sem in a tio n  h a d  v ag in a l m ucus 
re s is tan ce  values b e tw e e n  60 an d  74 ohm s (m ean : 7 0 .0 ^ 4 .7  ohm s). L itte r  size 
w as also th e  b iggest in  sows w ith  v ag in a l m ucus resistance  b e tw een  75 an d  
90 ohm s before th e  f i r s t  in sem ina tion . T h e  difference be tw een  v a rio u s groups 
o f  m u ltip a ro u s sows reach ed  th e  s ta tis t ic a lly  s ign ifican t level.

C onception r a te  to  th e  second in se m in a tio n  was th e  h ig h est in  g ilts 
in se m in a te d  w ith  v a g in a l m ucus resis tan ce  be tw een  91 an d  100 ohm s and  in  
sow s in sem in a ted  w ith  values betw een  86 an d  100 ohm s. N o appreciab le  
d ifference was d e m o n s tra b le  in  resp ec t o f  th e  l i t te r  size.

Discussion

D uring  h e a t, a n d  p rim arily  in  th e  p e rio d  before o v u la tio n , th e  q u a n tity  
o f  v ag in a l m ucus g ra d u a lly  increases a n d  e lec tro ly tes , m a in ly  sodium , are 
in c reasin g ly  sec re ted  in to  th e  cerv ical a n d  v ag ina l m ucus (A izinbudas an d  
D o v il’tis , 1962; F e ld m a n  e t al., 1978).

Changes in  th e  e lec tro ly te  c o n c e n tra tio n  of th e  v ag in a l m ucus d u ring  
h e a t  allow  us to  m easu re  th e  electric re s is tan ce  an d  c o n d u c tiv ity  of th e  v ag in a l 
m u cu s w ith  an  o h m m e te r  and  c o n d u c tiv ity  m e te r, resp ec tiv e ly . E lec trica l 
c o n d u c tiv ity  is th e  rec ip ro cal of e lectric  resistance .
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Jo h n so n  e t al. (1982) d id  n o t f in d  ap p rec iab le  differences be tw een  
oestrous sow s in sem in a ted  a t  a fix e d  tim e  (32 to  34 b a fte r  th e  onset o f h ea t) 
an d  tho se  in sem in a ted  a t  a tim e  se lec ted  on th e  basis o f v ag in a l m ucus re s is t
ance m easu red  w ith  an  ohm m eter. S ig n ifican t d ifferences b o th  in  concep tion  
ra te  an d  in  l i t te r  size w ere d e m o n s tra te d  be tw een  sows in sem in a ted  w ith  
fresh ly  d ilu te d  sem en an d  w ith  deep-frozen  b o a r sem en.

Z ink  a n d  D iehl (1984), w ho m easu red  e lec trical c o n d u c tiv ity  o f  th e  
vag in a l m ucus of sow s, o b ta in ed  a h ig h  degree of v a r ia tio n  am ong in d iv id 
uals. T h ey  fo u n d  th a t  a 10%  increase  in  v ag in a l co n d u c tiv ity  p ro v id ed  
a re liab le  basis  for de te rm in in g  th e  o p tim u m  tim e  to  in sem inate  sw ine. H o w 
ever, th e re  w as no ap p reciab le  a d v a n ta g e  asso c ia ted  w ith  th e  use of v ag in a l 
co n d u c tiv ity  over th e  co n v en tio n a l m e th o d s.

H arb iso n  e t al. (1987) in sem in a ted  o es tro u s  sows w ith  fresh  or deep- 
frozen sem en  in  th e  2 4 th  h  a fte r  th e  o n se t o f  h e a t or a t  a tim e  d e te rm in ed  
on th e  basis o f v ag in a l m ucus co n d u c tiv ity . T h ey  o b ta in ed  s ig n ifican tly  low er 
concep tion  ra te s  in  sows in sem in a ted  w ith  deep-frozen  sem en. A t th e  sam e 
tim e , no ap p rec iab le  d ifference w as fo u n d  b e tw een  sows in sem ina ted  a t  a fix ed  
tim e o r a t  a tim e  d e te rm in ed  on th e  basis o f  v ag in a l m ucus co n d u c tiv ity . 
T hey  called  a tte n tio n  to  th e  fa c t t h a t  som e sows m ay  show  o p tim a l con
d u c tiv ity  v a lu es  ev en  24 h  la te r . T herefo re , w hen  using  deep-frozen b o a r 
sem en, th e  d e te rm in a tio n  of v ag in a l m ucus c o n d u c tiv ity  is u n su itab le  for 
de tec tin g  th e  o p tim u m  tim e to  b reed  sows.

In  o u r ex p erim en ts  con d u c ted  u n d e r f ie ld  cond itions, in  herds w here 
sows are te s te d  fo r h e a t tw ice a d a y  a n d  th o se  show ing a positive s ta n d in g  
te s t  are  in se m in a te d  w ith  fresh ly  d ilu te d  sem en  tw ice, a t  an  in te rv a l o f a b o u t 
7 to  19 h , th e  H a u p tn e r  h e a t d e te c to r  w as fo u n d  to  be su itab le  fo r d e tec tin g  
th e  o p tim u m  tim e  to  in sem in a te . N am ely , g ilts  a n d  m u ltip aro u s sows in 
sem in a ted  a t  a tim e  w hen  th e ir  v ag in a l m ucus resis tan ce  was betw een  75 an d  
90 ohm s show ed an  a b o u t 20%  h ig h er con cep tio n  ra te  as com pared  to  th e  
rem ain d er. T h e  on ly  ex cep tion  w ere 8 sows in  w hich  a m ean  resis tan ce  of 
7 0 .0 ± 4 .6  ohm s w as m easu red  im m e d ia te ly  a fte r  th e  f irs t in sem in a tio n . 
L itte r  size w as also th e  b iggest in  sows w ith  v ag in a l m ucus resistance be tw een  
75 an d  90 ohm s. In  th e  m u ltip a ro u s sows th is  d ifference reached  th e  s ta t i s t i 
cally  s ig n ifican t level.
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Acta Veterinaria Hungarica 38 ( 1 —2 ), pp . 25 — 32 (1990)

A  to ta l  o f 35 Salm onella derby s tra in s , iso la ted  from  6 ty p es  o f sam ples o f  porcine 
orig in  from  9 d iffe re n t p laces in  H u n g a ry  w ere ex am in ed  fo r th e ir  ch arac te ris tics . 
T h irty -tw o  s tra in s  (9 1 % ) w ere o f phage ty p e  25, 2 (6 % ) o f phage ty p e  15 an d  1 (3% ) 
o f phage ty p e  58. Colicin p ro d u c tio n  was o bserved  in  3 (9 % ) s tra in s . F ive  s tra in s  
(1 4 % ) w ere fo u n d  to  be re s is ta n t to  te tracy c lin e  (Tc). T h e  s tra in s  h a rb o u re d  p lasm ids 
o f  2.2, 2.4, 3.4, 4.2 a n d  72 Md. T he 72 Md p lasm id  a p p ea rs  to  be ch a ra c te ris tic  o f S. 
derby an d  possib ly  encodes T c resistance. T he 72 M d p lasm id  belonged  p a r tly  to  incom 
p a tib i li ty  (In c) g roup  I j ,  w hile th e  o th e r p lasm id  of th e  sam e size belonged to  Inc . 
g ro u p  B. T he fin d in g s suggest th a t  h e a lth y  salm onella  c a rrie r  p igs carried  th e  in fec tion  
fro m  th e  fa rm  to  th e  a b a tto ir .  S lau g h te rin g  of in fec ted  pigs m ay  h av e  led to  con
ta m in a tio n  of th e  carcasses and , th e re a fte r , th a t  o f th e  p o rk  an d  p o rk  p ro d u c ts .

K eyw ords: Salm onella derby, charac te ris tics , ep idem io logy , pig , p o rk , po rk  
p ro d u c t

Salm onella derby w as f irs t iso la ted  in  G rea t B r ita in  from  h u m an  beings 
who h a d  becom e ill a f te r  co n su m p tio n  o f po rk  pies (P eck h am , 1923). T h ere 
a fte r  its  iso la tio n  from  d iffe ren t an im al species, food, feed , an d  en v iro n m en ta l 
sam ples has been  re p o rte d  b y  severa l researchers. S . derby w as fo u n d  to  be 
th e  m o st p re d o m in a n t se ro ty p e  in  h e a lth y  s lau g h te r  p igs in  th e  U n ited  S ta tes  
o f A m erica (M ackel e t ah , 1965; K e te ra n  e t ah , 1982; C urrier e t al., 1986), 
in  S ingapore (Liow  a n d  L oh , 1977), in  H ong K ong  (Lo e t ab , 1967; Chau e t 
al., 1977) an d  in  E g y p t (E l-N aw aw i e t ah , 1982).

In  H u n g a ry , T ak ács an d  N agy  (1973a an d  b) s ta te d  t h a t  be tw een  1947 
and  1973 S. derby w as fre q u e n tly  iso la ted  from  an im als  an d  an im al p ro d u c ts . 
In  1986 an d  1987 i t  w as fo u n d  to  be th e  9 th  resp . 7 th  m ost fre q u e n tly  occu r
ring  se ro ty p e  in  h u m a n  beings (N a tio n a l In s t i tu te  o f H yg iene , 1988). S . derby 
is th e  p re d o m in a n t se ro ty p e  in  som e pig  herds (B író e t  a l., 1989) an d  in  h e a lth y  
a b a tto ir  pigs (Ja y a ra o  e t  a l., 1989). V ery  sc a n ty  l i te ra tu re  ex ists concern ing  
epidem iological s tu d ies  re la te d  to  S . derby. These fac ts  p ro m p te d  us to  s tu d y  
th e  ch a rac te ris tic s  o f S . derby iso lates in  o rd er to  u n d e rs ta n d  th e  ep idem io
logical fea tu res  o f S . derby.
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Materials and methods

S . derby strains

A to ta l  of 35 S . derby iso la tes  w ere exam ined . T hese iso la tes  consisted  
o f  20 stra in s iso la ted  from  pig  faeces: 11 iso lates w ere o f fa rm  orig in  and  
9 cam e from  an  a b a tto ir .  Seven  a n d  6 s tra in s  w ere iso la ted  from  p o rk  and  
p o rk  p ro d u c t sam ples, resp ec tiv e ly . O ne s tra in  w as iso la ted  fro m  a p ig  carcass 
(h yg iene  swab) an d  a n o th e r  one fro m  clinical m a te ria l from  a p ig  (T able I I ) . 
T h e  S . derby s tra in s  iso la ted  from  som e swine herds in  th e  Szolnok  d is tric t 
(B író  e t al., 1989) an d  from  h e a lth y  a b a tto ir  pigs in  B u d a p e s t (Ja y a ra o  et 
a l., 1989) were from  an  earlie r p a r t  o f  th e  s tu d y  an d  h a d  been  iso la ted  betw een  
S ep tem b er 1987 a n d  J u n e  1988. T h e  o th e r s tra in s  w ere o b ta in e d  from  th e  
Salm onella  D iagnostic  L a b o ra to ry , V e te rin a ry  an d  F ood  C on tro l Service, 
B u d a p e s t. These s tra in s  w ere iso la ted  in  Ju n e  1988 b y  reg io n a l V ete rin a ry  
a n d  F ood  C ontrol S ta tio n s .

Phage ty p in g , te s t  for colicin  p ro d u c tio n , an tib io tic  su sc e p tib ility  te s ts , 
p la sm id  profile an a ly sis , a n tib io tic  res is tan ce  tra n s fe r  s tu d ie s , an d  incom 
p a tib il i ty  te s ts  w ere perfo rm ed  a t  th e  Phage D e p a rtm e n t o f  th e  N atio n a l 
In s t i tu te  of H ygiene , B u d ap est.

Phage typing

Phage ty p in g  o f S . derby s tra in s  was p erfo rm ed  using  th e  phage set 
e lab o ra ted  for S . sa in tpau l as describ ed  b y  László (1988). T h e  phage typ es 
w ere  designated  b y  F a rm e r’s (1970) m nem onic m ethod .

D eterm ination o f  colicin type

Colicin ty p in g  w as carried  o u t accord ing  to  th e  m e th o d  o f De Alwis and 
T hom linson  (1973).

P la sm id  profile analysis

Plasm ids w ere d e tec ted  b y  th e  m e th o d  described  b y  K ad o  an d  L iu  (1981). 
T h e  agarose gel e lec trophoresis w as perfo rm ed  as described  b y  M eyers et 
a l. (1976).

A ntib io tic  susceptibilities and detection o f  conjugative R  p lasm id s

M u elle r-H in to n  ag ar w as u sed  fo r th e  an tib io tic  su scep tib ility  te s ts . 
N u tr ie n t b ro th  w as used  fo r co n ju g a tiv e  ex p erim en ts . B ra in  H e a r t  In fusion  
(B H I) agar w as used  as a b a sa l m ed iu m  fo r selective p la te s  w ith  te tracy c lin e  
(Tc). A ntib io tic  su scep tib ility  te s tin g  of S. derby s tra in s  w as carried  ou t
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Table I

R eference R  plasm ids used  in  th e  s tu d y

No.
Reference 
R  plasm id Source

Incompatibility-
group

R esistant
to

l p IP 512 In s t i tu t  P as teu r F I Sm , Cm, Ap
2 p i P I 12 In s t i tu t  P as teu r J1 K m

3 p IP 7 2 In s t i tu t  P as teu r B -0 K m

4 R1 N. D a tta F  I I Cm, Ap

5 R471a N . D a tta L-M AO

6 R 40a N . D a tta C A p, K m

Sm =  strep to m y cin ; Cm =  chloram phenicol; K m  =  kan am y cin ; Ap =  ampicillin

em ploy ing  s ta n d a rd  an tib io tic  disks p ro d u ced  b y  th e  H U M A N  In s ti tu te  fo r 
Serobacterio log ical P ro d u c tio n  an d  R esearch , B u d ap est. T he s tra in s w ere 
exam ined  for th e ir  re s is tan ce /sen s itiv ity  to  am picillin , ch lo ram phenico l, 
k an am y c in , s tre p to m y c in , te tra c y c lin e , gen tam ic in , fu razo lidone, nalid ix ic  
acid , neom ycin , co listin , p o ly m y x in  В an d  su lp h a th iazo le . T he te s t  was done 
as described  b y  B a u e r  e t  al. (1966). P lasm ids w ere d e tec ted  b y  th e  p rocedures 
described  b y  A nderson  an d  Lewis (1965a an d  b). E . coli К  12 J5 -3  (rifam picin  
re s is ta n t)  was used  as rec ip ien t.

Incom patib ility  tests

The c o m p a tib ility  o f R  p lasm ids derived  from  salm onella  iso lates w as 
ex am in ed  b y  th e  m e th o d  described  b y  D a t ta  (1977). T he reference R  p lasm ids 
used in  th e  s tu d y  are  show n in  T ab le  I.

E . coli tra n sc o n ju g a n t w as used  as rec ip ien t an d  in co m p a tib ility  (Inc) 
reference p lasm id  ca rried  in  E . coli w as used  as donor.

Results

T h irty -fiv e  S . derby  s tra in s  w ere exam ined . T h ir ty - tw o  s tra in s  (91% ) 
w ere o f  phage ty p e  25, 2 (6% ) o f phage ty p e  15, w hile 1 s tra in  (3% ) w as o f 
phage ty p e  58 (T able I I ) .  T hree s tra in s  (9% ) p ro d u ced  colicin, and  5 s tra in s  
(14% ) w ere re s is ta n t to  Tc. All ex am in ed  s tra in s  w ere fo u n d  to  ca rry  1 to  
5 p lasm ids. S ix teen  (4 6 % ), 7 (20% ), 5 (14% ), 5 (14% ) an d  2 (6% ) s tra in s  
ca rried  1, 2, 3, 4, a n d  5 p lasm ids, resp ec tiv e ly . A 2.2 M d p lasm id  was fo u n d  
to  co -ex ist along w ith  a 72 Md p lasm id , w hile th e  2.4 a n d  3.4 Md p lasm ids, 
a lth o u g h  found  to  occu r w ith  th e  72 Md p lasm id , w ere also found  to  occur 
in d ep en d en tly  of th e  72 M d p lasm id . A  4.2 M d p lasm id  w as seen to  occur
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Tabic II

T he ch arac te ris tics  o f th e  Salmonella derby isolates

Sample No. of 
isolates

S train no. Phage
type

Colicin
produc

tion
Resistance

pattern
Plasmid profile 

Md

P .f .(F ) 2 1,2 25 — — 2.4

P .f.(A ) 1 3 25 — - 2.4

P .f .(F ) 4 4-7 25 — — 3.4

P .f.(A ) 1 8 25 — — 3.4

P .f .(F ) 2 9 ,1 0 15 — - 3.4

P o rk 1 11 25 — - 3.4

P o rk 2 12, 13 25 — — 3.4

P o rk  p. 2 14, 15 25 - - 3.4

C linical (pig) 1 16 25 — Tc 72

P .f .(F ) 1 17 58 + — 2.2 72

P .f.(A ) 2 18, 19 25 — - 2.2 72

P o rk 1 20 25 — Tc 2.2 72

P o rk 1 21 25 — — 2.2 72

P ig  (H S) 1 22 25 - Tc 2.2 72

P o rk  p. 1 23 25 — - 2.2 72

P .f .(F ) 1 24 25 + — 2.2 2.4 72

P .f.(A ) 2 25, 26 25 — - 2.2 2.4 72

P o rk 1 27 25 - - 2.2 2.4 72

P-f.(A ) 1 28 25 - 2.2 3.4 72

P .f.(A ) 3 29-31 25 — — 2.2 2.4 3.4 72

P o rk  p. 1 32 25 — — 2.2 2.4 3.4 72

P o rk  p. 1 33 25 — - 2.2 2.4 3.4 72

P o rk 1 34 25 — Tc 2.2 2.4 3.4 4.2 72

P o rk  p. I 35 25 - Tc 2.2 2.4 3.4 4.2 72

P .f.(F ) =  pig faeces o f fa rm  origin; P .f.(A ) =  pig faeces o f a b a tto ir  origin; pig (H S) =  
=  p ig  carcass swabs; T c =  te tracy c lin e ; P o rk  p . =  pork  p roducts

in  tw o  stra in s w hich  co n ta in ed  5 p lasm id s each. T he 2.2 an d  72 Md p lasm ids 
w ere  found  in  all th e  s tra in s , ex cep t som e o f th e  s tra in s  w hich  carried  only  
o n e  p lasm id  o f 2.4 o r 3.4 Md. S tra in s  w hich w ere colicin  p ro duc ing  or Tc 
re s is ta n t , con ta ined  th e  72 Md p lasm id . T he 35 s tra in s  belonged  to  8 d ifferen t 
p la sm id  profile ty p e s . T he d is tr ib u tio n  o f 6 p lasm id  p ro file  ty p es  occurring  
in  d iffe ren t ty p es o f sam ples is show n in  T able I I I .

T he five Т с-re s is ta n t s tra in s  w ere exam ined  for th e ir  a b ility  to  tra n sfe r  
th e ir  an tib io tic  re s is tan ce  to  a rec ip ien t E . coli К  12 s tra in  (T able IV ). All

A da  Vcterinaria Hungarica 38, 1990



EPID EM IO LO G Y  O F SALM O NELLA D E R B Y  STRAINS FROM  PIG S 29

Tabic III

D istrib u tio n  of p lasm id  p a tte rn s  and  origin of th e  sam ples

Plasmid profile pattern  
(Md)

Faeces

Farm A batto ir

2.4 Szolnok -------- ► B u dapest

3.4 B a ja  ------------->  Baja
2.2, 72 Szolnok — ----->- B u d ap est

2.2, 2.4, 72 Szolnok — ---->  B u d ap est

2.2, 2.4, 3.4, 72 B u d ap est ------>  B udapest

2.2, 2.4, 3.4, 4.2, 72 Szekszárd

Pork product

Szekszárd

The arrow s ind icate  th e  p robab le  tran sfer o f Salmonella derby s tra in  w ith  th e  same plasm id 
p ro file  ty p e  from  one place to  a n o th e r  or from  one sam ple to ano ther

Table IV

C onjugative R  plasm ids and  th e ir  incom patib ility  g roups

Donor Recipient

Sample RP
Plasmids

(Md)
RP

transfer
Plasm ids

(Md)
Inc.

group

Clinical (pig) Tc 72 Tc 72 I.
Pork Tc 2.2, 72 Tc 2.2, 72 Il
P ork Tc 2.2, 72 Tc 2.2, 72 II
Pork Tc 2.2. 2.4, 3.4, 4.2, 

72
Tc 2.2, 2.4, 4.2, 

72
в

Pork  p. Tc 2.2, 2.4, 3.4, 4.2, 
72

Tc 2.2, 2.4, 4.2, 
72

в

R P  =  resistance profile; In c . g roup  =  inco m p atib ility  group; Tc =  tetracycline

th e  fiv e  s tra in s  could tra n s fe r  th e ir  Tc resis tan ce  to  th e  rec ip ien ts . The donors 
a n d  th e  tra n sc o n ju g a n ts  w ere exam ined  fo r th e ir  p lasm id  pro files. In  s tra in s  
16, 20, and  22 th e  p lasm id  profiles o f th e  donors an d  th e  tra n sc o n ju g a n ts  
w ere th e  sam e. T he 72 Md p lasm id  in  th ese  s tra in s  belonged to  In c . g roup  I x, 
w hile  in  s tra in s  34 an d  35 a ll p lasm ids ex cep t a 3.4 Md p la sm id  w ere t r a n s 
fe rre d  to  th e  tra n sc o n ju g a n ts . T he 72 M d p lasm id  in  th e se  s tra in s  belonged 
to  In c . group B.

Discussion

The resu lts  in d ica te  t h a t  phage ty p e  25 w as th e  p re d o m in a n t ty p e  am ong  
th e  S . derby s tra in s  ex am in ed . No lite ra tu re  w as availab le a b o u t phage ty p e s  
o f  S . derby. László  (1988) e la b o ra te d  a p hage  ty p in g  schem e fo r S . sa in tpau l 
a n d  S . derby. She id en tified  fo u r d iffe ren t phage ty p es, v iz . 11 (30% ), 15
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(1 2 % ), 21 (8% ) a n d  25 (48% ) from  h u m a n  isolates. P h ag e  ty p e  25 w hich w as 
fo u n d  in  h u m an  beings w as observed  to  occur in  all th e  porc ine  sam ples an d  
in  a ll th e  9 places w here  th e  s tra in s  cam e from .

Colicin p ro d u c tio n  w as observed  in  3 s tra in s  (8% ). T h is is in  good ag ree 
m e n t w ith  th e  fig u res  re p o rte d : 2 .5%  (S im m ons e t a l., 1988), 2%  (S h arm a 
e t  a l., 1984) an d  10 %  (F red erc iq , 1957). P ro d u c tio n  o f colicin  in  salm onella  
species in  th e  in te s t in a l  t r a c t  re su lts  in  suppression  o f  th e  resid en t flo ra  an d  
increased  ab ility  to  su rv iv e  in  b lood, p e rito n ea l f lu id  a n d  a lim en ta ry  t r a c t  
o f  th e  in fected  a n im a l (E lw ell an d  S hip ley , 1980). I n  ad d itio n , colicinogeny 
m a y  occur in  a sso c ia tio n  w ith  d rug  resis tan ce  an d  is o fte n  co -transferab le  
w ith  drug  resistance  p lasm id s (S harm a e t a l., 1984).

W ith  th e  e x c e p tio n  o f  a 4.2 Md p lasm id , o th e r p lasm id s of 2.2, 2.4, 3.4, 
a n d  72 Md were fo u n d  to  be com m on in  th e  35 s tra in s  ex am in ed . All th e  fiv e  
Т с -re s is tan t s tra in s  co u ld  tra n s fe r  th e ir  res is tan ce  to  E . coli К  12 rec ip ien ts . 
T h e  72 Md p lasm id  w as p re se n t in  all th e se  fiv e  Т с-re s is ta n t s tra in s. T h is large 
p lasm id  appears to  be  an  R  p lasm id  p ro b a b ly  encod ing  for T c-resistance. 
I n  3 stra in s th e  72 M d p lasm id  belonged to  In c . g roup  I x, while in  th e  o th e r  
2 s tra in s  p lasm ids o f  th e  sam e size belonged  to  In c . g roup  B. The 72 Md 
p lasm id  was also fo u n d  to  be p resen t in  non-colicinogenic and  an tib io tic - 
sensitive  s tra in s. T h is p lasm id  can  p e rh ap s  be said  to  be  ch a rac te ris tic  o f 
S . derby s tra in s. I n  o th e r  sero ty p es, e.g. in  S. dublin  (B a ird  e t ah , 1985), 
S . enteritidis (N a k a m u ra  e t  ah , 1985) a n d  S . typ h im u r iu m  (H elm u th  e t  ah , 
1985) sero type-specific  p lasm ids have  b een  recognized. T he co n trib u tio n  of 
p lasm ids to  clinical a n d  econom ic prob lem s associa ted  w ith  salm onellas is well 
recognized (T erakado  e t  ah , 1983). E ig h t p lasm id  p ro file  ty p e s  were observed . 
I n  th e  Szolnok d is tr ic t  alone 4 d iffe ren t p lasm id  p ro file  ty p e s  were seen to  
occu r in  pig faeces fro m  d ifferen t farm s. T his suggested  th a t  d ifferen t clones 
o f  S . derby m igh t ex is t.

Three o u t o f  th e  4 p lasm id  p ro file  ty p es  of S . derby  w hich w ere p re 
v a le n t in  some o f th e  sw ine herds in  th e  Szolnok d is tr ic t  were also fo u n d  to  
occur in  th e  S . derby  iso la tes o b ta in ed  fro m  pig  faeces from  an a b a tto ir  in  
B u d ap est. This in d ic a te d  th a t  h e a lth y  s lau g h te r p igs, w hich  h ad  b een  in 
fec ted  on the  fa rm  itse lf , m ay  have ca rried  th e  in fec tion  to  th e  ab a tto ir . S im ilar 
observations w ere m ad e  b y  W illiam s an d  Newell (1970) w ho found th a t  sa l
m onella carrier pigs le av in g  th e  fa rm  w ere th e  p rim a ry  source of co n tam in a tio n  
a t  th e  a b a tto ir . Tw o s tra in s  o f S. derby (B a ja  a b a tto ir ) ,  one of w hich  w as 
from  pig faeces a n d  th e  o th e r  from  a p o rk  sam ple, c a rried  a p lasm id  of 3.4 Md. 
M organ et al. (1987) fo u n d  th a t  th e  carcass c o n ta m in a tio n  o f h ea lth y  s lau g h te r  
p igs was p rim arily  d u e  to  in te s tin a l salm onella  in fec tio n . Moo e t al. (1980) 
s ta te d  th a t  w hen  ly m p h  nodes from  h e a lth y  salm onella ca rrie r pigs are  incised  
d u rin g  th e  n o rm al p ro ced u re  of m ea t in spec tion , a su b s ta n tia l reserv o ir of 
salm onella can  be ex p o sed  an d  tra n s fe rre d  to  o th e r p a r ts  o f th e  carcass v ia
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in fe c te d  im p lem en ts  or personnel. A n o th e r tw o  s tra in s  (Szekszárd), one o f  
w hich  w as iso la ted  from  a p o rk  sam ple  an d  th e  o th e r from  a p o rk  p ro d u c t, 
w ere o f th e  sam e p lasm id  pro file  ty p e  an d  re s is ta n t to  te tra c y c lin e . T he in 
fec ted  carcass, w hen  u tilized  for p re p a ra tio n  o f po rk  p ro d u c ts , could  possib ly  
h av e  re su lted  in  co n tam in a ted  p ro d u c ts .

T he s tu d y  reveals th e  p ro b ab le  epidem iological links concern ing  th e  
m ode o f tra n s fe r  o f S. derby s tra in s  from  th e  fa rm  to  th e  a b a t to ir  an d  from  
p o rk  to  po rk  p ro d u c ts .
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PATHOLOGICAL AND IMMUNOLOGICAL STUDY 
OF GOOSE EMBRYOS EXPERIMENTALLY INFECTED 

WITH DUCK PLAGUE VIRUS

R .  G l á v i t s , F .  R á t z , E rzséb e t S á g h y , M agdolna M e d e r , É v a  M o l n á r , 

É v a  I v a n i c s  a n d  E d it S z a b ó

C entra l V e te rin a ry  In s t i tu te ,  H-1581 B u d ap est, P . О. B o x  2,
H u n g a ry

(R eceived  A pril 27, 1989)

A to ta l  of 240 em b ry o n a ted  goose eggs ob ta in ed  fro m  tw o  suscep tib le  flocks 
were used. H a lf  of th e  eggs w ere in o cu la ted  in to  th e  a llan to ic  c av ity  w ith  a  v iru le n t 
s tra in  (7593) of du ck  p lague v iru s iso la te d  from  an acu te  o u tb re a k , and  th e  o th e r  h a lf  
w ere ino cu la ted  w ith  th e  a tte n u a te d  vaccine v irus (K A P E V A C ). T en, 100 or 1000 
CPU/0.1 m l v iru s  w ere g iven  on  d ay s 12 and  20 of in cu b a tio n . E m b ry o s t h a t  died 
an d  surv iv ing  em b ry o s k illed  a t  5 -day  in te rv a ls  w ere ex am in ed  b y  lig h t an d  e lec tro n  
m icroscopy. T he yo lk  an d  th e  se ru m  of em bryos t h a t  su rv iv e d  u n til  h a tc h in g  w ere 
assayed for an tib o d y  co n te n t. L y m p h o cy tes  sep ara ted  fro m  th e  blood w ere u sed  for 
th e  im m u n o ro se tte  fo rm atio n  a n d  ly m p h o cy te  s tim u la tio n  te s ts .

P a th o m o rpho log ica l changes in d ica tiv e  of v iru s re p lica tio n  occurred  in  th e  
liver, k id n ey , m y o card iu m , g izzard  m uscle  and  cho rio a llan to ic  m em brane  (CAM ) of 
th e  em bryos in  th e  case o f b o th  v iru s s tra in s . The tim e  of o n se t a n d  sev e rity  o f th ese  
changes an d  th e  tim e  a n d  r a te  o f em b ry o n ic  m o rta lity  d ep en d ed  on th e  v iru lence  of 
th e  s tra in  used  fo r ino cu la tio n , th e  v iru s  dose and  th e  tim e  o f inocu la tion .

V iru s-n eu tra liz in g  (VN) a n tib o d ies  w ere d em o n strab le  n e ith e r  in  th e  yo lk  nor 
in  th e  serum  of goslings ex sa n g u in a te d  a f te r  h a tch ing . T h e  ly m p h o cy tes  recognized 
th e  v iru s a n tig en  in  th e  in  vitro  ce llu la r tes ts  and  re sp o n d ed  to  i t  w ith  b lastogén ie  
tran sfo rm atio n .

As opposed  to  a d u lt  b ird s , in  th e  em bryos duck  p lag u e  v iru s in fec tion  d id  n o t 
cause dam age to  th e  d igestive  t r a c t  m ucosa  and  th e  ly m p h o id  organs.

K eyw ords: D uck  p lague , v iru s, goose em bryo, p a th o lo g y , im m unology , e x p eri
m en ta l in fec tion

D uck  p lague (D P) is a v ira l disease affecting  c e r ta in  w aterfow l species 
(dom estic  an d  w ild  ducks, geese a n d  sw ans). I t  w as f i r s t  described  in  ducks 
b y  B au d e t (1923) in  th e  N e th e rlan d s . S u bsequen tly  i t  w as re p o rte d  from  o th e r 
coun tries  of E u ro p e , from  A sia an d  N o r th  A m erica (J a n se n , 1968; L e ibov itz , 
1968; N ew com b, 1968; F rien d  an d  P earso n , 1973; H o fs ta d  e t al., 1978; M o n t
gom ery  e t al., 1980). O n th e  basis o f its  m orphological a n d  bio logical p ro p e r
tie s , th e  causa tive  ag en t w as assigned  to  th e  H erp esv irid ae  fam ily  (B reese and  
D ard iri, 1968). T he p a th o m o rp h o lo g ica l changes are  m o s t expressed  in  th e  
d igestive  t r a c t  an d  liv e r b o th  in  ducks an d  in  geese. I n  th e  m ucous m em b ran e  
o f th e  digestive t r a c t  th e re  are  haem o rrh ag es , sw elling o r  u lce ra tiv e  in f la m 
m a tio n  of th e  ly m p h  follicles, su p erfic ia l necrosis, an d  fo rm a tio n  o f croupous 
or d ip h th e ro id  p seu d o m em b ran es. D y s tro p h y , h aem o rrh ag es an d  necrosis can

3 Acta Veterinaria Hungarica 38, 1990 
Akadémiai Kiadó, Budapest



34 GLÁVITS f t  al.

be seen in  the  liv er, a cco m p an ied  b y  signs o f  c ircu la to ry  d is tu rb a n c e  (hyper- 
a e m ia , oedema) a n d  h aem o rrh ag es in  o th e r  o rgans. The ly m p h o id  tissues are 
ch a rac te rized  b y  ly m p h o c y tic  d eg en era tio n  an d  necrosis, a n d  th e  m ucosal 
e p ith e lia l cells o f th e  d igestive  t r a c t  an d  th e  h ep a to cy te s  c o n ta in  in tran u c lea r 
in c lu sio n  bodies ( J a n se n , 1968; L eibov itz , 1969; F rien d  a n d  P earson , 1973; 
H o fs ta d  et ah, 1978; M on tg o m ery  e t ah , 1980; V etési e t a l., 1982). The ap p e a r
an c e  an d  severity  o f  th e  gross pa tho lo g ica l lesions g re a tly  v a ry  b y  th e  v iru 
len ce  of the  cau sa tiv e  v iru s , an d  depend  on  th e  age, b reed  a n d  im m unobio- 
lo g ica l s ta tu s  of th e  b ird s .

C ontrary  to  th e  p a th o m o rp h o lo g ica l lesions seen in  a d u lt  b ird s , changes 
develop ing  in  th e  em b ry o s  are  l i ttle  know n. D uck  an d  goose em bryos inoc
u la te d  w ith  duck  p la g u e  v iru s  on  d ay  9 o r  10 o f in c u b a tio n  die 5 to  10 days 
a f te r  th e  inocu la tion . A t necropsy  these  em bryos show  diffuse oedem a, puncti- 
fo rm  haem orrhages, liv e r  d y s tro p h y , an d  oedem a an d  h aem o rrh ag es in  th e  
chorioallan to ic  m e m b ra n e  (CAM) an d  yo lk  sac w all ( J a n se n , 1968; D ard iri, 
1975; H ofstad  e t a l., 1978; V etési e t al., 1982). M o rta lity  w as d irec tly  p ro 
p o r tio n a l to  th e  v iru len ce  o f th e  v iru s  s tra in .

Though th e  v iru s  m ay  p e rs is t in  th e  cloaca for a long  tim e , a tte m p ts  
to  iso la te  it  from  e m b ry o n a te d  eggs or new ly  h a tc h e d  b ird s  h a v e  consisten tly  
fa ile d  un til qu ite  re c e n tly ; th u s , sp read  o f D P V  v ia  th e  g erm in a tiv e  ro u te  
co u ld  no t be p ro v ed . R ecen tly , how ever, th e  p o ssib ility  o f  g erm in a tiv e  infec
t io n  has been p ro v ed  b y  in fec tio n  ex p erim en ts  in  Pekinese a n d  m uscovy ducks 
as w ell as in  m a lla rd s . I t  is supposed  th a t  th e  in fec tion  o f consecu tive  genera
t io n s  of free-living m a lla rd s  can  also be tra c e d  b ack  to  g e rm in a tiv e  in fection  
(B urgess et ah, 1979; M on tgom ery  e t ah , 1980).

Only one se ro ty p e  o f th e  cau sa tiv e  herpesv irus is k n o w n . H ow ever, 
D P V  strains m ay  w id e ly  v a ry  in  v iru lence  (D ard iri a n d  G ailiunas, 1969; 
D a rd ir i, 1975). T he v iru s  is s im ila r to  o th e r  herpesv iruses also  in  its  biological 
p ro p e rtie s . I ts  p a th o g e n ic ity  is species d ep en d en t. In a p p a re n t  in fection  is 
com m on. The v iru le n t v iru s  w as iso la ted  from  w aterfow l w ith  h igh  titre s  of 
V N  antibodies. S im ila rly  to  o th e r  herpesv iruses, num erous aspec ts  o f v irus 
ca rrie rsh ip  are s till u n c le a r  (E rickson  e t ah , 1974; D a rd ir i, 1975). Serocon
v e rs io n  is no t p ro n o u n ced . In  v acc in a ted  w aterfow l th e  log  10 t i t re  o f VN 
an tib o d ies  was a ro u n d  1.75. A fte r in fec tion  w ith  th e  v iru le n t v iru s  th is  t i tre  
ro se  to  4 log 10 a n d  p e rs is te d  on  th a t  level fo r several m o n th s . L ayers hav ing  
an tib o d ie s  of such  t i t r e  conferred  passive m a te rn a l im m u n ity  on  th e ir  off
sp rin g . H ow ever, th e  m a te rn a l a n tib o d y  levels rap id ly  d eclined  an d  th e  young  
b ird s  succum bed to  v iru le n t v iru s in fec tio n  perfo rm ed  a t  13 days o f age 
(E rick so n  et ah, 1974; D a rd iri, 1975).

Some o b se rv a tio n s , how ever, suggest t h a t  a d u lt w a te rfo w l, w hich have  
b e e n  vaccinated  o r  reco v ered  from  v iru le n t v iru s  in fec tio n  b u t  a lready  lack  
se ru m  antibodies, m a y  p ro v e  to  be p ro te c te d  ag a in st duck  p lag u e  v iru s (DPV).
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This fac t suggests th e  possib le role of ce ll-m ed ia ted  im m u n ity  an d  local im 
m u n ity  of th e  m ucous m em branes (D ard iri, 1975).

T he p u rp o se  o f th is  ex p erim en t w as to  s tu d y  th e  pa th o m o rp h o lo g ica l 
lesions and  im m u n e  response  elic ited  in  goose em bryos b y  D P Y  s tra in s  of 
v a ry in g  v iru lence.

Materials and methods

B irds

A to ta l  o f  240 p re in c u b a te d  goose eggs o b ta in ed  from  tw o d iffe ren t 
flocks (I an d  I I )  w ere used  (120 eggs from  each  flock). A ccording to  th e  v iro - 
logical and  sero logical ex am in a tio n , flock  I  w as free from  p arv o v iru s , h e rp es
v iru s , adenov irus a n d  m ycop lasm a infec tion . F lo ck  I I  w as a clin ically  h e a lth y , 
large flock. S am ples ta k e n  from  th e  eggs w ere checked  fo r b a c te ria l an d  fu n g a l 
in fections by  c u ltu r in g  on ag ar p lates.

Inoculation and sam pling

H a lf  o f  th e  em bryos w ere in o cu la ted  w ith  D P Y  s tra in  7593, a v iru le n t 
s tra in  iso la ted  fro m  an  acu te  o u tb reak  in  o u r in s t i tu te  in  1978. T he o th e r  h a lf  
w as in ocu la ted  w ith  a n  a t te n u a te d  s tra in  u sed  fo r vaccine (K A PEV A C ) p ro 
d u c tion . In o c u la tio n  w as done as show n in  T ab le  I .  I n  b o th  groups, h a lf  o f 
th e  em bryos cam e from  flock  I  an d  th e  o th e r h a lf  w as o b ta in ed  from  flock  I I .  
E m bryos from  th e  tw o  flocks w ere in c u b a te d  sep a ra te ly .

T he eggs w ere  cand led  da ily  u n til  th e  em bryos h a tc h e d  on d a y  28 to  
30 o f in cu b a tio n .

F ive  em b ry o s w ere k illed  a t  5 -day  in te rv a ls . T hese em bryos, to g e th e r  
w ith  those th a t  d ied , w ere necropsied  an d  th e ir  o rgans w ere s tu d ied  b y  lig h t

Table I

In o cu la tio n  of th e  em bryos

Group N um ber of 
embryos

Time of 
inoculation 

(day)
T reatm ent

A 60 12 V irulent v irus (10, 100 and  1000 C PU  in  0.1 ml P B S ) 
in to  th e  a llan to ic  cav ity  o f 20 eggs each

В 40 20 V iru len t v im s  (10 an d  1000 C PU  in  0.1 m l PB S) in to  
th e  a llan to ic  cav ity  of 20 eggs each

C 60 12 A tten u a ted  v iru s (10, 100 an d  1000 CPU in  0.1 m l 
PBS) in to  th e  a llan to ic  c av ity  o f 20 eggs each

D 40 20 A tten u a ted  v iru s (10 and  1000 C PU  in 0.1 m l (PB S) 
into th e  a llan to ic  cav ity  o f 20 eggs each

PC 20 12 0.1 ml PB S  in to  th e  a llan to ic  cav ity

C 20 - -

3 *
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a n d  e lec tro n  m icroscopy. V irus re iso la tio n  w as a tte m p te d  from  som e o rgans. 
T h e  y o lk  an d  th e  se ru m  o f b ird s su rv iv in g  u n til  h a tch in g  w ere a ssay ed  for 
specific  an tib o d y  c o n te n t. L y m p h o cy tes  se p a ra te d  from  th e  b lood  w ere used  
in  th e  ly m phocy te  s tim u la tio n  an d  im in u n o ro se tte  fo rm atio n  te s t.

T he whole bo d y  o f th e  em bryos w as used  for light m icroscopy. Sam ples 
fo r e lec tro n  m icroscopy w ere ta k e n  from  th e  liver, h e a r t , g izzard  w all and  
CAM of tw o  group A em bryos each  k illed  on  p o stin o cu la tio n  d ay  5 a n d  10, 
re sp ec tiv e ly , as described  earlier (G láv its e t al., 1984).

Im m unologica l tests

T h e lymphocyte stim ula tion  an d  itm nunorosette form ation  tests w ere done 
as describ ed  earlier (G láv its  e t al., 1984), u sing  b lood  sam ples from  h a tc h e d  
b ird s . T he sam e b lood  sam ples w ere u sed  fo r determ ination o f  antibody titres 
b y  th e  V N  tes t.

T he presence o f specific  V N  an tib o d ies  o f m a te rn a l o rig in  in  th e  yo lk  
o f 5 non in fected  (contro l) em bryos each  from  flocks I  an d  I I  w as also checked  
b y  th e  VN te s t.

Virological exam ination

T he livers of em bryos k illed  a t  5 -d ay  in te rv a ls  an d  tho se  o f em bryos 
t h a t  d ied , were pooled b y  group a n d  tim e  an d  used  fo r v iru s  iso la tion .

Results

T he m o rta lity  fo u n d  for groups A, B , C an d  D is show n in  Figs 1 a n d  2. 
Tw o d ea th s  each o ccu rred  in  groups PC an d  g roup  C. T he m o rta li ty  ra te  was 
100%  and  40%  in  th e  group in o cu la ted  w ith  v iru le n t v iru s on  in c u b a tio n  
d a y  12 an d  20, resp ec tiv e ly . I n  th e  g roups in o cu la ted  w ith  th e  a t te n u a te d  
s t r a in  on  day  12 an d  20 of in c u b a tio n  th e  m o rta lity  ra te  w as 70 a n d  2 5 % , 
re sp ec tiv e ly . W ith  b o th  v iru s s tra in s , th e  m a jo rity  of d ea th s  o ccu rred  am ong 
em b ry o s  inocu la ted  w ith  th e  la rg e r v iru s  dose, an d  em bryos su rv iv in g  u n til  
h a tc h in g  were m ain ly  th o se  w hich h a d  been  in o cu la ted  w ith  th e  low er v iru s  
dose.

I n  th e  case o f b o th  v irus s tra in s , necropsy  o f em bryos th a t  h a d  d ied  a t 
an  e a r ly  stage of in c u b a tio n  revealed  oedem a an d  haem oglobinous in f il tra tio n  
o f th e  subcu taneous connective  tissu e  an d  m uscles (Fig. 3), as w ell as p u n c ti-  
fo rm  haem orrhages on  th e  CAM, in  th e  su b cu tan eo u s connective  tissu e  an d  
m uscles, and  un d er th e  serous m em branes. In  em bryos th a t  h ad  d ied  of in fec
tio n  a t  a la te r  stage  o f  in cu b a tio n  th e re  w as h e p a titis  accom pan ied  b y  fo rm a 
tio n  o f  necro tic  foci, liv e r d y s tro p h y , signs o f ic te ru s , occasionally  m y o card itis
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Fig. 1. M o rta lity  o f goose em bryos in o cu la ted  w ith  v iru len t v iru s on  d a y  12 (group A , solid 
line) an d  d ay  20 (g ro u p  B, broken  line)

Fig. 2. M orta lity  o f goose em bryos in o cu la ted  w ith  a tte n u a ted  v iru s  on  d ay  12 (g roup  C, 
solid line) an d  d a y  20 (g roup  D, b roken  line)
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Table II

Pathom orphological changes in  goose em bryos inocu lated  w ith  du ck  p lague virus 
stra in s  o f d iffe ren t v irulence

Group of Pathom orphological lesions
embryos -------------------------------- ----------------------------------------------------------------------------------------------------

(see Table I) on P I  day 4-5 on P I  day  7-8

A -  oedem a and  haem oglobinous in 
filtra tio n  of th e  CAM, skin and 
m uscles,

— haem orrhages in  th e  CAM, liver 
and h e a r t

— serous h e p a titis

— acidophilic in tra n u c le a r  inclusion 
bodies in  th e  liv e r, k idney , m yo
card ium  a n d  g izzard  muscle

C

В — serous in fla m m a tio n  of th e  CAM

-  h ep atitis  w ith  in te rs ti tia l  in f iltra 
tion  by  h e te ro p h ilic  granulocytes, 
ic te rus, in tra n u c le a r  inclusion 
bodies

-  acidophilic in tra n u c le a r  inclusions 
in  th e  k id n ey s , m yocard ium  and 
gizzard m uscle

-  serous, in places fib rinous, in flam m ation  of 
th e  CAM

-  h e p a titis  w ith  focal necroses of th e  p a re n 
ch y m a, in filtra tio n  w ith  heterophilic  g ran u lo 
cy tes, icterus

-  necroses in th e  m yocard ium  and gizzard  
m uscle

— re ta rd a tio n  in developm en t (failure to h a tc h )

— serous in flam m ation  of th e  CAM w ith  focal 
necroses

— h e p a titis  w ith  in te rs ti tia l  in flam m ation  by  
lym phocy tes and  h istiocy tes

— necroses in th e  m yocard ium  and gizzard  
m uscle
lym plio-h istiocy tic  ep icard itis

Lesions sim ilar to , b u t m ilder th a n , those  found for g ro u p  A

D Lesions s im ilar to , b u t  m ilder th a n , those  found for g roup  В

w ith  presence o f n ec ro tic  foci, an d  serous in flam m atio n  o f  th e  CAM. E v e n  
th e  su rv iv ing  em b ry o s w ere re ta rd e d  in  g ro w th  an d  p a r t  o f  th em  h ad  d is
coloured  yo lk  (T able  I I ) .

The p a th o lo g ica l changes seen b y  lig h t an d  e lec tron  m icroscopy are also 
sum m arized  in  T ab le  I I .

Signs in d ic a tiv e  o f  v iru s rep lica tio n  (acidophilic in tra n u c le a r  inclusion 
bodies, focal necroses o r dystro p h ic  areas w ith  k a ry o rrh ex is  an d  karyopycno- 
sis) were seen in  th e  liv er, k idney , m y o card iu m , g izzard  m uscle, spleen, an d  
CAM of em bryos in fe c te d  w ith  th e  v iru le n t v iru s an d  th o se  inocu la ted  w ith  
th e  a tte n u a te d  v iru s  s tra in . In  th e  th ird  an d  fo u rth  q u a r te r  o f in cu b a tio n  
an  in flam m ato ry  cell re ac tio n  ch a rac te rized  b y  heteroph ilic  granulocytes an d  
lym p h o cy tes  p lu s h is tio cy te s , re sp ec tiv e ly , jo ined  th e  above-m entioned  
changes (Figs 4 -9 ).

The m a jo rity  o f  th e  above-listed  changes w ere p ro n o u n ced  in  em bryos 
th a t  h ad  died o f in fe c tio n  w ith  th e  v iru le n t v iru s. C o n tra rily , in  em bryos th a t  
d ied  a fte r in o cu la tio n  w ith  th e  a t te n u a te d  v iru s s tra in  th e se  changes w ere 
less expressed. O n ly  a  ce rta in  p a r t  (40 a n d  50% , respec tive ly ) of th e  em bryos
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Table I I I

R esults o f cellular te s ts  done a t  h a tch ing  w ith  goose embryos* in o cu la ted  
w ith  duck p lague v irus stra ins o f  d ifferen t virulence

Group of embryos 
(see Table I)

Lym phocyte
stim ulation**

Im m unorosette 
formation* * *

с 10.7 2.2

в 39.5 22.0

D 11.8 7.3

P lacebo-trea ted  con tro l (PC) 2.0 1.2

U n trea ted  control 0.8 1.0

* m ean  value  fo r 5 em bryos each ; ** num ber of cells show ing 
b lastogénie transform ation /100  cells; *** im m unorosette  fo rm atio n / 
/100 /Л cell suspension

su rv iv in g  u n til h a tch in g  an d  k illed  a t  th a t  tim e  exh ib ited  som e of th e  above- 
m en tio n ed  lesions, an d  th e re  w ere em bryos w hich  were co m p le te ly  free fro m  
p a th o m o rp h o lo g ica l changes.

Electron m icroscopy rev ea led  h e rpesv irus partic les in tra c e llu la rly  in  th e  
liv e r a n d  m yo card iu m  of em bryos k illed  on  p o stin ocu la tion  (P I)  d ay  5. T he 
p a rtic le s  w ere seen in  th e  nucleus o f som e cells showing c h a rac te ris tic  changes 
o f th e  c h ro m a tin  su b stan ce  (F ig . 10). In  one em bryo k illed  on P I  d ay  10, 
v iru s  pa rtic le s  w ere seen ex trace llu la rly  in  nec ro tic  foci p re se n t in  th e  g izzard  
w all a n d  CAM, am ong th e  d is in teg ra ted  cell com ponents (F ig . 11).

T he v irus s tra in s  w ere co n sis ten tly  recovered  from  th e  organs o f th e  
d ead  em bryos. T he re iso la tio n  ra te  o f v iru ses from  su rv iv ing  em bryos k illed  
a t  h a tc h in g  w as a ro u n d  50% .

Specific V N  an tibod ies w ere d em o n strab le  n e ither in  th e  y o lk  o f  th e  
c o n tro l em bryos n o r in  th e  se ru m  of th e  em bryos surv iv ing  th e  in fec tion  a n d  
k illed  a t  ha tch in g .

T h e  resu lts  o f  in  vitro ce llu la r te s ts  are  show n in  T able I I I .  T he ly m p h o 
cy te s  sep a ra te d  from  th e  b lood  o f  th e  in fec ted  em bryos recogn ized  th e  v ira l 
a n tig e n  in  th e  im m u n o ro se tte  fo rm a tio n  te s t  an d  responded  to  th e  v irus w ith  
b lasto g én ie  tran sfo rm a tio n .

Discussion

I n  goose em bryos in o cu la ted  w ith  D P V  stra in s of d iffe ren t v iru lence  
p a th o m o rp h o lo g ica l changes o f d ifferen t se v e rity  b u t sim ilar ty p e  developed. 
As a  consequence of v iru s rep lica tio n , th e se  changes w ere seen in  th e  liv e r, 
k id n e y , h e a rt, g izzard  an d  CAM. As opposed  to  ad u lt b ird s  (Jan sen , 1968; 
L e ib o v itz , 1969; F rien d  an d  P earso n , 1973; H o fs ta d  e t ah , 1978; M ontgom ery  
e t  a l., 1980; V etési e t al., 1982), in  th e  em bryos th e  d igestive  t r a c t  m ucosa
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a n d  th e  lym pho id  o rg a n s  d id  n o t su ffe r dam age. T h is m ay  be a t t r ib u te d  to  
th e  fa c t th a t  a t  th e  e a r ly  stage o f em b ry o n ic  d ev e lo p m en t the  la t te r  o rgans 
are  r a th e r  poorly  d ev e lo p ed  and  li ttle  d iffe ren tia ted .

T he sev erity  o f  lesions depended  on  th e  v iru len ce  o f the  v iru s  s tra in . 
M oreover, w ith  b o th  v iru s  s tra in s, th e  ty p e  o f th e  lesions was in flu en ced  by  
th e  tim e  of in o c u la tio n  (d ay  12 or 20) a n d  th e  tim e  th a t  elapsed b e tw een  
in fec tio n  and  d e a th  o r  killing. T hus, in  em bryos in o cu la ted  on d a y  12 of 
in c u b a tio n  and  e x a m in e d  on day  15-19  a f te r  d e a th  o r killing , signs in d ica tiv e  
o f c ircu la to ry  d is tu rb a n c e s , oedem a a n d  regressive changes due to  v iru s  r e 
p lic a tio n  w ere p re d o m in a n t. In  em bryos exam ined  b ey o n d  day  20 (an d  in 
o cu la ted  e ith er on  d a y  12 or day  20 o f  in c u b a tio n ), signs of c ircu la to ry  d is
tu rb a n c e s  and  o ed em a w ere less exp ressed , an d  th e  regressive changes w ere 
accom pan ied  b y  c e llu la r  reac tions ch a rac te rized  b y  he te roph ilic  g ranu locy tes, 
a n d  from  d ay  24—25 b y  those  ch a rac te rized  b y  ly m p h o cy tes  and  h is tio cy tes . 
A sim ilar find ing  w as o b ta in ed  earlie r in  ch icken  em bryos in o cu la ted  w ith  
len togen ic  N ew castle  disease v irus a n d  a v ia n  reo v iru s  (G lávits e t a l., 1984). 
N am ely , in  th e  la s t  q u a r te r  of em b ry o n ic  life th e  co lonization  o f  ly m p h o id  
o rg an s and  tissues b y  lym phocy tes com m ences b o th  in  chicken an d  in  goose 
em bryos (G lávits e t  a l., 1981, 1987).

The m o rta lity  r a te  w as in fluenced  b y  th e  v iru len ce  of th e  v iru s  s tra in  
u sed , th e  tim e o f in o cu la tio n , and  th e  v iru s  dose. T h e  m ajo rity  o f th e  su r
v iv in g  em bryos h a d  b e e n  inocu la ted  w ith  th e  less v iru le n t s tra in , w ith  a low er 
dose an d  a t  a la te r  s ta g e  of em bryonic  d eve lopm en t.

No specific Y N  an tib o d ies  were d em o n strab le  in  th e  serum  of in o cu la ted  
em bryos th a t  h a d  su rv iv e d  up to  h a tc h in g . H ow ever, th e  lym phocy tes sep a
ra te d  from  th e ir  b lo o d  recognized th e  v ira l  an tig en  in  vitro, and  resp o n d ed  
to  i t  w ith  b lastogén ie  tra n sfo rm a tio n . T h is m ay  be associa ted  w ith  th e  o b se r
v a tio n  th a t  an tib o d ies  to  D PV  ap p ear r a th e r  la te  a n d  p e rs is t for a sh o r t  tim e  
ev en  in  a d u lt b ird s . S u ch  b irds, how ever, were p ro te c te d  against in fec tio n  
ev en  a fte r  th e  h u m o ra l an tibodies h a d  d isap p eared , ind ica tin g  th e  possible 
in v o lv em en t of ce ll-m ed ia ted  im m u n ity  (E rickson  e t a l., 1974; D ard iri, 1975).

References

B a u d e t, A. E . R . F . (1923): E e n  ste rfte  on d er in  N ed erland , v e ro o rz a ak t door een f i ltre e b a a r  
v iru s (vogelpest). T ijd sc h r. D iergeneesk. 50, 455-459.

B reese, S. S. J r .  an d  D a rd iri ,  A. H . (1968): E le c tro n  m icroscopic  ch arac te riza tio n  of duck  
p lague virus. V iro lo g y  34, 160-169.

B urgess, É . C., Ossa, J .  a n d  Y uill, T. M. (1979): D uck  p lague: a  ca rrie r s ta te  in  w aterfow l. 
A vian  D iseases 23, 940-949.

D ard iri, A. H . and  G a iliu n as, P . (1969): R esponse  of P ek ing  a n d  m allard  ducks a n d  C anada 
geese to  e x p e rim e n ta l in fection  w ith  d u ck  p lague  v iru s. B ull. W ildl. D is. Assoc. 5, 
235-247.

D ard iri, A. H . (1975): D u c k  v ira l en teritis  (d u ck  p lague): C h arac te ris tic s  and im m une response 
of th e  host. A m . J .  V e t. Res. 36, 535-538.

Acta Veterinaria Hungarian 38, 1990



F ig . 3. Oedem a and  haem oglobinous in fil tra tio n  in  goose em bryos in o cu la ted  w ith  v iru le n t 
du ck  plague v irus on d ay  12 of incu b a tio n  a n d  k illed  5 days la te r (on th e  le ft: contro l em bryo)



F igs 4 and  5. In tra n u c le a r  inclusion bodies in a m yocard ia l cell i f )  an(l in an  ep ithe lia l cell o f th e  renal tu b u les  ( f ) o f goose em bryos 
in ocu la ted  w ith  v iru len t duck  p lague v iru s on day  12 of in cu b a tio n  and  killed 5 days la te r. H aem ato x v lin  and  eosin, X  400



Figs 6 and  7. G izzard m uscle and  CAM of goose em bryos in o cu la ted  w ith  v iru le n t duck p lague v irus on d ay  12 of in cu b a tio n  and  
k illed  10 d ay s la te r. N ote c ircum scribed necrosis w ith  k a ry o rrh ex is  and  d is in teg ra tio n  of th e  tissue s tru c tu re . H aem a to x y lin  and  eosin,

X 160 and  X 63, respec tive ly



F ig . 8. L iver from  a goose em b ry o  in o cu la ted  w ith  a tte n u a te d  v iru s on d a y  12 of in cu b a tio n  
a n d  k illed  10 days la te r. N o te  in te rs titia l in fla m m a tio n  ch aracte rized  b y  in f iltra tio n  w ith  

he terophilic  g ranulocy tes. H a em a to x y lin  and  eosin, X 160



Fig. 9. Serous ep icard itis  in an  u n h a tc h ed  em bryo in o cu la ted  w ith  v iru le n t duck plague 
v irus on d a y  20 of in cu b a tio n . H aem ato x y lin  a n d  eosin, X 160



F ig . 10. M aturing h e rp esv iru s partic les in  a h ep ato cy te  from  a goose em bryo  inocu la ted  w ith  
v iru le n t  herpesvirus on d a y  12 of in cu b a tio n  and  killed 5 days la te r. E lec tro n  m icrograph,

X 44,600



Fig. 11. G izzard m uscle  from  a goose em b ry o  inocu la ted  w ith  v iru len t duck p lague virus 
on d ay  12 of in cu b a tio n  an d  killed 10 d ay s la te r. N ote  h e rp esv iru s particles am ong the  cell 

debris. E lec tro n  m icrograph , X 44,600
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DIAGNOSTIC VALUE OF INTRAVENOUSLY 
ADMINISTERED JOHNIN PURIFIED PROTEIN 

DERIVATIVE (PPD) IN BOVINE 
PARATUBERCULOSIS

В . K ö r m e n d y 1, S. T u b o l y 2, G y. N a g y 1, J .  T ö r ö k 4 and T .  A b o n y i 3

C e n tr a l  V e terin ary  In s t i tu te ,  H-1149 B u d a p es t, T ábornok  u. 2; d e p a r t m e n t  o f E p izoo tio - 
logy , U n iv e rs ity  o f V e te rin a ry  Science, B u d a p es t; d e p a r t m e n t  o f M edicine, U n iv e rs ity  
o f V e te rin a ry  Science, B u d ap es t; a n d  4“ P á l H eim ”  C hildren’s H o sp ita l, B u d ap es t, H u n g a ry

(R ece iv ed  M arch 17, 1989)

T he d iagnostic  v a lu e  of in trav en o u s ly  ad m in iste red  jo h n in  pu rified  p ro te in  
d e riv a tiv e  (P P D ) w as s tu d ied  in  45 c a tt le  o f d iffe ren t age, com ing  fro m  herds in fec ted  
by , or free from , M ycobacterium  paratuberculosis.

In  a d d itio n  to  observ ing  th e  clinical sym ptom s, th e  a n im a ls’ se ra  were assay ed  
fo r specific  an tibod ies b y  th e  co m p lem en t f ix a tio n  (C FT) an d  im m unod iffusion  (A G IO ) 
tes ts . T he b lastogénie  tra n s fo rm a tio n  of p e rip h e ra l ly m p h o cy tes  w as d e te rm in ed  on 
th e  basis o f 3H T d R  in co rp o ra tio n . Changes in  th e  n eu tro p h ilic  leu co cy te /ly m p h o cy te  
ra tio  o f th e  b lood w ere also m o n ito red . D etec tion  of th e  p a th o g e n  in  th e  faeces w as 
a tte m p te d  b y  m icroscopic e x am in a tio n  an d  b y  cu ltu ring .

C om bined ev a lu a tio n  of responses elicited  b y  in tra v en o u s ly  ad m in iste red  jo h n in  
P P D  can  be a v a luab le  a id  in  recognizing  in fected  an im als, p a r tic u la r ly  those  am ong  
th e  heifer p rogeny  of in fec ted  cows.

K eyw ords: B ovine, p a ra tu b ercu lo s is , in trav en o u s  jo h n in  P P D , diagnosis

D ue to  th e  un iq u e  pa th o g en esis  an d  im m u n o p a th o lo g y  of p a ra tu b e r 
culosis, no d iagnostic  m e th o d  is ava ilab le  w hich can  re liab ly  d e tec t in fec tio n  
in  a ll phases o f th e  disease or b y  w hich in fec tion  could  be ru led  o u t w ith  
c e r ta in ty .

T he u n re liab ility  o f im m u n o  d iagnostic  te s ts  re su lts  from  th e  fa c t t h a t  
w hile M ycobacterium  bovis in fec tio n  elicits th e  system ic fo rm  o f ce ll-m ed ia ted  
im m u n ity  (Y oum ans, 1979; C h ap aras , 1982; H a h n  an d  K au fm an , 1981), 
M . paratuberculosis b a c te ria , m u ltip ly in g  in trace llu la rly  in  th e  phag o cy tes  
o f  th e  in te s tin a l m ucosa, in itia lly  induce  only  local im m u n e  responses w hich  
m a y  la te r  he follow ed b y  sy stem ic  im m une reac tions d ep en d in g  on th e  p ro 
gression of th e  disease.

T his m ay  he one o f  th e  reasons w hy  th e  in tra d e rm a l te s t  done w ith  
p a ra tu b e rc u lin  fails to  d e te c t in fec tio n  in  th e  preallerg ic  a n d  preclin ica l ph ase  
o f  th e  disease. A n o th e r e x p la n a tio n  can  be th a t  h o st cells do n o t recognize 
th e  an tig en , or th a t  an tig en -in d u ced  clonal d iffe ren tia tio n  o f  th e  ly m p h o cy tes  
is de layed . I t  is also possible th a t ,  due to  th e  c o n s tan t re in fec tio n , th e  b a c te ria l
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an tigens cause a d efic iency  in  th e  a lread y  sensitized  cells (R a tled g e  an d  S ta n 
fo rd , 1983; P aliw al e t a l., 1985).

The u n re liab ility  o f  th e  im m unod iagnostics o f p a ra tu b e rcu lo s is  is fu rth e r  
increased  by  th e  p o ss ib ility  of cross-reactions a t tr ib u ta b le  to  th e  close a n ti
genic re la tionsh ip  e x is tin g  betw een  M . paratuberculosis an d  M . avium -intra- 
cellulare s tra in s  (T u b o ly , 1965; K ö rm en d y  e t al., 1984; S ax eg aard  an d  Baess, 
1988). This can  a p p e a r , in  ad d itio n  to  th e  d iagnostic  a llergy  te s ts , also as 
c ro ss-reactiv ity  o f lo w -titre  c ircu la ting  an tib o d ies  d e te c ta b le  a t  th e  lep rom at- 
ous stage of p a ra tu b e rcu lo s is  (D uncan  e t  ah , 1978; M erkal, 1973; T horel, 1981).

Searching for new  d iagnostic  possib ilities, th e  a p p lic a b ility  of th e  ly m p h o 
c y te  s tim u la tio n  te s t  (L S T  A lhaji e t a l., 1974; B ergm an , 1980), th e  d iagnostic  
v a lu e  o f in tra v e n o u s ly  a d m in is te red  jo h n in  (L arsen  an d  K opecky , 1965), and  
th e  haem ato log ical ch an g es p roduced  b y  in tra v e n o u s ly  ad m in is te red  jo h n in  
p u rified  p ro te in  d e r iv a tiv e  (P P D ) (H a ll an d  T hoen , 1983; B ened ictus and  
B osm a, 1985) w ere s tu d ie d  earlier.

In  th e  p re sen t w o rk , th e  organic an d  focal reac tio n s  elic ited  b y  in tr a 
v en o u sly  a d m in is te red  p a ra tu b e rcu lin , th e  acco m p an y in g  haem ato log ical 
changes, th e  LST in d e x , an d  resu lts  o f  serological an d  faecal exam inations 
w ere s tu d ied  in  c a tt le  o f  d ifferen t age an d  k e p t u n d e r d iffe ren t epizoological 
conditions.

Material and methods

A n im a ls

F o rty -five  c a tt le  o f  d ifferen t b reed  an d  age w ere u sed . O f th em , 10 cows 
show ed th e  clinical sy m p to m s of p a ra tu b ercu lo s is  an d  w ere bacterio log ically  
po sitiv e  (Table I). T w en ty -fiv e  cows cam e from  an  in fec ted  h e rd : o f th em , 
15 an d  10 cows w ere p o sitiv e  and  n eg a tiv e , re sp ec tiv e ly , b y  th e  com plem ent 
f ix a tio n  te s t (CFT) 3 w eeks before th e  ex p erim en t (T able  I I  an d  Table I I I ) .  
F iv e  1-year-old heifers t h a t  h ad  been  b o rn  in  an  in fec ted  h e rd  (Table IV) and  
f iv e  1-year-old heifers t h a t  h ad  com e from  an  in fec tion-free  h e rd  (Table V) 
w ere also used in  th e  ex p erim en t. All ex p e rim en ta l an im als  belonged to  th e  
IIo ls te in -F riesian  b reed .

C linical exam inations

A t th e  s ta r t  o f  th e  ex p erim en t (0 hou r) th e  clin ical s ta tu s  of th e  anim als 
(disease sym ptom s, b o d y  te m p e ra tu re , h e a r t  ra te , re sp ira to ry  ra te , ru m en  
m o tility ) was reco rd ed . S u b seq u en tly  3 m l p a ra tu b e rc u lin  (0.5 m g/m l tu b er- 
cu lop ro te in  P P D , P h y la x ia  V e te rin a ry  B iologicals Co., B u d ap est)  was in jec ted  
in trav en o u sly . P r io r  to  th e  in jec tio n  o f  p a ra tu b e rcu lin , blood sam ples were 
ta k e n  from  all an im als  in to  heparin ized  an d  an tico ag u lan t-free  tu b es for th e
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baseline ex am in a tio n s. Follow ing clin ical ex am in a tio n  p erfo rm ed  in  th e  6 th  
h o u r a f te r  th e  in je c tio n  o f jo h n in  P P D , b lood and  faecal sam ples w ere ta k e n  
from  th e  anim als.

Haematological exam inations

T he d iffe ren tia l b lood  co u n t w as dete rm in ed  as described  b y  O rm ay  
(1961).

Lym phocyte stim ula tion  test ( L S T )

L y m p h o cy tes  w ere se p a ra te d  w ith  F ico ll-P aque from  blood  sam ples 
ta k e n  in to  hep arin ized  tu b e s , su spended  in  H a n k s’ so lu tio n  co n ta in in g  10%  
fe ta l c a lf  serum , an d  cell d en sity  w as a d ju s te d  to  106 p e r m l. T he suspensions 
w ere m easu red  in to  L e ig h to n  tu b e s , in c u b a te d  a t  37 °C fo r 72 h , an d  in  th e  
5 6 th  h  th e  cell cu ltu re s  w ere su p p lem en ted  w ith  10 p € i aH T d R . T he ra te  of 
b lastogenesis w as e v a lu a te d  by  a u to ra d io g ra p h y  (T ubo ly , 1979).

Serological tests

T h e com plem en t f ix a tio n  te s t  (CFT) an d  double ra d ia l im m unodiffusion  
(A G ID ) te s t  w ere ca rr ied  o u t as described  b y  K ö rm en d y  e t al. (1984). The 
an tig en  an d  reference se ru m  used  in  th e  CFT were p ro d u ced  an d  m ark e ted  
b y  P h y la x ia  V e te rin a ry  B iologicals Co., B u d ap est.

M icroscopic exam ination  o f  the faeces

M icroscopic e x a m in a tio n  o f  th e  faeces was p erfo rm ed  accord ing  to  
H u n g a ria n  S ta n d a rd  MSZ 419-83. One g of faeces w as su sp en d ed  in  4 m l of 
saline a n d  shaken  w ith  2 m l of ch loroform . T hree drops from  th e  chloroform  
phase  w ere p laced  on  slide, dried  an d  s ta in ed  w ith  Z iehl-N eelsen  s ta in .

Bacteriological exam inations

H ero ld ’s m ed ium  co n ta in in g  m y co b ac tin  w as u sed . T he sam ples w ere 
d e c o n tam in a ted  acco rd in g  to  B eerw erth  (1967). T he in o cu la ted  m edia w ere 
in c u b a te d  a t  37 °C fo r 150 days. T he iso lates w ere id en tif ied  accord ing  to  
T hore l an d  V ale tte  (1976).

Results

T he resu lts  o b ta in e d  for clin ically  ill c a ttle  com ing from  an  infec ted  
h e rd  are  show n in  T ab le  I . A t 6 h  a f te r  th e  in jec tion  of p a ra tu b e rcu lin , o rganic 
an d  focal reac tions (m uscle trem o rs , severe d ia rrhoea , e lev a ted  h e a r t  ra te  and  
re sp ira to ry  ra te ) w ere p re se n t h u t b o d y  te m p e ra tu re  w as p ra c tic a lly  u n a lte red
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(m e a n  elevation : 0.07 °C). T he n eu tro p h ilic  leu co cy te /ly m p h o cy te  ra tio  u n d e r
w e n t a 5- to  10-fold (in  average: 9-fold) increase in  all an im als excep t cow 
n o . 2. T he b lastogénie  tra n s fo rm a tio n  o f ly m p h o cy tes  increased  b y  3 to  6%  as 
co m p a re d  to  th e  base lin e  va lu e . In  th e  6 th  h o u r no changes from  th e  baseline 
v a lu e s  were d em o n strab le  in  h u m o ra l a n tib o d y  levels b y  A G ID  an d  CFT. 
A s a re su lt of th e  in je c tio n  o f p a ra tu b e rc u lin  th e  n u m b er o f  c a ttle  excre ting  
M . paratuberculosis b a c te r ia  in  q u a n titie s  dem o n strab le  in  th e  faeces b y  m icro 
sc o p y  rose from  3 to  6. B acterio log ica l e x am in a tio n  o f  th e  faeces p roved  th e  
p resen ce  of M . paratuberculosis  in  8 an im als.

Table I
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5 y e a rs  old, non-pregnant 3

pharyng .
oedem a 54 42 38.5 6 8 0.31

3340 pharyng . 78 35 38.8 4 12 0.67 +
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CFT =  com plem ent fix a tio n  te s t; * serum  d ilu tions in  th e  CFT; A G ID  =  agar gel 
im m unodiffusion; gest. =  g esta tio n ; saliv. =  sa liva tion ; ph ary n g . =  phary n g ea l; d iarrh . =  
=  d iarrhoea
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T he resu lts  o b ta in ed  fo r c lin ically  n eg a tiv e  anim als p o sitiv e  b y  b lood  
te s t  ad /o r  faecal ex am in a tio n  are  show n in  T ab le  I I .  In  th a t  g roup  m ild  organic 
re a c tio n s  w ere observed . T he faecal sam ples o f 7 and  11 o u t o f  th e  15 c a ttle  
c o n ta in e d  ac id -fast b a c te ria  in  nest-like a rra n g e m en t a t 0 an d  6 h , re spec tive ly . 
T h e  a n im a ls ’ b o d y  te m p e ra tu re  d id  n o t d ev ia te  from  th e  in it ia l  (baseline) 
v a lu e s . O n th e  o th e r h a n d , th e  n eu ro p h il/ly m p h o cy te  ra tio  increased  in  all 
h u t  one of th e  12 anim als (average increase : 0.505). The degree o f th is  increase 
v a r ie d  b y  an im al. T he serum  level o f com p lem en t fix ing  an tib o d ies  an d  a n t i 
bod ies dem o n strab le  b y  A G ID  did  n o t change.

th e  clin ical sym ptom s of p a ratu b ercu lo sis

6 h

C
FT 1

:5
, 

1 
: 

10
, 

1 
: 2

0*

M
ic

ro
sc

op
ic

 e
xa

m
i

na
ti

on
 o

f t
he

 f
ae

ce
s

C
lin

ic
al

 s
ym

pt
om

s

H
ea

rt
 r

at
e

R
es

pi
ra

to
ry

 r
at

e

B
od

y 
te

m
pe

ra
tu

re
°C R
um

en
 m

ot
il

it
y 

1

L
ST

 i
nd

ex
, i

n 
%

R
at

io
 o

f 
ne

ut
ro

ph
ils

 
-f-

 l
ym

ph
oc

yt
es

A
C

ID

C
FT 1 

: 5
, 

1 
: 

10
, 

1 
: 2

0*

M
ic

ro
sc

op
ic

 e
xa

m
i

na
ti

on
 o

f t
he

 fa
ec

es

B
ac

te
ri

ol
og

ic
al

 
e x

am
in

at
io

n 
of

 
th

e 
fa

ec
es

4 4 3 +
saliv. 78 45 38.8 12 22 11.0

+
day  2 444 + +

— —

m uscle
trem ors

+ 104 42 38.7 2 12 1.52 — —

4 4 1 102 60 38.8 10 14 4.01 2 + +

4 3 1 +
diarrh .
m uscle 78 48 39.0

4
w eak 17 1.37 441 + +

4 3 1

trem ors
d iarrh .
m uscle 112 62 39.0 7

8
plasm a 3.92 + 442 +

4 3 1

trem ors
severe

d iarrh . 84 60 39.0 6 14 4.36 431 +

4 3 2 +

m uscle
trem ors

saliv. 90 56 38.8 4 19 12.50 431 + +

108 48 38.7 7 9 1.19
day 2

- - 69 58 38.6

w eak

10 14 2.00 - — + +

_ _ 88 56 38.8 11 12 3.35 _ _ + +

Acta Veterinaria Hungarica 38, 1990



4 8 KÖRM ENDY et al.

Table II

Organic reaction of cows positive for paratubereulosis
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17 1922 6 80 23 38.7 8 0.33 — 4 2 — —

18 2020 5 76 22 38.5 7 0.40 — 4 4 2 —

19 1097 9 84 28 38.9 7 0.34 — 4 4 4 3
20 1149 9 75 24 38.4 12 0.25 — 4 4 4 2

21 2216 5 72 20 38.4 6 0.55 — 4 4 2 —
22 1853 6 81 19 38.1 9 0.35 — 4 4 1 —

23 2723 4 80 31 38.6 10 0.15 — — — — —

24 2154 5 79 19 38.3 11 0.31 — 4 1 — —
25 2152 5 78 22 38.4 8 0.48 — — — — —

Table III

Organic reaction of cows negative for paratubereulosis
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1 : 5 1 : 10 1 : 20

26 2484 6 72 22 3 8 .4 и 6 0 .7 6 — — — —

27 3051 5 76 19 3 8 .4 8 — 0 .6 6 — — — —

28 3029 5 68 21 3 8 .3 12 — 1.30 — 4 l —

29 2225 7 6 7 22 37.1 7 — 0 .2 9 — — — —

30 3584 3 80 17 38 .5 9 — 0 .3 4 — — — —

31 3007 5 8 2 28 3 8 .3 14 — 0 .7 7 — — — —

32 3511 4 79 32 3 8 .2 6 7 0 .4 5 — — — —

33 2025 8 84 26 3 7 .9 — — 1.06 — — — —

34 3708 3 75 18 38 .1 10 — 0 .6 2 — — — —

35 3429 4 74 21 3 7 .2 7 — 0 .7 4 — — — —
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b y  blood te s t  or faecal exam ination
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+ 82 17 38.3 10 1.13 — 4 4 3 — +
— 76 23 39.0 11 0.45 — 4 3 1 — —

— 77 29 38.3 10 1.14 — 4 4 2 l ~b
— 81 21 38.6 14 0.16 — 4 4 4 3 +
— 69 24 38.4 8 0.56 — 4 4 3 — +
— 68 26 38.7 7 0.56 — 4 3 1 — —

+ 73 23 38.1 9 1.09 — 4 3 1 — +
+ 80 25 38.6 11 0.35 — — — — — +
— 74 27 38.6 9 1.26 — 4 2 — — +
+ 70 20 38.5 8 0.71 — 1 — - - +

by  serological tests and  faecal exam ination
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— 76 26 38.4 8 5 1.00 _ _ _ _ _
— 75 18 37.9 10 — 1.20 — — — — —

— 80 22 38.6 10 — 1.54 — 4 l — —

— 81 24 38.4 8 6 0.48 — — — — +
— 83 24 38.3 11 9 1.30 — — — — —

— 69 28 38.2 10 6 1.00 — — — — —

— 77 34 38.0 10 — 0.32 — — — — —

— 74 30 37.8 9 — 2.06 — — — — —

— 79 24 38.5 8 — 1.00 — — — — —

— 80 36 30.3 11 — 0.79 - — - - -
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Anim als of g ro u p  3 (T able I I I )  d id  n o t show  signs o f  o rganic reaction  
o n  clinical ex am in a tio n . H ow ever, M . paratuberculosis b a c te r ia  were dem on
s tra b le  in  the  faeces o f  2 an im als (no. 29 an d  35). The b o d y  tem p e ra tu re  of 
th e se  anim als rose b y  1.3 an d  1.1 °C, re sp ec tiv e ly . Cow no . 29 h ad  an  LST 
in d e x  of 6% . The av e rag e  rise of bo d y  te m p e ra tu re  for th e  g roup  was 0.2 °C. 
T h e  neutrophilic  leu co cy te /ly m p h o cy te  ra tio  rose by  0.37 on  th e  average: th is  
in c rease  varied  b y  in d iv id u a l. In  th e  6 th  h o u r, th e  ra te  o f  b lastogén ie  t r a n s 
fo rm a tio n  d e te rm in ed  b y  LST was 9 %  fo r cow no. 30 an d  5 to  6 %  for sam ples 
fro m  cows nos 26, 29 a n d  31. T he baseline va lu e  m easu red  in  th e  sam ple of 
с о л у  no. 32 (7% ) dec reased  to  0 b y  th e  6 th  h o u r a fte r  th e  in jec tio n  of p a ra - 
tu b e rcu lin .

Table IV

O rganic reac tio n  of heifers born  in a  cow herd infected
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37 2769/7 l 64 38 38 .9 14 8 0 .25

38 3470/7 l 72 46 38 .9 12 6 0 .4 4  — — — —

39 3056/7 l 86 56 3 8 .9 9 — 0 .0 8  —

40 3518/7 l 80 50 3 8 .8 7 NT 0 .16

NT =  not tes ted

Table У

O rganic reaction  of heifers born  in a herd
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41 3569 3 73 20 38 .3 и — 0 .5 4

42 3750 3 86 19 39 .0 14 — 0 .5 8  -  -  -  -

43 3767 3 80 28 3 8 .6 9 — 0 .7 9

4 4 3069 5 83 18 38 .1 12 — 0 .6 6  — -  -  -

45 3711 3 79 23 3 8 .4 7 - 1 .01  -  -  -  -
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In  group 4 (T able IV) no o rganic  re a c tio n  was o b se rv ed , and  th e  re su lts  
o b ta in e d  a t  0 an d  a t  6 h  d id  n o t differ. H ow ever, th e  b o d y  te m p e ra tu re  rose 
b y  0.3 °C an d  th e  n eu tro p h il/ly m p h o cy te  ra tio  increased  b y  0.080 (40% ) on 
th e  average  (from  0.204 to  0.284). B lood sam ples from  2 cows (no. 37 a n d  38) 
o f  th is  group show ed a baseline LST  in d ex  o f 8 and  6 % , respec tive ly . B y  th e  
6 th  h these  values rose to  18 an d  10% , respectively .

Cows of g roup  5 (negative  con tro l) show ed no o rganic  re a c tio n  (T able V). 
T h e  L ST  w as n eg a tiv e  b u t  th e  leucocy te /lym phocy te  ra tio  rose b y  10%  on 
th e  average (from  0.716 to  0.796).

b y  Mycobacterium paratuberculosis

6 h

M
ic

ro
sc

op
ic

 e
xa

m
i

na
ti

on
 o

f 
th

e 
fa

ec
es

H
ea

rt
 r

at
e

R
es

pi
ra

to
ry

 r
at

e

B
od

y 
te

m
pe

ra
tu

re
,

°C R
um

en
 m

ot
ili

ty

O'-
HСЛ

R
at

io
 o

f 
ne

ut
ro

ph
ils

 
ly

m
ph

oc
yt

es CFT

M
ic

ro
sc

op
ic

 e
xa

m
i

na
ti

on
 o

f 
th

e 
fa

ec
es

A
G

ID 1 : 5 1 : 10 1 : 20

+ 62 48 38 .8 9 — 0 .2 3 — — — — —

+ 88 40 39.1 6 18 0 .3 5 — — — — —

— 86 42 39 .3 8 10 0 .0 9 — — — — —

+ 96 40 39 .6 14 — 0 .4 3 — — — — —

— 78 42 38 .7 7 — 0 .3 2 — — — — —
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— 74 24 38.6 8 — 0.84 — — — — —

— 80 20 38.4 9 — 0.99 - — — — -

— 72 42 38.5 12 — 0.34 - — — - —

— 6 8 23 38.1 13 — 0.61 — - — - -

- 81 21 38.1 10 - 1.20 - - — - —
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Discussion

In trav en o u sly  a d m in is te red  p a ra tu b e rcu lin  in d u ced  organic reac tio n  
a n d  haem ato logical ch an g es  o f v ary ing  degree in  c a ttle  o f d ifferen t epizootio- 
log ica l and  clinical s ta tu s .  Clinically ill an im als  (Table I) an d  anim als positive  
b y  b lood  te s t (Table I I )  show ed  n o t only  o rgan ic  reac tio n  b u t  also an  increase 
in  th e  ra te  of b lasto g en esis  b y  LST an d  e lev a ted  n e u tro p h il coun ts. I n  th e  
g ro u p  of clinically ill cow s th e  allergen in d u ced  a 9-fold increase  in  th e  n eu tro - 
ph il/ly m p h o cy te  ra tio . I n  th e  serologically p o sitive  group  th is  ra tio  increased  
b y  0.5, in  the  g roup  o r ig in a tin g  from  an  in fec ted  h e rd  b u t  serologically  n eg a 
t iv e  (Table I I I )  i t  in c re a se d  b y  0.37, w hile in  heifers su sp ec ted  of being  in 
fe c te d  (Table IV) i t  rose b y  0.08, to  a s im ila r degree as in  th e  negative  heifers.

The LST w as p o s itiv e  in  the  c lin ically  ill an im als a n d  th e  LST in d ex  
in c reased . This te s t  w as n o t  done w ith  th e  serologically  p o sitive  group , for 
th e  epizootiological e v a lu a tio n  of th a t  g roup  does n o t pose a problem .

In  ev a lua ting  th e  heifer progeny o f th e  in fec ted  h e rd  i t  seems to  be 
im p o r ta n t  th a t  th e  L S T  id en tif ied  2 an im als (nos 37 an d  38) as being in fec ted  
a lre a d y  a t the  baseline te s tin g . This re su lt w as con firm ed  b y  th e  ex am in a tio n  
o f  faeca l sam ples ta k e n  in  th e  6 th  h, p ro v in g  th a t  th e  suggestion  of A m stu tz  
(1984) and  Chiodini e t  a l. (1984) is r ig h t: n am ely , th a t  th e  heifer p rogeny  of 
in fe c te d  cows shou ld  be  rea red  sep a ra te ly  an d  can  be b re d  only  a fte r  th e  
fav o u rab le  resu lt o f se v e ra l screening te s ts  i f  p a ra tu b e rcu lo s is  is to  be e ra d i
c a te d  from  th e  herd .

I t  should be n o te d , how ever, th a t  n one  of th e  ap p lied  m ethods is a b 
so lu te ly  reliable in  d e m o n s tra tin g  in fec tion-free  s ta tu s , as e.g. th e  n eu tro - 
ph il/ly m p h o cy te  ra tio  in c rea sed  to  a sim ilar degree in  th e  n eg a tiv e  anim als an d  
in  th e  infected heifers.

As a resu lt o f  th e  organ ic  reac tio n , th e  d e te c ta b ility  o f M . paratuber
culosis  in  the faeces in c reased .

P ara tubercu losis  d id  n o t induce changes in  th e  a n tib o d y  levels d em o n 
s tra b le  b y  CFT an d  A G ID  (anim als nos 3 a n d  4 w ere an  exception).

The average rise  in  body  te m p e ra tu re  induced  b y  th e  in trav en o u sly  
a d m in is te red  an tig en  w as 0.1, 0.2 and  0.3 °C in  th e  clin ica lly  ill group, in  th e  
serologically  n egative  an im a ls  living in  in fec ted  en v iro n m en t (Table I I I ) ,  an d  
in  heifers from  an  in fe c te d  herd  (Table IV ), re spec tive ly . T he average bo d y  
te m p e ra tu re  of sero log ica lly  positive cows (T able I I )  an d  negative  an im als 
(T ab le  I I I )  rem ained  p ra c tic a lly  unchanged . These o b se rv a tio n s are in  c o n tra 
d ic tio n  to  d a ta  o b ta in e d  b y  B enedictus a n d  B osm a (1985), w ho found  a 1.4 °C 
rise  in  th e  body  te m p e ra tu re  of 84%  of th e  clin ically  ill an im als 6 hours a fte r  
in je c tio n  of p a ra tu b e rcu lin .

On the basis o f th e  p re se n t studies i t  ap p ears  th a t  s im u ltan eo u sly  app lied  
d iag n o stic  procedures ca n  m ake assessm ent o f th e  in fec tio n  s ta tu s  of a g iven 
h e rd  for p a ra tu b ercu lo s is  m ore accu ra te  an d  reliable.
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EVALUATION OF CELL-MEDIATED IMMUNITY 
DURING CHRONIC ORGANOPHOSPHATE 

PESTICIDE INTOXICATION IN MICE AND GOATS

G. J .  J  ha , L. M. Манто , R . K . Tamang , M. K . Gupta 
and H . Y. S. ChAUHAN

D e p a rtm e n t of V e te rin a ry  P a th o lo g y , R an ch i V e te rin a ry  College, B irsa  A g ricu ltu ra l 
U n iv ersity , R an ch i-834007 , In d ia

(R eceived  Ju n e  6, 1989)

T he s ta tu s  o f  cell-m ediated  im m u n ity  (CM I) a f te r  pestic ide  exposure  w as a s
sessed in m ice w ith  th e  help  of sk in  sen sitiv ity  an d  g ra ft versus h o s t re ac tio n  te s ts . I t  
w as observed  th a t  a t  24 hours p o st-challenge  CMI values did n o t d iffer s ig n ifican tly  
fro m  th e  co n tro l, in d ica tin g  no effec t o f qu inalphos tre a tm e n t in  m ice. G oats rece iv in g  
m o n ocro tophos a t  a dose ra te  o f 1.0 m g k g -1 bo d y  m ass for 40 d ay s gave a s im ilar 
re su lt  w hen CMI w as te s te d  w ith  th e  help  o f th e  chem ical sensitizer d in itro flu o ro - 
benzene (D N F B ). T hus th e  re su lts  c learly  in d ica te  th a t  th e  te s te d  o rg an o p h o sp h a te s  
do n o t in te rfe re  w ith  cellu lar im m u n ity  in  th e  in to x ica ted  anim als.

K eyw ords: C ell-m ediated  im m u n ity , chron ic  o rg an o p h o sp h ate  in to x ic a tio n , 
p estic ide , m ouse, goat

C o n trad ic to ry  rep o rts  are av a ilab le  on th e  im m une response of an im als 
tr e a te d  w ith  d iffe ren t o rg an o p h o sp h a te  pestic ides. D im ov an d  S im eonov 
(1985) observed  a s tim u la to ry  effect on  th e  im m une system  o f sheep  a fte r  
exposu re  to  phosalone. O n th e  o th e r  h a n d , Casale e t al. (1984) re p o rte d  s u p 
p ression  of h u m o ra l im m u n ity  in  in b re d  m ice tre a te d  w ith  p a ra th io n . No 
in fo rm a tio n  is ava ilab le  ab o u t th e  effect o f qu inalphos an d  m ono cro to p h o s 
on ce ll-m ed ia ted  im m u n ity  (CM I). T he p resen t com m unica tion  re p o rts  th e  
s ta tu s  o f  CMI in  m ice an d  goats d u rin g  chronic qu inalphos an d  m o nocro tophos 
in to x ic a tio n , respective ly .

M ateria ls an d  m ethods

M ouse experim ent

A to ta l  o f 26 m ale Swiss a lb ino  m ice w ere used for th is  ex p e rim en t. T h ey  
w ere k e p t  on  a n o rm al b a lan ced  d ie t an d  caged singly. A fte r one m o n th  of 
o b se rv a tio n  th e  m ice w ere d iv ided  in to  tw o groups.

G roup  I  (contro l) consisted  o f  12 m ice w hich received in tra p e r ito n e a l 
(i.p.) in jec tio n  o f  sterilized  n o rm al sa line  so lu tion  (NSS) for 30 days. T h ey  
ac ted  as con tro l for th e  tre a te d  g roup  o f m ice.
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G roup I I  (q u in a lp h o s-trea ted ) h a d  14 m ice w hich  received  in tra p e r i
to n e a l in jec tion  o f  q u in a lp h o s a t  a dose ra te  o f  3.75 m g k g -1  b o d y  m ass every  
d a y  fo r 30 days.

Assessm ent o f  C M I

Contact chem ical sensitization o f  the sk in  is reg a rd ed  as a fo rm  o f CMI 
(Gell an d  B en acerra f, 1961). 2 ,4 -d in itro flu o ro b en zen e  (D N FB ) w as used  for 
c o n ta c t sen s itiz a tio n  b y  th e  m eth o d  describ ed  b y  P h a n u p h a k  e t al. (1974). 
T h e  m ice were sen s itiz ed  w ith  D N F B  b y  a single in tra c u ta n e o u s  ap p lica tio n  
o f 0.1 m l (10 m g m l -1 ) in  acetone veh ic le . A n a rea  o f 0.25 cm2 on th e  dorsal 
a sp ec t o f b o th  ears w as m arked  for th e  ap p lica tio n . D N F B  w as app lied  on 
th e  m ark ed  a rea  o f  th e  r ig h t ear d ro p  b y  d ro p  a n d  allow ed to  ev ap o ra te . 
T he le ft ear se rv ed  as con tro l on to  w h ich  o n ly  vehicle w as applied . P rim a ry  
sen sitiza tio n  was d one  on th e  8 th  d ay  o f  in to x ic a tio n .

A fte r 16 d ays o f  p r im a ry  sen s itiza tio n  th e  sensitized  mice were challenged  
w ith  0.1 m l of D N F B  (1 m g m l“ 1) on  th e  sensitized  site  w hile th e  le ft ear was 
tr e a te d  w ith  veh icle  o n ly .

E a r  th ick n ess  a t  th e  p rev iously  m a rk e d  area  w as m easu red  w ith  th e  help 
o f a slide-gauge a t  0, 24 and  48 h p o s t challenge w ith  th ree  read ings each. 
T he increase in  m e a n  e a r  th ickness w as o b ta in e d  b y  d ed u c tin g  th e  ea r th ic k 
ness o f th e  sam e s ite  before  challenge. T h e  overa ll m ean  ear th ickness (M ET) 
w as o b ta in ed  b y  ta k in g  th e  m ean  o f in d iv id u a l m ice w ith in  th e  group.

Graft versus host reaction (G V H R J . A to ta l  o f 14 m ale m ice aged ab o u t 
1 m o n th  were u sed  fo r th is  s tu d y . T h ey  w ere d iv id ed  in to  tw o groups. G roup I  
(con tro l) com prised  6 m ice w hich rece iv ed  an  in tra p e rito n e a l in jec tio n  of 
ste rilized  NSS. G ro u p  I I  (trea ted ) co n sis ted  o f 8 m ice w hich w ere in jec ted
i.p . w ith  qu in a lp h o s a t  a dose ra te  o f 3.75 m g k g “ 1 b o d y  m ass daily  for 30 
d ay s . S u b seq u en tly , th e  m ice w ere k illed  an d  th e ir  spleens w ere ta k e n  o u t 
in  0.5 m l of H an k s so lu tio n .

T w en ty  d ay -o ld  chicks of th e  sam e b reed  an d  h a tc h  w ere ta k e n  an d  
d iv id ed  in to  3 g ro u p s , v iz. negative  co n tro l, co n tro l, an d  in to x ica ted  group. 
Chicks o f th e  n e g a tiv e  con tro l g roup  rece iv ed  no tre a tm e n t, w hereas th e  
c o n tro l and  in to x ic a te d  groups of chicks rece iv ed  0.2 m l o f splenic suspension  
fro m  group I an d  I I  m ice respective ly , acco rd ing  to  th e  m eth o d  of H ud so n  
a n d  H a y  (1980). A ll ex p erim en ta l chicks w ere k illed  a fte r  96 h  an d  th e  spleen 
o f each  chick w as w eighed  carefully .

The splenic in d e x  of all th e  ch icks w as ca lcu la ted  b y  d iv id ing  spleen 
m ass w ith  body  m ass an d  m u ltip ly in g  th e  v a lu e  w ith  100. T he reac tio n  of 
sp len ic  cells o f ch icks in  response to  th e  sp len ic  T  cells o f mice u ltim a te ly  
caused  an increase in  th e  size and  m ass o f ch icken  spleen.
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Goat experim ent

A  to ta l  o f 10 m ale, u n c a s tra te d , clin ically  h e a lth y  B lack  B engal g o a ts  
aged a b o u t 6 m o n th s  an d  w eighing 6 -1 0  kg  w ere used  fo r th is  ex p erim en t. 
A fte r one m o n th  o f o b se rv a tio n  th e y  w ere d iv ided  in to  tw o  unequal g roups. 
G roup I  co nsisted  o f 3 an im als w hich ac ted  as co n tro l fo r group I I  an im als  
an d  w ere d ren ch ed  w ith  d istilled  w a te r  a t  a dose ra te  o f  0.5 ml k g -1  b o d y  
m ass. I n  g roup  I I  th e re  w ere 7 an im als w hich  w ere d ren ch ed  w ith  a d is tilled  
w a te r  suspension o f m onocro tophos a t  a dose ra te  of 1.0 m g k g -1 bo d y  m ass 
fo r 40 days.

A ssessm ent o f  C M I

This w as ca rried  o u t b y  c o n ta c t sen sitiza tio n  on  th e  skin of go a ts  b y  
2 ,4 -d in itro fluo robenzene  as described b y  P h a n u p h a k  c t al. (1974) in  m ice, 
la te r  m odified  b y  S ingh (1986) for goats.

A re la tiv e ly  hairless a rea  of 20 cm 2 sk in  surface w as shaved  and c leaned  
on th e  le ft an d  r ig h t side o f th e  neck. T he goats w ere sensitized  on th e  r ig h t 
side w ith  D N F B  (supp lied  b y  Sigm a C hem ical Co., U .S .A .) b y  a single in tra -  
cu taneous a p p lica tio n  o f 0.25 m l o f D N F B  (10 m g m l-1 ) in  a vehicle co n 
sisting  o f a 4 : 1 m ix tu re  of acetone an d  olive oil. T he  sh a v e d  area on th e  le f t 
side served  as co n tro l for th e  ex p erim en t. P r im a ry  sen s itiz a tio n  was done on  
th e  22nd  d ay  o f in to x ica tio n .

A fte r 15 d ays o f p rim a ry  sen sitiza tio n  (i.e. on th e  3 7 th  day of in to x ic a 
tion) th e  sensitized  goats w ere challenged w ith  0.25 m l o f D N F B  (0.1 m g m l - 1) 
on to  th e  sensitized  a rea , w hile th e  le ft side received  vehicle only.

T hickness o f th e  sk in  w as m easured  a t  b o th  sites w ith  th e  help of v e rn ie r  
callipers a t  0 h  (i.e. p rio r to  challenge) an d  a t  6, 12, 24 a n d  48 h  post challenge. 
T hree  read ings from  each  go a t w ere o b ta in ed  a t  every  h o u r  of m easu rem en t. 
M ean sk in  th ick n ess  (MST) w as ca lcu la ted  from  th ese  read in g s and  S tu d e n t’s 
t te s t  w as app lied  to  te s t  th e  difference, if  an y , in  CMT b e tw een  th e  tw o g roups 
of goats a t  6, 12, 24 an d  48 h  a fte r  challenge, accord ing  to  th e  form ulae reco m 
m ended  b y  S nedecor an d  C ochran (1968). T he w eighed t te s t  was also ap p lied  
in  th e  case o f n o n -hom ogeneity  o f variance .

Results

D N F B  test

M ice. The m ean  increase in  ear th ick n ess  a t  d iffe ren t tim es post challenge 
for b o th  groups o f m ice is show n in T ab le  I.

A t 6, 24 a n d  48 hours th e  th ick n ess  o f th e  challenge site  (righ t ear) 
d iffered s ig n ifican tly  from  th a t  o f th e  co n tro l s ite  (left ear). H ow ever, a t  no
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Tabic I

M ean increase in  e a r  thickness (m m ) a n d  “ t ”  values a t  d iffe ren t tim es 
a f te r  challenge o f m ice w ith  DN FB

H ours after 
challenge

Groups “ t ”  values

Site Normal control 

(Group I)

Q uinalphos-treated 

(Group II)

Left X  R ight 

(Group I)

Left X  Right 

(Group II)

Left X  Right 
(Group 

I and II)

6 hours L eft control)
R igh t (challenged)

0.0455±0.0149
0 .1336±0.038

(11)

0 .019±0 .0072  
0.176 ±0 .0257  

10)
2.159* 5.88* 0.91NS

24 hours L eft (control) 
R igh t (challenged)

0.0227±0.015
0.2091±0.035

(11)

0 .0466±0.0197
0.1511±0.0288

(9)
4.90** 3.47** 1.52NS

48 hours L eft (control) 
R igh t (challenged)

0.032 ± 0 .0133  
0 .1 3 6 -0 .0 3 3 1  

(10)

0 .022±0.0081
0.1311±0.0238

(9)
2.97** 4.364** 0.12NS

NS =  non-sign ifican t; * =  significant (P  <  0.05); ** =  h ighly sign ifican t (P  <  0.01)

stag e  of th e  ex p e rim en t d id  the  tre a te d  m ice differ from  th e  co n tro l ones w hen  
th e  challenged  sites o f  th e  tw o groups w ere com pared  s ta tis tic a lly . This c learly  
p o in te d  o u t th a t  q u in a lp h o s tre a tm e n t o f  4 weeks d u ra tio n  d id  n o t a lte r  th e  
ce ll-m ed ia ted  im m u n e  p o ten tia ls  o f m ice.

Goats. The in crease  in  skin th ick n ess  reached  its  p e a k  a t  24 h  a fte r  
ap p lica tio n  o f th e  challenge dose o f D N F B  and  th e  challenged  site  differed  
s ig n ifican tly  from  th e  con tro l site . A t no stage of th e  ex p e rim en t d id  th e

Table II

Mean increase in sk in  thickness (m m ) an d  “ t ”  values a t  d iffe ren t tim es 
a f te r  challenge of g oats w ith  DN FB

G roups “ t ” value

H ours Site
Normal control 

(Group I)

Monocrotophos-
-treated

(Group II)

Left vs. 
R ight

(Group I)

Left vs. 
R ight

(Group II)

R ight vs. 
Left

Group I  and 
и )

6 hours L eft (control) 
R ig h t (challenged)

0.011±0.0109
0.133±0.0507

(3)

0 .0046±0.0151
0 .4476±0.1139

(7)
2.35NS 3.85 № 1.75NS

12 hours L eft (control) 
R ig h t (challenged)

0 .00033±0.0382
0.955±0.4223

(3)

0.0187±0.0297
0.819±0.1386

(7)
2.25NS 5.64* 1.22NS

24 hours L eft (control) 
R ig h t (challenged)

0.00033±0.0191
1.611±0.2983

(3)

0.0047±0.0311
1.2286±0.1298

(7)
5.386* 9.167* 1.41NS

48 hours L eft (control) 
R ig h t (challenged)

0.00033±0.0191
0 .511±0.1746

(3)

0 .043±0.0259
0.6526±0.1621

(7)
2 .9 0 N S 3 .812Ns 0.512NS

NS =  non-sign ifican t; * =  significant (P  <  0.05)
Figures in p a ren th eses indicate th e  n u m b er of anim als
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Table III

M ean values o f splenic index  (S I) o f d ifferen t groups of chicks du rin g  th e  GV HR te s t

Negative eontrol Control In toxicated
Negative 

control vs. 
control

Negative 
control vs. 
intoxicated

Control vs. 
intoxicated

B ody m ass of chicks 
(g)

49.583
± 1 .6 1 9

(6)

48.50
± 1 .0 8 8

(O

46.750
± 1 .2 1 8

(8)
Spleen m ass of chicks 

(g)
0.024

± 0 .0 0 1
(6)

0.033
± 0 .0 0 5

(6)

0.036
0.005
(8)

Splenic index of chicks 0.049
± 0 .0 0 4

(6)

0.069
± 0 .011

(6)

0.077
± 0 .0 1 1

(8)

1.709 2.393* + 0.503

NS =  non-sign ifican t; * =  sign ifican t a t P  <  0.05; + =  W eighted  “ t”  test

m o n o cro to p h o s-trea ted  an im als differ from  th e  con tro l goa ts  in  skin th ick n ess  
o f th e  challenged  sites (T able I I ) . This in d ic a te d  th a t  reg u la r drenching  o f 
m onocro tophos to  goats  does n o t have an y  influence  on th e  CMI.

G V H R  test

The m ean  va lu es  o f sp lenic index  o f  chicks o b ta in ed  in  th e  G V H R  te s t  
are  show n in  T ab le  I I I .  T he splenic in d ex  o f  chicks in o cu la ted  w ith  sp len ic  
suspension  from  co n tro l an d  in to x ic a te d  m ice was a p p a re n tly  higher th a n  
th a t  o f n eg a tiv e  co n tro l chicks. This c learly  in d ica ted  t h a t  i.p . in o cu la tio n  
o f sp lenic T cells from  mice caused  a d e fin ite  reac tio n  in  th e  chick sp leen . 
T he e lev a tio n  o f  sp lenic in d ex  in  chicks receiv ing  a sp len ic  suspension fro m  
q u in a lp h o s-in to x ica ted  m ice w as s ta tis tic a lly  sign ifican t (P  <  0.05). O n th e  
c o n tra ry , th e  sp len ic  indices o f chicks receiv ing  splenic suspension from  in 
to x ic a te d  m ice d id  n o t differ s ig n ifican tly  from  those  o f chicks receiving T  cells 
from  con tro l m ice. T hus no difference could  be recorded  b e tw een  th e  CM I o f 
co n tro l and  q u in a lp h o s - tre a te d  m ice.

Discussion

I t  was re p o r te d  b y  D im ov  an d  S im eonov (1985) t h a t  fen itro th io n  a n d  
phosalone  dosing to  sheep enh an ced  th e  ag g lu tin in  t i t r e s  and  phag o cy tic  
a c tiv ity  of th e  cells. K a tsen o v ich  e t al. (1981) observed  t h a t  h u m an  p a tie n ts  
exposed  to  pestic id es  show ed a lte ra tio n s  in  th e  ra tio  o f T  an d  В ly m p h o cy te  
p o p u la tio n s . T h ere  w as a q u a n tita tiv e  defic iency  in  T lym phocy tes accom 
p a n ie d  b y  a re d u c tio n  in  th e ir  fu n c tio n a l a c tiv ity . O n th e  c o n tra ry , the  n u m b e r 
o f В ly m p h o cy tes  w as increased . O n th e  basis o f an  in  vivo  s tu d y , T am an g  
e t al. (1988) re p o r te d  im m unosuppression  in  m ice an d  goa ts  due to  cyper-
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m e th iin  in to x ica tio n . Im m u n o d efic ien cy  w as d em o n stra ted  in  ex p e rim en ta l 
ca lves fed w ith  b ra c k e n  fe rn  (R ao e t a l., 1987). Casale e t  al. (1984) re p o rte d  
su p p ressio n  of h u m o ra l im m u n ity  in  in b re d  mice a fte r exposu re  to  p a ra th io n  
(an  o rganophosp lia te  pestic ide). T h u s, i t  w as essential to  s tu d y  th e  im m u n o 
gen ic  s ta tu s  of o rg a n o p h o sp h a te - trea te d  an im als w ith  a v iew  to  se ttle  th e  
co n tro v ersy .

T he resu lts o f sk in  sen s itiv ity  te s t  in  mice and  th o se  o f G V H R  te s t  in  
ch icks tre a te d  w ith  sp len ic  T cells from  m ice are in  ag reem en t w ith  each  o th e r. 
A lth o u g h  a sm all d ifference was reco rd ed  betw een  th e  co n tro l and  qu inalphos- 
t r e a te d  groups b u t  s ta tis tic a lly  s ig n if ican t differences w ere found  n e ith e r  in 
th e  D N F B  skin  se n s itiv ity  te s t  n o r in  th e  g raft versus h o st reac tio n  te s t. 
T h e  D N F B  skin se n s itiv ity  te s t  in  g o a ts  also revealed  th a t  CMI w as no t 
a ffec ted  b y  m onocro tophos in to x ica tio n . I t  is possible t h a t  som e fac to rs o th e r 
t h a n  pesticide t r e a tm e n t  m igh t h av e  a ffec ted  th e  CMI in  prev ious s tud ies 
b y  o th e r  w orkers. I t  m ig h t also be tru e  t h a t  ind iv idual m em bers of th e  organo- 
p h o sp h a te  group of pestic ides differ in  th e ir  im m unogenic effect or t h a t  p ro 
lo n g ed  chron ic ity  o f ex perim en ts is e ssen tia l to  a lte r  th e  im m unological 
p o te n c y  of anim als. H ow ever, i t  is safe to  conclude th a t  qu inalphos t r e a tm e n t 
o f 4 weeks d u ra tio n  in  m ice an d  m o nocro tophos drenching  o f 40 days d u ra tio n  
in  goa ts  did n o t cause an y  sign ifican t change in  th e  CM I values.
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M ycotox in  research  co n d u cted  in  th e  H u n g a rian  C entra l V e te rin a ry  In s t i tu te  
is rev iew ed  briefly . T he effect o f zearalenone  was stu d ied  by  ex p erim en ts  in  several 
an im a l species (ca ttle , pig, sheep, ch icken , goose, du ck , guinea fowl, fish ) a n d  in  cell 
cu ltu res  in  vitro. T he chicken (Gallus dom esticus) has p roved  to  be re s is ta n t to  th e  to x in . 
In  th e  suscep tib le  species zearalenone causes th e  m ost severe dam age to  th e  sex u a l organs.

T he m etabo lism  of zearalenone, T-2 to x in  an d  d iacetoxysc irpeno l w as also 
s tu d ied . T hese to x in s a re  re s is ta n t to  physicochem ical facto rs b u t  a re  easily  t r a n s 
fo rm ed  in  biologically  active  en v iro n m en t.

T he a cu te  to x ic ity  s tu d y  of tric h o th ec en e  to x in s is described a long  w ith  p a th o - 
m orpholog ical changes, w ith  p a r tic u la r  re sp ec t to  th o se  of th e  ly m p h o id  a n d  m yeloid 
o rgans. T richo thecene  tox ins im p a ir th e  n a tu ra l defence m echanism  of th e  o rgan ism  and  
re su lt  in th e  m an ifes ta tio n  of d iffe ren t diseases (sw ine d y sen te ry , caecal coccidiosis).

D eoxynivalenol c o n tam in a tio n  of th e  feeds, f i r s t  of all of w h ea t, is com m on 
in H u n g a ry . I ts  effect on pig fa tte n in g  w as in v es tig a ted  in  a  field tr ia l.

T he to x in s of d ifferen t sto reh o u se  m oulds w ere also exam ined .

K eyw ords: M ycotoxin resea rch , zearalenone, T-2 to x in , deox y n iv a len o l, t r i 
ch o th ecen e  to x ins

R esearch  an d  rou tin e  w ork o n  a fla toxins  w as s ta r te d  b y  us ap p ro x i
m a te ly  20 years ago in  connection  w ith  m ass m o rta lity  am ong duck lings fed 
an  im p o rte d  feedstu ff. T hen  we te s te d  th e  a fla to x in -p ro d u c in g  a b ility  of 
n u m ero u s  m ould  s tra in s  and  estab lish ed  th a t  u n d e r our c lim atic  cond itions 
th e  fo rm a tio n  of a fla to x in  is n o t p ro b ab le  (N y iredy  an d  B odnár, 1966). N ow a
days o n ly  im p o rted  feedstuffs (e.g. g ro u n d  n u t  m eal an d  soya) are  analysed  
fo r a fla to x in . In  th is  fie ld  we do n o t perfo rm  an y  research  w ork.

A t th e  end  o f th e  six ties a n o th e r  p rob lem  arose. A t big s ta te  fa rm s th e  
p ro g en y  w as n o t sa tis fac to ry  an d  th is  caused  severe econom ic losses. Myco- 
logical e x am in a tio n s  elucidated  th a t  th e  feedstu ffs w ere c o n ta m in a te d  w ith  
fu sa ria , a n d  b y  chem ical analysis a horm one-like  sub stan ce , zearalenone, was 
d e tec ted . E x ten siv e  research  b eg an  w ith  feeding tria ls  in  v a rio u s  an im al 
species (V ány i e t al., 1973). P a th o lo g ica l an d  h is topa tho log ica l e x am in a tio n s  
rev ea led  th a t  zearalenone severely  im p a ire d  o v a rian  an d  u te rin e  fu n c tio n  
(F ig . 1) in  cows an d  pigs and  caused  rep ro d u c tiv e  d is tu rb an ces o r  in fe r tility  
(V ányi e t al., 1974a, b). In  ex perim en ts w ith  ganders a red u c tio n  in  th e  n u m b er

* P re se n t address: D ep artm en t o f P h arm aco lo g y , U n iv e rsity  o f V e te rin a ry  Science, 
H-1400 B u d a p es t, P .O . B ox  2, H u n g ary
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a n d  q u a lity  o f sp e rm a to zo a  was fo u n d . T he sam e w as observed  in  carp , ram s 
(F ig . 2), bulls an d  b o a rs  (Fig. 3) fed  w ith  co rn  c o n ta in in g  zearalenone (V ányi 
e t ah , 1974c; V ány i e t  al., 1980; V án y i an d  S zéky , 1980). O nly th e  chicken 
show ed resistance.

These o b se rv a tio n s  dem anded  e lab o ra tio n  o f  a sensitive la b o ra to ry  
m e th o d  for te s tin g  feed  sam ples fo r zeara lenone.

T he cy to to x ic  effect o f zeara lenone in  v a rio u s  m onolayer cell cu ltu res 
w as su itab le  for th is  p u rpose  (V ányi a n d  R o m v áry -S za ile r, 1974). In  an im als 
in  w hich  sperm atogenesis  is h in d ered  b y  zeara len o n e , th e  te s tic u la r  tissue  is 
sen sitiv e  to  th e  to x in . B y  th is  m e th o d  th e  R hesus m on k ey  also show ed sen 
s it iv ity  (Fig. 4), sug g estin g  th a t  m en m ay  also be sensitive  to  zearalenone.

W e stu d ied  th e  m etabo lism  o f zeara lenone in  p re g n a n t sows. The con
clusions were as fo llow s:

( i )  The to x in  g iven  orally  w ith  th e  feed  is com pletely  abso rbed  and  
tra n sp o r te d  to  th e  liv e r  w here i t  is red u ced  to  zeara leno l and  becom es b o u n d  
as g lucu ronate .

( i i )  The b u lk  o f  th e  to x in  is e lim in a ted  fro m  th e  liver in to  th e  bile, 
th e n  i t  gets b ack  in to  th e  in te s tin e  an d  is ex c re ted  w ith  th e  faeces.

( i i i )  A sm all p a r t  is reab so rb ed  from  th e  in te s tin e , gets in to  th e  c ircu la
tio n  an d  is ex c re ted  w ith  th e  u rine .

( iv )  In  la c ta t in g  anim als a negligible q u a n t i ty  is ex cre ted  in to  th e  m ilk  
(V ányi e t al., 1981—1983).

In  large-scale p ig  herds i t  w as observed  th a t  if  th e  sows h a d  in gested  
zeara lenone d u rin g  g es ta tio n , th e ir  p ig le ts  w ere b o rn  w ith  sw elling of th e  
v u lv a . This is th e  so-called p e r in a ta l  o estrogen  syndrom e. T he sows form  
a  d ep o t from  zea ra len o n e , th is  is m obilized  a t  farro w in g  and  is ex c re ted  w ith  
th e  co lostrum . T h e  o th e r  p a r t  of th e  to x in  is d ep o sited  in  th e  fe tu s an d  can  
be d e tec ted  from  th e  liv er of n e o n a ta l p ig lets.

W e have c o n d u c ted  ex perim en ts w ith  o th e r  F u sa riu m  m etab o lites , to o . 
W e in v es tig a ted  th e  effect of T-2 toxin  on  b ro ile r chickens b e tw een  th e  age 
o f  tw o  and  e igh t w eeks. Chickens fed  a fe e d s tu ff  co n ta in in g  0.6 p p m  T-2 to x in  
show ed fea th e rin g  d is tu rb an ces  an d  u lcer fo rm a tio n  in  th e  m o u th  an d  on th e  
to n g u e . The h is to p a th o lo g ica l ex am in a tio n s  show ed spec tacu la r re su lts . B irds 
in  th e  contro l g roup  w eighed 1200 g, w hile th o se  fed  th e  T-2 to x in  con ta in in g  
feeed stu ff w eighed 500 g a t  8 w eeks o f age. T h is m eans m ore feedstu ff, tim e  
a n d  cost to  ach ieve a given bo d y  w eigh t (B ita y  e t  al., 1979). W e stu d ied  th e  
effect of T-2 to x in  o n  lay ing  hens. E gg  p ro d u c tio n  d ropped  w ith in  4 -6  days 
a f te r  th e  u p ta k e  o f  to x in -co n ta in in g  feed. T he e ffec t depended  on  th e  a m o u n t 
o f to x in  ingested . A fte r  to x in  feed ing  h ad  b een  sto p p ed , egg p ro d u c tio n  
g rad u a lly  re tu rn e d  to  th e  no rm al level, ex cep t w h en  th e  q u a n tity  of th e  to x in  
fed  h a d  been h igh .
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T he m etabo lism  of T-2 toxin  an d  diacetoxyscirpenol in  h en ’s egg w as also 
s tu d ied . A 5 m icrogram  to x in  dose was in o cu la ted  in to  th e  yo lk  sac o f fe rtile  
h e n ’s eggs, th e n  th e  eggs w ere in c u b a te d  an d  an a ly sed  for th e  presence  of 
m e tab o lite s  up  to  th e  11th d ay . T-2 to x in  w as tran sfo rm ed  in to  H T-2 to x in , 
T-2 tr io l, neoso lan io l, deacety l-neoso lan io l an d  T-2 te tra o l. D iacetoxyscirpeno l 
w as ch an g ed  in to  m onoacetoxyscirpeno l, th e n  to  sc irpen trio l (B a ta  e t  al., 
1983b).

T he m etab o lism  o f trich o th ecen es w as in v es tig a ted  in  ru m en  f lu id  in  
vitro. T he ru m e n  flu id , co n ta in in g  b a c te ria  an d  p ro to zo an s, decom poses th e  
to x in s  in  3 to  4 h . This ex p e rim en ta l re su lt co rresponds to  our o b se rv a tio n s 
th a t  a d u lt ru m in a n ts  are p rac tica lly  re s is ta n t to  th e  effect o f trich o th ecen es. 
T hese to x in s  cause illness only  in  y o ung  an im als in  w hich  th e  ru m en  m ic ro 
flo ra  has n o t  developed y e t, or in  fu lly  grow n an im als in  w hich d igestion  
in  th e  ru m e n  is d is tu rb ed .

D a n k o ’s research  on stachybotryotoxicosis, his pa tho log ica l d escrip tions 
an d  im m unolog ica l re su lts  ra ised  in te rn a tio n a l a tte n tio n . P rofessor M irocha 
n am ed  h im  “ th e  lead ing  liv ing  a u th o r ity  on  s tach y b o try o to x ico s is” . D an k o  
concluded  th a t  th e  to x in  p roduced  b y  Stachybotrys alternans h indered  im m u n o 
logical reac tio n s  b y  suppressing  th e  fo rm a tio n  on im m unoglobulins (D anko  
an d  T an y i, 1968; D ankó, 1972; D ankó , 1976).

F o r som e tim e  stach y b o try o to x ico sis  has o ften  been  diagnosed  in  
H u n g a ry  (H a rra c h  e t ah , 1987; S ándor, 1984).

In  re c e n t years th e  path o lo g ica l changes in d u ced  b y  T-2 toxin  an d  satra- 
toxin  H  in  th e  lym p h o id  organs o f m ice h av e  been  s tu d ied . These to x in s  
caused  s im ila r ly m p h o cy te  d ep le tion  and  necrosis in  th e  В and  T d ep en d en t 
zones o f th e  ly m p h o id  o rgans. T he sev erity  o f th e  lesions w as dose d ep en d en t. 
S a tra to x in  H  p ro v ed  five  tim es as to x ic  as T-2 to x in  ( d a v i t s  an d  V ányi, 1988).

Fig. 8. T o x in  co n cen tra tio n  of th e  liv e r fug /kg) in ra b b its  tr e a te d  w ith  1 m g T-2 to x in /k g  b o d y
w eigh t daily
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T here  is an  in ten s iv e  ra b b it  b reed in g  in  H u n g ary , so th e  p a th o lo g y , 
m e tab o lism  an d  ex c re tio n  o f T-2 to x in  w ere in v es tig a ted  also in  th is  species. 
T o x in  doses of 4 p p m  an d  h igher caused d e a th  w ith in  48 h . T he p a tho log ica l 
e x a m in a tio n  rev ea led  acu te  g a s tritis , e n te r it is , necrosis o f  th e  in te s tin a l 
m u co sa  and  necrosis in  th e  liver, ly m p h o id  tissu es  and  bone m arrow . In  th e  
su b a c u te  tox ico logical ex p erim en t loss o f  w eigh t and  s im ila r b u t  m ilder 
ch an g es  were observ ed . In  th e  course of to x in  consum ption  th e  m etabo liz ing  
c a p a c ity  of th e  liv e r  decreases an d  se n s itiv ity  o f th e  organism  increases (F ig . 8).

T richo thecenes im p a ir  th e  p ro tec tiv e  a b ility  of th e  m ucous m em branes 
lo ca lly  an d  th a t  o f  th e  w hole organism  in genera l. As a re su lt, vario u s b ac te ria , 
v iru se s  an d  p a ra s ite s  can  cause severe d isease. F o r exam ple , we observed  
a c u te  coccidiosis in  chickens a lth o u g h  th e  feed  con ta ined  coccid iosta tic  su b 
s ta n c e s  in  an  effec tive  co n cen tra tio n  b u t  also T-2 tox in .

To in v es tig a te  th is  in te ra c tio n  an  e x p e rim en t was carried  o u t on bro iler 
ch ick en s (Table I).

T he presence o f T-2 to x in  ag g rav a tes  coccidiosis and  in  such  cases m onen- 
s in  c a n n o t h in d er th e  deve lopm en t of th e  d isease.

In  H u n g a ry  feed  refusal and  v o m itin g  have  been observed  am ong pigs 
fo r m a n y  years. W e succesfully  e lu c id a ted  th e  cause of th is  an d  iso la ted  deoxy- 
niva lenol f irs t in  1981. In  1985, th e  y e a r  o f a serious F u sa riu m  in fec tion , 
a co u n try -w id e  su rv e y  estab lish ed  th a t  8 2 .5 %  o f th e  feeds w ere c o n ta m in a te d  
w ith  deoxyn ivaleno l (S ándor e t al., 1988).

In  an  e x p e rim en t carried  o u t w ith  384 pigs deoxyn ivaleno l n o t only 
d ec reased  th e  feed co n su m p tio n  an d  b o d y  w eigh t gain b u t  also pred isposed

Table I

In te ra c tio n  betw een T-2 to x in  an d  coccidiosis

Groups
Number

of
animals I

Treatm ent

M T
Death ss

Total

Weight gain

Average
(g) %

Gross pro- 
duetion

1 10 + + 2 + + 2050 342 81 4 8 .6

2 10 + + 0 — + 290 0 362 8 5 .8 6 8 .7

3 10 + 0 + 7 + + + 47 0 235 5 5 .6 11.1

4 10 + 0 0 3 + + 1800 360 8 5 .3 4 2 .6

5 10 0 + + — — 3950 395 9 3 .6 9 3 .6

6 10 0 “Г 0 — — 423 0 423 100 100

7 10 0 0 + — — 430 0 430 102 102

8 10 0 0 0 - — 422 0 422 100 100

I  =  infection w ith  coccidium  oocysts (6 m illion/chicken) 
M =  add ition  of m onensin (100 m g/kg feedstu ff)
T  =  add itio n  of T-2 to x in  (6 m g/kg feedstu ff)

SS =  severity  o f sym ptom s
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F ig . 1. D egenera ted  ovum  in o v a ry  fro m  a sow tre a te d  w ith  zearalenone. H aem ato x y lin
a n d  eosin, X  250

Fig. 2. H istopatho log ica l section  of tes tic le  from  a ram  consum ing zearalenone-con ta in ing  
feed (field  case). The germ inal e p ith e liu m  is n early  destroyed . H . a n d  E ., X 250



F ig . 4. M onkey testic le  m o n o lay e r cell cu ltu re  in  th e  16th h a fte r  t r e a tm e n t  w ith  zearalenone.
H . and E ., X 1,400

F ig . 3. H istopatho log ica l section  of testic le  from  a boar tre a te d  w ith  zearalenone.
H . and  E ., X 250



Fig. 5. P a r t  o f lym ph  node from  a m ouse tre a te d  w ith  1.6 mg of sa tra to x in  H /kg bod y  w eight. 
The m ouse died  24 h a fte r  t re a tm e n t. H. and E ., X 160



F ig . 6. P a r t  of sp leen  fro m  a m ouse tre a te d  w ith  1.75 m g sa tra to x in  H /kg bod y  m ass. T he 
m ouse d ied  24 h  a fte r t r e a tm e n t. E lec tro n  m icrograph , X 9,600



F ig. 7. P a r t  o f th e  m esen teric  lym ph  node from  a m ouse tre a te d  w ith  4 m g T-2 to x in /k g  bod y  
w eigh t i.p. and  killed  48 h  a f te r  trea tm e n t. E lec tro n  m icrograph , X 14,300
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Table II

E ffect of deoxynivalenol on  pig fa tten in g

Experim ental group Control group

N um ber o f p iglets 384 384-

A verage daily  w eigh t gain , g /day 485 506

Feed used up  for 1 kg  w eigh t gain, kg  3.82 3.59

Cost of d ie t for 1 kg  w eigh t gain, F t  21 19

Cost of p h arm aceu ticals, F t  25,721 3641

T o ta l incom e, m illion F o rin ts  (d u ratio n  of experim en t:
31 days) 1.16 1.32

T oxin  co n ten t of th e  d ie t: 1500 /Ug/kg

th e  an im als to  d y sen te ry . In  th e  to x in - tre a te d  group t r e a tm e n t w ith  p h a rm a 
ceuticals rem a in ed  ineffective (V ányi an d  S án d o r, 1988; T ab le  II) .

W e co n d u c ted  feeding tr ia ls  also w ith  ochratoxin A  a n d  p a tu lin  in  b ro ile r 
chickens th ro u g h o u t 6 weeks. Two p p m  o ch ra to x in  A in  th e  feed red u ced  
b o d y  w eight gain  b y  300 g, while 5.6 p p m  p a tu lin  in  th e  feed resu lted  in  450 g 
sho rtag e  in  gain . C onsidering th a t  th e  av e rag e  size of la rg e  chicken flocks is 
100-150 th o u sa n d , on such farm s th e  econom ic losses m a y  be huge (B ita y  
e t ah , 1979).

B ecause o f  th e  co n tam in a tio n  of feeds w ith  o ch ra to x in  A i t  was su sp ec ted  
th a t  m yco tox ic  n e p h ro p a th y  of sw ine d iagnosed  in  S can d in av ian  cou n tries  
m ig h t occur also in  H u n g ary . W e c o n d u c ted  an  ex tensive  tw o -y ear su rv e y  
inc lud ing  4 slau g h te rh o u ses  (1.5 m illion s la u g h te re d  pigs p e r  year). 227 k id n ey  
sam ples show ing gross lesions w ere su b m itte d  to  our la b o ra to ry  from  th ese  
slaugh terhouses fo r chem ical an d  h is to p a th o lo g ica l analysis . 26 .9%  o f th e  
sam ples w ere p o sitiv e  w ith  a to x in  c o n te n t o f 5 -50  ppb . In  5 cases th e  to x in  
co n te n t exceeded  100 ppb  (S ándor e t a l., 1982).

T en  to  tw e lv e  years ago we in v e s tig a te d  th e  d e te rio ra tio n  of q u a lity  of 
g rains caused  b y  sto rage  m oulds. B y  m icrobio logical ex am in a tio n  of 2790 
sam ples we fo u n d  th a t  3 8 -4 2 %  o f th e  m o u ld  flo ra  consisted  o f  aspergilli an d  
21—24%  w ere pen ic illia . W e analysed  th e  to x in -p ro d u c in g  c a p ac ity  of 100 A s 
pergillus an d  100 P énic illium  s tra in s . N in e teen  Aspergillus  s tra in s  and  29 P é n i
cillium  s tra in s  p ro d u ced  various m yco to x in s  (S ellyey-Sándor, 1978; Szailer 
an d  S ellyey-S ándor, 1977). W e s tu d ied  th e  in fluence  o f tim e  on  to x in  p ro d u c 
tio n  an d  th e  e ffec t of h ea t t re a tm e n t on  s to rag e  m oulds (S ándor, 1986).

W e c o n d u c ted  experim en ts aim ing  th e  decontam ination  of feedstu ffs 
from  m y co tox ins. W e applied  low level g am m a irra d ia tio n  know n  as a ro u tin e  
tech n iq u e  in  th e  food in d u stry . W e in v e s tig a te d  th e  effect o f irra d ia tio n  on  
F usarium , A sp erg illu s  and  P énic illium  s tra in s , using 0.5 to  1.5 M rad an d
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Table I I I

M ycotoxins in m oist-s to red  corn

Aspergillus and 
Pénicillium toxins

Fusarium
toxins

N um ber o f sam ples 170 66

N u m b er o f tox in-contain ing
sam ples* 46 (27% ) 25 (37 .8% )

D etec ted  tox ins:
och ra to x in  A 41 —
citrin in 13 —
p a tu lin 3 -
zearalenone — 8

T-2 to x in — 13
HT-2 to x in — 5

T-2 te trao l — 6

a ce ty lT -2 — 3
diacetoxyscirpenol — 9
deoxynivalenol — 2

* Some sam ples contained m ore th a n  one tox in

20-5 0 0  k ra d /h  o u tp u t  irra d ia tio n . T he s tra in s ’ grow th a b ility  d id  n o t cease, 
i t  o n ly  decreased a little . T he to x in -p ro d u c in g  cap ac ity  o f th e  su rv iv ing  s tra in s  
increased  2 to  5 tim es (S ándor e t al., 1980).

T he moist storage o f corn  is becom ing  m ore an d  m ore w idesp read  in  
H u n g a ry . I t  seem ed reasonab le  to  su rv e y  th e  to x in  c o n ta m in a tio n  o f  th is  
m o is t corn  (T able I I I ) .  Z earalenone, T-2 to x in  and  its  m etab o lites , d iace to x y - 
scirpeno l an d  deoxyn ivaleno l, were fo u n d  in  a q u a n tity  o f 50 to  500 ^tg/kg 
o f  feed. The q u a n ti ty  o f zearalenone increased  during  sto rag e , th e  q u a n t i ty  
o f  T-2 to x in  decreased  slig h tly  an d  a t  th e  sam e tim e th e  m etab o lites  ap p e a re d  
(S án d o r e t al., 1984a; S ándor e t al., 19846).

In  ou r la b o ra to ry  we h av e  p erfo rm ed  mycotoxin analyses f irs t o f all from  
feed  sam ples for th e  p rac tice  since 1973. D uring  th is  perio d  we co llected  th e  
clin ical sy m p to m s, p a tho log ica l lesions a n d  p rodu c tio n  d isorders re la te d  to  
th e  resu lts  o f m ycological ex am in a tio n  o f feeds and  o f th e  to x in  analyses. 
P a r t  o f our re su lts  has been  pub lished  (S án d o r e t al., 1984). On th e  av erag e  
w e analyse 1500 sam ples a yea r, w ith  a p o s itiv ity  ra te  of 15 to  20%  (T able IY ). 
O f course, th is  does n o t m ean  such  a h igh  co n tam in a tio n  o f th e  H u n g a ria n  
feedstu ffs  in  general, as ou r sam ples w ere collected in  connec tion  w ith  an im al 
h e a lth  problem s.

W e analyse 12 o r 13 k inds of m yco tox ins ro u tin e ly  an d  some o th e rs  for 
re sea rch  purposes only . T he an a ly tica l m ethods are e lab o ra ted  b y  us o r we 
a d a p t  those from  th e  l ite ra tu re  an d  m od ify  th em  correspond ing  to  o u r pos-
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Table IV

M ycotoxins de tected  betw een 1977 an d  1987

Mycotoxins
Number of Positive results

analyses
n %

Zearalenone 2515 263 10.46

T-2 tox in 6081 1395 22.94

D iacetoxyscirpenol 1633 185 11.33

D eoxynivalenol 941 298 31.67

S a tra to x in s 62 12 19.36

O chratox in  A 2498 411 16.45

R u b ra to x in  В 385 29 7.53
C itrin in 374 20 5.35

P a tu lin 619 37 5.98

A fla tox ins 275 11 4.00

O th e r tox ins 467 84 17.99

sibilities (B a ta  e t a l., 1983a; S ándor, 1982; V án y i e t al., 1985). W e use th in - 
lay e r ch ro m a to g rap h y , cap illa ry  gas ch ro m a to g rap h y , flu o ro m e try , an d  now  
we are  in tro d u c in g  in to  ou r w ork  h igh-perfo rm ance liqu id  ch ro m ato g rap h y .

In  1978, th e  P re s id e n t o f th e  H u n g a rian  A cadem y  of Sciences aw arded  
us th e  g ran d  p rize  o f ag ricu ltu ra l sciences fo r th e  re su lts  of m y co to x in  research .

References

B a ta , A ., V ány i, A. an d  L ász tity , R . (1983a): T he s im u ltan eo u s d e tec tio n  of som e fusario tox ins 
b y  gas-liqu id  c h ro m a to g rap h y . J .  Assoc. Off. A nal. Chem . 66, 577—581.

B a ta , A., V ány i, A . an d  S ándor, G abriella  (1983b): M etab o lisa tio n  of tr ich o th ecen e  to x ins 
(T-2 to x in  an d  d iacetoxysc irpeno l) in  em b ry o n a te d  h e n ’s egg. A c ta  V et. H ung. 31, 
189-192.

B ita y , Z., G láv its , R . an d  Sellyey, Gy. (M rs) (1979): F eed in g  experim en ts  in  b ro ile r chickens 
w ith  o c h ra to x in  A , p a tu lin , T -2 to x in  an d  b u ten o lid e  (in  H u n g a rian , w ith  E nglish  
a b s trac t) . M agyar Á llato rvosok  L ap ja  34, 417—422.

D an k ó , Gy. (1972): T he occurrence of s tach y b o try o to x ico sis  o f c a ttle  in  H u n g a ry  (in  H u n g a r
ian , w ith  E n g lish  a b s tra c t) .  M agyar Á llato rvosok  L a p ja  27, 241-249.

D an k ó , Gy. (1976): T he p a th o lo g y  of stach y b o try o to x ico sis . P h . D. Thesis, B u d ap est.
D an k ó , Gy. an d  T an y i, J .  (1968): A b o u t th e  stach y b o try o to x ico sis  of horses (in  H un g arian , 

w ith  E n g lish  a b s tra c t) .  M agyar Á llato rvosok  L a p ja  23, 225-229.
G láv its, R . an d  V ány i, A. (1988): E ffec t of trich o th ecen e  m y co to x in s (sa tra to x in  H  and  T-2 

to x in ) on  th e  ly m p h o id  organs o f m ice. A c ta  V et. H u n g . 36, 37-41.
H a rrac h , B ., B a ta , Á ., S ándor, G abriella  an d  V ányi, A. (1987): Iso la tio n  of m acrocyclic  an d  

non-m acrocyclic  trich o th ecen es from  th e  en v iro n m en t o f  200 sp o rt horses. M ycotoxin 
R esearch  3, 65—68.

N yiredy , I .  an d  B o d n á r, M. (1966): In v estig a tio n  in to  th e  occurrence of A sperg illus f la v u s  in 
feedstu ffs o f dom estic  orig in  an d  th e  a fla to x in  p ro d u c tio n  in th em  (in  H u n g arian , w ith  
E ng lish  a b s tra c t) . M agyar Á llato rvosok  L ap ja  21, 352-354.

Sándor, G abriella  (1982): T h in -L ay e r ch ro m ato g rap h ic  d e te rm in a tio n  o f ru h ra to x in  В in  
corn. In : E g an , H . (ed.) E n v iro n m en ta l C arcinogens. Selected  M ethods o f A nalysis. Vol. 
5. IA R C , L yon , p. 445.

5* A da  Veterinaria Hungarica 38,1990



6 8 SÁNDOR and  VÂNYI

S á n d o r, G abriella  (1984): O ccurrence of m y co to x in s  in feeds, an im al o rgans an d  secre tions. A cta  
Y et. H ung. 32, 57-69.

S á n d o r, G abriella  (1986): D e te r io ra tio n  of feed stu ffs  b y  m yco tox ins in H u n g a ry . In : B io d ete 
r io ra tio n  6. C. A. B. In te rn a tio n a l, U n ite d  K ingdom , p. 262.

S á n d o r, G abriella , Y ányi, A. a n d  P e tr i, A. (1980): E ffec t o f ir ra d ia tio n  on th e  v ia b ility  and  
to x in  p roduction  of d iffe re n t fungus species. A cta V et. H ung . 28, 361—369.

S á n d o r, G abriella , G láv its, R ., V a jd a , L ., V án y i, A. and  K rogh , P . (1982): E pidem io log ie  s tu d y  
o f  o ch rato x in  A asso c ia ted  porcine  n e p h ro p a th y  in H u n g a ry . P roceedings o f  th e  V th  
In te rn .  IU PA C  Sym p. o n  M ycotox ins a n d  P h y co tox ins, V ienna, p . 349.

S á n d o r, G abriella , K ovács, F . an d  V ányi, A. (1984a): C om plex in v es tig a tio n  of th e  sto rage 
a n d  feeding v a lue  o f w e t (by  fe rm e n ta tio n )  p reserved m aize. IV. In c idence  o f sto rage 
m ou lds and  th e ir  to x in s  (in  H u n g a rian , w ith  E nglish  a b s tra c t) . M agyar Á lla to rvosok  
L a p ja  39, 729-732.,

S á n d o r, G abriella , B a ta , A ., V án y i, A. an d  K o v ács , F . (19846): C om plex in v es tig a tio n  of th e  
sto rag e  and  feeding v a lu e  of w et (b y  fe rm e n ta tio n ) p reserv ed  m aize. V. O ccurrence of 
F u sa riu m  to x ins (in  H u n g a rian , w ith  E n g lish  a b strac t) . M agyar Á lla to rv o so k  L ap ja  
39, 733-737.

S á n d o r , G abriella , Som ogyi, G. an d  V ány i, A. (1988): D eoxynivalenol (D O N ) toxicosis. I. 
V e te rin a ry  hygienic im p o rta n ce , a n a ly s is  an d  occurrence of th e  to x in  in  H u n g a ry  (in 
H u n g a rian , w ith  E n g lish  a b s trac t) . M ag y a r Á llatorvosok L ap ja  43, 337-340.

S elly ey -S án d o r, G abriella  (1978): T oxins o f A sperg illu s  and  P én icillium  species, (in  H u n g a rian , 
w ith  E nglish a b s tra c t) .  M agyar Á lla to rv o so k  L ap ja  33, 569-575.

S za ile r, E . and  Sellyey-Sándor, G abriella  (1977): A rap id  screening m eth o d  to  th e  d e te rm in a 
tio n  of m ycotox in  p ro d u c tio n  of m olds iso lated  from  hom e feedstuffs. A rch ives de 
l ’In s t i tu t  P a s te u r de T u n is  3 —4, 355.

V á n y i, A ., D ankó, Gy., Á ld ásy , P ., E rős, T . a n d  Szigeti, G. (1973): Fusario tox icoses I. In v e s tig a 
tio n  of th e  oestrogen  e ffec t o f F u sa riu m  s tra in s  (in H u n g a rian , w ith  E n g lish  a b s trac t) . 
M agyar Á lla to rvosok  L ap ja  28, 303-307 .

V á n y i, A. and  R om váry -S za ile r, E . (1974): In v e s tig a tio n  of th e  cy to to x ic  effec t o f  F-2 to x in  
(zearalenone) in  v a rio u s  m ono layer cell cu ltu res . A cta  V et. H ung . 24, 407—412.

V á n y i, A ., Szem erédi, G y ., Q u arin i, L. a n d  R o m váry -S za ile r, E . (1974a): F u sario to x ico sis  in 
a  c a tt le  herd  (in  H u n g a ria n , w ith  E n g lish  ab strac t). M agyar Á lla to rvosok  L ap ja  29, 
544-546.

V á n y i, A ., Széky, A. an d  R o m v áry -S za ile r, E . (19746): Fusario tox icoses V. T he e ffec t o f F-2 
to x in  on th e  sexual a c t iv ity  o f fem ale  pigs (in H u n g a rian , w ith  E n g lish  a b s tra c t) . 
M agyar Á llato rvosok  L a p ja  29, 723—730.

V á n y i, A ., B úza, L. and  Széky , A. (1974e): Fusario tox icoses IV. T h e  effect of F-2 to x in  on th e  
sperm iogenesis o f c a rp  (in  H u n g a rian , w ith  E nglish  a b s tra c t) . M agyar Á lla to rvosok  
L ap ja  29, 457-461.

V á n y i, A. and  Széky, A. (1980): F usario to x ico ses V I. The effect o f  F-2 to x in  (zearalenone) on 
th e  sperm atogenesis o f  m ale  sw ine (in  H u n g a rian , w ith  E n g lish  a b strac t) . M agyar Á lla t
orvosok  L ap ja  35, 242—246.

V á n y i, A ., T ím ár, I. an d  Széky , A. (1980): Fusario tox icoses IX . T he effect of F-2 fu sa rio to x in  
(zearalenone) on  th e  sp e rm atogenesis o f  ram s an d  bulls (in  H u n g a rian , w ith  E nglish  
a b s tra c t) . M agyar Á lla to rv o so k  L a p ja  35, 777—780.

V á n y i, A ., B a ta , Á. and  S á n d o r, G abriella  (1981—1983): M etabolism  of zearalenone in  p re g n an t 
sows. Proc. In t .  S y m p . M ycotoxins, C airo, 1981-1983. p . 311.

V á n y i, A ., Sándor, G abriella , Som ogyi, G. a n d  B a ta , Á. (1985): T he e lab o ra tio n  of m y co to x in  
a n a ly tica l m eth o d s ( in  H u n g arian ). R esea rch  rep o rt, 1985. p. 105.

V án y i, A. and  Sándor, G ab rie lla  (1988): D eo xyn ivaleno l (D O N ) toxicosis I I .  E ffec t o f d eoxy
nivaleno l fu sa rio to x in  (vo m ito x in ) on  p ig  fa tten in g  (in  H u n g a rian , w ith  E n g lish  a b 
s tra c t) .  M agyar Á lla to rv o so k  L ap ja  43 , 503-507.

Acta Veterinaria Hungarian 38, 1990



ELECTRON MICROSCOPIC STUDY OF THE PERITONEAL 
MACROPHAGES OF RATS WITH CHRONIC 

FASCIOLIASIS AND THE CARCINOGENIC EFFECT 
OF DIETHYLNITROSAMINE

Y an a  Mizin sk a -B oevska, N elly T socheva , Olga P olyakova-K rusteva

an d

L. K r u st e v *

C en tra l L a b o ra to ry  of H elm in tho logy  a n d  i n s t i t u t e  o f Cell B iology and  M orpho logy , 
B u lg arian  A cad em y  of Sciences, A cad. G. B o n ch ev  S tr. Bl. 25, Sofia 1113, B u lg aria

(R eceived  A u g u s t 31, 1989)

Acta Veterinaria Hungarica 38 ( 1 — 2 ), pp . 69 —  75 (1990)

T h e  u ltra s tru c tu re  of p e rito n ea l m acrophages o f ra ts  w ith  chronic fascio liasis 
an d  th e  carcinogenic  effect o f d ie th y ln itro sa m in e  (D E N A ) w ere stud ied . T h e  p h a g o 
cy tic  a c t iv ity  o f m acrophages on  Staphylococcus aureus w as exam ined  in i ts  d y n a m ic s  
(in  th e  1st, 5 th  a n d  24th h). T he u l tra s t ru c tu ra l  changes o f th e  m acrophages w ere  th e  
m o st p ro n o u n ced  in  anim als in jec ted  e ig h t tim es w ith  D E N A  an d  th e  w eak est in  th e  
g ro u p  o f an im als  in fected  tw ice w ith  Fasciola hepatica.

A s to  th e  phagocytic  a c t iv ity  o f th e  m acrophages th e  follow ing ev en ts  w ere 
obse rv ed : a t t ra c t io n  and adhesion  o f th e  b a c te ria l cells to  th e  surface of th e  m ac ro 
p h ages, th e ir  inclusion  in  phagosom es; p a r tia l  to  full lysis o f th e  b ac te ria ; a n d  fo rm a 
tio n  o f re s id u a l bodies. The p h agocy tosis w as th e  m ost active  in  m acrophages o b ta in e d  
fro m  an im a ls  in fec ted  twice w ith  Fasciola hepatica  and  th e  w eak est in  those  fro m  th e  
D E N A -tre a te d  anim als.

K eyw ords: M acrophages, ch ro n ic  fascioliasis, carcinogenesis, r a t

T he p ro b lem  o f in te rac tio n  b e tw een  h e lm in th  invasio n  an d  can ce r is 
re la tiv e ly  new  an d  poorly  stu d ied . I t  is o f special in te re s t  because o f  th e  
increasing  en v iro n m e n ta l c o n ta m in a tio n  w ith  chem ical carcinogens a n d  th e  
considerab le  freq u en cy  of p a ras ite  in v asio n s. So fa r on ly  th e  com bined  effects 
o f n itro sam in es  a n d  schistosom e in v as io n  have  been s tu d ied  in  re la tio n  to  
cancer, viz. b la d d e r  cancer (E l-M erzaban i e t al., 1979; E l-A azer e t al., 1979; 
M arian , 1982) a n d  tho se  of n itro sam in es a n d  opisthorchosis on ex p e rim en ta lly  
in d u ced  op istho rcho -cho lang iocarc inom a (T h am av it e t ah , 1978; F lav e l, 1981; 
F lav e l an d  L u cas, 1982, 1983). S im ilar in v estig a tio n s of o th e r  h e lm in th iases , 
in c lud ing  fascio liasis, have n o t been  done.

I n  re c e n t y ea rs  we have s tu d ied  th e  in te ra c tio n  b e tw een  h e lm in th  in v a 
sion ( Fasciola hepatica) and  chem ical carcinogenesis (caused b y  d ie th y l
n itro sam in e , D E N A ) in  the  liver o f  ra ts  u n d e r  d ifferen t ex p erim en ta l c o n d i
tions (T socheva, 1986; K ru stev  e t ah , 1987; Tsocheva e t ah , 1987).

B ased  on  th e  re su lts , a hyp o th esis  h as  been suggested  fo r th e  p a r t ic ip a 
tio n  o f th e  specific  an d  nonspecific re a c tiv ity  of th e  organism  in th e  p a th o 
genesis o f th is  in te ra c tio n  (Tsocheva e t  a l., 1989). I n  th ese  processes cell
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p o p u la tio n s  n o t on ly  o f th e  liv er b u t also th o se  o f o th e r u n its  o f th e  im m une  
sy s te m  p a rtic ip a te . I n  th is  resp ec t i t  seem ed  to  he of in te re s t to  trace  o u t 
th e  changes in  th e  s tru c tu re  an d  fu n c tio n a l a c tiv ity  o f p erito n ea l m ac ro 
p h ag es.

W e have considered  th e  m orphology  a n d  fu n c tio n a l a c tiv ity  of r a t  p e r i
to n e a l m acrophages u n d e r  th e  effect o f Fasciola hepatica  an d  D E N A  in  a 
n u m b e r  of stud ies (M izinska-B oevska e t a h , 1988; M izinska-B oevska e t  ah , 
1989a; M izinska-B oevska e t ah , 19896). S h o rtly  a fte r  D E N A  a d m in is tra tio n  
o n ly  to x ic  effects a re  e x e rte d  in  th e  liver, carcinogenic  p ro p ertie s  ap p ea r a fte r  
a lo n g  la te n t  period . I n  a previous p a p e r  (M izinska-B oevska e t ah , 19896) 
we in v es tig a ted  th e  to x ic  effects o f D E N A  on p erito n ea l m acrophages in  
ch ro n ic  fascioliasis.

I n  th e  p re se n t p a p e r th e  s tru c tu ra l a n d  fu n c tio n a l changes of r a t  p e r i
to n e a l m acrophages w ere s tu d ied  in  ch ron ic  fascioliasis d u rin g  th e  ca rc in o 
genic ac tio n  o f D E N A .

M aterials and  m ethods

M ale w hite  W is ta r  ra ts  aged 30-35  d ay s , 80-100 g in  bo d y  m ass, w ere 
u sed . T he an im als w ere d iv ided  in  five  g ro u p s as follows.

G roup I :  co n tro ls  (anim als n e ith e r  in fec ted  no r t r e a te d  w ith  D E N A ).
G roup I I :  an im als  tw ice in fec ted  (on th e  1st day  an d  in  th e  10th  w eek) 

w ith  F . hepatica.
G roup I I I :  an im als  in jec ted  w ith  D E N A  from  th e  6 th  w eek on, 8 tim es 

a t  7 -d ay  in te rv a ls .
G roup IY : an im als  in fec ted  w ith  F . hepatica  once an d  in jec ted  w ith  

D E N A  8 tim es fro m  th e  6 th  w eek on.
G roup Y: an im als  in fec ted  w ith  F . hepatica  tw ice an d  in jec ted  w ith  

D E N A  8 tim es fro m  th e  6 th  w eek on.
E ach  g roup  co n ta in ed  12 an im als. A ll w ere d e c a p ita ted  in  th e  2 7 th  

w eek  of th e  ex p e rim en t.
E ach  of th e  r a ts  w as o ra lly  in fec ted  w ith  15 adolescariae  of F. hepatica  

(P o ly a k o v a -K ru s te v a , 1970). D E N A , 100 m g/kg  body  m ass, was in jec ted  
in tra p e rito n e a lly  (B ikorez an d  P in ch u k , 1976).

T he u ltra s tru c tu re  o f th e  m acrophages iso la ted  from  th e  p e rito n eu m  of 
th e  ex p erim en ta l an im als w as s tu d ied . F o r  estab lish ing  th e ir  fu n c tio n a l s ta te , 
th e ir  phagocy tic  a c tiv ity  on Staphylococcus aureus was te s te d  in  vivo th ro u g h 
o u t. T he schem e o f ap p lica tio n  of th e  b a c te r ia  an d  iso la tion  o f th e  p e rito n ea l 
m acrophages w as described  b y  us in  d e ta il earlier (M izinska-B oevska e t  al., 
1988).

Suspension o f p e rito n ea l m acrophages w as processed a fte r  th e  s ta n d a rd  
schem e for e lec tro n  m icroscopic stu d ies: f ix a tio n  in  4 %  g lu ta ra ld eh y d e  an d
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th e n  in  1%  0 s 0 4, an d  em b ed d in g  in  D u rcu p an . T he u l t r a th in  sections w ere 
c u t in  U ltra to m  L K B  I I I  a n d , a f te r  being co n tra s ted  w ith  u ra n y l a ce ta te  an d  
lead  c itra te , w ere exam ined  in  an  O p to n  10 €  e lec tron  m icroscope.

R esults

The u ltra s tru c tu re  o f  th e  m acrophages and  th e ir  p h ag o cy tic  a c tiv ity  
w ere s tu d ied  in  th e ir  dynam ics in  th e  1st, 5 th  an d  2 4 th  h.

I .  Controls

The p erito n ea l m acrophages from  th e  con tro l g roup  w ere ro u n d . T heir 
su rface h ad  th e  following ch a ra c te ris tic s : from  alm ost sm o o th  (in th e  1st h) 
to  strong ly  fo lded w ith  a large n u m b er of p ro jec tions, p seu dopod ia  (in th e
2 4 th  h).

Ultrastructure. T he nucle i w ere large, ro u n d  or k id n ey  shaped .
T he ch ro m atin  w as localized  a t  th e  p e rip h ery  o f th e  nucleus, in  th e  

in n e r lay er of th e  n uc lear m em b ran e . In  th e  cy top lasm , th e  m ain  ty p es  of 
cell organelles w ere d em o n strab le .

M itochondria  as w ell as p r im a ry  an d  secondary  lysosom es w ere n o rm al 
in  shape a n d  size. The endop lasm ic  re ticu lu m  was rep re sen ted  m ain ly  b y  its  
ro u g h  form  (R E R ).

Phagocytosis. In  th e  1st h  a f te r  app ly ing  S. aureus, th e  b ac te ria l cells 
w ere a t tr a c te d  an d  adhered  to  th e  surface o f th e  m acrophages (F ig . 1); b ac te ria  
w ere observed  in  th e  cy to p lasm  of m ost of th e  m acrophages. T he phago- 
cy tosed  b a c te ria , single or m ore in  n u m b er, w ere in c lu d ed  in  phagosom es, 
w hich  o ften  fo rm ed  he terophago lysosom es w ith  p rim a ry  lysosom es (F ig. 2). 
I n  th e  5 th  h  heterophagosom es w hose p e rip h ery  w as filled  w ith  num erous 
p a ra lle l m em branes an d  m yeline  fig u res , ap p eared  as new  e lem ents (Fig. 3). 
I n  th e  24 th  h  th e  phago cy to sed  b a c te ria  show ed d iffe ren t s tages of d e s tru c 
tio n : from  p a r tia l  to  fu ll lysis an d  fo rm atio n  o f residua l bodies (F ig. 4).

I I .  A n im a ls  w ith  twofold F . hepatica infection

Ultrastructure. The u ltra s tru c tu re  o f th e  m acrophages from  G roup I I  
w as qu ite  sim ilar to  th a t  o f th e  co n tro l cells. T he follow ing specificities m ay  be 
p o in ted  o u t: from  th e  1st to  th e  2 4 th  a fte r  ap p ly ing  stap h y lo co cc i th e  cell 
surface show ed signs of a c tiv a tio n . H ere, how ever, a lread y  in  th e  5 th  h  n u m e r
ous p seudopod ia  appeared . T hese te n d e d  to  fold an d  be in c o rp o ra te d  in  th e  
cy to p lasm , an d  form ed sm all cav ities (surface vacuoles), w h ich  w ere o ften  
seen in  groups of 2 to  11 (F ig . 5). T he nucleus, th e  m ito ch o n d ria , th e  ly so 
som es an d  th e  R E R  did  n o t differ m orphologically  from  th e  co n tro l fo rm a-
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tio n s . l u  th e  m acrophages iso la ted  in  th e  5 th  h , e lem ents o f  th e  Golgi a p p a ra 
tu s , and  in  th e ir  v ic in ity  para lle l tu b es  an d  sm all vacuoles were observed
(F ig . 6).

Phagocytosis. I n  th e  1st h phagosom es w ith  a single b a c te riu m  or a group 
o f b a c te ria  in  th e m , w ere observed in  th e  cy to p lasm  (F ig . 7). Also, single 
re s id u a l bodies a p p e a re d  (F ig . 8), i.e. th e  process o f phago cy to sis  seem ed to  be 
so m ew hat acce lera ted  in  com parison  to  th e  con tro ls . I n  th e  5 th  h  h e te ro 
phagosom es sim ilar to  th o se  decribed in  th e  co n tro l g roup  w ere observed  w ith  
m yeline figures a n d  b a c te r ia  a t  d iffe ren t stages of lysis. I n ta c t  b ac te ria l cells 
w ere d em o n stra ted  n e ith e r  a t  5 h  n o r a t  24 h.

I I I .  D E N  А -treated anim als

Ultrastructure. M acrophage u ltra s tru c tu re  was seriously  affected . Changes 
w ere observed in  all cell organelles. I n  sep a ra te  m acrophages th e  nuclei were 
o f low  e lectron  d e n s ity  an d  poor in  c h ro m a tin , w hich  o u tlin ed  th e  con tours 
o f th e  nucleus as a th in  line (Fig. 9). A n increase in  th e  n u m b er o f pores in  
th e  n uclear m em b ran e  an d  nuclear bodies w ere d e m o n s tra te d  (Figs 9 an d  10). 
N uclear bodies are  sp h e rica l fo rm ations filled  w ith  g ranu les o f filam en tous 
e lem ents s itu a te d  in  th e  karyop lasm . T h e  m ito ch o n d ria  te n d e d  to  increase 
in  size. The m a trix  g o t lig h te r  in  colour an d  th e ir  c ris tae  w ere s tro n g ly  reduced ,
i.e. th e  m ito ch o n d ria  w ere swollen (F ig . 11). A h ig h er n u m b e r of lysosom es 
in  all th e ir  form s w ere  observed. T he R E R  consisted  o f sh o rt and  w ide 
c isterns.

Phagocytosis. T h e  phagocytosis follows th e  schem e described  fo r th e  
co n tro ls: in  the  1st h  single or g rouped b a c te ria  w ere observed  in  phagosom es 
(F ig . 12). In  th e  2 4 th  h  phagosom es w ith  m yeline figu res ap p eared  (Fig. 13) 
as w ell as residua l bod ies in  w hich th e  inc luded  m a te r ia l w as a t  d ifferen t 
stages of lysis (F ig. 14).

IV . F . hepatica-infected and D E N  А -treated anim als

Ultrastructure. T h e  u ltra s tru c tu re  of th e  m acrophages w as p reserved . 
T he cy top lasm  a p p e a re d  highly  v a cu o la ted  as ea rly  as in  th e  1st h a fte r  
staphy lococcus h a d  b e e n  added  (Fig. 15). I n  th e  5 th  h  w ell-expressed  vacuoles 
w ere n o t observed  b u t  som e zones irreg u la r  in  shape  ap p ea red  w hich were 
lig h te r  in  colour th a n  th e  re s t of th e  cy to p lasm  an d  w ere filled  w ith  a fib rous 
su b stan ce  and  d e s tro y e d  cell organelles (F ig . 16). T hese “ lig h t”  zones in  th e  
cy to p lasm  were n o t su rro u n d ed  by  m em b ran e  and  th u s  th e y  can n o t be con
sidered  residual bod ies o r d igestive vacuoles (F ig. 17). R y  th e  2 4 th  h  th e  c y to 
p lasm ic  s tru c tu re  w as norm alized , th e  vacuoles a n d  th e  d es tru c tiv e  zones 
d isappeared . The m a in  ty p es  of cell o rganelle  m orpho logy  w ere sim ilar to  
tho se  in  th e  con tro l.
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F igs 1 -4 . Controls. 1 : General view  on th e  m orphology  of peritonea l m acrophages. B a c te ria l 
cell a d h e re n t to  th e  surface (arrow ). X  2,500. 2:  Phagosom e w ith  b acteria l cells in it. X  12,500. 
3: H eterophagosom e w ith  bac teria  an d  m yeline figures. X 12,500. 4 ; R esidual bod y  filled 

w ith  a m ass o f cell debris and  b ac teria . X 7,000



F igs 5 -8 . Anim als in fec ted  w ith  F. hepatica tw ice. 5 :  S u rface-situated  vacuoles. X 8,000. 
6: E lem en ts of the  Golgi a p p a ra tu s . X  25,000. 7 : P hagosom es w ith  single or several bac teria . 

X 16,000. 8:  R esid u a l body in the  cy to p lasm  of a m acrophage. X 6,300





F ig s  9-14. D E N A -trea ted  an im als . 9 : Nucleus w ith  a  large n u m b er o f  pores and  a nu c lear 
b o d y . X  6,300. 10: D etail o f Fig. 9. X 16,000. 11: Swelling of m ito ch o n d ria . X  12,500. 12: 
B a c te r ia l cells in th e  c y to p la sm  of m acrophages. X  40,000. 13: Phagosom e w ith  b ac teria  and 
m yelin e  figures X 25,000. 14: R esidual body w ith  m ate ria l a t d ifferen t stages of hacterio ly is .

X 80,000



»
*

F igs 15-18. A nim als in fected  w ith  F . hepatica once an d  tre a te d  w ith  D E N A . 15: S tro n g  
v acuo liza tion  of th e  cy top lasm , and  phagosom e w ith  b ac te ria . X  12,500. 16: “ L ig h t”  zones 
in  th e  cy top lasm . X  8,000. 17: D etail of Fig. 16. X 40,000. 18: D igestive vacuoles. X 5,000



F igs 19 -2 0 . Anim als in fec ted  w ith  F. hepatica  tw ice  and  tre a te d  w ith  D E N A . 19: Zones in 
th e  cy to p la sm  and phagosom es w ith  b a c te ria . X 20,000. 20: M itochondria  a n d  elem ents 

o f R E R  in th e  cy to p lasm . X 12,500
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Phagocytosis. T he  phagocy tosis ap p ea red  s im ila r to  th a t  in  th e  co n tro ls : 
phagosom es w ith  one or severa l staphy lococcus cells in  th e m  w ere seen in  th e  
1st h  (F ig. 15) a n d  ty p ic a l d igestive vacuoles in  th e  2 4 th  h  (Fig. 18).

У. A n im a ls  infected twice with F . hepatica and treated w ith  D E N A

The m o rpho logy  o f th e  m acrophages in  th is  g roup  is sim ilar to  t h a t  
described for g roup  IV . H ere , how ever, besides vacu o liza tio n  of th e  cy to p lasm , 
zones irreg u la r in  sh ap e  w ith  no lim iting  m em b ran e  ap p eared  a lready  in  th e  
1st h; th e  zones co n ta in ed  a net-like f ib rilla r  su b stan ce  (F ig . 19). The u l t r a 
s tru c tu re  o f th e  nuclei, m itochondria , lysosom es an d  R E R  w as sim ilar to  t h a t  
described in  th e  co n tro l g roup  (Fig. 20).

The p hagocy tosis  follows the  above-described  schem e, viz. phagosom es 
(F ig. 19), h e terophagosom es w ith  m yeline figu res, an d  resid u a l bodies ap p ea red  
in  th e  1st, 5 th  an d  2 4 th  h , respectively .

Discussion

The changes in  th e  u ltra s tru c tu re  o f m acrophages w ere th e  m ost serious 
in  anim als in jec ted  8 tim es w ith  D E N A . D esp ite  th e  fa c t th a t  b y  th e  2 7 th  
w eek of th e  e x p e rim e n t th e  d irec t to x ic  effect o f D E N A  h ad  decreased, its  
carcinogenic effect on  th e  h o s t (the liver in  p a rticu la r)  w as well expressed . 
This affec ted  th e  s tru c tu re  o f  th e  p e rito n ea l m acrophages as well, w h ereb y  
m ain ly  th e  nucle i a n d  th e  m itochondria  w ere invo lved  in  th e  pa th o g en ic  
process. T he o b serv ed  sw elling of th e  m ito ch o n d ria  is a p ro o f for changes 
in  th e  a b so rp tio n  o f  oxygen  as well as in  o x id o red u c tase  a c tiv ity  (K ru stev  e t  
al., 1982). The n u c lea r pores were increased  in  n u m b e r an d  nuclear bodies 
appeared .

In  th e  an im als  in fec ted  w ith  F . hepatica  th e  s tru c tu re  o f th e  m ac ro 
phages w as a lm o st u n ch an g ed  and  qu ite  s im ila r to  th a t  o f th e  contro ls.

U nder th e  com bined  effect of b o th  p a th o g en ic  fac to rs  (groups IV  an d  У) 
only  u ltra s tru c tu ra l  changes were d e m o n s tra te d , viz. in ten se  vacu o liza tio n  
an d  ap p earan ce  o f  nec ro tic  zones in  th e  cy to p lasm  of m acrophages.

As to  th e  p h ag o cy tic  a c tiv ity  of th e  m acrophages th e  p ic tu re  in  its  
dynam ics w as s im ila r to  th a t  in  th e  con tro l g roup  in  all ex p erim en ta l groups. 
The follow ing o rd e r in  th e  process of phagocy tosis  can  be o u tlin ed : in co rp o ra 
tio n  of b a c te ria l cells in  phagosom es in  th e  cy to p lasm  of th e  m acrophages, 
p a r tia l  to  fu ll lysis o f  th e  b ac te ria , an d  fo rm a tio n  of res id u a l bodies. A m ong 
all th e  five g roups, v e ry  sligh t differences w ere no ticed  in  th e  phag o cy tic  
a c tiv ity  of th e  p e rito n ea l m acrophages. T he m acrophages from  group I I  ( tw o 
fold F . hepatica  in fec tion ) w ere th e  m ost ac tiv e  an d  th o se  in  group I I I  ( ra ts
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t r e a te d  w ith  D E N A ) w ere th e  le a s t a c tiv e . U nder th e  com bined  effect o f 
fasc io la  in fection  an d  D E N A  (groups IV  a n d  V) th e  fu n c tio n a l a c tiv ity  was 
m ore  in ten se  th a n  in  th e  con tro l g roup . T herefore, our m orpho log ical re su lts  
ag ree w ith  th e  re su lts  o b ta in ed  in  th e  m icrobiological s tu d y  p u b lish ed  b y  
D im o v  e t  al. (1985) in  w hich  th e  p h ag o cy tic  a c tiv ity  w as ch a rac te rized  b y  th e  
fo llow ing values: g roup  I I :  4 9 .4 ^ 8 .5 ;  g roup  I I I :  2 1 .3 ^ 4 .1 ;  g roup  IV : 4 0 .2 ^ 6 .1 ;  
g roup  V : 3 6 .5 ^ 3 .6 ;  a n d  2 9 .1 ^ 4 .6  fo r th e  con tro l group.

In  conclusion, we estab lished  t h a t  w hen  th e  tw o  fac to rs  are app lied  
se p a ra te ly , th e  b e h a v io u r (s tru c tu re  a n d  function) o f th e  m acrophages is 
e n tire ly  d ifferen t, ran g in g  from  n o rm al (u n d er h e lm in th  in fection) to  s tro n g ly  
ch an g ed  (under th e  effect o f th e  chem ica l carcinogen D E N A ). U n d e r th e  
co m b in ed  effect o f b o th  pathogen ic  a g e n ts , how ever, th e  changes are  m o d er
a te , i.e. th e  tw o fac to rs  seem  to  co u n te rb a lan ce  each  o th e r’s influence.

T he tw o p a th o g en ic  factors ( F . hepatica  an d  D E N A ) ap p lied  e ith e r 
se p a ra te ly  or in  co m b in a tio n  affect m a in ly  th e  s tru c tu re  an d  less m ark ed ly  
th e  fu n c tio n a l a c tiv ity  of th e  m acrophages as te s te d  a t  a la te  stag e  (27th  
w eek) o f th e  ex p erim en t. The observed  changes prove th a t  th e  process is n o t 
re s tr ic te d  to  th e  liver. In  th e  im m u n e  response of th e  h o st fu r th e r  u n its  of 
th e  im m une  system , p e rito n ea l m acro p h ag es am ong th e m , ta k e  p a r t .
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(R eceived A u g u s t 2, 1989)

1. Thyroid ho rm one econom y in general

T h y ro id  ho rm ones are responsib le  fo r no rm al m etabo lism  in  th e  a d u lt 
an d  fo r th e  n o rm al developm ent of th e  c e n tra l nervous system  in  th e  n eo n a te . 
B esides th e se  tw o  m ain  roles these  horm ones in fluence  a lm ost all ca tabo lic  
an d  an ab o lic  processes in  the  o rgan ism . All of th e  cells o f th e  bo d y  are  know n  
to  be responsive  to  th y ro id  horm ones (even  if  th is  response m igh t n o t involve 
in creased  oxygen  co n sum ption  in  som e tissues). T he p a r tic u la r  response, h o w 
ever, m a y  v a ry  fu n d a m e n ta lly  accord ing  to  th e  ty p e  o f tissue.

T h e  resea rch  efforts of th e  p a s t decade h av e  b ro u g h t a trem en d o u s  
a m o u n t o f in fo rm a tio n  concerning th e  reg u la tio n  o f th y ro id  horm one ac tio n  
an d  m etab o lism . O ne o f  th e  m ost im p o r ta n t  recogn itions is th a t  organs o th e r 
th a n  th e  th y ro id  g land  can  im p o rt th y ro id  horm ones from  th e  b lood pool n o t 
on ly  in  o rd e r to  u tilize  th em  for th e ir  ow n purposes b u t  also in  o rder to  a c ti
v a te  th e m  an d  re d ire c t th e  a c tiv a ted  fo rm s in to  th e  blood pool so th a t  o th e r  
o rgans an d  cells c an  m ake use of th e se  a c tiv a te d  form s. T herefore, i t  is like ly  
th a t  th e  cells th em selv es  w hich a c tiv a te  an d  u tilize  th y ro id  horm ones m u st 
be co nsidered  as fu n d a m e n ta l p a rts  o f  th e  w hole reg u la to ry  m echanism .

T h e  f in a l th y ro id  horm one a c tio n  depends on th e  a v a ilab ility  o f  th e  
ho rm o n es fo r th e  cells and  on th e  responsiveness o f these  cells to  th y ro id  
ho rm ones. T he o ld  concep t of h ie ra rch ica l re la tio n sh ip s  am ong th e  ce n tra l 
nervous sy stem  (CN S), th e  h y p o th a la m u s  (H T ), th e  p itu ita ry  (H P ), th e  
th y ro id  g lan d  (T H ) an d  th e  p e rip h era l cells (PC) fo rm ing  a u n id irec tio n a lly  
re g u la te d  system  does n o t prevail an y  m ore. R a th e r  a dynam ic  syD cytial w ay  
of in te rre la tio n sh ip  can  be p o s tu la ted , w here  th e  PC is an  ac tiv e ly  reg u la tin g  
p a r t  o f  th e  sy stem  b y  (1) calling for ho rm one  w hen in  need of th a t ,  (2) a c t i
v a tin g  a n d  in a c tiv a tin g  th y ro id  horm ones e n te rin g  th e  cell, an d  (3) d isp lay ing  
en h an ced  or decreased  sensitiv ity  to  th e  horm one b y  a lte rin g  th e  s ta tu s  o f th e  
second  m essenger sy s tem  w ith in  th e  cell.

T h is com plex  reg u la to ry  m echan ism  is m o d u la ted  by  th e  d is tr ib u tio n  
of th e  horm ones a n d  b y  o ther endocrine  an d  n eu ra l fac to rs. T hese v a rious 
effects, a ll o f w hich  can  be in fluenced  b y  exogenous physica l or chem ical
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F ig . 1. P a th w ay s of th y ro id  ho rm o n e  action

signals, are d ep ic ted  in  Fig. 1 (for rev iew  see L arsen  e t al., 1981; E n g le r an d  
B urger, 1984).

E n v iro n m e n ta l te m p e ra tu re , h u m id ity , lig h t cycle an d  clim ate  are m a jo r 
fac to rs  a lte ring  CN S. T his a lte ra tio n  is tra n s la te d  to  T R H  p ro d u c tio n  or in 
h ib itio n  th e re o f a t  th e  hypophyseal level (M arshall e t ah , 1981; P éczely  an d  
K iss, 1988). T R H  a t  th e  sam e tim e  w as show n to  have  in d ep en d en t effect 
on  th e  m o n o d e io d in a tiv e  ab ility  o f th e  liv e r  in  ce rta in  s itu a tio n s  (K ü h n  e t 
ah , 1986), as a d ire c t effect on th e  m o b iliza tio n  o f th e  p e rip h era l tissues. T he 
o th e r  w ay  of in flu en c in g  th y ro id  from  th e  o u tside  is v ia  th e  g a s tro in te s tin a l 
t r a c t :  feed in g estio n  o r  th e  lack  of i t  (energy  co n te n t, p ro te in /c a rb o h y d ra te /fa t 
ra tio  o f th e  food, io d ine  con ten t) can  in flu en ce  e ith e r  th y ro id  fu n c tio n  per se, 
o r th e  m etabo lism  o f th e  ind iv idual o rgans (especially  th a t  o f th e  liver), th u s  
lead in g  to  a lte re d  a c tiv a tio n  of T4 (B a lsam  e t ah , 1981). T he la t te r  is p re 
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NEW ASPECTS OF THYROID PHYSIOLOGY 79

sum ab ly  m ed ia ted  b y  th e  g a s tro in te s tin a l pep tides, p reced in g  th e  signals 
genera ted  by  th e  ab so rb ed  food itse lf  (see la ter).

The H P  w ill re a c t on  T R II  ac tio n  according to  its  in tim a te ly  a d ju s te d  
responsiveness p red efin ed  b y  th e  c ircu la tin g  am o u n t o f  th y ro x in e , an d  also 
b y  its  genetically  defined  a b ility  to  p roduce  th y ro tro p in  (T S H ). T S H  enhances 
all th e  know n fu n c tio n s o f th e  th y ro id  g lan d , upon  w hich  a n  increased  a m o u n t 
o f T4 and  o th e r iodocom pounds w ill be secre ted  in to  th e  c ircu la tio n . The level 
an d  b in d ing  ch a rac te ris tic s  o f th e  b in d in g  pro te ins (B P ) u n d e r  genetic in f lu 
ence will m o d u la te , b u t  n o t basica lly  d e te rm in e , th e  a v a ila b ility  of horm ones 
fo r th e  cells (H oom an , 1981). A ccord ing  to  th e  ty p e  o f tis su e , th e  horm ones 
en te rin g  th e  cells w ill be a c tiv a te d , in a c tiv a te d  and  re d ire c ted  to  th e  p lasm a 
pool or used for in it ia tin g  ce llu lar ev en ts  ch a rac te ris tic  o f  th y ro id  ac tion . 
A  considerable p a r t  (80% ) o f th e  c ircu la tin g  active th y ro id  horm one (triio d o 
th y ro n in e , T3) is com ing  from  th y ro x in e  converting  tissu es , an d  no t from  th e  
th y ro id  itself. T his led  to  th e  basica lly  new  concept t h a t  th e  am o u n t of non- 
th y ro id a l T3 in  d iffe ren t th y ro id  s ta tu se s  is dependen t on  th e  m etabolic s ta te  
o f tissues like liver, k id n ey , b ra in , e tc . (L arsen  e t al., 1981; S ilva e t al., 1984). 
In  th e  focus of th is  sy stem  are  th e  d e io d in a tin g  enzym es. T h is  enzym e com plex  
is responsib le fo r g en era tin g  ac tiv e  T3 from  T4 en tering  th e  cell and  is capab le  
o f  successively d e io d in a tin g  io d o th y ro n in es  from  T4 to  TO, th e  th y ro n in e  
skeleton . The resea rch  efforts on  th is  fie ld  have revealed  t h a t  th e  deiodinases 
can  be classified in to  th re e  g roups (see T ab le  I  for an  overv iew ).

T ype I enzym es d e io d in a te  in  b o th  (the  o u te r p h en o lic  and  th e  in n e r 
ty ro sy l) rings. T his enzym e is in h ib ite d  b y  1 mM p ro p y lth io u racy l (P T U ), 
a com pound used  to  d iffe ren tia te  th is  ty p e  from  th e  ty p e  I I  enzym e. T he 
la t te r  can  only d e io d in a te  iod ine a to m s a t  th e  5’-position . T he th ird  ty p e  o f 
enzym e (type  I I I )  is specific to  th e  ty ro sy l ring  and  d e io d in a tes  th e  5 -position  
iodides. I t  shou ld  be n o ted , how ever, th a t  th is  c la ssifica tion  canno t ex p la in

Table I

C haracteristics of iodo thyron ine  deiodinases

Type I Type I I Type I I I

O rgan specificity liver, k idney , u b i
qu itous in  o th e r  
organs

cen tral nervous 
system , hy p o 
physis, brow n 
adipose tissue

cen tra l nervous 
system , p lacen ta

S ensitiv ity  to  p ro p y lth iou racy l + — -
Site of action b o th  inner and  

o u te r  ring
o u ter ring inner ring

K m for T4 1-2 /tM 1. 0 nM 50 nM
D ith io th re ito l req u irem en t m edium high low
A ctiv ity  in h y p o thyro id  s ta te s decreased increased decreased

A da Velerinaria Hungarica 38, 1990



80 RUDAS and PETHES

a ll deiod inative p h en o m en a  (L eonard  e t a l., 1984). T he e x a c t n a tu re  of th e  
enzym e pro teins (or p ro te in  com plexes) belonging  to  th e se  g roups has n o t y e t  
b e e n  characterized . T h e  ty p e  differences are  o f  m ajo r physio log ica l im portance . 
T h e  p itu ita ry  an d  th e  in tra p itu i ta ry  d e io d in a tio n  p rocesses are  basically  im 
p o r ta n t  in  e lu c id a tin g  som e h ith e r to  u n c lea r  phenom ena. I t  is now obvious 
t h a t  th e  sen sitiv ity  o f  th e  p itu ita ry  to  th y ro tro p in  h o rm o n e  (T R H ) is n o t 
a fu n c tio n  of th e  c irc u la tin g  am o u n t o f  th e  active h o rm o n e , T3, b u t  depends 
o n  th e  in tra p itu i ta ry  p ro d u c tio n  of T4 th ro u g h  d e io d in a tio n  from  T4 com ing 
fro m  th e  c ircu la tion  (S ilva an d  L arsen , 1982).

The active fo rm  o f th y ro id  horm ones (T3) th u s  a v a ilab le  for th e  cells 
w ill ex e rt the  effects k n o w n  as “ th y ro id  ho rm one ac tio n ” . T h e  m ost im p o rta n t 
w a y  o f these ac tio n s is th a t  w hich a c tiv a te s  th e  n uclear re c e p to r  th u s  lead ing  
to  gene expression. B eside th is  basica lly  im p o r ta n t w ay  th e re  are  o ther p roved  
s ite s  o f action  (m ito ch o n d ria l, p lasm a m em b ran e , enzym e a c tiv a tio n  and  self- 
re g u la to ry  th a t  a re  o f  in te re s t  (D illm ann , 1985).

T hyro id  ho rm o n es (m ain ly  T3) a c tiv e ly  involved  in  th e  p rovoca tion  o f 
m etabo lic , ca tabo lic  a n d  anabolic  ev en ts  are  th e n  re leased  from  th e ir b in d ing  
s ite s , de iod inated , c o n ju g a te d  or tra n sa m in a te d  and  ex c re te d . D uring  excre
tio n , depending on  th e  form  of th e  ex c re ted  m olecule, th e re  are possibilities 
o f  re e n try  v ia  th e  g a s tro in te s tin a l t r a c t ,  w here w ell-defined  m icroorganism s 
c a n  release ac tive  th y ro id  horm ones from  th e ir  g lu co n a te  bonds. The f in a l 
e lim in a tio n  (the “ s in k ”  in  k inetic  te rm s) occurs e ith e r  v ia  faecal o r ren a l 
ex cre tion . One can  see from  th e  above th a t  th e  ac tu a l level o f  th y ro id  horm ones 
in  th e  blood, th e  a p p a re n t  d is tr ib u tio n  vo lum e, clearance ra te , overall p ro d u c 
t io n  ra te  and  m ean  residence  tim e  o f th y ro id  horm ones especia lly  w ith  reg a rd  
to  in d iv id u a l o rgans o r o rg an  system s are  u n d e r con tro l o f  a n  o v ertly  so p h is ti
c a te d  m echanism . S im ple m easu rem en t o f th y ro id  h o rm o n e  levels in  b lood, 
w ith o u t m on ito ring  a t  le a s t som e k in e tic  o r de io d in a tio n  p a ram ete rs , is no 
lo n g er feasible (for de ta ils  of th e  above see L arsen e t  a l., 1981; W arto fsk y  
a n d  B urm au , 1982; D illm an n , 1985).

2. Exam ples underlying the new concept

2 .1 . E nvironm ental temperature

The effect o f en v iro n m en ta l te m p e ra tu re  is one o f  th e  factors know n 
to  be able to  a lte r  th y ro id  econom y. I t  w as show n ea rlie r t h a t  cold en v iro n 
m e n t is of s tim u la tin g , w hile w arm  is o f  depressing effect on  th e  H T -H P -T H Y  
ax is  (M arshall e t a l., 1981; W arto fsk y  a n d  B urm án , 1982; Péczely  an d  K iss, 
1988). C onflicting d a ta  w ere pub lished , how ever, concern ing  th e  role of T S H  
e lev a tio n  in  th is  re sp e c t. F isher an d  O dell (1971) could n o t  show  any  increase 
o f  p lasm a T SH  in  h u m an s exposed to  cold. Also, p o la r cond itions enhanced
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Table II

P lasm a  co n cen tra tio n  (T4, nm ol/L J^SE M , N  =  10) an d  m etabolic  
clearance ra te  (M CR, L /day/kg b w + S E M , N  =  10) o f th y rox ine  

a fte r  exposing 4-week-old ch ickens to  m ild cold (10 °C)

10 °c 23 °C

2 h 7 h 2 h 7 h

T4

MCR

5 .1 ± 0 .7 5 *

4 .5 ± 0 .3 1 *

6 .7 ± 0 .9 5 *

4 .2 ± 0 .2 2 *

1 5 .1 ± 1 .3

3 .1 ± 0 .1 4

1 4 .3 ± 1 .1

2 .8 ± 0 .1 2

* P  <  0.01 vs. resu lts  w ith  an im als k e p t a t  23 °C

T S H  secre tion  only  a f te r  a longer lag period  t h a t  was p reced ed  b y  th e  e lev a tio n  
of basa l m etab o lic  ra te . T h e  possib ility  t h a t  th y ro id  ho rm one  m etabo lism  in  
th e  p e rip h era l cells can  a d a p t  to  th e  changes in  en v iro n m en ta l te m p e ra tu re  
was ra ised  b y  several re sea rch  groups. T his la b o ra to ry  fo u n d  (D ecuypère e t 
ah , 1981; R u d as  an d  P e th e s , 1981) th a t  th e re  is an  u n ex p ec ted  decrease o f 
th y ro x in e  se ru m  c o n c e n tra tio n  sh o rtly  (2 h) a fte r  exposing  anim als to  m ild  
cold (10 °C) an d  d e m o n s tra te d  th a t  th is  is due to  an  increase  o f th e  m etab o lic  
ra te  of th is  ho rm one (T able  I I ) ,  th e  la t te r  b e ing  th e  re su lt o f enhanced  deiodina- 
tio n  o f th y ro x in e  to  th e  ac tive  triio d o th y ro n in e . This phenom enon  precedes 
th e  increase o f th y ro x in e  o u tp u t  by  th e  th y ro id  g land . L a te r  i t  was show n 
th a t  b eh in d  th is  ea rly  a d a p ta tio n  p h en o m en o n  a considerab le  increase o f 
ty p e -I  d e io d in a tio n  in  th e  liv er can  be d e te c te d  (Table I I I ) .

Since th e n  i t  w as show n in  several lab o ra to rie s  t h a t  th e  a d a p ta tio n  to  
cold e n v iro n m en t s ta r ts  w ith  an  adrenerg ic  a c tiv a tio n  o f  several deiodinase 
system s in d e p e n d e n tly  o f  th y ro x in e  m o b iliza tio n  from  th e  th y ro id  g land . 
R ecen tly  i t  w as p ro v ed  (S ilva and  L arsen , 1983, 1985) th a t  in  ro d en ts  th e  
ty p e - I I  de iodinase o f th e  b ro w n  adipose tissu e  is a c tiv a te d  w ith in  hours d u rin g  
cold a d a p ta tio n .

2.2. Feeding

W ith  th e  a d v e n t o f precise serum  th y ro id  horm one m easu rem en t te c h 
niques i t  becam e ev id en t th a t  th e  feed ing  p a tte rn  an d  th e  q u a lity  o f food

Table III

T he a c tiv ity  o f 5’-m onodeiodinase (5’-D -type-I, pm ol 
T3/m g D N A /h ^ S E M , N =  7 -10) in  th e  liver of 

chickens exposed to m ild cold (10 °C for 1 h)

10 °c 23 °C

5’-D ty p e-I 13 .61±1.4* 2 2 .8 3 ± 2 .8 3

* P  <  0.01 vs. 23 °C
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Table IV

Serum  triio d o th y ro n in e  (T3, nm ol' I , y  S К M. N =  5), liver 5’-mono- 
deiodinase a c tiv ity  (5’-D -ty p e-I , pm ol T3/100 m g liver 
p ro tein /30  m in + S E M , N =  5) an d  th y ro tro p in  releasing horm one 
p ro v o catio n  te s t  (T R H , %  o f change  in  plasm a T4 30 m in  afte r 
1 ,ug/kg b w tT R H  iv. + S E M , N  =  5) in  chickens fed 100%  (control), 
85%  a n d  70%  of daily energy  re q u ire m e n t in an  isoproteic perfeeding 

tr ia l  12 h  a fte r  ingesting  low  energy  d iet

100% 85% 70%

T3 1.54+ 0 .13 0 .9 9 + 0 .2 1 0 .5 6 + 0 .1 7 *

5’-D -ty p e-I 28.6 +  1.45 20.1 +  1.28 17 .5+ 0 .11*

T R H 156 +  28 1 1 0 + 1 8 35.2 +  15.2*

* P  <  0.05 vs. 100%

h a v e  a basic effect on  th y ro id  h o rm o n e  econom y (B alsam  e t al., 1981; W ar- 
to fsk y  and  B u rm á n , 1982; D ecuypère  an d  K ü h n , 1984).

I t  has been  show n th a t  feed  in ta k e  an d  th y ro id  econom y in te rre la te  in  
sev e ra l w ays b o th  in  m am m als a n d  in  b ird s . This in te ra c tio n  is th o u g h t to  
co n sis t o f a t  le a s t tw o  phases, th e  f i r s t  o f  w hich occurs im m ed ia te ly  a fte r  
changes in  th e  a m o u n t or q u a lity  o f  food availab le  an d  th e  o th e r ap p ears  
a f te r  a lag  perio d  o f u su a lly  some d ay s . I n  a series of ex p erim en ts  w ith  an im als 
fed  d ifferen t en erg y  levels i t  was p ro v e d  (S uda  e t al., 1978; H a rris  e t a l., 1979; 
B u rg e r e t al., 1980; B a r th a  e t al., 1987) t h a t  th e  decreasing a m o u n t o f  energy  
e q u iv a len ts  con tro ls  th e  a c tiv ity  o f  liv e r  deiod ination , a phenom enon  th a t  
occurs para lle l w ith  th e  know n changes (B u rm án  e t al., 1983) in  th e  H T —H P -  
th y ro id  axis. As T ab le  IV  show s, th e  decreasing  ingestion  o f  energy  in a c tiv a te s  
liv e r  ty p e -I  5 ’-deiod inase  w ith in  som e h o u rs  (B a rth a  e t ah , 1987). T his leads 
to  a decrease in  th y ro x in e  d e g ra d a tio n  (T4 to  T3 conversion) and  to  b lu n te d  
se n s itiv ity  o f th e  p i tu i ta ry  to  T S H . In  re c e n t ex perim en ts we have  d em o n 
s tr a te d  th a t  th e  q u ick  response o f p e rip h e ra l th y ro id  ho rm one m etabo lism

Table V

E ffec t o f glucagon (7.5 /fg /kg  b w t, iv .) and of refeeding on the 
5’-deiodinase type  I in liver hom ogenates of 4-week-old chickens 

fasted  fo r 16 h (%  125-I-T3 produced  from  125-I-T4/30 m in/g 
fresh  liv e r in  vitro)

90 min
after glucagon

120 min N on-treated
after refeeding

non-fasted 16-h fast

X 34.2* 22.1* 27.2 15.4

SEM 3.5 2.1 2.8 1.0

N (8 ) ( 8 ) (8) (8)

*P <  0.05 vs. n o n -trea te d , 16-h fast
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to  changes in  feed a v a ila b ility  m ig h t be m ed ia ted  b y  g as tro in te s tin a l h o r
m ones, f ir s t  of all b y  g lucagon  (Table Y) (R udas an d  N ew com er, 1987).

2.3. Thyro id  status

Since S terling  e t al. (1971) p roved  th e  early  f in d in g  o f  R oche e t al. (1956) 
th a t  th y ro x in e  can  be c o n v e rted  to  triio d o th y ro n in e  in  m am m als, severa l 
research  groups have  d e livered  evidence ab o u t th e  se lf-reg u la to ry  role of 
th y ro id  horm ones th em selv es  up o n  th e  ra te  of th is  conversion . T h y ro id  h o r
m one d ep le tion  leads to  a s itu a tio n  w here p a r tic u la r  o rg an s o f th e  body  change 
d e io d ina tion  ra te  in  d iffe ren t w ays. T h y ro id ec to m y  in it ia te s  a com plex defense 
m echan ism  ag a in st h y p o th y ro id ism : liver ty p e -I  de iodinase decreases its  
a c tiv ity  w hile d e io d in a tio n  in  th e  b ra in  is increased  (S ilva e t ah , 1983; Silva 
an d  L arsen , 1982; R u d as an d  P e th es , 1989). T he o v era ll re su lt o f th is  m ech an 
ism  is th a t  th y ro id  ho rm ones will be availab le  fo r a long  tim e  in  th e  h y p o 
th y ro id  organism  (O bregon e t ah , 1981; Silva an d  M atth ew s, 1984) an d  th e  
b ra in  w ill becom e less h y p o th y ro id  th a n  o th e r o rgans so th a t  i t  can  avoid  
fa ta l “ a th y re o tic ”  s ta tu s  fo r a long period  a fte r  th y ro id e c to m y . S im ilar a d a p 
ta tio n  o f th e  p e rip h era l th y ro id  horm one m etab o lism  w as seen in  th y ro id - 
ectom ized  chickens: th e  ac tiv e  th y ro id  horm one (T3) c o n te n t in  th e  b ra in  was 
alm ost h a lf  o f th e  e u th y ro id  level, w hile p lasm a a n d  liv e r  th y ro id  horm one 
co n cen tra tio n s w ere d ra m a tic a lly  reduced  sh o rtly  a f te r  th y ro id e c to m y  (R u d as 
and  P e th es , 1989). I n  th e se  s ta te s  th e  am o u n t o f th y ro id  horm ones availab le  
from  th e  p lasm a pool o r fro m  th e  local p ro d u c tio n  is au to reg u la tiv e  in  n a tu re  
(K oenig, 1986; R u d as, 1988).

2.4. E ffect o f  exogenous substances

F o re ig n  substances in tro d u c e d  to  th e  organ ism  can  influence  th y ro id  
horm one econom y a t  sev era l levels. I t  is of special in te re s t  th a t  a w ide v a r ie ty  
o f physio logical, p a th o lo g ica l and  genetic  disorders as w ell as drugs in fluence  
th e  dynam ics o f th y ro id  ho rm one tra n sp o r ta tio n  a n d  de iod ina tion . D eta iled  
descrip tion  of these  effects can  be found  in  excellen t re c e n t review s (W enzel, 
1981; C avalieri and  P itt-R iv e rs , 1981; K ap lan , 1984). I n  a series of ex p e ri
m en ts on  quails an d  chicks we have d em o n stra ted  (T ab le  V I) th a t  th e  e lev a ted  
n itra te  (n itrite ) co n c e n tra tio n  of th e  d rink ing  w a te r  n o t only  in fluences th e  
th y ro id a l iodine u p ta k e  as i t  could be p o stu la ted  on th e  basis o f fo rm er f in d 
ings, b u t  i t  can  also f in e ly  a d ju s t th e  th y ro id  ho rm one  ac tiv a tin g  p a th w ay s  
(liver 5 ’-deiod ination) (P e th es  e t ah , 1987).

P ro b a b ly  th e re  is a n  enhanced  dem and  on av a ilab le  tr iio d o th y ro n in e  
in  cells u n d e r even lig h t n i tr a te  load . In  a n o th e r a t te m p t  we have  seen th a t  
tox ic  substances like trich o th ecen e  deriva tives can  h av e  a d irec t effect on th e  
p e rip h era l hand ling  o f th y ro id  horm ones beside th e ir  e ffect up o n  th e  cen tra l
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Table VI

Serum  th y ro x in e  (T4, n m o l/L ^ S E M , N  ] 5), liver 
5’-deiod ination  (5’-D -ty p e-I , pm ol T3/100 m g liver 
tissue/30 m inJ^SE M , N  5) and  th y ro tro p in  releasing 
horm one p ro v o catio n  te s t  (T R H , %  of change in  p lasm a 
T4 30 m in  a fte r  1 /rg /kg  b w t T R H  iv. ■ j : SEM , N  f  5) 
in  a d u lt  quails exposed to  300 ppm  n itra te  in th e  

d rin k in g  w a te r  for tw o weeks

Control Nitrate-fed

T4 7 .5 ± 1 .8 3 .5 ± 1 .1 *

5’-D -ty p e-I 3 2 .4 ± 2 .8 47 .5± 3 .2*

T R H 1 8 7 ± 3 2 4 3 2± 67*

* P  <  0.05 vs. contro l

(H T -H P )  system . T hese fac ts  call a t te n tio n  to  th e  fac t th a t  som e w ell-know n 
a n d  form erly  described  p h en o m en a  are  w o rth  of re in v es tig a tin g  in  th e  ligh t 
o f  th e  new re g u la to ry  m echan ism s described  in  P a r t  1.

3. Conclusion

O n the  basis o f  th e  above one can  conclude th a t  w h en  inv estig a tin g  
th y ro id  horm one econom y one h as  to  ta k e  in to  accoun t a series of recen tly  
e s tab lish ed  reg u la to ry  p a th w a y s  t h a t  m ig h t be th e  cause o f  changes observed. 
O ne concludes th e re fo re  th a t  m easu rin g  serum  levels o f th y ro id  horm ones 
a lo n e  w ould n o t give a  sa tis fa c to ry  ex p lan a tio n  for th y ro id  econom y. I t  is 
sugg ested  th a t  th e  s ta te  of p e rip h e ra l a c tiv a tio n  (deiod in a tio n  ra te s) and  the  
s e n s itiv ity  of th e  c e n tra l axis (v ia T R H  p ro v o ca tio n  te s ts )  shou ld  be con
s id e red  sim u ltaneously  w hen  th y ro id  s ta tu s  is in v estig a ted .
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CORRELATION BETWEEN THYROID HORMONE 
LEVEL AND BLOOD pH IN COWS AND 

IN THEIR OFFSPRING

P. R udas1, O. Szenci2, G. P e th es1 and J . B a r t y ik 3

d e p a r t m e n t  of Physio logy an d  B io ch em istry  an d  d e p a r t m e n t  of O b s te tr ic s  a n d  R epro d u ctio n  
B iology, U n iv ersity  of V e te rin a ry  Science, H-1400 B u d ap es t, P. O. B o x  2; 3S ta te  F a rm  of 

E n y in g , H -8155 K iscséripuszta , H ungary

(R eceived  A u g u st 14, 1989)

T h y ro id  h o rm one levels in  th e  p lasm a  a n d  blood p H  w ere co m p ared  in  38 new 
b o rn  calves and  th e ir  dam s im m ed ia te ly  a t  p a r tu r it io n , th e n  24 a n d  72 h  th e re a fte r . 
B o th  th y ro id  horm one levels an d  p H  e x h ib it m u ch  h igher v a r ia tio n  in  calves th a n  
in  cows. A pplying a lin e a r m odel a t  d iffe ren t sam pling  tim es, a  w eak  (r  =  —0.112 to  
— 0.397) b u t  s ig n ifican t (P  <  0.05) n e g a tiv e  corre lation  w as fo u n d  b e tw een  th y ro id  
ho rm one levels an d  b lood  p H  in calves 24 an d  72 h  p o s tp a r tu m . A t b ir th , 
w hen  no co rre la tion  w as fo u n d  w ith  lin ea r ap p ro ach , a p o ly n o m ia l regression  m odel 
show ed curv ilinear re la tio n sh ip  be tw een  th y ro id  horm one levels a n d  blood p H  in  
calves. Since these  co rre la tio n s could  n o t be  su b s ta n tia ted  b y  c o m p arin g  d a ta  o f d if
fe re n t sam pling  tim es, one can  conclude t h a t  th e  possible re la tio n sh ip  of th y ro id  
horm one levels and  b lood  p H  is a  com plex  one. R evealing  th e  u n d e rly in g  m echanism  
of th e  above ob se rv a tio n s req u ires  fu r th e r  s tu d y .

K eyw ords: T h y ro x in e , tr iio d o th y ro n in e , blood p H , calves, cow s

T he p lasm a levels o f  th y ro x in e  an d  triio d o th y ro n in e  are  in fluenced  b y  
d iffe ren t ex trinsic  an d  in tr in s ic  fac to rs  (L arsen  e t ah, 1981). O ne o f th e  m ost 
im p o r ta n t  fac to rs is p la sm a  b in d in g  p ro te in s  th a t  c a rry  th y ro id  horm ones 
to  ta rg e t  cells. These th y ro id  horm one b in d in g  p ro teins a ssoc ia te  w ith  th y ro x 
ine  an d /o r triio d o th y ro n in e  w ith  v a ry in g  affin ities and  cap ac itie s  in  d ifferen t 
species (for review  see L arsso n  e t ah , 1985). A n im p o rta n t fa c to r  th a t  affects 
b in d in g  ch arac teristics is h y d ro g en  ion  co n cen tra tio n  (D av iso n  e t ah , 1978). 
I t  is w ell know n from  th e  l i te ra tu re  (E ig en m an n  e t ah, 1981; H e ld  e t  ah, 1985) 
a n d  also in  a series o f  ex p erim en ts  we h av e  d em o n stra ted  (Szenci, 1985; 
Szenci e t ah , 1988) th a t  b lood  ac id -b a se  s ta tu s  is c ritical fo r  su rv iv a l of th e  
n ew b o rn  calf. I t  is also kn o w n  th a t  th e  level o f th y ro id  ho rm o n es exh ib its  
a ty p ic a l p a tte rn  a ro u n d  p a r tu r it io n  (C urtis an d  A bram s, 1977) and  th a t  
th y ro id  horm one levels in  th e  y o ung  are in  re la tio n  to  rap id ly  ch an g in g  m e tab o 
lite  levels o f he blood (F a rk a s , 1982). I t  w as show n (P e thes e t  ah , 1978) th a t  
th y ro id  horm one levels in  th e  serum  im m ed ia te ly  a fte r  b i r th  m ay  p red ic t 
som e p ro d u c tio n  tra i ts  (m ea t q u a lity , b o d y  w eight gain) o f th e  grow ing a n i
m als. Therefore i t  is reaso n ab le  to  s tu d y  th e  in te rre la tio n sh ip s  o f d ifferen t 
b lood  p a ram e te rs  a t  th e  ea rly  stage  o f developm en t. W ith  th is  in  m ind , i t  w as
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w o rth  carry ing  o u t a s tu d y  th a t  looks fo r re la tio n sh ip s  o f  blood p H  w ith  
th y ro id  horm one levels. T he p re sen t p a p e r  describes o u r f ir s t  tr ia l to  d em o n 
s tra te  such in te rre la tio n sh ip s  in  n ew b o rn  calves a n d  th e ir  dam s im m ed ia te ly  
a f te r  b irth .

Materials and methods

A n im a ls

A field  s tu d y  w as perfo rm ed  in  a d a iry  h e rd  in  S ep tem ber 1987. D ry  
cows (H o lste in -F riesian  an d  H o lste in -F riesian X  H u n g a r ia n  F leckvieh  F 2 and  
R j) were confined  to  s tan ch io n  b a rn s  a n d  received  a m ix ed  com m ercial silage 
an d  fodder ra tio n  a long  w ith  alfalfa  a n d  grass h ay . D e liv e ry  of 38 calves, all 
in  no rm al an te rio r  p re se n ta tio n , w as u n co m p lica ted . O ne to  th ree  a tte n d a n ts  
assisted  w ith  tra c tio n . D elivery  w as com pleted  w ith in  30 to  60 m in  a fte r  th e  
ap p earan ce  an d  ru p tu re  o f m em branes. D uring  th e  t r ia l  new born  calves w ere 
n a tu ra lly  suckled b y  th e ir  own dam s.

Sam pling

Im m ed ia te ly  a f te r  b ir th , b lood  sam ples from  th e  ju g u la r  vein  w ere col
lec ted  anaerob ically  in to  heparin ized  p lastic  sy ringes an d  in to  heparin ized  
collection  tub es w hich  w ere im m ed ia te ly  sealed a ir t ig h t  w ith  a ru b b er cap  an d  
s to red  on ice u n til  ana lysis . B lood sam pling  was re p e a te d  24 and  72 h  a fte r  
b ir th . H eparin ized  b lood  sam ples w ere cen trifuged  (1500 g, 15 m in, 4 °C) and  
th e  sep ara ted  p la sm a  w as s to red  a t  —20 °C u n til  ana ly sis .

A ssays

The hydrogen  io n  co n cen tra tio n  o f th e  b lood  sam ples was de te rm in ed  
w ith  a Biological M icroanalyzer (R ade lk is , B u d a p e s t, H ungary) a t  37 °C 
w ith in  10 m in a fte r  sam pling .

The c o n c e n tra tio n  o f th y ro id  horm ones w as d e te rm in ed  accord ing  to  
ou r form erly  described  R IA  m eth o d  (P e thes e t ah , 1978). The p rocedure  is 
s im ilar to  th e  w idely  used  th y ro id  ho rm one  d e te rm in a tio n s  by  R IA  w ith  th e  
im p o r ta n t difference t h a t  species-specific in cu b a tio n  e n v iro n m en t was ensu red  
th ro u g h o u t in  th e  case o f b o th  horm ones. This in v o lv e d  th e  use o f th y ro id  
horm one free serum  m ade of bovine p lasm a  for all d ilu tio n s  of s ta n d a rd s  an d  
sam ples. A pply ing  th is  m eth o d  a considerab le  im p ro v e m e n t of assay accu racy  
w as achieved over a w ide range o f ho rm one c o n cen tra tio n s . The in tra a ssa y  
va rian ce  was less th a n  7 p er cen t, a n d  th e  in te ra ssa y  v a rian ce  was low er th a n  
10 p e r cent.
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Statistical analysis

T he effect of p H  on  th e  p lasm a co n cen tra tio n  as a fu nc tion  of sam p lin g  
tim e  w as su b s ta n tia te d  b y  analysis o f v a rian ce  (ANOVA, s ta tg rap h ic s  p ro ce 
dure for IB M  PC , S ta t . Softw are C orp., U SA ). N on-linear regression analysis  
w as done b y  a p p ro x im a tio n  w ith  p o lynom ia l an d  m u ltiv a r ia te  program m es.

Results

T able I  sum m arizes p H , T4 an d  T3 d a ta  for b o th  th e  calves a n d  th e  
dam s. H y d ro g en  ion  co n cen tra tio n s an d  th y ro id  horm one levels show g re a te r  
f lu c tu a tio n s  in  calves th a n  in th e  re sp ec tiv e  m others. T he b lood  pH  was low er 
(7.1-7 .3) an d  th y ro id  horm one level w as h igher in  th e  p lasm a of n ew born  
calves th a n  in  th e  cows. In  calves b lood p H  increased  a fte r  p a r tu r itio n , th y ro id  
horm one levels ach ieved  a peak  c o n c e n tra tio n  a t  24 h  an d  a decline w as 
ch a rac te ris tic  la te r  on. T he correspond ing  p a ram e te rs  d id  n o t change over 
tim e  in  th e  case o f cows ex cep t th a t  th e re  w as a sligh t d ro p  in  T3 serum  co n 
cen tra tio n .

Table I

B lood p H , th y ro x in e  (T4) and  triio d o th y ro n in e  (T3) levels in  calves 
and  in  th e ir  d am s (nm ol/1)

Average i  S EM

Calves

Cows

1 h pH 7.22 ± 0 .0 1 2 A
T4 172.2 ± 1 1 . IB
T3 7.81 ± 0 .8 4 c

24 h pH 7.38 ± 0 .0 0 7 A
T4 303.2 ± 9 .7 6 B. °
T3 12.76 ± 0 .8 1 ° .  E

72 h PH 7.39 ± 0 .0 0 6
T4 204.48 ± 1 1 .8 7 °
T3 9.53 ± 0 .5 6 E

1 h pH 7.41 ± 0 .0 0 9
T4 41.72 ± 3 .1 2
T3 2.04 ± 0 .1 0 A

24 h p H 7.44 ± 0 .0 0 7
T4 45.42 ± 3 .1 7
T3 1.94 ± 0 .0 8 8

72 h pH 7.43 ± 0 .0 0 6
T4 43.37 ± 2 .6 7
T3 1.76 + 0 .1 2 A

A verage ±  s tan d ard  erro r o f m ean ; n  =  38; s ign ifican t dif
ference exists betw een  groups labelled  w ith  th e  sam e superscrip t. 
А, В, C, D, E p  <  p _05  betw een groups w ith  sam e su p ersc rip t
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Table II

S u m m ary  of regression  analyses on th e  re la tionsh ip  
betw een  blood p H  an d  th y ro id  horm one level 

(n u m b er o f p a irs  =  38)

Regression of pH  w ith Correlation coefficient

Calves
A t b ir th T4 -0.063

T3 -0.067

24 h T4 -0.173*
T3 -0.256*

72 h T4 -0.397*
T3 -0.112*

Cows
A t b ir th T4 0.092

T3 -0.071

24 h T4 -0.053
T3 0.017

72 h T4 0.005
T3 -0.071

* P  <  0.05 (significance of th e  corre la
tio n  coefficient)

R egression  analysis  o f p H  on th y ro id  horm one levels w as m ade a t  th e  
d iffe ren t tim e  p o in ts  o f  sam pling . A su m m a ry  of th e  reg ression  s ta tis tic s  is 
g iven  in  T ab le  I I .  No s ign ifican t re la tio n sh ip  could be d e tec ted  in  th e  case 
o f  cows, how ever in  calves a s ig n ifican t co rre la tion  o f b lood  p H  w ith  p lasm a

I

F ig . 1. G raphic re p re se n ta tio n  of d a ta  on b lood p H  an d  T4 levels in  calves. ( D ) :a t  b ir th ;  ( Д ) :  
24 h ;  and  ( 9 ) :  72 h  p o s tp a r tu m . O verall in sp ec tio n  of d a ta  suggests no corre lation . D e ta iled  
n o n -lin ear analy sis  w ith in  tim e p o in ts , ho w ev er, resu lted  in  a  cu rv ilin ea r re la tio n sh ip
a t  b i r th  (---------- ) a n d  a close to  lin ea r n e g a tiv e  corre lation  24 ( ............) and 72 ( -----------) h
p o s tp a r tu m . T he n e g a tiv e  re la tio n sh ip  of th e  tw o  p a ram ete rs  is also a p p a re n t in  th e  close 

to  physio logical (7 .2 -7 .5 ) p H  range  a t  b ir th  ( □ )
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th y ro id  horm one level w as found  24 an d  72 h  a fte r  b ir th . F igure  1 exh ib its  
all th e  in d iv id u a l d a ta  o f calves concerning T4. V isual in sp ec tio n  o f all po in ts  
to g e th e r show s no co rre la tio n  over th e  period  in v e s tig a te d  (i.e. 1, 24 an d  72 h 
p o s tp a r tu m ). H ow ever, w h en  w ith in -tim e-p o in t d a ta  are  looked  a t  sep a ra te ly , 
one can  rev ea l th e  follow ing. T hyrox ine  level h ad  a p e a k  in  th e  p H  range of 
7 .20-7 .30 , w hile its  co n c e n tra tio n  was low er a t  ex trem e ly  h igh  (7.30-7.35) and  
low  (6.9—7.15) p H  a t  b ir th . T hus non-linear p o ly n o m ia l regression was 
used to  charac terize  th is  phenom enon . F igure 1 c learly  show s th e  cu rv ilinear 
re la tio n sh ip  ex isting  b e tw een  T4 level and  p H  a t  b ir th . W hen  a linear 
m odel w as f i t te d  to  th e  fu ll p H  range a t  th is  sam p lin g  p o in t, no co rre la tion  
w as fo und . A n a tte m p t w as m ade to  characterize  th is  re la tio n sh ip  b y  f i t t in g  
a non -lin ear m u ltip lica tiv e  m odel, th e  b est f i t  o f w hich  w as y  =  ax2 (p ro b ab il
i ty  level is less th a n  0.05 p e r cen t). W hen th e  m ore physio log ica l p H  range 
(7.2-7 .5) is considered, th e  nega tive  co rre la tion  s till p rev a ils  (Fig. 1, open 
squares, p H  range 7 .2 -7 .5 ). A t la te r  tim e  po in ts  (24 a n d  72 h a fte r  b irth ) 
a sig n ifican t nega tive  co rre la tio n  o f blood p H  w ith  th y ro x in e  an d  tr iio d o 
th y ro n in e  levels was co n firm ed  w ith  th is  app ro ach  (F ig . 1) as well as w ith  
th e  lin ear ap p ro ach  (T able I I ) . S im ilar resu lts  w ere o b ta in e d  for T3 w ith  th e  
above n o n -lin ea r m eth o d  (d a ta  n o t show n).

Discussion

T he d a ta  p resen ted  ab o v e  show  th a t  th e  b lood  p a ra m e te rs  m easured  
h av e  v e ry  h igh  v arian ce  in  th e  case o f calves b u t  n o t in  t h a t  o f cows. In  general, 
one can  observe th a t  b lood  p H  is v e ry  low im m ed ia te ly  a f te r  b ir th , an d  due 
to  m etabo lic  com p en sa tio n  o f th e  ac id -b ase  ba lan ce  i ts  va lu e  re tu rn s  to  
no rm al physio logical levels (E igenm ann  e t al., 1981; Szenei, 1985). The b lood 
p H  v alues o f th e  dam s a re  in  good ag reem en t w ith  th o se  described  in  th e  
lite ra tu re  as physio logical (Szenei, 1985). The h igh level o f th y ro id  horm ones 
found  in  th e  calves is n o t su rp rising , know ing th a t  th y ro tro p in  (TSH ) is su d 
denly  re leased  up o n  th e  cold  en v iro n m en t an d  th is  increases T4 level (F isher 
an d  D u ssau lt, 1975; P e th es  e t al., 1985) an d  th a t  p e rip h e ra l d e io d ina tion  of 
T4 to  T3 is ex trem ely  h ig h  in  th e  early  p o s tn a ta l p e rio d  (C avalieri, 1980) 
acco u n tin g  fo r v e ry  h igh  T3 levels. A bsolu te values o f  T4 a n d  T3 in  cows an d  
th e  ph en o m en o n  th a t  th y ro id  horm one levels o f cows do n o t change sign ifi
c a n tly  over th e  f irs t  72 h  p o s tp a r tu m  agree w ith  th e  l i te ra tu re  (F isher an d  
D u ssau lt, 1975; P e th es  e t a l., 1985).

D e ta iled  analysis o f  d a ta  suggest th a t  th e re  is a co rre la tio n  o f p H  w ith  
th y ro id  ho rm one levels. S ince all d a ta  of calves (inc lud ing  observations a t  
b irth ) in  th e  range o f p H  7 .25-7 .5  n ega tive ly  co rre la te  w ith  p H  (Fig. 1), 
one can  conclude th a t  h ig h  h y drogen  ion  co n cen tra tio n  increases b in d ing  of
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th y ro id  horm ones. A p p a re n tly  th e  sam e is seen w hen  d a ta  fro m  cows are com 
p a re d  to  those fo u n d  in  th e ir  o ffspring . Calves have  h igh  th y ro id  horm one 
leve ls  and  low p H , cows show  low  th y ro id  horm one levels a n d  h igher p H . 
H o w ev er, th is  re la tio n sh ip  seem s n o t to  he tru e  w h en  a ll d a ta  from  
ca lv es  are com pared . D ue to  th e  num erous in d irec t effec ts, p H  can  only 
h e  one of the  severa l m e tab o lic  fac to rs  th a t  in fluence th y ro id  horm one level 
in  such  a com parison  an d  th e  re la tiv e  in fluence  of these  fa c to rs  m ay  change 
o v e r  tim e. The n eg a tiv e  c o rre la tio n  found  in  calves is su p p o rte d  b y  resu lts  
o f  D av ison  e t al. (1978) w ho show ed th a t  ch a ra c te riz a tio n  o f  th y ro id  horm one 
c a rry in g  p ro teins ab o v e  th e  physio log ica l p H  resu lted  in  severe  u n d e re s tim a
t io n  o f b ind ing  c o n s ta n ts . W h en  th e  v e ry  early  d a ta  on  ca lves (im m edia te ly  
a f te r  b irth ) are considered , one concludes th a t  above a c e r ta in  c ritica l con
c e n tra tio n  (below p H  7.2) h y d ro g en  ion  m ig h t in h ib it th y ro id  horm one b in d 
in g  b y  serum  p ro te in s .

T hyro id  ho rm one  level in  th e  p lasm a  is in fluenced  b y  severa l factors 
(p ro d u c tio n , e lim in a tio n , e tc .), one of w hich  can  be th e  b in d in g  ch arac teristics 
o f  horm one b ind ing  p ro te in s . I t  w ould  be an  oversim p lifica tio n , how ever, 
to  s ta te  the  w eak re la tio n sh ip  fo u n d  above w ould express a d ire c t p H -h o rm o n e  
lev e l correlation . A  v e ry  im p o r ta n t  fac to r  th a t  m igh t also be  inc luded  in  th e  
p h en o m en a  found  here  is th e  a lte re d  m etab o lite  level o f th e  ca lf  serum  around  
b ir th .  F a t ty  acids, h o rm ones, la c ta te  an d  o th e r co m p o u n d s can  d irec tly  
rep lace  th y ro id  horm ones from  th e ir  p lasm a b ind ing  sites (T ik an o ja  and  Lie- 
w en d ah l, 1988; Lirn e t  a l., 1988; Schifferdecker e t a l., 1988) and  th is  can 
in d ire c tly  lead  to  th e  observed  co rre la tio n  o f  h y d ro g en  io n  co n cen tra tio n  
w ith  th y ro id  ho rm one levels a t  th e  v e ry  early  tim e  p o in t a f te r  b ir th  in  calves. 
T h e  f irs t m ovem ents an d  m uscle w ork  can  also a lte r  th e  b in d in g  of th y ro id  
ho rm ones (P ak a rin en  e t  al., 1988) an d  th is  m ig h t be an  o bv ious reason  in  th e  
n ew b o rn  calf. A lso, i t  is well kn o w n  th a t  th y ro id  s ta tu s  i ts e lf  a lte rs  serum  
b in d in g  of th y ro id  h o rm ones, an d  th a t  m ig h t be in d e p e n d e n t o f p H  (Leopold 
e t  a l., 1988; T a n a k a , 1988; Y o u n g  e t ah , 1988). The d a ta  p re se n te d  here su p 
p o r t  th e  view  th a t  p H  m ay  co rre la te  w ith  th y ro id  ho rm o n e  levels a t  ce rta in  
t im e  po in ts . T he d iv e rs ity  o f possib le u n d erly in g  m echan ism s (D avison e t 
a l., 1978; B envenga e t  a l., 1988; T erasak i and  P ard rid g e , 1988; Shigem asa 
e t  a l., 1988) and  th e  inconsistencies observed  requ ire  m ore d e ta iled  analysis 
o f  th e  above find ings.
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THE EFFECT OF TANNIN TREATMENT AND 
SUBSEQUENT UREA SUPPLEMENTATION OF 

SUNFLOWER MEAL ON THE IN VITRO 
DIGESTIBILITY OF ITS CRUDE PROTEIN 

FOR RUMINANTS

T .  V e RESEGYHÁZY1 an d  S . F E K E T E 2

d e p a r tm e n t  o f P h y sio logy  an d  B io ch em istry ; an d  d e p a r t m e n t  o f A nim al N u tritio n , 
U n iv ersity  o f V e te rin a ry  Science, H-1400 B u d ap es t, P . 0 .  B ox 2, H ungary

(R eceived  O ctober 2, 1989)

T he e ffec t o f ta n n in  tre a tm e n t (TSFM ) an d  su b seq u en t u re a  su p p lem en tation  
(TSFM  -j- U ) on  th e  d ig es tib ility  o f sunflow er m eal (SFM ) p ro te in  was stud ied  b y  
m eans of a th ree -p h ase  la b o ra to ry  m eth o d  sim ula ting  th e  ru m in a n t’s digestion. U n d er 
th e  in fluence of th e  ru m in a l f lu id  67%  of SFM  p ro te in , 62%  of T SFM  pro tein  and  
58%  of T SFM  -(- U  p ro te in  w as degraded . T he pep sin  an d  p a n c re a tin  digestibilities 
of ru m en  u n d e g rad e d  p ro te in  (U D P ) w ere as follow : 58 .2%  (SFM ), 56.6%  (TSFM ), 
43 .3%  (TSFM  +  U), and  22.0%  (SFM ), 28 .8%  (TSFM ), 17 .5%  (TSFM  +  U), respec
tively .

T he fo u r frac tio n s (dissolved p ro te in , o ligopeptides, am ino  acids, and  am m onia) 
of ru m en  d eg rad ab le  p ro te in  (D P ) were also de te rm in ed : 85 to  92%  of rum en  d eg rad 
able p ro te in  w as recovered  in  th ese  four frac tions. O w ing to  ta n n ic  acid  tre a tm e n t th e  
q u a n ti ty  o f d isso lved  p ro te in  decreased  and  th a t  o f o ligopeptides increased .

K eyw ords: I n  vitro p ro te in  d eg rad ab ility  in  ru m en , d ig es tib ility  o f undeg rad ed  
p ro te in , e x tra c te d  sunflow er m eal, ta n n in  t re a tm e n t, u rea  su p p lem en ta tio n , digestion  
of crude p ro te in , crude  p ro te in  frac tio n s , ru m en  deg rad ed  p ro te in

Som e p la n ts  (Lotus peduncu la tus , L . corniculatus an d  som e b ird -res is tan t 
Sorghum  ty p es), w id e ly  used  in  an im al n u tr itio n , co n ta in  d iffe ren t am ounts 
o f  condensed  ta n n in s  (B arry  e t a l., 1986; B a rry  an d  F orss, 1983; W aghorn  
e t  al., 1987; M on tgom ery  e t a l., 1986). D uring  d is in teg ra tio n  of th e  p la n t 
m a te ria l, such  as chew ing  b y  ru m in a n t, th e  condensed  ta n n in s  reac t w ith  
p la n t p ro te in s to  fo rm  an  inso luble  com plex. T he la t te r  is s tab le  and  insoluble 
in  th e  p H  ran g e  o f 3 .5 -7 .0 , b u t  w ill d issociate a t  p H  below  3.5 (Jones an d  
M angan , 1977). T herefo re , p ro te in s  in  p la n ts  c o n ta in in g  ta n n in  can  be p ro 
te c te d  from  m icrob ia l d eg rad a tio n  in  th e  ru m en  (W aghorn , 1985).

I t  w as show n (S engar an d  M udgal, 1982) th a t  th e  so lu b ility  of g ro u n d 
n u t cake p ro te in  w as reduced  b y  ta n n ic  acid  tre a tm e n t. T he changes in  so lu 
b ility  depended  u p o n  th e  a m o u n t o f  ta n n ic  acid used . T he objectives of th e  
p re se n t in v e s tig a tio n  w ere to  d e te rm in e  th e  effect o f ta n n in  t re a tm e n t of su n 
flow er m eal on th e  in  vitro  d ig estib ility  of its  p ro te in . T he effect o f a su b 
seq u en t u rea  su p p le m e n ta tio n  on  th e  d ig estib ility  of th e  t r e a te d  p ro te in  w as 
also s tu d ied . T he q u a n titie s  o f th e  fou r frac tions o f ru m e n  deg radab le  p ro te ins 
(D P) w ere m easu red  too .

Acta Veterinaria Hungarica 38, 1990 
Akadémiai Kiadó, Budapest



96 VERESEGYHÁZY and FEKETE

Materials and methods

Com m ercial SFM  (crude p ro te in  c o n te n t: 424 g/kg) served  as u n tre a te d  
feed . T he p ro d u c tio n  p rocedure  b e g a n  w ith  th e  m echan ical dehu lling  o f th e  
su n flo w er seed. A fte r h av in g  h e a te d  th e  dehulled  seeds u p  to  70-80  °C, th e  oil 
w as rem oved  b y  p ressin g  an d  su b se q u e n t chem ical e x tra c tio n  a t  40 °C. The 
so lv e n t residue w as e lim in a ted  b y  to a s tin g , th e n  th e  e x tra c te d  SFM  was 
g ro u n d . (D uring th e  described  p rocess, for a sh o rt tim e  th e  te m p e ra tu re  
re a c h e d  100 °C.)

T an n in  tr e a tm e n t w as ca rried  o u t  using  21%  ta n n ic  acid  so lu tion . S un
f lo w e r m eal was la id  o u t u n ifo rm ly  in  a layer th ickness o f 5 cm and  was 
sp rin k le d  w ith  th e  ta n n ic  acid so lu tio n . T he q u a n tity  o f ta n n ic  acid  used  was 
9 %  o f th e  crude p ro te in  am o u n t o f  SFM . T he hum id  feed  w as dried  b y  ven til- 
la t io n  for 48 h to  a ir -d ry  s ta te .

R um en  flu id  w as ta k e n  from  3 a d u lt, f is tu la tc d  M erino w ethers. The 
an im a ls  were fed m ix tu re s  co n ta in in g  SFM , TSFM  or T SFM  -f- U (Table I), 
fo llow ing  a L a tin  sq u a re  design. A fte r  th e  th ird  tre a tm e n t period  all anim als 
w ere  fed  a con tro l d ie t. E ach  sam p lin g  an d  d e te rm in a tio n  w as preceded  by  
a 1 0 -d ay  a d ju s tm e n t p e rio d  d u rin g  w h ich  th e  an im als consum ed  a feed con
ta in in g  th e  sam e sunflow er m eal, w hose deg rad ab ility  an d  d ig estib ility  were

Table I

C om position and  n u tr it iv e  v a lu e  of th e  daily  ra tio n  of sheep

Group

I I I I I I

Ground corn g ra in  (kg) 1.07 1.07 1.07

SFM* (kg) 0.25 - -

TSFM* (kg) — 0.25 0.25

Alfalfa hay  (kg) 0.20 0.20 0.20

W heat straw  (kg) 0.10 0.10 0.10

M ineral (g) 16.00 16.00 16.00

U rea (g) - - 9.00

Specifications:

D ry m a tte r  in ta k e  (kg) 1.46 1.45 1.53
D igestible en erg y  in tak e  (M J) 20.94 20.72 20.72
Crude p ro te in  in tak e  (g) 219 206 248
Ca in take  (g) 4.1 4.1 4.1
P  in take  (g) 3.3 3.3 3.3

* SFM : sunflow er m eal, e x tra c te d ; ** TSFM : tan n in -trea te d  -un 
flower m eal
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d e te rm in ed  in  vitro, by  m eans o f th e ir  ru m en  flu id . T he com position  o f  th e  
th ree  feed  m ix tu re s  is show n in  T ab le  I .

T he in  vitro  m easurem ents w ere m ade b y  a th ree -p h ase  m eth o d  (Veres- 
egyházy  e t  a l., 1987; Y eresegyházy  e t  al., 1989). I n  th e  f irs t  phase 5 x 2  in 
cub a tio n s w ere done w ith  th e  ru m en  flu id  of each  an im al, using 500 m g te s t  
m a te ria l p e r  in c u b a tio n . U rea  w as d isso lved  in  M cD ougall’s bu ffer (1948), in  
a c o n c e n tra tio n  o f 0.125 (w/v) % . E a c h  m easu rem en t series inc luded  a b la n k  
te s t  ( in c u b a tio n  o f th e  ru m en  flu id  w ith o u t feed sam ple). A t th e  en d  o f  th e  
48-h in c u b a tio n  period , d igestion  w as s to p p ed  b y  ad d in g  5 %  H gC l2 so lu tio n , 
and  th e  tu b e s  w ere cen trifuged  (8000 g). F ro m  h a lf  o f th e  sam ples (i.e. 5 p a ra l
lels) th e  s u p e rn a ta n t  was d iscarded , w hile th e  sed im en ts w ere fu r th e r  d ig ested  
in  th e  second  phase  w ith  pepsin  a n d  in  th e  th ird  one w ith  p a n c re a tin . T he 
sed im en ts o f th e  o th e r h a lf  of th e  sam ples (5 parallels) w ere used for th e  d e te r 
m in a tio n  of th e  am o u n t of ru m en  u n d eg rad ed  p ro te in  (U D P). T h e ir su p e r
n a ta n ts  se rv ed  fo r m easuring  th e  c rude  p ro te in  frac tions of ru m en  d eg rad ab le  
p ro te in  (D P ).

F o r U D P  d e te rm in a tio n , n itro g en  co n ten t w as m easured  in  th e  sed i
m en ts o f th e  f i r s t  phase . F o r th e  d e te rm in a tio n  of th e  pepsin  an d  p a n c re a tin  
d ig es tib ility  o f U D P , th e  n itro g en  c o n cen tra tio n  o f th e  su p e rn a ta n ts  o f  th e  
second an d  th ird  phases was m easu red . D e te rm in a tio n s  w ere p erfo rm ed  b y  
th e  K je ld a h l’s m e th o d , using a K je ll-F oss in s tru m e n t. C rude p ro te in  w as 
o b ta in ed  b y  m u ltip ly in g  th e  re su lt b y  6.25. F o r th e  lack  of h o m o g en e ity  
th e  en tire  q u a n ti ty  of th e  sed im en ts w as used  up.

T he c rude  p ro te in  frac tions o f th e  D P  were de te rm in ed  as follow s. U sing 
1 m l o f th e  firs t-p h ase  su p e rn a ta n ts , th e  b iu re t te s t  (R ap o p o rt a n d  R ade- 
rech t, 1984) w as perfo rm ed  to  e s tim a te  th e  to ta l  q u a n ti ty  of dissolved p e p tid e s  
and  p ro te in s . B ovine serum  a lbum in  (BSA ) dissolved in  0 .9%  NaCl a t  d iffe r
en t c o n cen tra tio n s  w as used as s ta n d a rd  so lu tion .

2.5 m l o f  th e  firs t-p h ase  s u p e rn a ta n t  w as dep ro te in ized  b y  ad d in g  th e  
sam e vo lum e o f 10%  trich lo ro acetic  acid . A fte r cen trifu g a tio n  th e  s u p e rn a ta n t  
was used  fo r th e  b iu re t te s t , Sorensen’s fo rm ol t i t r a t io n  (R ap o p o rt a n d  R ad e- 
rech t, 1984) a n d  am m onia  d e te rm in a tio n  b y  B e rth e lo t’s m ethod  (K e lle r e t 
al., 1967). O ligopep tide co n cen tra tio n  w as m easu red  b y  b iu re t te s t  o f  th e  
d ep ro te in ized  su p e rn a ta n t. The q u a n t i ty  o f dissolved p ro te in  was ca lcu la ted  
from  th e  d ifference betw een  th e  in ta c t  an d  th e  dep ro te in ized  su p e rn a ta n t . 
The c o n c e n tra tio n  of free am ino acids w as o b ta in ed  b y  m u ltip ly ing  b y  120 (i.e. 
th e  m ean  m olecu lar w eight o f am ino acids) th e  num bers o f N aO H  m oles u sed  
up d u rin g  th e  fo rm ol t i tra tio n . A m m onia  q u a n tity  w as de te rm ined  in  0.2 m l 
o f d ep ro te in ized  su p e rn a ta n t from  th e  f irs t phase b y  B e rth e lo t’s m e th o d . 
The in te n s i ty  o f  th e  blue colour fo rm ed  w as m easu red  b y  p h o to m e try  a t  
a w av e len g th  o f  550 nm . A 1%  (N H 4) 2S 0 4 so lu tion  w as used as s ta n d a rd .
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Results

D uring  th e  ex p e rim e n t each  an im al consum ed  a tan n in -co n ta in in g  feed 
m ix tu re  for 20 d ay s (10 days TSFM -f-10 d ay s  T S F M -|-U ). V o lu n ta ry  feed 
in ta k e  d id  n o t change , b u t  th e  an im als e x c re te d  a less co n sis ten t, ca ttle -like  
faeces.

R u m in a l degradability  o f th e  crude p ro te in  (CP) w as ca lcu la ted  as th e  
d ifference betw een  th e  p ro te in  co n ten t o f th e  in itia l m a te ria l an d  th e  sed im en t 
o f  th e  f irs t  phase . G iven  th e  fa c t th a t  th e  in ta c t  an d  tre a te d  sunflow er m eal 
d iffe red  in  crude p ro te in  co n cen tra tio n , th e  re su lts  are re fe rred  to  1000 g  o f 
C P . T he m easured  in d iv id u a l U D P  values a re  show n in T ab le  I I .

T he average D P  an d  U D P  values o f th e  th ree  tre a tm e n ts  (T able I I I )  
d iffe red  s ig n ifican tly . U nder th e  in fluence o f  th e  ru m en  flu id  th e  d eg rad a tio n  
ra t io  o f SFM  crude p ro te in  w as 67% , th a t  o f  TSFM  was 6 2 % , an d  th a t  o f 
T S F M -)-U  was 5 8 % . T he differences b e tw een  SFM  and  TSFM  w ere s ign ifican t

Table II

Changes in  U D P  co n ten t o f crude p ro te in  a f te r  d ifferen t trea tm e n ts

Sample SFM

1st 2nd TSFM TSFM  +  U

s ' measurement

у /  Animal g UDP/1000 g crude protein

417 300 .442 280
322 210 332 465

l
295 223 365 501
293 319 535 515
308 380 318 342

Mean 327 286 398 421

338 367 259 295
391 302 521 500
361 321 281 509
385 342 378 292
350 358 382 453

Mean 365 338 364 410

329 278 356 351
346 387 436 493
300 278 327 408

3 353 364 419 392
338 278 315 553

Mean 333 317 371 440

n = 3 0 n = 1 5 n = 1 5
M ean of all d a ta 328 378 423
± S E M 8.7 14.7 16.9

Acta Veterinaria Hungarica 38, 1990



TA N NIN  TREA TM EN T AND I N  VITRO  D IG E ST IB ILITY  OF CRU DE P R O T E IN 99

Table III

I n  vitro d igestib ility  of crude p ro te in  of SFM, TSFM  and  TSFM  +  U

Crude protein fraction Item

Animals

1 2 3

g pro tein /1000 g crude 
protein

n Mean ± S E M Significance
( p < )

SFM 694 649 675 30 672 8.7
D P TSFM 602 636 629 15 622 14.7 0.01

T S F M + U 579 590 560 15 576 16.8 0.001
SFM 307 352 325 30 328 8.7 _

U D P TSFM 398 364 371 15 378 14.7 0.01
T S F M + U 421 410 440 15 423 16.8 0.001

digestib ility SFM 147 201 224 30 191 10.1 _
b y  pepsin TSFM 174 255 214 15 214 14.0 ns

T S F M + U 268 147 134 15 183 17.0 ns
d igestib ility SFM 53 110 53 30 72 10.2 —
by  p an creatin TSFM 113 8 8 126 15 109 8.5 0.05

T S F M + U 55 36 131 15 74 9.5 ns
to ta l digestible SFM 200 311 277 30 263 15.0 _

U D P TSFM 287 343 340 15 323 17.4 0.05
T S F M + U 323 183 265 15 257 17.9 ns

T otal d igestible crude SFM 894 960 952 30 935 15.9 _
protein TSFM 889 979 969 15 946 19.7 IIS

T S F M + U 902 773 825 15 833 18.3 0.01

ns =  n o t sign ifican t; T S F M + U  =  ta n n in - tre a te d  ex tr. sunflower
SFM =  u n trea te d  ex tr . sunflow er m eal; m eal w ith  u rea  supplem entation

TSFM  =  tan n in - trea te d  e x tr . sunflow er m eal;

on a level o f P  <  0.01 an d  those b e tw een  SFM  and  T S F M + U  w ere sign ifican t 
on a level of P  <  0.001.

T he p epsin  d igestib ility  o f U D P  (43 .3 -58 .2% ) w as p ra c tic a lly  n o t in 
fluenced  e ith e r b y  ta n n in  or b y  su b seq u en t u rea  su p p lem en ta tio n .

T he digestibility o f  U D P  by pancreatin  was n ea rly  th e  sam e fo r SFM  and  
T S F M + U  (17.5 an d  22 .0% ), w hereas th e  p ro te in  d ig es tib ility  o f T SFM  U D P  
was s ig n ifican tly  (P  <  0.05) b e tte r  th a n  th a t  in  th e  o th e r  tw o  groups.

T he to ta l  d igestib le  p a r t  o f U D P  was th e  h ig h es t fo r T SFM  (32.3%  of 
th e  CP). T he values fo r th e  o th e r  tw o  groups w ere v e ry  s im ila r (26.3 vs. 
25 .7% ). T he difference o f th e  TSFM  group  from  th e  tw o  o th ers  is sign ifican t 
(P  <  0.05).

T he to ta l  “ d ig estib le”  c rude  p ro te in  am o u n t (D P -)-pepsin  an d  p a n 
c rea tin  d igested  q u a n tity )  was n o t in fluenced  b y  ta n n ic  acid  tre a tm e n t. U rea 
su p p lem en ta tio n  co n sid e rab ly  decreased  th e  overall in  vitro  d igestib ility  
(by 12% ).

E ig h ty -fiv e  to  92 %  of D P  w as recovered  in  th e  ab o v e-m en tio n ed  four 
crude p ro te in  frac tio n s (T able IV ). T he q u a n tity  of am m o n ia  slig h tly  decreased 
owing to  th e  tre a tm e n ts  (158, 127 a n d  124 m g/g C P, resp ec tiv e ly ). Changes
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Table IV

C rude p ro te in  frac tio n s o f D P  a fte r in  vitro incu b a tio n

Crude protein fraction of DP Item
Animals

n Mean ±SEM P <
1 2 3

D issolved proteins SFM 170 94 52 30 105 11.8 _
(g/1000 g CP) TSFM 35 113 0 15 49 10.1 0.01

T S F M + U 21 51 11 15 28 6.2 0.001

D issolved oligopeptides SFM 40 36 80 30 52 7.3 —
(g/1000 gC P) TSFM 123 26 103 15 84 8.4 0.05

T S F M + U 96 92 108 15 99 4.9 0.001

F ree  am ino acid SFM 255 307 306 30 289 14.9 _
(«m ol X 120 g/1000 g TSFM 287 302 351 15 313 11.7 ns
CP) T S F M + U 264 209 242 15 239 23.6 ns

A m m onia-N  X 6.25 SFM 156 186 133 30 158 11.3 —
(g/1000 g CP) TSFM 205 92 85 15 127 10.6 ns

T S F M + U 128 135 110 15 124 6.2 ns

Sum  of d ifferent D P SFM 621 625 573 30 604
frac tions TSFM 634 531 528 15 573
(g/1000 g CP) T S F M + U 498 474 459 15 490

P ercen tag e  of D P SFM 89 93 85 30 90
TSFM 105 84 84 15 92
T S F M + U 86 80 82 15 85

SFM  =  u n trea ted  e x tr . sunflow er m eal; T S F M + U  =  ta n n in - tre a te g  e x tr . sunflow er
n s =  no t significant; m eal w ith  u rea  su p p lem en ta tio n

T S F M  =  tan n in  tre a te d  e x tr .  sunflow er m ca r;

in  th e  am ount o f free am ino acids w ere w ith in  th e  ran g e  o f th e  s ta n d a rd  
d ev ia tio n . The increase  in  th e  q u a n t i ty  of dissolved o ligopep tides was signif
ic a n t  (P <  0.05 fo r th e  TSFM  a n d  P  <  0.001 for th e  T S F M -|-U  tre a tm e n t) , 
as w ell as th e  decrease in  th e  a m o u n t of dissolved p ro te in  (P  <  0.01 and  
P  <  0.001, respective ly ).

Discussion

The ra th e r  h igh  (3 3 -4 4 % ) p ro te in  co n ten t o f  e x tra c te d  sunflow er m eal 
(SFM ) has a very  fav o u rab le  am ino  acid  com position . I ts  u tiliz a tio n  in  ru m i
n a n t  n u tr itio n  is h in d e red  by  th e  fa c t th a t  a sign ifican t p ro p o rtio n  (65-75% ) 
o f  its  p ro te in  w ill he b ro k en  dow n an d  p a r tly  b u ilt  in to  m icrob ia l p ro te in . 
D u rin g  th is  process p a r t  o f th e  p ro te in  of h igh bio logical v a lu e  suffers tr a n s 
fo rm a tio n  losses, th e  fo rm ed  m icrob ia l p ro te in  has low er bio logical value and  
o n ly  th e  rem ain ing  re la tiv e ly  sm all p ro p o rtio n  will serve d ire c tly  fo r th e  am ino 
ac id  supply  of th e  h o s t an im al. A n y  k in d  of p h ysica l or chem ical tre a tm e n t, 
w h ich  decreases th e  ru m in a l d eg ra d a b ility  of SFM , w ill im p ro v e  th e  supp ly  
o f  h igh-producing  cows w ith  g o o d -q u a lity  p ro te in s , w hich  are  digestib le in  
th e  sm all in testine .
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A ccording to  d a ta  o f th e  l i te ra tu re  th e  p ro te in  so lu b ility  an d  in  vitro  
d ig e s tib ility  of som e condensed  ta n n in -c o n ta in in g  p lan ts  are  in  inverse ra tio  
to  th e ir  tan n ic  acid  c o n te n t (B arry  a n d  F orss, 1973; M ontgom ery  e t al., 1986). 
K n o w in g  th a t  exogenous ta n n in  decreased  also th e  so lub ility  o f feed p ro te in s  
(S en g ar an d  M udgal, 1982), we su pposed  th a t  th e  ru m in a l d e g rad a tio n  could  
be d im in ished  in  som e w ay.

A lthough  th e re  is a series of d a ta  in d ica tin g  th a t  ru m in a l p ro te in  d eg ra 
d a tio n  an d  u rea  u tiliz a tio n  are con sid erab ly  influenced  b y  th e  feeding level 
(A R C , 1984) and  p ro te in  co n ten t o f th e  daily  ra tio n  (Voigt e t ah , 1983), because 
o f  i ts  s im p lic ity , re p e a ta b ility  an d  s ta n d a rd iz a b le  cond itions w e chose th e  
th re e -p h a se  in  vitro  m ethod . This la t te r  enab led  us to  d e te rm in e  th e  com posi
tio n  o f  th e  D P  frac tio n  too . As th e  ru m in a l d eg rad ab ility  o f p ro te in s  depends 
m o s tly  up o n  th e  p ep tid e  u p ta k e  of th e  m icrobes (Chen e t ah , 1987), i t  seem ed 
im p o r ta n t  to  know  th e  q u a n tity  o f th e  arising  o ligopeptide.

A ccording to  th e  la b o ra to ry  m easu rem en ts  tan n ic  acid  t r e a tm e n t  sign if
ic a n tly  increased  th e  U D P  co n ten t an d , co n sequen tly , decreased  th e  p ro p o rtio n  
o f D P . Since, as com pared  to  th e  u n tre a te d  con tro l, th e  p ep sin  d ig estib ility  
of th is  U D P  did  n o t change an d  its  p a n c re a tin  d igestib ility  im p ro v ed , th e  
to ta l  q u a n tity  o f sunflow er p ro te in  ava ilab le  in  th e  in te s tin e  increased  to o . 
T h is rise  was n ea rly  23%  an d  w as s ta tis tic a lly  sign ifican t. T h e  sum  o f d e 
g rad ed  crude p ro te in  du ring  th e  th re e  phases w as p rac tica lly  th e  sam e in  th e  
case o f  SFM  an d  T SFM  (90 vs. 9 2 % ); on ly  th e  p ro p ortions o f  d eg rad a tio n  due 
to  d iffe ren t effects changed . (N am ely , d u rin g  th e  p rocedures a im ed  a t  im 
p ro v in g  th e  bypass value  of feed p ro te in s , th e  danger ex is ts  th a t  n o t on ly  
ru m in a l d eg rad ab ility  b u t  also in te s tin a l d igestib ility  decreases as a re su lt o f 
e x tre m e  p ro te in  d é n a tu ra tio n ).

O ur in  vitro m e th o d  m ade possible th e  fu r th e r  in v es tig a tio n  o f th e  ru m e n  
d eg rad ab le  p ro te in  frac tio n s. I t  can  be s ta te d  th a t  th e  decom position  o f D P  
is n o t  com plete , so a p a r t  o f th e  m easu red  degraded  p ro te in  (d issolved p ro 
te in s , o ligopeptides an d  free am ino acids) can  also c o n tr ib u te  to  th e  am ino 
ac id  su p p ly  of th e  h ost an im al. A m ong th ese  frac tions C hen e t al. (1987) 
em phasize  the  im p o rtan ce  o f o ligopep tides, declaring  th a t  th e  ra te  o f ru m in a l 
d e a m in a tio n  is reg u la ted  b y  th e  p e p tid e  u p ta k e  o f th e  b ac te ria .

T ann ic  acid tre a tm e n t d id  n o t in fluence  th e  to ta l q u a n ti ty  of D P  f ra c 
tio n s  co n ta in in g  am ino groups (446 m g/g  CP in  b o th  groups). T h e re  w as on ly  
a sh if t o f p ro p ortions in  fav o u r o f o ligopeptides and  am ino acids. The in te s 
t in a l  d igestion  o f these  tw o frac tions is b e tte r  an d  qu icker th a n  th a t  o f u n 
tr e a te d  (in tac t) e x tra c te d  sunflow er m eal. C onsequently , i t  p ro b a b ly  resu lts  
in  b e t te r  p ro te in  u tiliza tio n . T he decrease in  N H 3 c o n cen tra tio n  w as n o t 
sig n ifican t.

U rea  su p p lem en ta tio n  caused a fu r th e r  12%  increase in  U D P  co n ten t. 
T h is w as expectab le , as u rea  is a m ore easily  availab le n itro g e n  source fo r
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m icrob ia l p ro te in  sy n th e s is  th a n  is th e  feed  p ro te in . I n  th e  case of th is  la t te r  
t r e a tm e n t  th e  p ep sin  a n d  p a n c re a tin  d ig es tib ility  of U D P  w as p rac tica lly  th e  
sam e as th a t  o f th e  c o n tro l SFM . T he in  vitro u tiliz a tio n  of crude p ro te in  
d u rin g  th e  th ree  p h ases  (i.e. th e  sum  o f D P  an d  to ta l  digestible U D P ) w as 
low er th a n  in  th e  o th e r  tw o  tre a tm e n ts . W e conclude th a t  th is  phenom enon  
m a y  be due to  th e  fo llow ing: increased  m icrob ia l p ro te in  re su lting  from  u rea  
su p p lem en ta tio n  offers to o  large su b s tra te  su p p ly  fo r p epsin  and  p a n c re a tin . 
T he enzym es f irs t  s p li t  th e  m icrobial p ro te in , because  th e  U D P  frac tio n  of 
th e  feed is less d ig estib le . This w ill n o t be re flec ted  in  th e  m easu rem en ts 
because  th e  b lan k  tu b e s  also co n ta in  u rea . O ur su p p o sitio n  is su p p o rted  by  
th e  CP difference b e tw e e n  th e  urea-free a n d  u rea -co n ta in in g  b lan k  tu b es (49 vs.
88.5 m g, respec tive ly ).

T he ra tio  o f th e  su m  o f th e  th ree  D P  frac tio n s co n ta in in g  a-am ino  group 
is p rac tica lly  th e  sam e as in  th e  o th e r tw o  tre a tm e n ts  (T S F M + U : 75; SFM : 
74; an d  TSFM : 78 %  o f th e  D P). T h e  ra tio  of d issolved oligopeptides a n d  p ro 
te in s  is th e  h ig h est in  th e  case of T SFM -)-U  tre a tm e n t (3.5 vs. 1.7 fo r T SFM  
an d  0.5 for SFM ).

R um ina l p ro te in  d eg rad a tio n  is p ro b a b ly  m ore e ffic ien t u n d e r in  vivo 
c ircum stances. N am ely , th e  end  p ro d u c ts , w hich  in h ib it  m icrobial m etabo lism , 
can  leave th e  ru m e n  d u rin g  d igestion . O n th e  c o n tra ry , am m onia, a ccu m u 
la tin g  in  th e  in c u b a tio n  m ix tu re , can  h in d er th e  a c t iv i ty  of m icrobial de
am inases, th u s  in c rea s in g  th e  frac tions t h a t  co n ta in  a -am in o  group.

Owing to  th e  in c rease  in  th e  a m o u n t of U D P , ta n n ic  acid tre a tm e n t 
seem s to  be su itab le  fo r  p a r tia l p ro te c tio n  of SFM  p ro te in  from  m icrobial 
d eg rad a tio n  an d  co n se q u e n tly , for increasing  th e  q u a n t i ty  of p ro te in  reach in g  
th e  in tes tin e . In  th e  ru m in a n t, th e  effect m easu red  in  vitro  is p ro b ab ly  com 
p lem en ted  b y  e n h a n c e m en t of th e  ou tflo w  ra te , w h ich  causes a fu r th e r  in 
crease in  th e  U D P  fra c tio n .
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INTESTINAL LYMPH OF RUMINANTS I. 
OPERATIVE TECHNIQUES FOR COLLECTING 

INTESTINAL LYMPH FROM RUMINANTS

A . A .  A l i e v

A il-U n ion  R esearch  In s t i tu te  o f A n im al P hysio logy , B iochem istry  a n d  N u tr itio n , B orovsk ,
K a lu g a  R eg ion , U .S .S .R .

(R eceived  M ay 16, 1989)

O p era tiv e  techn iques developed  fo r collecting in te stin a l ly m p h  from  c a ttle  a n d  
sheep are  described. T he m eth o d  o f c rea tin g  a n  ex te rn a l an astom osis b e tw een  in te s tin a l 
ly m p h  an d  th e  poste rio r caval ve in  ( ly m p h —caval anastom osis), th e  p o sto p e ra tiv e  care  
o f an im als , a n d  th e  blood sam pling  tech n iq u e  are  p resen ted  in  d e ta il. T he o p tim a l 
period  of use  o f th e  anastom osis is 15 to  18 days. I ts  fu r th e r  use  is o f no reaso n , since 
th e  in te s tin a l ly m p h  changes in  q u a lity .

Keywords: In te s tin a l ly m p h , ru m in a n t, op erativ e  tech n iq u es, ly m p h  collection , 
anastom osis

The ly m p h  c ircu la tion  o f ru m in a n ts  has n o t been in v e s tig a te d  in  de ta il. 
T h e  w orks av a ilab le  are m ostly  concerned  w ith  the  th o rac ic  ly m p h  du c t.

O ur f irs t  s tu d y  on th e  in te s tin a l ly m p h  included c a th e te r iz a tio n  o f th e  
in te s tin a l ly m p h  d u c t w ith  ca th e te rs  t h a t  w ere ex teriorized . L y m p h  w as col
le c te d  in  p o ly e th y len e  sacs, s im ila rly  to  th e  techn ique described  b y  Lascelles 
a n d  M orris (1966) fo r sheep. T he o b ta in e d  ly m p h  w ith  h e p a rin  a d m ix tu re  was 
th e n  p e rm a n e n tly  reinfused, a sep tica lly , in to  th e  ru m en  o r th e  ju g u la r  vein . 
T h e  12 sheep used  in  our ex p erim en t rem ain ed  in  a good physio log ica l cond i
tio n , an d  d u ring  th e  8 to  12 days o f ly m p h  collection th e y  lo s t no livew eight. 
H ow ever, in  sim ilar experim en ts, th re e  y o u n g  bulls becam e w eak  soon a f te r  
su rg e ry ; we fa iled  to  m a in ta in  th e se  an im als in  a n o rm al s ta te , th e re fo re , 
ly m p h  collection  from  th em  w as ended .

L a te r , in 3 sheep and  2 y o u n g  bu lls , we a tte m p te d  an asto m o sin g  th e  
in te s tin a l ly m p h a tic  tru n k  c a th e te r  to  th e  m esenteric ve in . N o rm ally , a sig
n if ic a n t lip id  a m o u n t is tra n sp o rte d  in  th e  ly m p h  in to  th e  sy s tem ic  c ircu la tion , 
b y p ass in g  th e  liver. W e tr ied  to  change th is  p a th w ay , i.e. to  m ak e  th e  ly m p h  
(w ith  th e  lip ids in  it) en te r th e  liver. U n d e r such  conditions, th e  physio logical 
co n d itio n  o f th e  an im als soon becam e w orse, an d  ly m p h  c lo ttin g  in  ca th e te rs  
o ccu rred  on th e  th ird  to  f if th  d ay  a f te r  su rgery . In  th is  ex p e rim e n t, we w ere 
especia lly  in te re s te d  in  liver fu n c tio n s , in  p a rtic u la r  th e  exocrine  fu n c tio n . 
T herefo re , we ca rried  o u t in  th ree  y o u n g  bulls s im u ltaneous ca n n u la tio n  o f 
b o th  th e  in te s tin a l ly m p h a tic  tr u n k  a n d  th e  bile du c t (A liev a n d  A lieva, 1966).
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T he connection  o f th e  ly m p h a tic  t r u n k  w ith  th e  m esen te ric  c a th e te r  re su lted  
in  a depression o f b ile  secre tion , th u s  re flec tin g  a n e g a tiv e  effect of th e  ly m p h  
u p o n  liver fu n c tio n  w h en  a d irec t ly m p h  in flu x  in to  th e  liv e r  occurred. A n asto 
m osis betw een  th e  in te s tin a l ly m p h a tic  t r u n k  an d  ju g u la r  vein  ca th e te rs  in  
2 sheep did n o t give p o sitiv e  resu lts , due to  th e  ex tre m e  m ob ility  o f th e  a n i
m als’ neck an d  th e  long  d istance  be tw een  lo ca tio n  s ites of th e  ly m p h a tic  
(near the  spine) a n d  ven o u s (on th e  neck) ca th e te rs .

E arlier, we dev e lo p ed  th e  “ ly m p h -ly m p h a tic ”  ( in te s tin a l t ru n k - in te s 
t in a l  tru n k ) an asto m o sis . The tru n k  w as c u t th ro u g h  be tw een  tw o lig a tu res , 
th e  f irs t c a th e te r  w as d irec ted  to w ard s th e  p ancreas (ag a in s t th e  ly m p h  flow ), 
th e  second one w as d ire c te d  to w ard s th e  c is te rn a  chy li (w ith  th e  ly m p h  flow ). 
B eing p roperly  f ix e d , b o th  ca th e te rs  w ere ex te rio rized  a n d  anastom osed  on 
th e  abdom inal w all. L y m p h  collection  succeeded o n ly  in  4 o f 10 yearling  bulls 
over the  f irs t th re e  to  fiv e  days a fte r  su rgery . I n  th e  o th e r  6 anim als ly m p h  
c lo ttin g  occurred , p o ssib ly  due to  th e  absence of suck ling  effect in  th e  system .

E x te rn a l c o n n ec tio n  of th e  in te s tin a l ly m p h a tic  t r u n k  w ith  th e  cau d a l 
v en a  cava ap p ea red  to  be physio logical, an d  i t  w as easy  to  perform . In  th is  
case, th e  n a tu ra l p a th w a y  of th e  ly m p h  flow  did  n o t  change, a lthough  th e  
ly m p h  m oved th ro u g h  th e  cauda l v en a  cav a  ra th e r  th a n  th e  cran ia l one. 
I n  b o th  cases i t  flew  th ro u g h  th e  r ig h t a tr iu m  in to  th e  system ic c ircu la tion . 
M oreover, such  a n  a p p ro a c h  p roved  to  be m ore e ffec tive, since th e  c a th e te r  
o f th e  caudal v e n a  c a v a , w ith  th e  clam p p u t  on i t ,  m ad e  s im u ltaneous sam pling  
o f efferen t b lood  possib le  (Aliev, 1969).

L ym ph-cava l anastom osis

A natom y. T he  to p o g ra p h y  o f th e  in te s tin a l ly m p h a tic  tru n k  of c a ttle  
has no t been described  in  th e  lite ra tu re . W e have fo u n d  th a t  th e  tru n k  arises 
from  the  dorsal edge o f th e  p ancreas p a ren ch y m a , a n te r io r  to  th e  rig h t k idney . 
I t  runs cauda lly  a long  th e  v e n tro la te ra l surface o f th e  cau d a l vena cava  an d  
passes th ro u g h  th e  ven o u s angle fo rm ed  b y  th e  cau d a l v en a  cava an d  th e  le ft 
ren a l vein  (Fig. 1), e n te rin g  th e  c is te rn a  chyli, w h ich  is found  on th e  m edio- 
v e n tra l surface o f  th e  cau d a l v en a  cav a  an d  th e  la te ra l  surface of th e  a b 
dom inal ao rta . A t th e  s ite  o f its  tra n s it io n  from  th e  d o rsa l edge of th e  p ancreas 
p arenchym a to  th e  v e n tro la te ra l surface of th e  cau d a l v e n a  cava, th e  t r u n k  is 
jo in ed  by  th e  h e p a tic  d u c t. The d iam e te r  of th e  in te s tin a l ly m p h a tic  tru n k  
varies w ith  age, ran g in g  from  1.5 to  3.0 m m  in  sheep  a n d  from  2 to  8 m m  in  
ca ttle . In  young  c a tt le , as a ru le, th e  gastric  ly m p h  d u c t is connected  w ith  
th e  cisterna chy li b y  an  in d ep en d en t tru n k . T his is a t  variance  w ith  th e  
w idely-accepted  o p in io n  suggesting  th a t  th e  in te s tin a l ly m p h a tic  t ru n k  is a 
collector o f th e  to ta l  ly m p h  efferen t from  th e  com plex  s tom ach  and  th e  in 
tes tin e , a view  p a r t ly  o u tlin ed  b y  Lascelles an d  M orris (1966) in  th e  descrip-
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F ig . 1. T o p o g rap h y  of ly m p h a tic  d u c ts . T he in te s tin a l (1), h e p a tic  (2) and  general g a s tr ic  (3) 
d u c ts . T h e  caudal ven a  cava  (4), left re n a l ve in  (5), th e  p an creas (6) an d  th e  h e p a tic  ly m p h

node (7) a re  exposed

t io n  o f  th e  in te s tin a l ly m p h a tic  tr u n k  of sheep. O ur stud ies in  sheep revealed  
a sig n ifican t v a ria b ility  o f th e  in te s tin a l an d  gastric  ly m p h  d u c ts  (F ig . 2). 
As show n b y  d u c t p re p a ra tio n  in  17 sheep, th e  gastric  d u c t is co nnec ted  in  
88 %  o f an im als in d ep en d en tly  o f  th e  c is te rn a  chyli.

E xperim en ta l anim als. C linically  h e a lth y , w ell-developed, fu ll-b looded  
an im als  in  a m ed ium  body co n d itio n  w ere chosen  fo r th e  s tu d y ; le an  an d  fa t  
an im als  w ere excluded. One- to  tw o -y ear-o ld  sheep  an d  young  c a ttle  to le ra te d  
th e  su rg e ry  well. P rio rity  w as g iven  to  ew e-lam bs and  heifers over m ale a n i
m als. T h e  selected  an im als h ad  good a p p e tite  an d  show ed a calm  b eh av io u r.

Surgery. O ver th e  period  1963 th ro u g h  1981 we carried  o u t su rg ical 
p re p a ra tio n  of 55, 1.5- to  2 -year-o ld  ewe lam b s, 127, one- to  tw o -y ear-o ld  
heifers an d  32, 1- to  1 .5-year-old hu lls. The p ercen tage  of unsuccessfu l o p e ra 
tio n s , due  to  an  in d is tin c t to p o g ra p h y  o f th e  ly m p h a tic  d u c ts , w as 12 in  sheep 
an d  8.3 in  young  ca ttle . The o p e ra te d  sheep an d  ca ttle  w ere used  in  ex p e ri
m en ts  fo r  1 2 ^ 3  an d  1 5 ^ 4  d ay s, resp ec tiv e ly , a f te r  su rgery ; th e  an im als r e 
m a in ed  in  a good physio logical co n d itio n  an d  th e  ly m p h -c a v a l anastom osis 
fu n c tio n e d  well. In  one heifer th e  anastom osis rem ain ed  p a te n t  fo r 40 days.

F ixa tio n  o f  anim als. The an im als w hich  h a d  been  s ta rv in g  for 24 h  w ere 
p laced  in  left la te ra l recum bency , an d  f irm ly  fix ed  to  th e  o p era tin g  ta b le .

Anaesthesia . F o r general an aes th es ia , 33%  alcohol in  saline (35 g p e r 
100 k g  livew eight) was in fused  in to  th e  ju g u la r  vein . F o r local an aes th es ia ,
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F ig . 2. V arian ts  o f ju n c tio n s  o f ly m p h a tic  d u c ts  o f th e  s to m ach , in te s tin e  and  liver. On each  
schem e designated  are : th e  th o rac ic  (1), in te s tin a l (2), h e p a tic  (3), general g astric  (4) an d  
ru m in a l (5) ducts, th e  g en era l d u c t o f re ticu lu m , om asum  an d  abom asum  (6) an d  th e  a n a s to 

m osis (7)

6 %  novocaine d isso lved  in  saline (20 m l in jec tio n ) w as in jec ted  to  th e  origin 
o f  sp in a l nerves, b e tw een  th e  te n th  a n d  e lev en th , an d  th e  e lev en th  an d  
tw e lf th  ribs, th e n  2 %  novocaine so lu tion  w as in f il tra te d  along th e  line o f th e  
inc ision  to  he m ade .

A n incision a b o u t 35 to  40 cm  long w as m ade a t  th e  m id -p o rtio n  o f th e  
th ir te e n th  rib . T h e  sk in  an d  th e  u n d erly in g  tissues w ere d issected . I n  th e  
u p p e r  end  of th e  w o u n d , as close to  th e  sp ine as possib le, th e  rib  w as tra n se c te d  
b y  a sm all w ire h a n d -sa w  an d  w as rem oved . T h en  th e  abd o m in a l c a v ity  was 
o p en ed  b y  successive d issection  o f th e  p e rio steu m , fascia  an d  p erito n eu m .
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Placem ent o f  gas-removing tube in  the rum en. A fte r  lap a ro to m y , a gas- 
rem oving  tu b e , 1.5 to  2 m  long, w as im p la n te d  in to  th e  dorsa l ru m in a l sac 
to  p rev en t th e  ru m e n  from  d ila tin g , an  e v e n t d is tu rb in g  th e  opera tion . T he 
d ila ted  ru m en  m a y  lim it th e  access to  th e  o th e r  o rgans ly in g  in  th e  ab d o m in a l 
c a v ity , even  in  fa s tin g  an im als, th u s  p ro d u c in g  th e  r isk  o f  asphyx ia .

As seen a f te r  th e  la p a ro to m y , th e  ru m e n  u su a lly  p ro tru d e d  on its  r ig h t 
side, be tw een  th e  abom asum  an d  th e  in te s tin e , m ak in g  th e  la t te r  d raw  b ack  
an d  dow n. T h e  ru m en  w all w as d is tin c tly  seen u n d e r  th e  ex te rn a l m a jo r 
o m en ta l lam in a . A  sm all c u t was m ade in  th e  ep ip loon  b y  a closed m e th o d , 
th ro u g h  w h ich  th e  ru m en  w all was g rip p ed  an d  i t  w as iso la ted  w ith  an  a n t i 
sep tic  c lo th . A  p u rse -s trin g  su tu re  w as m ade in  th e  ru m e n  w all, an d  in  th e  
m iddle of th e  su tu re  a sm all c u t w as m ade w ith  a p o in te d  scalpel for in se rtio n  
o f th e  flan g ed  e n d  of th e  po ly e th y len e  tu b e . T he su tu re  w as th e n  tig h te n e d  
an d  tie d  b y  a “ su rg ica l k n o t” , th e  second m ove o f th e  th re a d  being le ft in  th e  
fo rm  of a loop . T h e  su tu re  w as tre a te d  w ith  s trep to c id e , a sm all n ap k in  w as 
fasten ed  b y  a lig a tu re  to  th e  e n try  site  o f  th e  tu b e  in to  th e  rum en, an d  th e  
w hole c o n s tru c tio n  was p u lled  dow n w ith in  th e  ab d o m in a l cav ity . Gases le ft 
th e  ru m en  th ro u g h  th e  im p la n te d  tu b e ; th e  m ark ed ly  im prov ing  co n d itio n  
o f th e  an im al fa c ilita te d  fu r th e r  p rocedures. T he gas-rem ov ing  tu b e  w as w ith 
d raw n  a t  th e  v e ry  end  of th e  o p era tio n , i.e . w hen  2/3 o f th e  w ound  was a lre a d y  
closed. F o r th is  pu rpose , th e  im p la n t s ite  fo r th e  tu b e s  w as d raw n u p  in  th e  
w ound , th e  n a p k in  was rem oved , th e  loop und o n e  a n d  th e  pu rse-string  su tu re  
loosened. A fte r w ith d raw in g  th e  tu b e , th e  su tu re  w as tig h te n e d  again  w ith  
sim u ltan eo u s in v ersio n  of th e  m arg ins o f  th e  ru m e n  m ucosa . This a rea  w as 
t r e a te d  w ith  iod in e , and  an tib io tic s  w ere app lied . T he a p e r tu re  m ade in  th e  
o m en ta l lam in a  w as also su tu red .

Catheterization o f  the in testina l lym phatic  tru n k  and  caudal vena cava. 
A  se t o f c a th e te rs  used  for th e  fo rm a tio n  o f th e  ly m p h -c a v a l anastom osis is 
d e m o n s tra te d  in  F ig . 3. A fte r th e  p lacem en t o f th e  gas-rem oving  tu b e , th e  
a ss is ta n t re t r a c te d  th e  exposed  p o rtio n  o f  th e  in te s tin e  dow nw ard  an d  b a c k 
w ard , w ith  th e  help  of a n ap k in  m ade o f  enb leached  calico , m oistened  w ith  
saline. Deep in  th e  w ound , th e  p ancreas w as fo u n d  w ith  th e  cau d a l liver process 
overflow n u p o n  i t  in  th e  fo rm  o f a sail. T he  sep a ra tio n  o f  th is  fold by  a closed 
m e th o d  exposes, b e n e a th  th e  sp ine, th e  cau d a l v en a  cav a , being a d jacen t to  
th e  dorsal edge o f  th e  pan creas . (The o p e ra to r  shou ld  give p a r tic u la r  care  
to  th is  s tep , since th e  liver can  easily  d e ta c h  from  th e  cau d a l vena cav a  or 
can  he in ju re d  b y  a consequen t h aem o rrh ag e. T he b lood  soon fills th e  a rea  
o f  th e  tru n k  lo ca tio n , th u s  com plica ting  th e  procedure .)

T he in te s tin a l ly m p h a tic  tru n k  w as id en tif ied  c a u d a l to  th e  liver on th e  
v e n tro la te ra l su rface  o f th e  cauda l v en a  cav a , in  th e  fasc ia  o f th e  vein , as 
a w hite  lig am en t d isap p earin g  in  cau d a l d irec tio n , b e tw een  th e  left ren a l v e in  
an d  th e  cau d a l v en a  cava. A fte r th e  p re p a ra tio n  o f th e  t r u n k , th e  caudal v en a
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F ig . 3. A set o f  c a th e te rs : th e  a rte ria l (1), p o r ta l  (2), ly m p h a tic  (3) a n d  c av a l (4). C a th e te rs  
1, 2 a n d  3 have  th e  lav san  collar (a), se rv ing  as a n  anchoring  device, a n d  th e  p lug  (b). T h e  
ru b b e r  tu b in g  on c a th e te rs  1 an d  2 serves as a p a th w a y  for th e  sy rin g e  needle. C a th e te r  4 
h a s  th e  coupling (d) w h ich  seals th e  lum en  of th e  c a th e te r  and  th ro u g h  w hich  th e  sam pling  
in c a th e te r  (e) is in se rted . T he cannu la  (f), f ix ed  on  c a th e te r  2, is s tab ilized  b y  tw o  lav san  
co lla rs  ( f t and  f 2) to  th e  ne ig h b o u rin g  tissues, a t  th e  im p la n t site o f th e  c a th e te r , an d  to  th e  
sk in  a t  th e  site  of c a th e te r  ex te rio riza tio n , th u s  s tab iliz ing  c a th e te r  2 w ith in  th e  p o rta l  v e in

c a v a  an d  th e  orifice o f  th e  r ig h t re n a l ve in , th e  ac tu a l p ro ced u re  consisted  
o f  tw o  stages, viz. c a th e te r iza tio n  o f th e  in te s tin a l ly m p h a tic  tru n k , an d  th a t  
o f  th e  caudal vena cava .

T ak ing  in to  acco u n t th e  to p o g rap h ica l and  surgical s itu a tio n s , we h av e  
dev e lo p ed  several tech n iq u es  fo r c a th e te r iz a tio n  of th e  in te s tin a l ly m p h a tic  
t r u n k .

Technique 1. T he  tru n k  is c u t across a t  th e  venous angle b e tw een  tw o  
lig a tu re s . The ends o f th e  lig a tu re , p laced  close to  th e  c is te rn a  chyli, are  c u t, 
th o se  of th e  second lig a tu re  are conserved  an d  fixed  to  th e  incision  m arg ins 
in  th e  u p p er co rner o f th e  w ound. T h en  a th ird  lig a tu re  is s lipped  u n d e r th e  
t r u n k ,  a t  th e  site  o f  its  tra n s itio n  from  th e  p ancreas p a re n c h y m a  to  th e  cau d a l 
v e n a  cava, a n te rio r to  th e  e n try  o f th e  h e p a tic  lym ph  d u c t in to  th e  vein , an d  
th e  long ends of th is  lig a tu re  are fix e d  to  th e  incision m arg in s . The th re a d  
sh o u ld  be loose enough  n o t to  s tra in  th e  tru n k . The l a t te r  fills w ith  ly m p h  
w ell enough an d  becom es easy  fo r c a th e te r  insertion . P u llin g  th e  ends o f th e  
second  lig a tu re , th e  o p e ra to r  e levates th e  p rep ared  p o rtio n  o f  th e  tr u n k  a n d  
p u ts  th e  index  fin g er o f his le ft h an d  b e n e a th  i t .  T hen, b y  f in e  s tra ig h t scissors, 
a p a r t ia l  cu t in  th e  tru n k  w all is m ade , w hile th e  a s s is ta n t s lig h tly  tig h te n s  
th e  th ird  liga tu re  a t  th e  orifice o f th e  t r u n k  from  th e  p an c reas  p a re n c h y m a , 
th u s  p rev en tin g  ly m p h  leakage. Im m e d ia te ly , th e  o p e ra to r  in tro d u ces th e  
c a th e te r  tip  in to  th e  lu m en  of th e  tr u n k  b y  m eans o f  a s ty le t . T he second
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lig a tu re  is loosened , th e n  tig h te n e d  aga in , an d  tied  w hen th e  c a th e te r  tip  
ad v an ces fo r a p p ro x im a te ly  2.0 cm  w ith in  th e  pan crea tic  p o rtio n  o f  th e  tru n k . 
One o f  th e  ends o f  th e  second lig a tu re  is w ound  a round  th e  c a th e te r , above 
th e  la v sa n  collar, an d  is tied  to g e th e r  w ith  th e  o th e r end o f th e  sam e lig a tu re . 
A  fo u r th  an d , i f  necessary , a f if th  lig a tu re  is m ade betw een  th e  second an d  
th ird  lig a tu re s , an d  th is  p o rtio n  o f th e  t ru n k  is su tu red  to  th e  liv e r  fascia by  
m eans o f  a v a scu la r  needle. T hus, th e  ac tu a l c a th e te riza tio n  te c h n iq u e  elim i
n a te s  th e  necessity  o f a special lig a tio n  o f th e  h ep a tic  du c t. T he tech n iq u e  is 
m ore co n v en ien t i f  th e  d u c t is n o t long.

Technique 2. F irs t th e  h e p a tic  d u c t is liga ted  and  se p a ra te d  from  th e  
in te s tin a l tru n k . T h en  th e  la t te r  is c u t th ro u g h  betw een  tw o lig a tu re s  b u t  i t  is 
s e p a ra te d  from  th e  cauda l vena  c a v a  in  a sm all area. The c a th e te r  t ip  is in 
se rte d  as described  in  techn ique 1, b u t  in  th is  case th e  passage o f  th e  c a th e te r  
w ith in  th e  ly m p h a tic  tru n k  is d isco n tin u ed  a t  1 .5-2 .0  cm  from  th e  co rn er 
fo rm ed  a t  th e  s ite  o f tru n k  tr a n s it io n  from  th e  pancreas p a re n c h y m a  to  th e  
v e n tra l  w all of th e  caudal vena  cav a . To stab ilize  th e  c a th e te r  in  th e  tru n k , 
th e  t r u n k  is m ade to  lie dow n in its  b ed  an d  is fixed  b y  lig a tu re  ends, w hich  
h av e  n o t  been  c u t before, beh ind  th e  la v sa n  collar of th e  c a th e te r .

Technique 3. F igure 4 d em o n s tra te s  th e  th ird  tech n iq u e : th e  tr u n k  is n o t 
c u t b e tw een  th e  lig a tu res , i t  is ly in g  in  its  bed . F o u r liga tu res are  m ade u n d e r 
th e  t r u n k  w ith o u t its  sep a ra tio n  fro m  th e  vein  wall. The f irs t lig a tu re  (a) is

Fig. 4. C a th e te riza tio n  of th e  in te stin a l ly m p h a tic  t ru n k . T he ly m p h a tic  t ru n k  (1), th e  left 
ren a l v e in  (2), th e  cau d a l v en a  cava (3) a n d  th e  ly m p h a tic  c a th e te r  (4) are  show n. T he f ir s t  
lig a tu re  (a ) is p ro v id ed  to  close th e  ly m p h  flow  an d  th ree  o th e r liga tu res (b , c, d) a re  p laced  

to  stabilize th e  c a th e te r  w ith in  th e  tru n k

Acta Veterinaria Hungarica 38, 1990



112 ALIEV

t ig h tly  tied  to  allow  f illin g  o f th e  tr u n k  w ith  ly m p h  a n d  to  fac ilita te  th e  in se r
tio n  o f th e  c a th e te r  (4) b y  m eans o f  a s ty le t. A fte r th e  ca th e te r has been 
p o sitioned , i t  is f ix e d  b y  fu r th e r  th re e  lig a tu res .

Catheterization o f  the caudal vena cava is p erfo rm ed  d irec tly  th ro u g h  its  
ow n w all or th ro u g h  th e  w all o f th e  r ig h t  ren a l vein . T he to p o g rap h y  o f th is  
a rea  is ex trem ely  co m p lex . The a n te r io r  edge o f th e  r ig h t k idney  is s tro n g ly  
p ressed  in to  th e  re sp e c tiv e  foveolus of th e  ca u d a te  p rocess o f th e  liver. S p read 
in g  from  th e  k id n e y  to w a rd s  th e  liver, th e  r ig h t su p ra re n a l g land lies on th e  
v e n tra l  side of th e  c a u d a l vena cav a , n o t  fa r  from  th e  en try  o f th e  cau d a l 
v e n a  cava  in to  th e  liv e r . In  th e  sam e a rea , so m ew h at m edially , th e  coeliac 
a r te ry  orig inates fro m  th e  abdom inal a o r ta ;  th e  h e p a tic  ly m p h  d u c t jo ins th e  
in te s tin a l ly m p h  t r u n k  ru n n in g  in  a cau d o d o rsa l d irec tio n  tow ards th e  c isterna  
chy li. T he w hole v a sc u la r- ly m p h a tic  p lexus is lo ca ted  a t  th e  level o f th e  
a n te r io r  edge of th e  r ig h t  k idney . O nly  in  a sm all a rea  (10-12 cm  in  leng th ), 
b e tw een  the  a n te r io r  edge of the  r ig h t su p ra ren a l g land  and  th e  e n try  of th e  
c a u d a l vena  cava  in to  th e  liver, is th e  r ig h t side o f  th e  vein  free: vessels do 
n o t e n te r  it. T he w a ll o f th is  p o rtio n  o f th e  v e in  is fa irly  elastic an d  th ick . 
To gain  access to  th is  p a r t  of th e  v e in  w all, th e  o p e ra to r  should carefu lly  
p re p a re  th e  c a u d a te  p rocess of th e  liv e r, a p a r t  o f  w hich , ly ing  on th e  fold 
o f  th e  abdom inal w a ll, is ad jacen t to  th e  pancreas.

Direct catheterization o f  the caudal vena cava. F o r  th e  c a th e te r  in sertio n  
th e  v e in  Avail is p a r t ia l ly  cu t or p u n c tu re d  w ith  a s ty le t  a t  th e  im p la n t site. 
P r io r ity  should  be g iv en  to  th e  second ap p ro ach . W e called th is  “ no n -su tu re  
te ch n iq u e  for th e  c a th e te r iz a tio n  of m a g is tra l v e in s” . A s ty le t is in tro d u ced  
in to  th e  c a th e te r , a n d  a lav san  co llar is fix ed  on  th e  la t te r .  The vein  w all is 
p u n c tu re d  by  th e  s ty le t  p o in t, an d  th e  c a th e te r  t ip  is im m ed ia te ly  in tro d u ced  
th ro u g h  th e  hole. S ince th e  c a th e te r  is la rg e r in  d ia m e te r  th a n  th e  hole m ade 
b y  th e  s ty le t, th e  c a th e te r  im p la n ta tio n  is n o t accom pan ied  by  blood leakage 
from  th e  vessel; th e  la v sa n  collar lim its  th e  p assage  o f th e  c a th e te r  w ith in  
th e  vessel lum en ; b esid es , i t  soon becom es a p a r t  o f th e  vessel Avail, th u s  
stab iliz in g  th e  c a th e te r .

To in sert th e  c a th e te r  in to  a “ m a g is tra l”  ve in , th e  o p era to r ta k e s  th e  
vessel w all Avith th e  le f t h and  and  th e n , w ith  th e  r ig h t h and  he tak es  th e  
c a th e te r  a t a d is tan ce  o f  3 to  4 cm  from  its  t ip  to  be in serted . W hen  m an ip 
u la tin g  w ith  a s ty le t ,  th e  o p era to r sh o u ld  be care fu l to  avoid  an y  in ju ry  of 
th e  opposite  w all. F o r  s ty le t in sertio n , th e  o p e ra to r  sligh tly  lifts th e  vessel 
w all an d  w ith  th e  le f t  h a n d  fixes i t  p ro p e rly , w hile w ith  the  r ig h t h a n d  he 
p u n c tu re s  the  vesse l w all Avith a sh a rp  c ran ia l th r u s t  o f the  s ty le t an d  a d 
vances th e  c a th e te r  th ro u g h  th e  hole in  a card iac  d irec tion . The s ty le t p o in t 
sh o u ld  be sharp  en o u g h  to  p u n c tu re  th e  w all b y  th e  f irs t  a tte m p t m ade. T he 
s ty le t  is s tab ilized  in  th e  c a th e te r  w ith  th e  help of a P e a n ’s forceps so th a t  th e  
s ty le t  p o in t is o u ts id e  th e  c a th e te r  t ip  fo r 3 to  4 cm  o f its  leng th . I f  rep ea ted
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a tte m p ts  are m ade w ith  th e  s ty le t, th e  vessel wall can  be  p u n c tu re d  in  sev era l 
p o in ts , and  th e  a ir  c an  e n te r  th e  vein . B y  m eans of th e  s ty le t  th e  c a th e te r  is 
in se rted  in to  th e  cau d a l vena  cava th ro u g h  the  r ig h t re n a l vein. T he la t te r  
is large enough in  d ia m e te r  an d  is th in -w alled . The c a th e te r  is qu ick ly  a d 
v an ced  th ro u g h  th e  lu m en  o f th e  cau d a l v en a  cava w ith o u t causing  an y  change 
in  th e  blood ou tflow  in  th e  ren a l vein .

As th e  vein  w all has been  p u n c tu re d , th e  o p era to r s tab ilizes th e  c a th e te r  
b e tw een  th e  th u m b  a n d  in d ex  fin g er o f  his left h a n d , com presses s lig h tly  
th e  cau d a l v en a  cava  b y  th e  m iddle f in g e r  of the  sam e h a n d  to  slow dow n 
th e  b lood flow , w hile th e  a ss is ta n t rem oves th e  s ty le t fro m  th e  caval c a th e te r , 
p laces th e  forceps on  th e  la t te r  and , im m ed ia te ly  co n n ec tin g  th e  c a th e te r  tip  
w ith  a syringe, d raw s o ff a p o rtio n  o f  th e  blood. T hen  th e  c a th e te r  is f lu sh ed  
w ith  saline, an d  its  free en d  is closed w ith  a plug. A t th is  v e ry  m o m en t, th e  
o p e ra to r  advances th e  indw elling  c a th e te r  w ith  the  r ig h t h a n d  a t a d is tan ce  
o f  10 to  15 cm  from  th e  lav san  co llar (F igs 3 and  4), a n d  holding th e  v e in  
a t  th e  im p la n t s ite , sm oo thes o u t th e  co llar. In  the  course o f  th e  whole p ro c e 
du re  haem orrhage  is n o t u sual. I f  i t  occurs a t the  im p la n t  site , th e  la v sa n  
co llar is p ressed  to  th e  v e in  b y  1 or 2 lap a ro to m y  p a d s , w hich  are rem o v ed  
ju s t  before th e  closure o f th e  o p e ra tiv e  w ound . F inally , c ry sta llin e  an tib io tic s  
(penicillin , bicillin) a re  ap p lied  to  th e  c a th e te riza tio n  s ite s  o f b o th  th e  ly m 
p h a tic  an d  venous ca th e te rs .

Form ation o f  the lym ph-cava l anastom osis. The schem e of the  lo ca tio n  
o f  ca th e te rs  in  th e  in te s tin a l ly m p h a tic  tru n k  and  th e  c a u d a l vena c av a  is 
show n in  Fig. 5. T he ly m p h a tic  an d  c a v a l ca theters a re  ex te rio rized  th ro u g h  
s ta b  incisions in  th e  ab d o m in a l w all, in  th e  caudal u p p e r en d  o f th e  o p e ra tiv e  
w ound , th e  fo rm er b e ing  lo ca ted  ab o v e  th e  la tte r  (F ig . 6A ). Such a lo ca tio n  
is co n v en ien t for th e  anastom osis fo rm a tio n , a lthough  th e  inverse lo ca tio n  
o f ca th e te rs  w ill n o t a ffec t th e  w hole process of an astom osing . The d is tan ce  
betw een  th e  c a th e te r  lo ca tions in  th e  abdo m in a l w all sh o u ld  n o t be less th a n  
6 to  8 cm , o therw ise, in s te a d  o f a n o rm a l connection  o f c a th e te rs , th e  a n a s to 
mosis acquires a fo rm  o f an  acu te  ang le , w hich d is tu rb s  ly m p h  flow.

A n in c a th e te r  is in tro d u c e d  in to  th e  caval c a th e te r  so th a t  th e  fo rm er 
shou ld  he in  th e  vessel fo r 3 to  4 cm  o f its  length  w ith  i ts  free end o u ts id e  
th e  c a th e te r . T he in te s tin a l ly m p h a tic  t r u n k  ca th e te r is jo in e d  up  to  th e  cav a l 
in c a th e te r  b y  m eans o f  a ru b b e r  coup ling  or b y  in se r tin g  th e  c a th e te r  tip  
in to  th e  en larged  t ip  o f  th e  cav a l in c a th e te r . I n  th e  la t te r  case th e  en la rg em en t 
shou ld  serve as an  o b tu ra to r  for coup ling  of the  cav a l c a th e te r  on th e  one 
h a n d  an d  as a bridge fo r th e  syringe o n  th e  o ther. The cav a l in c a th e te r  shou ld  
correspond  to  th e  ly m p h a tic  c a th e te r  in  d iam eter.

Postoperative care. On th e  second  d a y  after th e  o p e ra tio n , th e  e x p e ri
m en ta l an im al is in  good cond ition  a n d  resum es e a tin g ; on  th e  th ird  d ay  
th e  an im al co m ple te ly  consum es th e  d ie t. As a re su lt, ly m p h  c lo ttin g  in-
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F ig . 5. Scheme of th e  ly m p h -c a v a l  anastom osis. A, th e  r ig h t k id n ey ; C, th e  liver; D , th e  
p a n c re a s ; E , the  in te s tin a l ly m p h a tic  t r a n k ;  G, th e  abdom inal a o r ta ;  H , th e  d istal end  of 
th e  ly m p h a tic  tru n k . T h e  p a r ts  o f th e  anastom osis a re : th e  ly m p h a tic  c a th e te r  (1), th e  caval 
c a th e te r  (2), the  in c a th e te r  o f  th e  cav a l c a th e te r  (3), th e  ru b b e r tu b in g  (4) an d  the  coupling (5)

F ig . 6 A .  A heifer w ith  ly m p h -c a v a l anastom osis (1), th e  p o rta l v e in  c a th e te r  (2) and  th e  
b rach io cep h a lic  a rte ria l t r u n k  c a th e te r  (3)
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creases. T herefo re , th e  m ain  p rincip le  o f  th e  p o s to p e ra tiv e  m a in ten an ce  of 
th e  ly m p h —cav a l anastom osis is a da ily  co n tro l (3 to  4 tim es) of its  fu n c tio n . 
F o r th is  p u rp o se , th e  anastom osis is d isconnected , th e  in c a th e te r  is f lu sh ed  
w ith  2 .5 %  sod ium  c itra te  so lu tio n  w ith  pen icillin  in  i t ,  an d  th e  anastom osis 
is re s to red . Once a d ay , th e  indw elling  in c a th e te r  is rem oved  to  be flu sh ed  
w ith  h ep arin ized  saline. The b lood  is a sp ira te d  th ro u g h  th e  caval c a th e te r , 
w hich  is th e n  loaded  w ith  heparin ized  saline, an d  th e  anastom osis is re s to red .

I t  w ould  be possible to  ca th e te rize  th e  cauda l v e n a  cava and  to  m ake 
th e  ly m p h -c a v a l anastom osis w ith o u t u sin g  an y  in c a th e te r . B u t in  such  
a case, th e  ly m p h  w ould  clo t w ith in  th e  venous c a th e te r , and  the  e x p e rim en t 
on th e  an im a l w ould  have  to  be d isco n tin u ed  m uch earlie r th a n  in  th e  case 
w hen  th e  ly m p h a tic  c a th e te r  is an as to m o sed  to  th e  cav a l in ca th e te r.

L y m p h  collection. The ly m p h -c a v a l anastom osis is d isconnected , th e  
ly m p h a tic  c a th e te r  en d  is in se rted  in to  a  g rad ed  f la sk , th e  caval in c a th e te r  
is f lu sh ed  w ith  heparin ized  saline an d  is closed b y  a p lu g  (Fig. 6B). T he ra te  
o f ly m p h  flow  is m easu red  for 5 to  10 m in , an d  th e  ly m p h  is collected. T h en  
th e  an astom osis is res to red .

T h u s, th e  above-described  tech n iq u es  allow us to  s tu d y  th e  in te s tin a l 
ly m p h  in  h e a lth y  an im als th ro u g h o u t a n  ex p e rim en ta l p e rio d  of 2 to  3 w eeks. 
H ow ever, i t  shou ld  be n o ted  th a t  th e  s tu d y  o f th e  in te s tin a l ly m p h  alone is

F ig . 6 B . L y m p h  collection (1). T he in ca th e te r  o f th e  caval c a th e te r  (2) an d  the  p o rta l c a th e te r
(3) a re  p lugged
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n o t  enough  fo r th e  com plete  c h a ra c te riz a tio n  o f  th e  m etabo lism  o f su b stan ces 
in  th e  d igestive t r a c t .  As a ru le , we use a co m bina tion  o f  th e  ly m p h -c a v a l 
an astom osis fo rm a tio n  w ith  th e  c a th e te r iz a tio n  o f th e  b rach iocephalic  a r te r ia l 
t r u n k  an d  p o rta l v e in  (A liev, 1966).

Discussion

Till th e  ’six ties  researchers v ir tu a lly  fa iled  to  ca rry  o u t ex p erim en ts  like 
th o se  described in  th e  p resen t p a p e r w ith o u t facing ly m p h o rrh o ea . E x p e r i
m e n ta l surgery  o f  th e  ly m p h a tic  sy s tem  b eg a n  to  develop p rogressively  w ith  
th e  in tro d u c tio n  o f  po lym eric  su b stan ces. T he m ateria ls  fo r th e  c a th e te rs , 
th e  ly m p h a tic  in  p a r tic u la r , should  be t ig h t , so ft, elastic, flex ib le , and  re s is ta n t 
to  b reak ag e , in  o rd e r to  ensure a good f ix a tio n  o f th e  im p la n te d  c a th e te r  an d  
its  long  fu n c tio n  w ith o u t any  crack  or b en d . A ll th is  is v e ry  im p o r ta n t, since 
th e  in te s tin a l ly m p h  is deep in  th e  b o d y  (ap p ro x im ate ly  30 cm  from  th e  b o d y  
su rface), and  th e  c a th e te r  m an ip u la ted  w ith  is to  change its  d irec tion  fre 
q u e n tly . The in n e r su rface  of th e  c a th e te r  sh o u ld  be perfec tly  sm oo th , re s is ta n t 
to  m oisten ing  a n d  n o n th rom bogen ic . T he m a te ria l should be an tisep tic , non- 
a b so rp tiv e  and  n o n e lec tro s ta tic . A v e ry  im p o r ta n t  p ro p e rty  o f a ly m p h a tic  
c a th e te r  is its  tra n sp a re n c y , allow ing v isu a l observa tion  o f  th e  ly m p h  flow . 
F in a lly , th e  p o lym eric  m ateria ls  used  fo r c a th e te r  fab rica tio n  shou ld  be in e r t 
a n d  shou ld  n o t be  h a rm fu l to  an im al tissues.

F ig . 7. T he s ty le t (1), th e  in jec tion  needle (2) a n d  th e  ly m p h a tic  c a th e te r  (3). T he c a th e te r  
t ip  h a s  a ball-like in f la tio n  and  a side hole. T , th re a d  a tta c h e d  to  th e  s ty le t  or th e  need le  
fo r th e ir  w ithd raw al follow ing insertion  of th e  c a th e te r  in to  th e  lum en of th e  ly m p h a tic  t ru n k
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S ubstances like po ly e th y len e , po ly v in y l, te flo n  an d  silicone ru b b e r  m ore 
o r less m eet these  req u irem en ts . I n  th e  U .S .S .R ., silicone ru b b e r  tu b in g s  arc  
w idely  used. W e have been u tiliz in g  th e m  in  experim en ts fo r 17 years.

T he ly m p h -c a v a l anastom osis consists of 5 p a r ts :  su p p ly in g  (1) an d  
rece iv ing  (re -en tran t)  (2) ca th e te rs  a n d  th e ir  connections w ith  th e  ly m p h a tic  
t r u n k  (3), w ith  venous vessel (4) a n d  betw een  them selves (5). T he d u ra tio n  
a n d  effectiveness of th e  an astom osis fu n c tio n  depends u p o n  severa l fac to rs  
o f  physio logical or m echan ical c h a ra c te r . The m echan ical fac to rs  are : in n e r 
d iam e te r , sm oothness of th e  in n e r  surface an d  th e  len g th  o f th e  c a th e te r , 
p rin c ip le  o f anastom osing  or r a th e r  c rea tin g  an  e x te rn a l r e -e n tra n t  b ridge; 
physio log ica l fac to rs : th e  ten s io n  o f  th e  ly m p h  in  th e  su p p ly in g  p a r t  o f th e  
an asto m o sis  an d  th e  sucking  a c tiv i ty  o f  th e  venous vessel to  w hich  th e  t ip  
o f  th e  receiv ing  c a th e te r  is jo in ed . A  long  p rac tice  has show n t h a t  th e  in n e r 
d ia m e te r  o f th e  ly m p h a tic  an d  b lo o d  vessel ca th e te rs  shou ld  n o t be less th a n
1.5 to  2 m m . C atheters w ith  an  in n e r d iam eter m ore th a n  3.5 to  5 m m  are 
qu ick ly  th ro m b o sed  as a re su lt o f th e  low  ly m p h  p ressu re  an d  th e  slow ly m p h  
w ith in  th e  anastom osis. C a th e te rs  o f  1.5 to  2.0 an d  2.5 to  3.0 m m  in n e r d iam 
e te r  are  considered  to  be th e  m o st su itab le  for sheep an d  c a ttle , resp ec tiv e ly .

T he perio d  of th e  an astom osis fu n c tio n  is h igh ly  d ep en d en t u p o n  th e  
s tru c tu re  of th e  c a th e te r  t ip  w hich  is to  be in serted , an d  u p o n  m an ip u la tio n s  
for c a th e te r  in se rtio n  in to  th e  ly m p h a tic  tru n k . Since i t  is o ften  im possib le 
to  in tro d u ce  th e  c a th e te r  t ip  in  a n  “ en d -to -en d ” m an n er, i t  is to  be in tro 
du ced  th ro u g h  th e  w all o f th e  t ru n k , i.e. in  an  “ end -to -side”  m an n e r. In se r tio n  
o f th e  c a th e te r  in to  th e  ly m p h a tic  t r u n k  lum en  an d  its  s ta b iliz a tio n  are th e  
m o st crucia l m om ents of th e  o p e ra tiv e  p rocedure, req u irin g  m u ch  e ffo rt an d  
in v en tiv en ess  o f th e  o p e ra to r; th e  qu ickness and  accu racy  o f th e  o p era tiv e  
m an ip u la tio n s  are also of g rea t im p o rtan ce . R u p tu re s  o f th e  ly m p h a tic  tru n k  
a n d  su rro u n d in g  tissues re su lt in  a n  im m ed ia te  ly m p h  c lo ttin g  w ith in  th e  
an astom osis lum en . To avoid  th is , a p recise know ledge of th e  to p o g ra p h y  is 
needed . O ften , th e  use of a s ty le t ,  w ell-ad justed  to  th e  im p la n te d  c a th e te r , 
co n tr ib u te s  to  th e  success of o p e ra tio n . Also, an  in jec tio n  need le , w ith  th e  
c a th e te r  in se rted  th ro u g h  i t  (F ig . 7), is useful. The tip  of th e  needle an d  s ty le t  
shou ld  be sh o rt enough (no t m ore th a n  5 cm) to  be su itab le  fo r th e  o p e ra to r  
to  ho ld  and , on th e  o th e r h a n d , i t  shou ld  n o t h in d er th e  access to  th e  ly m 
p h a tic  d u c ts , especially  to  tho se  o f organs ly ing  in  th e  ab d o m in a l c a v ity . 
T he securing  th re a d  helps th e  a s s is ta n t to  w ith d raw  th e  ab o v e-m en tio n ed  
devices a t  th e  m om en t w hen  th e  c a th e te r  t ip  has a lread y  been  in se rted  b y  
th e  o p e ra to r  in to  th e  lum en  o f th e  in te s tin a l ly m p h a tic  tru n k . T he nozzle 
o f  th e  c a th e te r  is o f g rea t im p o rta n c e , too . I t  should  be th in -w a lled  enough  
to  p ro v id e  th e  desired  d iam ete r o f  its  lum en  w ith o u t p ressing  th e  vessel w all. 
F u rth e rm o re , i t  should  n o t be com pressed , b roken  or tig h tly  b o u n d  w hen  
b e in g  lig a ted . T he end  of th e  nozzle shou ld  be c u t like a t ip  of a b a il-p o in t
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pen , a n d  i t  should  be  w ell polished. T he bevelled  en d  of th e  nozzle is n o t 
adm issib le  since th e  th in  vessel w all c an  be easily  ru p tu re d ;  besides, th e  p o in t 
o f th e  bevelled  en d  c o n tr ib u te s  to  th ro m b u s  fo rm a tio n . T he op tim a l period 
o f fu n c tio n in g  o f th e  anastom osis (15 to  18 days) is observed  w hen  a special 
nozzle is used. This h a s  a ball-like in f la tio n , w hich  fac ilita te s  c a th e te r  s ta b i
liz a tio n , an d  a side h o le  p rov id ing  b e t te r  s iphonage of th e  c a th e te r . I t  is re 
com m ended  to  use a  te f lo n  nozzle fo r a silicon ru b b e r  c a th e te r  (M cG uilliard, 
1972). T he hardness o f  te f lo n  ensures th e  s ta b ili ty  o f th e  lum en  o f th e  nozzle 
w hen  th e  la t te r  is f ix e d  in  a ly m p h a tic  d u c t, an d  th e  flex ib ility  of th e  silicone 
ru b b e r  allows c a th e te r  ex te rio riza tio n  w ith o u t a n y  b re a k  or com pression.

T he process o f  l ig a tu re  p lacem en t a n d  th e ir  f ix a tio n  follow ing th e  in se r
tio n  o f th e  c a th e te r  in to  th e  d u c t is a fu r th e r  crucia l m om en t o f th e  c a th e 
te r iz a tio n  techn ique . T h e  liga tu re  shou ld  be p laced  e x a c tly  on  th e  duct. W hen 
ty in g  i t ,  th e  o p e ra to r  shou ld  check th e  th re a d  p ressu re  u p o n  th e  c a th e te r  
w all to  avoid  ru p tu re  o f  th e  d u c t w all a n d  a t ig h t  b in d in g  o f th e  c a th e te r  
nozzle. W hen  one o r tw o  liga tu res are  m ad e  o n  th e  d u c t, w ith  th e  c a th e te r  
nozzle being also lig a te d , th e  o th e r lig a tu re s  (periphera l) can  be p laced , w ith  
th e  su rro u n d in g  tis su e s  bein g  su tu red . B u t such  an  ap p ro ach  should  n o t cause 
d islodgem ent or o v erw in d in g  of th e  d u c t. T he s ta b iliz a tio n  of th e  c a th e te r  
is accom plished  b y  p u t t in g  a lav san  co llar on i t .  T he  co llar is soon adhered  
b y  f ib r in  to  th e  d u c t a d v e n titia  an d  th e  su rro u n d in g  tissues. T he ligatu res 
v ir tu a lly  lose th e ir  s tab iliz in g  effect 3 to  4 days a f te r  th e  op era tio n , so th e  
c a th e te r  tip  is s ta b iliz e d , owing to  p ro life ra tio n  o f th e  su rro u n d in g  tissues. 
T he lav san  collar c o n tr ib u te s  to  th is  p rocess, en su rin g  re lia b ility  o f th e  an as to 
m osis w ork.

T he tip  of th e  re -e n tra n t  c a th e te r  shou ld  be in se rted  in to  th e  venous 
vessel on ly  b y  m ean s o f  a sty le t. T he vessel w all is p u n c tu re d  by  th e  s ty le t 
p o in t. Since th e  d ia m e te r  of th e  p u n c tu re  is less th a n  th e  ex te rn a l d iam eter 
o f th e  c a th e te r  t ip ,  b lo o d  leakage can  be p rev e n te d . T he la t te r  effect is also 
p ro v id ed  by  th e  use o f  th e  lav san  co llar w hich , be ing  p u t  on th e  c a th e te r , 
occludes th e  vessel lu m e n  on th e  one h a n d , an d  co n tr ib u te s  to  tissue p ro 
life ra tio n  on th e  o th e r .

N ow , th e  co n n ec tio n s betw een  th e  ly m p h a tic  ca th e te rs  are to  be d is
cussed . I t  should  be n o te d  th a t  a g re a t n u m b e r o f devices have  been specially  
dev ised  for th is  p u rp o se , b u t  all th ese  o v erload  th e  anastom oses and , in  som e 
cases, re su lt in  d ir t accu m u la tio n s com p lica tin g  th e  d isconnection  an d  recon
n ec tio n  o f th e  an as to m o sis . A long p ra c tic e  has p ro v ed  th a t  th e  connection  
o f ca th e te rs  in  an  “ en d -to -e n d ”  m an n e r b y  m eans o f a ru b b e r  coupling w ith  
th e  consequen t f ix in g  lig a tio n  is p re fe rab le . I f  th e  c u t ends o f ca th e te rs  are 
w ell polished, th e y  a d jo in  closely, fo rm in g  a lu m en  c o n tin u ity  w hich connects 
a ly m p h a tic  d u c t w ith  a venous vessel. I n  th is  case, a suckling  effect of th e  
la t te r  is expressed  w ell enough. S om etim es i t  is reasonab le  to  m ake a sm all
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space b e tw een  th e  c a th e te r  ends to  be connected . A freq u en t p a lp a tio n  in  th is  
p lace assists  th e  f lu c tu a tio n  in  th e  anastom osis sy stem , th u s  p re v e n tin g  th e  
an asto m o sis  from  being  blocked an d  s tim u la tin g  th e  ly m p h  flow  in  th e  lu m en .

W ith  a long exp erim en ta l use an d  fre q u e n t d isconnections an d  re c o n 
n ec tions o f  th e  anastom osis, th e  ends o f ca th e te rs , especially  tho se  o f  th e  
su p p ly in g  c a th e te r , w ill be cru sh ed ; som etim es, cracks ap p ea r in  th e  c a th e te r  
w all. To overcom e th is  p rob lem , sm all ru b b e r  collars are p u t  on th e  c a th e te rs  
to  h o ld  th e m  d u rin g  th e  m an ip u la tio n s.

T he le n g th  o f  ca th e te rs  shou ld  correspond  to  th e  loca tio n  d e p th  o f th e  
in te rn a l c a th e te r  tip s  w ith in  th e  an im a l’s b o d y . F u r th e r , th e  d istance  b e tw een  
th e  sk in  su rface  a n d  th e  c o n ta c t p o in ts  o f ca th e te rs , th e  so-called h e ig h t o f 
th e  an asto m o sis , shou ld  also be ta k e n  in to  co n sidera tion . To avoid  fo rm a tio n  
of a n  acu te  angle in  th e  anastom osis an d  to  p rov ide  a conven ien t e x p e rim e n ta l 
w ork  o f th e  la t te r ,  th e  supp ly ing  c a th e te r  shou ld  be lo ca ted  above th e  re c e iv 
ing  one, a n d  th e  d istance  be tw een  th e  sites o f th e ir  ex te rio riza tio n  shou ld  n o t 
be less th a n  6 to  8 cm . T he anastom osis acqu ires a stream lin ed  ro u n d  fo rm  
w ith o u t angles or b reaks.

T he fu n c tio n  o f anastom osis shou ld  be carefu lly  con tro lled  b y  p a lp a tio n . 
A w arm  anasto m o sis  m eans th a t  its  p e rm eab ility  is good; a cold an asto m o sis  
shou ld  be a t te m p te d  to  d isconnect im m ed ia te ly . T he h igh  ra te  of th e  ly m p h  
flow  a t  th e  m o m en t o f anastom osis d isconnection  in d ica tes  th a t  a b lockage 
of th e  rece iv ing  c a th e te r  has occurred . I n  th a t  case, th e  in c a th e te r  is w ith 
d raw n , flu sh e d  w ith  an tico ag u lan t an d  is rep laced  in to  position , or i t  is s im p ly  
rep laced  b y  a new  one. No ly m p h  flow  in d ica tes  b lockage o f th e  w hole sy s te m  
or th e  su p p ly in g  c a th e te r  only. S om etim es i t  is possible to  rem ove th e  f ib r in  
co lum n  fro m  th e  supp ly ing  c a th e te r  to  m ake th e  ly m p h  m ove.

T he use o f an tico ag u lan ts  fo r m a in ten an ce  o f th e  anastom osis fu n c tio n  
shou ld  be lim ited ; o therw ise, i t  d is to rts  th e  physio logical cond ition  o f e x p e ri
m e n ta l an im als . M oreover, since th e  ly m p h , th e  in te s tin a l ly m p h  in  p a r tic u la r , 
has b een  s tu d ie d  in  re la tio n  to  th e  lip id  m etabo lism  b y  m ost re sea rch ers , 
th e  use o f h e p a rin  is excluded  fo r know n  reasons. H ep a rin  should  be u se d  in  
a c o n c e n tra tio n  o f 100 to  150 u n its /m l saline w ith  pen icillin  (1 m illion  u n its /  
100 m l) a d d ed  to  lo ad  th e  ca th e te rs  o f b lood  vessels an d  to  flu sh  th e  re -e n tra n t  
c a th e te r  o f  th e  ly m p h -c a v a l anastom osis w hen , fo r exam ple , ly m p h  co llec tion  
is s to p p e d  fo r a given d ay  an d  is ta k e n  u p  again  th e  n e x t d ay , or la te r . D u rin g  
ly m p h  flow  m easu rem en ts th e  su p p ly in g  c a th e te r  is d isconnected  a n d  im 
m ed ia te ly  in tro d u c e d  in to  a supp ly in g  fla sk , w hile th e  re -e n tra n t c a th e te r  is 
lo ad ed  w ith  2 to  3 m l of 2 .5%  sod ium  c itra te  so lu tio n  an d  closed w ith  a p o ly 
e th y len e  p lug . A fte r 5 m in  of ly m p h  collection , th e  anastom osis is re s to re d . 
I t  sh o u ld  be n o te d  th a t  a good physio logical co n d itio n  o f surg ically  p re p a re d  
an im als a n d  an  excellen t fu n c tio n  o f th e  anastom osis are observed  w h en  
an im als a re  u sed  in  th e  ex p erim en t daily .
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H ans G. N i e m a n d  and P e te r  F . S u t e r  (eds): P raktikum  der H u n d e k lin ik . S ix th , fully  
rev ised  ed ition . V erlag  Pau l P a rey , B erlin  u n d  H am b u rg , 1989. 827 pages, 375 illu s tra tio n s  
includ ing  49 illu s tra tio n s  in colour, 97 tab le s . P rice: 198.— DM. IS B N  3-489-50816-5.

T his book , th e  f irs t ed ition  of w hich  w as published u n d e r th e  ed ito rsh ip  o f H a n s G. 
N iem a n d  in 1961, has ru n  in to  six ed itio n s so fa r. T he rap id  succession of ed itions ind ica tes th e  
k een  in te re s t ta k e n  in th e  su b jec t an d  th e  success an d  favourab le  re cep tio n  of th e  w ork.

T he book  is th e  w ork of an  a u th o rs ’ co llective . Now for th e  f i r s t  t im e , th e  s ix th , fully  
rev ised  ed ition  w as published u n d e r th e  ed ito rsh ip  o f Professor Peter F . Suter  who w ro te  
m a n y  ch ap te rs  o f th e  book.

The a rra n g e m e n t and co n ten ts  o f th e  book  are  as follow.
In  the general p a rt, C h ap ter 1 e n tit le d  “ Practice and clinic”  (H . G. N iem and) deals w ith  

th e  u p -to -d a te  e q u ip m en t and  in s tru m e n ta r iu m  of th e  sm all an im al clin ic an d  h o sp ita l, and 
w ith  th e  m eth o d s of d rug  a d m in is tra tio n .

C h ap te r 2, “ N utrien t su p p ly”  b y  IF. Drochner describes th e  n u tr ie n t  req u irem en ts  of 
dogs and  th e  d ie te tic  n u tr itio n  as well as d ie ta ry  regim ens.

C h ap ter 3 is en ti tled  “ Clinical exam ina tion  o f  dogs”  ( H . G. N ie m a n d ) .
C h ap ter 4, “ Laboratory exam inations”  (  R . H . Gicalter) gives an  ex ce llen t an d  su ffic ien t

ly  d e ta iled  desc rip tio n  of u p -to -d a te  la b o ra to ry  m eth o d s w hich can , a n d  m u st, be used  b y  a 
v e te r in a ry  p ra c tit io n e r  aim ing a t  h ig h -s tan d a rd  w ork. A fter describ ing  th e  lab o ra to ry  e q u ip 
m e n t and  in s ta lla tio n s  necessary  fo r v e te r in a ry  p rac titio n ers , th is c h a p te r  sum s up  th e  im p o r
t a n t  la b o ra to ry  m eth o d s for h aem ato log ica l ex am in a tio n s , urine ana ly sis , faecal ex am in atio n , 
a n d  analysis o f th e  liquor and  th e  p a th o lo g ica l b o d y  fluids.

C h ap te r 5, e n titled  “  Veterinary docum ents , case histories, certificates”  (P . F . Suter) 
g ives a d escrip tion  of th e  w ritte n  d o cu m en ts  assoc ia ted  w ith  v e te r in a ry  p rac tice .

C hap ter 6 is e n titled  “ A nalgesia , sedation , anaesthesia”  ( R . S ka rd a ).
T he special p a rt of th e  book begins w ith  C h ap te r 7 w hich d iscusses “ H ereditary diseases 

and  pred isposition  to diseases”  (H . G. N ie m a n d ) .
C hap ter 8 is an  u p -to -d a te  an d  th o ro u g h  su m m ary  of “ Diseases o f  the im m une system  

and  im m unopalh ies”  (P . F . Su ter).
C h ap te r 9, “ Dogs injured  in  accidents”  b y  P. F . Suter , J . A rn d t , IF. D . P rieur , G. K ása  

a n d  F . K á sa , is a v e ry  im p o rta n t p a r t  em b rac in g  a large body of know ledge. I t  describes th e  
ex am in a tio n  of dogs th a t  have  suffered  an  a cc id en t, th e  fu n d am en ta l e lem en ts  o f g iving f irs t 
a id , th e n  discusses a t  len g th  th e  d ev elo p m en t an d  th e ra p y  of shock. T h is is follow ed b y  th e  
d esc rip tio n  of in ju ries  o f th e  re sp ira to ry  organs, abdom inal organs, n e rv o u s sy s tem  an d  organs 
o f locom otion , a n d  possible w ays of tr e a tin g  th ese  injuries.

C hap ter 10 is e n titled  “ In fectious diseases”  ( P . F . Su ter), and  i t  o ffers a b rie f d esc rip tion  
o f th e  m o st im p o r ta n t  v ira l, bac teria l, p ro to zo a l a n d  fungal infections o f dogs.

In  th e  genera l p a r t  of C h ap te r 11, “ D erm atopathies”  by  B . B ig ler , th e  m eth o d s of 
ex am in a tio n  of th e  skin and  th e  p rincip les o f t r e a tm e n t are described. T h e  special p a r t  o f th a t  
c h a p te r  discusses sk in  disease cases o f b a c te r ia l, fungal, p a rasitic , allerg ic, endocrine  and  
m etab o lic  origin, as well as those  resu ltin g  fro m  env iro n m en ta l noxae.

C h ap te r 12 b ears th e  t itle  “ Otopathies”  (P . Sterchi).
C hap ter 13 deals w ith  “ Ophthalm opathies” ( I .  W alde).
C hap ter 14, “ R espiratory organs”  b y  P . F . Su ter , begins w ith  th e  desc rip tio n  of th e  

m eth o d s  for ex am in a tio n  and rad io log ica l e x am in a tio n . This is follow ed b y  diseases o f  th e  
nose , nasal sinuses, p h a ry n x , la ry n x  an d  tra c h e a , an d  finally  b y  d iseases o f th e  deeper re sp i
r a to ry  passages, th e  b ronchi, th e  lungs an d  th e  p leu ra .
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C hapter 15 is e n ti t le d  “ Organs o f  circulation"  (U . K arsten  a n d  P. F . Su ter). F irs t  i t  
deals w ith  cardiological d iagnosis and  gives a su ffic ien tly  d e ta iled  d esc rip tio n  of e lectrocard iog
ra p h y  (ECG). This is fo llow ed b y  diseases o f th e  h e a r t ,  p e ric a rd iu m , b lood and ly m p h a tic  
vessels.

C hapter 16, “ A n a e m ia  and haemorrhagic d iathesis"  (P . F . S u te r ) , f irs t  tack les th e  
p ro b lem s of clinical a n d  la b o ra to ry  d iagnosis as well as pa th o g en esis . T h is is followed b y  
q u estio n s associated w ith  th e  th e ra p y  of anaem ia , w ith  special re sp ec t to  blood transfu sio n s 
•and how  to  perform  th em . T h is c h ap te r  deals w ith  th e  d isorders o f haem opoiesis, haem ophilia , 
th e  d isorders of blood c lo tt in g , an d  diseases assoc ia ted  w ith  p la te le t deficiency.

C hap ter 17, e n tit le d  “ Qualitative and quantitative changes in  leukocyte count and diseases 
o f  the leukopoietic system  (P .  F . Suter and Chr. S a a r), ev a lu a te s  p a th o lo g ica l changes in  w h ite  
b lood  cell count. In  th is  c h a p te r  a re  discussed diseases like re ticu losis , leukosis and diseases o f 
th e  spleen.

C hapter 18 is e n ti t le d  “ Digestive organs"  (P . F . Suter, H .-O . Schm idtke  and  Ch. Uehlin- 
ger). I t s  in tro d u c tio n  p re sen ts  th e  d iagnostic  ev a lu a tio n  of an o rex ia , sw allowing d ifficu lties, 
sa liv a tio n , vom iting , a n d  d iarrh o ea . S ubseq u en tly  th e  e x am in a tio n  a n d  diseases of th e  o ral 
c a v ity , tee th , tongue, sa liv a ry  g lands, tonsils , p h a ry n x  an d  oesophagus are  discussed, to g e th e r 
w ith  diseases of th e  s to m ac h , th e  aspects an d  consequences of ileus a n d  d iarrh o ea , and en te ritis  
o f  b ac teria l, tox ic , p a ra s it ic  an d  v ira l origin. Surg ical diseases o f th e  in te s tin e , e.g. h e rn ia , a re  
also d e a lt w ith. To th is  c h a p te r  belongs m alab so rp tio n  sy ndrom e, m ald ig es tio n , and d igestive  
tro u b le  due to  p an crea tic  insufficiency .

C hapter 19, “ D iseases o f  the liver and b iliary ducts, ascites"  (P .  F . S u ter), describes th e  
c lin ical signs of h ep atic  in su ffic ien cy  and  its  d iagnosis b y  la b o ra to ry  m eth o d s. This is follow ed 
b y  princip les of th e  th e ra p y  of h ep a to p a th ies , q u estions assoc ia ted  w ith  ic te ru s , and  diseases 
a n d  pathological lesions o f  th e  gall-b ladder and  b ilia ry  d u cts . In f la m m a to ry  an d  toxic h e p a to 
p a th ie s , hepatic  c irrhosis, f a t ty  degeneration  of th e  liver an d  th e  co n seq u en t abdom inal d ro p sy  
(ascites) are also d ea lt w ith  in  th is  chap ter.

C hapter 20 b ears  th e  t it le  “ Peritonitis and pancreatitis"  (P . F . S u ter ).
C hapter 21, e n ti t le d  “ U rinary system "  (P . F . S u ter ), begins w ith  th e  descrip tion  of 

th e  general sym ptom s o f n e p h ro p a th ie s , ev a lu a tio n  of changes in  u rin e  vo lum e, u rine  analysis, 
k id n ey  function  te s ts , a n d  special m ethods for d iagnosing re n a l d iseases. T his is followed b y  
qu estio n s of chronic a n d  a cu te  ren a l insufficiency an d  th e  d iffe re n t ren a l diseases. A m ong 
diseases of th e  low er u r in a ry  passages th e  d iagnosis an d  t re a tm e n t  o f u ro lith iasis a re  h ig h 
lig h te d . This c h ap te r  also co n ta in s  a descrip tion  of u r in a tio n  d isorders.

C hapter 22, “ M ale  genita l organs"  (P . S terch i), deals w ith  th e  collection  and e x am in a 
tio n  of sem en, th e  d is tu rb an c es  o f sexual a c tiv ity , an d  th e  p a th o lo g ica l changes of th e  testic les 
a n d  accessory sex g lands.

C hapter 23, “ F em ale genital organs"  (H . Gehring an d  S .A r n o ld ) , begins w ith  an  a n a to 
m ical and physiological overv iew  and a d escrip tion  of physio logical an d  pathological sexual 
a c t iv ity  as well as o f th e  specia l m ethods of ex am in atio n . T his is fo llow ed b y  th e  descrip tion  
o f a rtific ia l in sem in a tio n , p reg n an cy  d iagnosis, an d  re p ro d u c tiv e  d isorders of b itches. 
Physio logical and co m p lica ted  w helping and  assistance  a t  w help ing  a re  also described. T his 
c h a p te r  also deals w ith  p u e rp e ra l d isorders, th e  d isorders o f sex u a l a c tiv ity , th e  p y o m etra  — 
en d o m e tritis  com plex, a n d  o th e r  diseases o f th e  fem ale g en ita l o rgans. F in a lly  th e  diseases of 
th e  e x te rn a l gen ita ls a n d  m am m ae  are sum m ed up .

C hapter 24 is e n ti t le d  “ E ndocrinopathies, diseases o f  the endocrine g lands4' (P . F . S u ter).
C hapter 25 b ears th e  t itle  “ Organs o f  locom otion" (W . D . P rieur, G. K ása  and  F. K á sa ).  

I t  deals w ith  m etabo lic , in fla m m a to ry  and  h e re d ita ry  diseases o f th e  ske le ton , the  jo in ts  an d  
th e  m uscles.

C hapter 26 is e n ti t le d  “Diseases o f  the nervous system " (J .  A rn d t) .  I t  describes th e  
neurological e x am in a tio n , th e  special m ethods of e x am in a tio n , th e  g en era l nervous sym ptom s, 
a n d  behaviour d is tu rb an ces . S ubseq u en tly  th e  m ost im p o r ta n t d iseases o f th e  cerebrum , ep i
lepsy , syndrom es asso c ia ted  w ith  d iso rien ta tio n  an d  a ta x ia , an d  th e  p a tho log ica l lesions o f th e  
b ra in  stem , spinal cord , a n d  p e rip h e ra l nerves are d e a lt  w ith .

C hapter 27 b ears  th e  t itle  “ Diseases o f  the vertebrae" (P . F . S u ter).
C hapter 28 is e n ti t le d  “ Intoxications and po ison ings" (H . G. N iem a n d ).
C hapter 29 is th e  A p p e n d ix  (P . F . Su ter)  w hich  co n ta in s usefu l in fo rm atio n  ab o u t u n its  

o f m easu rem en t an d  m ed ic ines as well as th e ir  dosage.
The book begins w ith  a Preface, an  A uthor In d ex  an d  Contents a n d  ends w ith  a d e ta iled  

Subject Index.
The book covers a v e ry  w ide field  of know ledge. T h ough  w ritte n  b y  19 au th o rs , i t  c rea tes  

a un ifo rm  overall im p ress io n  an d  its  ch ap te rs  a re  n o t d isp ro p o rtio n a te . T h is can  be a ttr ib u te d  
to  th e  purposeful a n d  p a in s ta k in g  w ork of th e  ed ito rs. T he c h ap te rs  c o n ta in  all th e  know ledge
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w hich m ay  be of in te re s t to  v e te rin a rian s  w ork ing  in  canine p rac tice . T his b o d y  of know ledge 
is p resen ted  in a  c lear a n d  concise s ty le , w ith  a  scientifically  w ell g ro u n d ed  a n d  p rac tica l a p 
proach.

W hile m ain ta in in g  th e  guid ing p rin cip le  o f th e  earlie r ed itio n s, th a t  is th e  e ffo rt to  
m ee t th e  requ irem en ts  o f sm all an im al p ra c titio n e rs , in its co n ten ts  th e  s ix th  ed ition  h as been  
n o ticeab ly  m odernized . M ore space is d ev o ted  to  th e  aetiology, a n d  m ain ly  to  th e  pa thogenesis, 
o f diseases and  th e  diseases o f th e  d iffe ren t o rgans are discussed in  m ore de ta il. T he excellen t 
d escrip tion  of u p -to -d a te  in s tru m e n ta l an d  lab o ra to ry  m ethods shou ld  be p o in ted  ou t, as well 
as th e  proposals for th e ir  possible uses in  h a rm o n y  w ith  th e  p ra c tic a l req u irem en ts  an d  possi
b ilities. The read e r gets a b u n d a n t  in fo rm a tio n  on th e  m an n er of t r e a tm e n t  o f dogs, th e  exam i
n a tio n  of p a tien ts , th e  ex am in a tio n  of d iffe ren t organs by  special m eth o d s, an d  th e  in te rp re ta 
tio n  of th e  clinical signs w ith  re sp ec t to  d iffe ren tia l diagnosis.

In  su m m ary , th e  boo k  gives a  v e ry  fav o u rab le  im pression . I t  is a  w ell-ed ited , high- 
s ta n d a rd , p racticab le  an d  in te re s tin g  c o n tr ib u tio n  to  v e te rin a ry  l ite ra tu re . I t  co n ta in s all th e  
u p -to -d a te  know ledge w hich  m ay  be n ecessary  fo r a general p ra c tit io n e r  dealing  w ith  canine 
p rac tice , and  is a m an u a l ind ispensab le  fo r th e  ev ery d ay  a c tiv ity  o f v e te r in a r ia n s  w ork ing  in 
th is  field.

T he R ead er receives a book w ritte n  in  h igh ly  readab le  s ty le , h av in g  first-c lass  ty p o 
g rap h y , beau tifu l g e t-u p  a n d  ex q u is ite  b in d in g . T he book co n ta in s a  larg e  n u m b er o f high- 
q u a lity  illu stra tio n s. T his w ork , published  u n d e r  th e  auspices o f Verlag P aul Parey  an d  re p re 
sen ting  th e  h igh  s ta n d a rd  u su a l fo r w orks pub lish ed  by  th a t  p u b lish in g  house, will su rely  be 
h igh ly  successful and  ra ise  th e  re p u ta tio n  o f its  pub lisher.

F erenc  ICa h s a i

N orm an  F. Ch k v ih .f,: Introduction to Veterinary Pathology. Io w a  S ta te  U n iv e rsity  Press, 
Am es, Iow a 50010, U .S .A ., 1988. F irs t  ed itio n , 548 pages, h a rd co v e r, $ 59.95.

Owing to  th e  acce le ra ted  exchange o f know ledge an d  th e  h e a v y  re sp o n sib ility  restin g  
on  those  dealing w ith  spec ia lis t tra in in g , a  n ew ly  published  tech n ica l book  a lw ays arouses keen 
in te res t. T his is especially tru e  fo r a book tac k lin g  such a com plex su b je c t as p a th o lo g y , p rim a 
rily  general p a tho logy , w hich  req u ires  a  th o ro u g h  know ledge of a  r a th e r  w ide ran g e  of fields. 
One of th e  m ost d ifficu lt (a n d  m o st b e au tifu l) ta sk s  of u n iv ers ity  ed u ca tio n  is to  e luc idate  th e  
com plex in te rac tio n  be tw een  th e  d isease-causing  agen ts and  th e  liv ing  o rgan ism , th a t  is th e  
essence of disease. In  th e  p a s t  decade tex tb o o k s  on  general p a th o lo g y  w ere pub lished , am ong 
o th ers , in  G erm an an d  E ng lish . These are  now  follow ed b y  th is  com prehensive  w ork  b y  N . F . 
Cheville, a renow ned  e x p e rt  w hose book e n ti t le d  “ Cell P a th o lo g y ”  w as pu b lish ed  in  its  second 
ed ition  in 1983.

T he a u th o r  d iscusses th e  su b jec t o f g en era l pa tho logy  in  7 c h ap te rs  includ ing  a  to ta l  
o f 30 subchap ters.

Chapter 1 ( In tro d u c tio n )  discusses th e  pathogenesis o f d isease, th e  response of th e  o rg an 
ism  to  th e  disease-causing  ag en ts , an d  m ak es c lear some fu n d a m e n ta l concep ts (d eg eneration  
and  necrosis, c ircu la to ry  d is tu rb an ces , in fla m m a tio n , g row th  d iso rders, neoplasm ). A m ong th e  
m ain  fac to rs  w hich can  u p se t th e  hom eostasis, th e  a u th o r discusses in  d e ta il th e  oxygen  and  
w a te r deficiency, th e  d is tu rb an c es  o f ino rgan ic  ion  an d  acid-base b a lan ce , th e  en d -p ro d u c ts  of 
p ro te in  m etabolism , an d  th e  d ev elopm en t o f u raem ia . This c h a p te r  is com ple ted  b y  a p a r t  in 
w hich th e  m ain  aspects o f d e a th , th e  p o s tm o rte m  changes an d  p o s tm o rte m  e x am in a tio n  are 
d iscussed. T his in tro d u c tio n  offers a b rie f  su rv e y  of th e  whole hook  a n d  of qu estio n s w hich will 
be  discussed in la te r  c h ap te rs  m ore len g th ily . E .g . necrosis is m en tio n ed  in  tw o su b ch ap te rs  of 
th e  In tro d u c tio n . F o r a  beg in n er th is  sy s tem  o f a rran g em en t p e rh ap s  m akes i t  a b i t  d ifficu lt 
to  o rien ta te .

Chapter 2 em braces th e  su b jec t of d eg en era tio n , including th e  general phen o m en a  and  
cy to p a th o lo g y  of cellu lar degen era tio n , th e  ro le  o f cell organelles an d  th e ir  changes du ring  
p a tho log ic  processes, th e  d is tu rb an ces  o f c a rb o h y d ra te , lip id  a n d  calcium  m etabo lism , th e  
endogenous an d  exogenous p ig m en ts , and  co n d itions caused b y  th e  p re c ip ita tio n  of various 
c ry sta ls  (oxalosis, uricosis, e tc .). A sep a ra te  su b c h a p te r  is d ev o ted  to  processes w hich tak e  
p lace in  th e  ex trace llu la r space (collagenosis, m ucopolysaccharidoses, am yloidosis).

Chapter 3 p resen ts  th e  d is tu rb an ces o f g ro w th  th ro u g h  cellu la r changes (h y p e rtro p h y , 
hyperp lasia , m etap lasia , a tro p h y , hy p o p las ia , ap lasia , dysplasia) a n d  th ro u g h  th e  fu n d am en ta l 
concep tions o f te ra to lo g y . T h ree  su b ch ap te rs  a re  devoted  to  th e  su b je c t o f neoplasm s.

Chapter 4 discusses th e  fu n d a m e n ta l changes o f th e  b lood  an d  th e  v ascu la r  system  
(oedem a, shock, in farc tio n , em bolism , card io v ascu la r d isorders, h aem ostasis, th rom bosis , 
anaem ia).
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Chapter 5 deals w ith  in fla m m a tio n  a n d  healing , Chapter 6  discusses problem s of im- 
m u n o p ath o lo g y , and  Chapter 7 lis ts th e  d isease-causing  facto rs (physical, chem ical and  biologi
cal ag en ts , n u tr itio n a l fa c to rs  an d  genetic  defects).

T he au th o r d iscusses th e  p rob lem s o f general p a th o lo g y  w ith  an  u p -to -d a te  approach , 
u s in g  th e  new est a ch iev em en ts  o f m olecu lar b iology an d  p a th o p h y sio lo g y  a n d  d em o n stra tin g  
also  th e  u ltra s tru c tu ra l changes. T he bo o k , w hich  is conscien tiously  b ased  on a functional 
p a th o lo g ica l appro ach , w ill b e  an  in v a lu ab le  a id  to  m odern  v e te r in a ry  ed u ca tio n . Less space 
is d ev o ted  to  gross m o rp ho log ical d esc rip tio n s: th is  is u n d e rs tan d a b le , as th ese  can  be lea rn t 
m o re  easily  in th e  fram e w o rk  of p ra c tic a l tra in in g . A tte n tio n  is called  to  th e  m o st im p o rta n t 
a sp e c ts  b y  using su b title s .

T he te x t is acco m p an ied  b y  ex ce llen t illu stra tio n s includ ing  p h o to g rap h s  of gross 
p a th o lo g ica l lesions, l ig h t  a n d  e lec tro n  m ic ro g rap h s , schem atic  d raw ings, an d  b y  tab les. A t 
th e  en d  of each c h ap te r , u n d e r  th e  t it le  “ F o cu s” , th e re  is a c lin ico-patho log ical descrip tion  of 
a  se lec ted  disease belong ing  to  th e  su b je c t d iscussed  in  th e  g iven  ch ap te r . E .g . chronic hypox ia  
is illu s tra te d  b y  th e  e x am p le  o f acro p ach y  (p u lm o n a ry  h y p e rtro p h ic  o s te o a rth ro p a th y ), g ra 
n u lo m as are illu s tra te d  b y  th e  exam ple  o f tu b ercu los is, an d  sep ticaem ia  b y  th a t  of a n th ra x , 
e tc . T hese exam ples m ak e  th e  book co lourfu l a n d  p rep are  th e  read e rs  fo r u sing  th e ir  know ledge 
o f  g en era l patho logy  in  th e  fie ld  o f specia l pa th o lo g y . A read ing  lis t is g iven  a t  th e  end of th e  
su b c h a p te rs .

The ty p o g rap h ica l m ak e -u p  of th e  book  is excellent. T his te x tb o o k  w ill n o t only be an  
in v a lu a b le  help to  s tu d e n ts  o f  v e te r in a ry  m edicine  b u t  i t  w ill be o f use  to  all those  in te res ted  
in  v e te r in a ry  p a tho logy . P e rh a p s  i t  w ould  h av e  been helpful to  include a lis t o f th e  a b b rev ia 
tio n s  used  in the  te x t.

A ndor K a r d e v á n

H . W . F e r g u s o n : System ic Pathology o f  F ish . Iow a S ta te  U n iv e rs ity  P ress , A m es, 
Io w a  50010, U. S. A ., 1989. 276 pages, m ore  th a n  350 illu s tra tio n s , h a rd co v e r/ja ck e t $ 54.95.

N um erous m an u a ls  a n d  tex tb o o k s  h a v e  been published  on  fish  diseases all over th e  
w orld , and  m any  o f th e m  b e a r th e  t it le  “ fish  p a th o lo g y ” . T hese books m o stly  com bine th e  
d isc ip lines of fish c u ltu re , ep izootio logy, p a rasito lo g y  and  tox ico logy . D r. H u g h  W . Ferguson’s 
w o rk  can  be considered  th e  f irs t  book w hich  ac tu a lly  tack les th e  su b je c t o f  fish  diseases in  
a n  app ro ach  of classical p a th o lo g y . As th e  su b title  im plies, th is  te x t  a n d  a tla s  p resen ts th e  
responses o f teleost tissu es, g iving a p rofessional patho log ica l d e sc rip tio n  an d  h ig h -q u ality  
illu s tra tio n s .

The te x t is d iv id ed  in to  13 ch ap te rs . W ith  th e  excep tion  of th e  f ir s t  an d  th e  la s t c h ap te r , 
th e  a u th o r discusses th e  p a th o p h y sio lo g ica l a n d  gross p a tho log ica l lesions b y  organs and organ  
sy s tem s. A lthough i t  is n o t  s ta te d  d e fin ite ly , m o st disease cases p resen ted  a re  from  salm onids, 
f i r s t  o f all from  tro u ts . A s th e  a u th o r m en tio n s i t  in  his preface  to  th e  book , m o st exam ples are 
d ra w n  from  diagnostic  o r  e x p erim en ta l m a te ria l processed b y  th e  F ish  P a th o lo g y  L ab o ra to ry , 
O n ta rio  V eterinary  College.

The second p a r t  o f  C h ap te r 1, d iscussing  th e  pa thophysio log ica l processes and  th e  h o st 
re sponse , can be considered  especially  in te re s tin g  and  new. T he read in g  lis t given a t  th e  end 
o f th is  ch ap ter co n ta in s o n ly  tw o references, in d ica tin g  th a t ,  a p a r t  fro m  th e  a u th o r’s ow n 
re su lts ,  th e  special l i te ra tu re  of th a t  su b je c t is v e ry  scan ty , a n d  t h a t  m u ch  rem ains to  be done 
in  th e  field  of fish  p a th o lo g y . T he o th e r  c h a p te rs  are followed b y  am ple  read in g  lis ts con ta in ing  
p a p e rs  n o t only on t r o u ts  an d  A m erican  f ish  species exam ined  b y  th e  F ish  P a th o lo g y  L ab o ra 
to ry ,  O ntario  V e te rin a ry  College, b u t  also on  disease-causing  ag en ts  an d  patho log ica l lesions 
cau sed  b y  th em  in th e  o rg an s  o f cy p rin id s a n d  m arine  fishes. I t  is so m ew hat u n u sual, th o u g h  
u se fu l to  the  R eader, t h a t  th e  read in g  lis ts  c o n ta in  n um erous p ap ers  w hich  are  n o t c ited  in 
th e  te x t.

All chap ters  c o n ta in  a large  n u m b er o f illu stra tio n s w hich  are  in  good ha rm o n y  w ith  
th e  te x t .  In  c o n tra s t to  th e  m a jo rity  o f o th e r  m anuals, th e  illu s tra tio n s  o f  H u g h  F erguson’s 
w o rk  h igh ligh t th e  h o s t response, an d  w ith in  i t  th e  tissue an d  cellu lar responses, ra th e r  th a n  
th e  aetiological a g en t o r ty p e  of lesion.

Of the  sh o rtcom ings, th e  lack  of u n ifo rm ity  can  be  m en tio n ed . As th e  book does n o t 
p re se n t a single d e fin ite  f ish  species w h ich  cou ld  serve as a  basis fo r d em o n s tra tin g  its diseases 
in  a  com plex m an n e r, less th o ro u g h ly  tra in e d  specialists m ay  fin d  i t  r a th e r  d ifficu lt to  u n 
d e rs ta n d . H ow ever, i t  p ro v id es v e ry  u se fu l in fo rm atio n  fo r those  e x p e rts  who have  a fa ir 
know ledge of p a th o lo g y  a n d  p a th ogen ic  ag en ts  of t ro u ts  an d  cyprin ids, an d  w ish to go in to  
th e  su b jec t even m ore deep ly . T his book  is th ere fo re  v e ry  m u ch  reco m m en d ed  for such exp erts , 
p r im a rily  for v e te r in a r ian s  b u t  also fo r o th e r  p a th o log ists an d  for s tu d e n ts .

K á lm á n  M o l n á r
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COMING EVENT

The In te rn a tio n a l Society  for A nim al H yg iene  in v ite s  to  th e  V l l t h  In te rn a tio n a l C on
gress for A nim al H y g iene  being held  in  Leipzig , G e rm an  D em ocra tic  R epublic  from  A u g u st 
2 0 th  to  A ugust 2 4 th  1991.

The m ain  th em e  is “ U n ity  of A n im al H y g iene  a n d  L ivestock  P ro d u c tio n ” .
Sub-topics are :

— E cological fu n d am en ta ls  o f m o d ern  an im al hyg iene
— A nim al h y g iene  p rogram m es fo r p re v en tio n  a n d  con tro l o f ep izoo tic  diseases, m u lti

facto ria l d iseases and tech n o p a th ies
— D isinfection , in sect and  ro d e n t co n tro l in  an im a l houses
— A nim al h y g ien e -en v iro n m en ta l p ro te c tio n  a n d  u tiliza tio n  o f ag ricu ltu ra l w aste  

p ro d u c ts
— Food h y g ien e
— N oxious su b stan ces in an im al houses
— H ygiene o f th e  food chain : soil—p la n t—a n im a l-m a n
— A nim al w e lfare -an im al h e a lth  a n d  p e rfo rm an ce
— M icroflora in  an im al houses an d  in fec tio n  p ressu re
— E v a lu a tio n  o f env iro n m en ta l s ta b ili ty  a n d  h u sb a n d ry  system s b y  m eans of hygien ic  

and  e tho log ica l m ethods.

D uring  th e  V l l t h  In te rn a tio n a l C ongress tw o sa te llite  sym posium s will be held w ith  th e
topics

— A nim al b e h av io u r as a  c rite rio n  fo r a n im a l h e a lth
— A cadem ic tra in in g  and  p o stg rad u a l s tu d y  of ag ricu ltu ra l spec ia lis ts in th e  fields o f 

ecology a n d  an im al hygiene.

A u thors w ish ing  to  deliver a p a p e r sho u ld  sen d  th e  a b s tra c t  (m ax . one ty p e w ritte n  
page, E nglish  or G erm an ) to  th e  O rganizing  O ffice o f th e  V l l th  In te rn a tio n a l Congress fo r 
A nim al H ygiene, Sem m elw eisstr. 4, D D R -7 L 1 0  L eipzig , G erm an D em o cra tic  R epublic  b y  
O ctober 15th 1990, a t  th e  la te s t. Q uestions re la tin g  to  th e  congress shou ld  be  addressed  to  th e  
O rganizing  Office.
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P R IN T E D  IN  H U N G A R Y  

A kadém iai K iadó és N y o m d a  V á lla la t, B u d ap es t





IN S T R U C T IO N S  TO A U T H O R S

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

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

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

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

T itle . T he t i t le  sh o u ld  he a clear a n d  concise s ta te m e n t o f  th e  c o n te n ts  in  n o t m ore th a n  
14 w ords. A  sh o rt ru n n in g  tit le  o f n o t  m o re  th a n  40 le t te rs  sh o u ld  also he  supplied. T h is is 
fo llow ed b y  th e  a u th o rs ’ in itia ls  (full f i r s t  n am e  of w om en) a n d  su rn am e, a n d  th e  nam e o f th e  
in s t itu t io n  w here th e  w o rk  was done. T h e  m ailing  add ress  o f th e  a u th o rs  m u s t  also he in d ic a te d  
here.

A bstract. T h is sh o u ld  n o t  exceed 200 w ords an d  sh o u ld  o u tlin e  b r ie f ly  th e  purpose o f th e  
s tu d y  a n d  deta il im p o r ta n t  find ings a n d  th e  a u th o rs’ p rin c ip a l conclusions. R e d u n d an t p h ra ses , 
g en era lly  know n in fo rm a tio n  and  re p e tit io n  should  he  av o ided .

In tro d u ctio n . T h is  p a r t  should s ta te  b rie fly  th e  n a tu re  a n d  pu rp o se  o f th e  w ork an d  c ite  
re c e n t im p o rta n t w o rk  b y  o thers .

M aterials and  m eth o d s. D escribe m ate ria ls , m e th o d s, a p p a ra tu s , experim en ta l p ro ce
d u re  a n d  s ta tis tica l m e th o d s  in  su ffic ien t d e ta il  to  allow  o th e r  a u th o rs  to  rep ro d u ce  th e  re su lts . 
T h is p a r t  m ay  h av e  su b head ings.

R esults. T he e x p e rim e n ta l d a ta  sh o u ld  be  p re sen te d  c learly  a n d  concisely. A void  re 
p e a tin g  in fo rm atio n  p re se n te d  in  tab les a n d  figures.

D iscussion sh o u ld  he  focussed on  th e  in te rp re ta tio n  o f ex p erim en ta l find ings. Do n o t  
re p e a t  lite ra ry  d a ta  p re se n te d  in  th e  In tro d u c tio n  or in fo rm a tio n  g iven  in  R esu lts . R eferences 
sh o u ld  be  c ited  as fo llow s: e.g. . . .  as o b se rv ed  b y  F a ith  a n d  T ru m p  (1976); o r in  p a ren th eses : 
. .  . w ere found  (S ta rr  e t  a l., 1978; M anson a n d  S ta rr , 1979).

A cknow ledgem ent o f  g ran ts a n d  tech n ica l help.

R eferences. C ite  o n ly  essential re ferences. T hey  sh o u ld  be  a rra n g e d  in  a lph ab etica l o rd e r 
o f  th e  au th o rs’ su rn am es , w ith o u t serial nu m b ers . T he reference  l is t  a t  th e  end  of th e  p a p e r  
sh o u ld  contain

— fo r jou rn a ls : n a m e s  a n d  in itia ls  o f a ll a u th o rs , y e a r o f p u b lic a tio n  (in  paren theses), co lon , 
E ng lish  t it le  o f  th e  p ap er (if th e  o rig in a l t itle  is n o t  E n g lish , in d ic a te  in  p a ren th eses , 
e.g. [in F re n c h ]) , jo u rn a l title  a b b re v ia te d  accord ing  to  th e  sty le  u sed  in  In d ex  V eteri- 
n a riu s , vo lum e n u m b e r , issue n u m b e r  in  pa ren th eses , f i r s t  a n d  la s t  pages;

— fo r books: n am es a n d  in itia ls  o f a u th o rs /e d ito rs , y e a r  (in  p a ren th eses), t itle , p u b lish er, 
p lace o f p u b lic a tio n , page n u m b er.

Tables. T hey  sh o u ld  be  ty p ed  on  se p a ra te  shee ts a n d  h av e  a concise head ing  each . 
T ab les  a re  to  be n u m b ere d  sequen tia lly  b y  R o m an  num bers.

F igures. G o o d -q u a lity  glossy p r in ts  o f  ha lf-tone  illu s tra tio n s  a n d  c lear line draw ings in  
In d ia n  in k  are accep ted . T h e  n u m b er o f th e  fig u re , th e  a u th o r ’s n am e  an d  th e  to p  of th e  fig u re  
sh o u ld  be in d ica ted  l ig h tly  in  soft pencil o n  th e  back . T he f ig u res  a re  to  he  nu m b ered  seq u en 
t ia l ly  b y  A rabic n u m b ers . C aptions shou ld  be  p rov ided  on a  se p a ra te  sh ee t. A ll figures should  
be re fe rre d  to  in  th e  t e x t  a n d  th e ir ap p ro x im a te  place in d ic a te d  on  th e  m arg in .

A bbreviations a n d  sym bols. Q u an tities  should  be expressed  in  S I u n its . All abb rev ia tio n s 
sh o u ld  be  spelled o u t w h en  f i r s t  used in th e  te x t .  P lease id e n tify  u n u su a l sym bols in  th e  m arg in .

Proofs and re p rin ts . Two sets o f p roofs will be  p ro v id ed , w hich  a re  req uested  to  he  
re tu rn e d  w ith in  48 h o u rs  o f  rece ip t to  th e  E d ito r . A lte ra tio n s  in  th e  te x t  a n d  especially in  th e  
illu s tra tio n s  are expensive  a n d  should be av o ided . One h u n d re d  re p rin ts  o f each  paper are su p 
p lied  free  o f charge. A d d itio n a l rep rin ts  can  b e  ordered  a t  co st p rice  a t  th e  tim e  th e  page p ro o f 
is re tu rn e d .



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the follow ing addresses:

AUSTRALIA
C.B.D. LIBRARY AND SUBSCRIPTION SERVICE 
Box 4886. G.P.O., Sydney N.S.W. 2001 
COSMOS BOOKSHOP. 145 Ackland Street 
St. KUda (Melbourne). Victoria 3182

AUSTRIA
GLOBUS, Höchstädtplatz 3. 1206 Wien XX 

BELGIUM
OFFICE INTERNATIONAL DES PERIODIQUES
Avenue Louise, 485, 1050 Bruxelles 
E. STORY-SCIENTIA P.V.B.A.
P. van Duyseplein 8, 9000 Gent

BULGARIA
HEM US, Bulvár Ruszki 6, Sofia 

CANADA
PANNÓNIA BOOKS, P.O. Box 1017 
Postal Station ” B", Toronto, Ont. M 5T  2T8

CHINA
CNPICOR, Periodical Department, P.O. Box 50 
Peking

CZECHOSLOVAKIA
MAD ARSKA KULTÚRA, Národni trida 22 
115 66  Praha
PNS DOVOZ TISKU, Vinohradská 46, Praha 2 
PNS DOVOZ TLACE, Bratislava 2

DENMARK
EJNAR MUNKSGAARD, 35, Norre Sogade 
1370 Copenhagen К

FEDERAL REPUBLIC OF GERMANY
KUNST UND WISSEN ERICH BIEBER
Postfach 46, 7000 Stuttgart 1

FINLAND
AKATEEMINEN KIRJAKAUPPA, P.O. Box 128 
00101 Helsinki 10

FRANCE
DAWSON-FRANCE S A , B P. 40, 91121 Palaiseau 
OFFICE INTERNATIONAL DE DOCUMENTATION ET 
LIBRAIRIE, 48 rue Gay-Lussac 
75240 Paris, Cedex 05

GERMAN DEMOCRATIC REPUBLIC
HAUS DER UNGARISCHEN KULTUR 
Karl Liebknecht-Straße 9, D D R -102 Berlin

GREAT BRITAIN
BLACKWELL S PERIODICALS DIVISION 
Hythe Bridge Street, Oxford 0X1 2ET 
BUMPUS, HALDANE AND MAXWELL LTD.
Cowper Works, Olney, Bucks M K46 4BN  
COLLET'S HOLDINGS LTD., Denington Estate, 
Wellingborough, Northants NN 8 2Q T 
WM DAWSON AND SONS LTD., Cannon House 
Folkstone. Kent CTI9 5EE 
H. K. LEWIS AND СО., 136 Gower Street 
London WC1E6BS

GREECE
KOSTARAKIS BROTHERS INTERNATIONAL 
BOOKSELLERS, 2 Hippokratous Street, Athens-143

HOLLAND
FAXON EUROPE, P.O. Box 167 
1000 AD  Amsterdam 
MARTINUS NIJHOFF В. V.

Lange Voorhout 9-11, Den Haag 
SWETS SUBSCRIPTION SERVICE 
P.O. Box 830, 2160 Sz Lisse

INDIA
ALLIED PUBLISHING PVT. LTD.
750 Mount Road, Madras 600002 
CENTRAL NEWS AGENCY PVT. LTD.
Connaught Circus, New Delhi 110001 
INTERNATIONAL BOOK HOUSE PVT. LTD. 
Madame Cama Road, Bombay 400039

ITALY
D. E. A., Via Lima 28, 00198 Roma 
INTERSCIENTIA, Via Mazzé 28, 10149 Torino 
LIBRERIA COM Ml SSI ON ARI A SANSONI 
Via Lamarmora 45, 50121 Firenze 
SANTO VANASIA, Via M. Macchi 58 
20124 Milano

JAPAN
KINOKUNIYA COMPANY LTD.
Journal Department, P.O. Box 55 
Chitose, Tokyo 156
MARUZEN COMPANY LTD., Book Department 
P.O. Box 5050 Tokyo International, Tokyo 100-31 
NAUKA LTD., Import Department 
2-30-19 Minami Ikebukuro, Toshima-ku, Tokyo 171

KOREA
CHULPANMUL, Phenjan 

NORWAY
TANUM-TIDSKRIFT-SENTRALEN A S.
Karl Johansgata 43, 1000 Oslo

POLAND
WÇGIERSKI INSTYTUT KULTURY
Marszalkowska 80, 00-517 Warszawa
CKP I W, ul. Towarowa 28, 00-958 Warszawa

ROUMANIA
D. E. P„ Bucuresti
ILEXIM, Calea Grivitei 64-66, Bucuresti 

SOVIET UNION
SOYUZPECHAT — IMPORT, Moscow  
and the post offices in each town 
MEZHDUNARODNAYA KNIGA, M oscow G-200

SPAIN
DIAZ DE SANTOS Lagasca 95, M adrid 6 

SWEDEN
ESSELTE TIDSKRIFTSCENTRALEN
Box 62, 101 20 Stockholm

SWITZERLAND
KARGER LIBRI AG, Petersgraben 31, 4011 Basel 

USA
EBSCO SUBSCRIPTION SERVICES
P.O. Box 1943, Birmingham, Alabama 35201
F. W. FAXON COMPANY, INC.
15 Southwest Park, Westwood Mass. 02090  
MAJOR SCIENTIFIC SUBSCRIPTIONS 
1851 Diplomat, P.O. Box 819074,
Pallas. Tx. 75381-9074 
READ-MORE PUBLICATIONS, INC.
140 Cedar Street, New York, N. Y. 10006

YUGOSLAVIA
JUGOSLOVENSKA KNJIGA, Terazije 27, Beograd 
FORUM, Vojvode MiSica 1, 21000 N ovi Sad

Index: 26.026



Acta
Veter inaria
Hungarica

VOLUME 38, NUMBER 3, 1990

EDITOR-IN-CHIEF 

J. MÉSZÁROS

ASSOCIATE EDITOR 

A. SZÉKELY

EDITORIAL BOARD

J. BOKORI, J. HARASZTI, A. KARDEVÁN, F. KARSAI, 
T. KOBULEJ, F. KOVÁCS, G. KUCSERA,
G. PETHES, T. SZENT-IVÁNYI

H ill ........I
Ш 11111В

Akadémiai Kiadó, Budapest
ACTA VET. HUNG. 38(3) 125-224 (1990) HU ISSN 0236-6290



ACTA VETERINARIA
A Q U A R T E R L Y  OF T H E  HUNGARI AN ACADEMY

OF SCIENCES

A cta  Veterinaria p u b lish e s  review s and o r ig in a l  papers on v e te r in a ry  science in  E n g lish .

A cta  Veterinaria is p u b lis h e d  in  yearly v o lu m e s  o f four issues b y

A K A D É M IA I KIADÓ

P u b lis h in g  House o f th e  H u n g a r ia n  A cadem y o f  Sciences 
II-1117  B u d ap est, P r ie lle  Kornélia u. 19— 35.

M an uscrip ts and e d ito r ia l  correspondence s h o u ld  he addressed to

A c ta  Veterinaria

V eterin ary  M edical R esearch  In s ti tu te  o f  th e  
H ungarian  A c a d e m y  of Sciences 
H-1581 B u d a p e s t ,  P .0 . Box 18

Subscrip tion  information

O rd ers should he a d d re s s e d  to

K U LTU R A  F o re ig n  Trading C om pany  
H-1389 B u d a p e s t ,  P.O. Box 149

o r  to  its  rep re sen ta tiv es a b ro ad

A cta  Veterinaria is in d e x e d  in Current C o n te n ts

A cta  Veterinaria H u n g a r ic a  is a b s tra c te d /in d e x e d  in A G R IC O L A , B iological A b s tra c ts , 
B ib liography  of A g r ic u ltu re , Chemical A b s tra c ts ,  C urrent C o n ten ts-A g ricu ltu re , B iology 
a n d  E n v iro n m en ta l S c iences, Dairy S c ien ce  A bstracts , E x c e rp ta  M edica, H e lm in th o lo g ical 
A b s trac ts , In d ex  M e d icu s , Index V e te r in a r iu s , N utrition  A b s tra c ts  an d  R eview s, R eview  
of P la n t  Patho logy , S o ils  and F ertilizers, V e te rin a ry  B ulle tin

’’T h is periodical is in c lu d e d  in  the d o c u m e n t delivery program  T H E  G E N U IN E  A R T IC L E  
of th e  In s titu te  of S c ien tific  Inform ation , P h ilad e lp h ia . The a rtic le s  published in  th e  period ical 
a re  available th ro u g h  T h e  Genuine A rtic le  a t  th e  In s titu te  fo r  Scientific In fo rm a tio n , 3501 
M a rk e t S treet, P h ila d e lp h ia  PA  19104.”

©  A kadém iai K iad ó , B u d a p e s t



A n im a l nu trition
CONTENTS

D am ages to  feed  p ro te in s  and  th e ir  n u tr it io n a l consequences: A  review . Hegedűs, M . . . 125
O ptim izing  p ro te in  q u a lity  o f m ix tu res  o f  blood m eal, fe a th e r  m ea l a n d  bone m eal. Hegedűs,

M ., B okori, J . ,  A ndrásofszky , E m ese  and  Kővári, L ................................................................  143
E v a lu a tio n  o f th e  en erg y  value  of ra b b it  feeds: A critica l rev iew . M aertens,L ., Fekete, S.

a n d  B okori, J .............................................................................................................................................  153
T he effect o f a n im a l f a t  and  veg etab le  oil su p p lem en ta tio n  o f feeds o f d ifferen t energy  

c o n ce n tra tio n  u p o n  th e  d ig es tib ility  of n u trie n ts  a n d  som e blood p a ram ete rs  in  
ra b b its . Fekete, S ., H ullár, I . ,  Fébel, Hedvig  a n d  B o ko ri, J ............................................. 165

A n im a l reproduction

T re a tm e n t o f an o es tro u s m ares w ith  a  sy n th e tic  p ro g estag en , a lly loestrenol. Solti, L .,
Eulenberger, К .,  K urth , D. a n d  Schöne, L ................................................................................ 177

Bacteriology

A sy n th e tic , se lective  cu ltu re  m ed ium  fo r  Pseudomonas aeruginosa. Szita , G. an d  B iró , G. 187
Gas ch ro m a to g rap h ic  ch arac te riza tio n  o f  th e  re la tionsh ip  b e tw ee n  som e M ycobacterium  

a vium  a n d  M ycobacterium  paratuberculosis s tra ins . K ö rm en d y , В ., Juhász, S . and  
Lőrincz, G....................................................................................................................................................  195

Pathology

Im m u n o p a th o lo g ica l changes in  m ice cau sed  by  Bordetella bronchiseptica  and  Pasteurella
m últoddá . M agyar, T . and  Glávits, R .............................................................................................  203

T he p a th o lo g y  o f e x p erim en ta l re sp ira to ry  in fection  w ith  Pasteurella  m últoddá  an d  Borde
tella bronchiseptica  in  rab b its . Glávits, R . and  M agyar, T .....................................................  211

Physiology

C hanges in  th e  se ru m  levels of p rim ary  b ile  acids in  dairy  cows. K a rsa i, F . and  Szaniszló , F . 217

1





Acta Veterinaria Hungarica 38 (3 ) , pp . 125— 141 (1990)

DAMAGES TO FEED PROTEINS AND 
THEIR NUTRITIONAL CONSEQUENCES:

A REVIEW

M. H e g e d ű s

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

(R eceived  S ep tem b er 7, 1989)

The consequences o f h e a t  p rocessing  o f  feeds for s te riliz a tio n  and  to  d e s tro y  
an tin u tritiv e  su b s tan ces can  be  benefic ia l as well as d e tr im e n ta l. D am ages to  feed  
pro teins m ay  b e  p rim arily  e x p la in ed  b y  com plex  reac tions b e tw een  p ro teins an d  
carb o h y d ra tes , b y  in te rac tio n s  b e tw ee n  p ro te in  m olecules an d  b y  o x id a tio n . The chem i
cal m echanism s a n d  n u tr it io n a l consequences o f  these  reac tio n s a re  review ed.

Keywords: P ro te in  q u a lity , h e a t  d am ag e, M aillard  re ac tio n , ox id a tiv e  dam ages.

A nim al feeds m ay  undergo  m a n y  processes inc lu d in g  d ry ing , h ea tin g , 
freez ing , m illing, pe lle ting , m ic ro b ia l fe rm e n ta tio n , ex tru d in g , chem ical t r e a t 
m e n ts , etc . The p r im a ry  reasons fo r  p rocessing  feeds are p re se rv a tio n , s te riliza 
t io n  an d  to  im p ro v e  th e ir  n u tr i t iv e  va lu e , to  increase d ig es tib ility  an d  to  
d e s tro y  a n tin u tr itiv e  su b stan ces. H ow ever, th e  consequences of processing 
c a n  be bo th  benefic ia l and  d e tr im e n ta l. T he co n co m itan t effec ts o f processing 
(p rim a rily  those o f  excessive h e a t  t re a tm e n t)  m ay  inc lude  losses o f n u tr ie n ts , 
decom position  o f bio logically  a c tiv e  m olecules, and  im p a irm e n t of th e  o r
g an o lep tic  ch a rac te ris tic s  of th e  feed .

D am age m ean s an  im p a irm e n t o f th e  n u tr itiv e  v a lu e  o f th e  feed. As 
p ro te in  feeds are  m ix tu res  o f p ro te in s  an d  o th e r  su b stan ces , th e  dam age to  
a ll o f  th e  n u tr ien ts  m u s t be ta k e n  in to  acco u n t.

D am age m a y  be a consequence  of th e  com binations o f  v a rio u s physica l, 
ch em ica l and m icrobiological p rocesses. H ow ever, w ith  a few  excep tions, 
th e  dam age is p r im a rily  a t tr ib u ta b le  to  h e a t an d  ox id a tio n .

The effects o f specific p rocesses (h e a t, freezing, d e h y d ra tio n , ensiling, 
ch em ica l p re se rv a tio n , a lka li t r e a tm e n t ,  ac id  tre a tm e n t, w a te r  tre a tm e n t, 
en zy m e tre a tm e n t a n d  irra d ia tio n ) on  th e  o vera ll n u tr itiv e  v a lu e  o f feeds have  
b e e n  com prehensively  review ed re c e n tly  b y  several ex p e rts  (R echcigl, 1982, 
e tc .)  T he p resen t rev iew  is focused  p rim a rily  on  possible im p a irm e n ts  in  p ro te in  
q u a lity .

1* Acta Veterinaria Hungarica 38, 1990 
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1. E ffec ts o f  heat processing on protein feeds

H e a t processing o f  feed in g red ien ts  is com m only  u se d  to  in a c tiv a te  h ea t-  
lab ile  a n tin u tr itiv e  ag en ts  (e.g. t ry p s in  in h ib ito rs  in  legum es), to  d e s tro y  
u n d esirab le  m icroorgan ism s (e.g. s te r iliz a tio n  of an im al s la u g h te r  b y -p ro d u c ts) 
a n d  enzym es (e.g. th ia m in a se , perox idase), to  red u ce  m o istu re  c o n te n t for 
p re se rv a tio n  an d  s to rag e , to  im p ro v e  p a la ta b ility  an d  to  increase d ig es tib ility  
(e.g . g e la tin iza tion  o f  s ta rch es , h e a t  processing  o f k e ra tin s ) .

H e a t is ap p lied  fo r rem o v in g  so lv en ts  (e.g. a f te r  f a t  ex trac tio n ) o r to  
p re c ip ita te  p ro te in s  (e.g. p ro d u c tio n  o f  iso lates). H e a t  is also co n co m in an t 
d u rin g  m illing o f g ra in s an d  pe lle tin g  o f  m eals.

T he effect o f h e a t p rocessing  can  be beneficial as w ell as detrim ental. 
T h e  undesirab le  effects o f excessive th e rm a l processing on  n u tr itiv e  v a lu e  are , 
fo r in stan ce , a loss o f h ea t-lab ile  n u tr ie n ts , im p a irm e n t o f  d ig estib ility  and  
a v a ila b ility  of p ro te in s , a n d  loss o f p a la ta b ility .

A dverse effects on  c a rb o h y d ra te s  an d  fa ts  need ex tre m e  h ea t processing, 
w hereas p ro te in s  h av e  p ro v ed  to  be m ore suscep tib le  to  th e rm a l dam age.

H eatin g  p ro te in s  genera lly  enhances th e ir  d ig es tib ility  due to  d é n a tu ra 
t io n ; how ever, th e  a v a ila b ility  o f c e r ta in  am ino acids (p rim a rily  th a t  o f  basic  
am ino  acids) m ay  be  ad v erse ly  a ffec ted  in  th e  presence o f  reducing  sugars as a 
consequence o f th e  M aillard  reac tio n . H e a t dam age to  p ro te in s  can also re su lt 
fro m  d es tru c tio n  o f c e r ta in  am ino  acids (m eth ion ine , cy stin e , ty ro sin e) b y  
o x id a tio n  an d  from  m o d ifica tio n  o r fo rm atio n  o f in tra m o le c u la r  linkages 
b e tw een  p ep tid e  cha ins.

T he e x te n t o f p ro te in  dam age m ay  be largely  d iffe ren t, depend ing  on  th e  
m o istu re  co n ten t o f th e  feed (w et o r d ry  h e a t tr e a tm e n t) .  The d im in u tiv e  
e ffec t o f w a te r or s a tu ra te d  s team  m ay  be exp la ined  n o t  o n ly  b y  m edia  low 
in  oxygen , b u t  also b y  d ifferences in  th e  sp a tia l b e h a v io u r  of th e  p ro te in  
m olecules in  th e  p resence or absence o f  w a te r.

As a consequence o f h ea tin g , chem ical reac tions a re  accelera ted , w hereas 
en zy m atic  reac tio n s w ill s to p  because o f  p ro te in  d é n a tu ra tio n .

1.1. M echanism s o f  heat damage in  pro teins

The f irs t  consequence  o f h e a t tre a tm e n t of a p ro te in  is c leavage of 
seco n d ary  chem ical bonds because o f an  increased  h ea t-o sc illa tio n  o f  th e  
m olecules and  a to m s. B esides, d isu lph ide  bridges m ay  be d estroyed  in  p a r 
t ic u la r  in  o x ida tive  o r re d u c tiv e  m edia .

The resu lt o f th e se  changes is called  dénatura tion , du ring  w hich  th e  
te r t ia r y  and  q u a te rn a ry  s tru c tu re  o f  th e  p ro te in  m olecule is m odified ; th e  
p r im a ry  s tru c tu re  (i.e. th e  co v a len t b o nds of th e  p ro te in )  rem ains basica lly  
unch an g ed . D e n a tu ra tio n  is re g u la rly  an  irreversib le  p rocess, w hich resu lts
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in  d isap p earen ce  o f any b io log ica l a c tiv ity  (e.g. enzym e a c tiv ity )  co n n ec ted  
w ith  th e  n a tiv e  conform ation  o f  th e  p ro te in .

D e n a tu ra tio n  itse lf m ay  b e  considered  to  be beneficial fro m  th e  n u tr i t io n a l 
p o in t  o f view , because it  m ak es th e  p ro te in  m olecule m ore su scep tib le  to  th e  
a t ta c k  of d igestive  enzym es. H o w ev er, th e  fu n c tio n a l p ro p e rtie s  o f d ie ta ry  
p ro te in s  are d am ag ed  (e.g. im m u n o g lo b u lin s  in  m ilk).

D e n a tu ra tio n  was show n to  be b enefic ia l for th e  e lim in a tio n  o f th e  
effects of p ro te in -lik e  a n tin u tr i t iv e  ag en ts  (e.g. try p s in  in h ib ito rs  in  soybean). 
T h u s , th e  n u tr i t iv e  value of leg u m e seeds m ay  be im proved  b y  h e a t  tr e a tm e n t,  
due  to  d e s tru c tio n  of hea t-lab ile  to x ic  su b stan ces, b u t im p ro v ed  d ig es tib ility  
also p lays a ro le .

D uring  excessive h ea t t r e a tm e n t  th e  p rim a ry  s tru c tu re  o f  th e  p ro te in s  
m a y  also be dam aged  by  c leavage  o f p ep tid e  bonds and  chem ical d e s tru c tio n  
o f am ino acids. This chem ical d am ag e  o f  p ro te in s  is n a m e d  “ deterioration” .

The speeded-up  reac tio n  o f  free am ino  groups of a p ro te in  (m ost o f  th e  
free am ino g roups orig inate f ro m  th e  epsilon-am ino  g roup  o f  ly sine  residues) 
w ith  th e  oxo g roups of a ldehydes (e.g. red u c in g  sugars) d u rin g  h e a t  processing  
is considered  to  be d isad v an tag eo u s because o f  th e  co n co m itan t loss o f n u tr i t iv e  
v a lu e .

The av a ila b ility  for u ti l iz a tio n  o f epsilon-am ino b o u n d  lysine w ill be 
red u ced ; how ever, the  to ta l ly s in e  c o n te n t de te rm in ed  b y  ion -exchange c h ro 
m a to g ra p h y  a f te r  acid h y d ro ly s is  o f  th e  p ro te in  show s neglig ib le change. 
T h u s , d e te rm in a tio n  of to ta l  ly s in e  c o n te n t is an  insensitive  m eans o f m o n i
to r in g  n u tr i t io n a l dam ages.

D es tru c tio n  of am ino ac id s  from  th e  chem ical p o in t o f  v iew  m ay  be 
d e tec ted  on ly  a f te r  extrem e h e a t  t r e a tm e n t  o f  p ro te ins. S evera l ty p e s  o f  n u t r i 
tio n a l dam age o f  pro teins h av e  b e e n  e lu c id a ted : (i) reac tio n  b e tw een  th e  am ino  
g roups o f am ino  acids and  a red u c in g  su b stan ce  (e.g. red u c in g  sugars); (ii) 
re a c tio n  be tw een  th e  am ino g ro u p s  o f am ino  acids an d  a c a rb o n y l g roup  o f 
au to x id ized  (ranc id ) fa ts; ( in )  p ro te in -p ro te in  in te rac tio n  (fo rm a tio n  o f in te r-  
a n d  in tram o lecu la r  bond) in d e p e n d e n t of th e  presence o f red u c in g  su b stan ces ; 
(iv ) dam age to  su lp h u r am ino ac id s  b y  o x id a tio n  or d e su lp h y d ra tio n .

1.2. Reactions between proteins a n d  carbohydrates

M aillard  reaction

The fall in  n u tritiv e  v a lu e  o f p ro te in s  during  h e a t t r e a tm e n t  in  th e  
p resence o f red u c in g  ca rb o h y d ra tes  can  be w ell explained  b y  th e  M aillard , i.e. 
n o n en zy m atic  brow ning, re a c tio n  betw een  a ldehyde (oxo) g roups o f ca rb o 
h y d ra te s  an d  free  am ino g roups o f  p ro te in s .
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The chem ical m echan ism , b io ch em is try  an d  n u tr i t io n a l  aspects o f  th e  
M aillard  reaction  h a v e  b een  ex tensive ly  s tu d ie d  an d  rev iew ed  b y  m an y  a u th o rs  
(e.g . Lea and H a n n a n , 1949; M oham m ad e t  a l., 1949; D onoso e t al., 1962; 
F in o t  and M auron , 1972; F re im u th , 1973; A d rian , 1974; D w orschak  an d  
H egedűs, 1974; D w o rsch ak , 1980; D w orschak  an d  ö r s i ,  1981; M auron, 1981; 
F in o t  e t al., 1981; F e a th e r , 1981; G u m b m an n  e t  a l., 1983; Ö ste an d  S jöd in , 
1984).

M echanism  o f  the M aillard  reaction

The M aillard re a c tio n  com prises th e  v e ry  com plex  reactions o f  oxo 
g roups (aldehydes, k e to n es , reducing  sugars, ox id ized  lip ids) w ith  p r im a ry  
am ino  groups (am ines, am ino acids, p ep tid e s , p ro te in s). I n  feed p ro te in s  m ost 
o f  th e  free p rim a ry  am ino  groups are p re se n te d  b y  th e  epsilon-am ino group 
o f  lysine residues. A lpha-am ino  groups o f  N -te rm in a l am ino acids o r  free 
am ino  acids p lay  a n  a lm o st negligible ro le.

The M aillard re a c tio n  m ay  be d iv ided  in to  th re e  s tag es : early , ad v an ced  
a n d  fina l M aillard  reac tio n s . The f irs t  s te p  is a chem ically  w ell-defined  
ca rb o n y l-am in o  c o n d en sa tio n  reac tio n  w ith o u  tb ro w n in g . The second stage  
refers to  th e  v e ry  com plex  reac tions am ong  v a rio u s  derivatives being  
fo rm ed , leading to  v o la tile  or soluble su b stan ces . A t th e  fin a l s tage  in so 
lu b le  brow n po ly m ers  are developed. Suggested  p a th w a y s  of th e  M aillard  
re a c tio n  are i l lu s tra te d  in  F ig . 1.

A m i n o

Fig. 1. P a th w a y s  of th e  M aillard  re ac tio n  (D w o rsch ak , 1980)
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Factors in flu en c in g  the rate o f  the M aillard  reaction

T em p era tu re , d u ra tio n  of h e a tin g , w a te r co n ten t an d  p H  w ere all show n 
to  a ffe c t th e  ra te  o f  th e  M aillard  re a c tio n  in  m odel sy s tem s. T he effect o f 
te m p e ra tu re  on th e  r a te  of reac tio n  in  casein-g lucose m ix tu re s  is v e ry  p ro 
n o u n ced  above 80 °C; how ever, th e  v e lo c ity  of th e  loss o f am ino  n itro g en  con
s id e ra b ly  increases also  a t  lower te m p e ra tu re s  d u ring  long s to ra g e . T he fo rm a
tio n  o f  brow n p o lym ers was show n to  au g m en t w ith  th e  sq u a re  o f  th e  reac tio n  
tim e .

W a te r  is e ssen tia l for th e  in i t ia l  s tep s; how ever, i t  m a y  in h ib it  d e h y d ra 
tio n  reac tio n s  d u rin g  th e  advanced  s tag e  of th e  M aillard re a c tio n . M axim um  
b ro w n in g  appears to  occur a t  a b o u t  30%  m oisture  c o n te n t;  how ever, 
m a x im u m  losses o f  free  epsilon-am ino  group of lysine residues w ere o b ta in ed  
a t  a low er m o istu re  level.

A lkaline p H  v a lu es  accelerate  th e  M aillard  reac tio n  b y  m ak in g  th e  basic  
am in o  groups m ore susceptib le to  th e  a tta c k  of oxo groups h a v in g  a nucleo
ph ilic  ch arac ter.

N u tritiona l consequences o f  the M ailla rd  reaction

T h e  n u tr itio n a l consequences o f  th e  M aillard  reac tio n  m a y  be beneficial 
(p ro d u c tio n  of fla v o u rs  an d  arom a) as  w ell as d e trim en ta l (loss o f  am ino acids, 
re d u c tio n  in  th e  a v a ilab ility  of a m in o  acids an d  in  d ig es tib ility , as well as 
fo rm a tio n  of tox ic  a n d  m utagenic  com pounds).

E a r ly  stud ies w ere c o n c e n tra ted  on th e  fall in  th e  g ro w th -p ro m o tin g  
a b ility  o f m ilk pow ders as a consequence  o f dry ing . M ilk w as show n to  be 
esp ec ia lly  suscep tib le  to  M aillard  reac tio n s. D uring  c o n v en tio n a l d ry ing  
(ro ller drying) of m ilk  an d  su b seq u en t sto rage  o f m ilk  pow der, th e  free epsilon- 
am ino  groups of ly sin e  residues m a y  in te ra c t  w ith  lactose. T h e  re su ltin g  lacto - 
sy l-ly sine  is re leased  on  enzym atic  d igestion , how ever, i t  is b io logically  u n 
av a ilab le  to  th e  an im a l and  is e x c re te d  in  th e  urine.

T h e  m ain n eg a tiv e  consequence of th e  M aillard re a c tio n  is th e  fall in  
a v a ila b le  or “ re a c tiv e ”  lysine c o n te n t  o f th e  p ro te in . D e s tru c tio n  of o th e r 
e ssen tia l am ino ac id s , a reduc tion  o f  d igestib ility  and  bio logical value (BV) 
as w ell as p ro d u c tio n  o f toxic su b s ta n c e s  or m etabolic  in h ib ito rs  m ay  also 
be observed .

O n  th e  o th e r h a n d , hea t t r e a tm e n t  (cooking, roasting ) o f  foods or feeds 
increases  th e ir  e n jo y m e n t and  p a la ta b i l i ty  b y  fo rm atio n  of f la v o u rs  an d  arom a 
due to  non -en zy m atic  brow ing re a c tio n s .
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Choice o f  an a ssay  fo r  m onitoring nu tritiona l damage caused by the M aillard  
reaction

L ysine resid u es h av in g  free epsilon-am ino  g ro u p  th a t  can  re a c t w ith  
flu o ro d in itro b en zen e  (F D N B ) o r o th e r  a p p ro p ria te  chem ical reagen ts have  
b een  te rm ed  “ a v a ila b le ”  lysine. H ow ever, th is  v a lu e  is n o t  alw ays eq u iv a len t 
to  th e  level of b io log ica lly  availab le  ly sin e ; th ere fo re , ly sine  co n ten t m easured  
b y  chem ical re a g e n ts  w as p roposed  to  he te rm e d  “ re a c tiv e ”  (e.g. F D N B - 
reac tiv e ) lysine.

To m o n ito r n u tr i t io n a l  d am age caused  b y  th e  M ailla rd  reac tio n , a p ro p er 
se lec tion  of assays is necessary . T he ly sine-sugar co m p o u n d s are sp lit b y  acid 
hyd ro ly sis , so t h a t  co n v en tio n a l am ino  acid  analysis m a y  reveal on ly  a sm all 
loss in  th e  to ta l  ly sin e  co n te n t.

Fig. 3. F o rm a tio n  of p y ridosine  fro m  lysine  an d  fru c to se  (M auron, 1970)
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In  m ilk  pow d ers  the  losses in  th e  lim itin g  m eth ion ine  m ay  he o f g re a te r  
concern  th a n  th e  loss of lysine, fo r m ilk  has a su rp lus of lysine. T hus, a c o n s id e r
ab le p ro p o rtio n  o f  lysine m ay he in a c tiv a te d  w ith o u t a co rrespond ing  re d u c tio n  
in  ВУ  or N P U  v a lu e . The sam e is t ru e  for m eat-an d -b o n e  m eals. H o w ev er, 
i f  h ea t-d am ag ed  m ilk  powders o r m ea t-an d -b o n e  m eals are  e v a lu a ted  in  m ix 
tu re s  w ith  g lu ten , w here lysine is lim itin g , even  a sm all im p a irm e n t in  th e  
a v a ila b ility  o f ly s in e  can be ea s ily  m o n ito red  b y  BV, N P U , P E R  or N P R  
assay s, as th ese  biological m easu rem en ts  o f p ro te in  q u a lity  are  considered  to  
rev ea l changes in  n u tr itiv e  v alue  o n ly  w hen th e se  changes a ffec t th e  lim itin g  
am ino acid  (H egedűs e t al., 1981).

T he acid h y d ro lysis  o f epsilon -dcoxy-lac tu losy l-ly sine  (w hich is fo rm ed  
b y  th e  reac tio n  o f  lactose w ith  ly sin e ) y ields lysine, furosine an d  p y rid o sin e . 
C hrom ato g rap h ic  sep ara tio n  of fu ro s in e  an d  py ridosine  m ay  be used  to  m o n ito r  
th e  e x te n t o f th e  M aillard  re a c tio n  in  m ilk. F u rosine  an d  py ridosine  m a y  be 
sy n th esized  from  lysine  and fru c to se  (F igs 2 an d  3).

Reactions between proteins a n d  non-reducing sugars

Sucrose as a non-reducing d isacch a rid e  m ay  p a rtic ip a te  in  th e  M ailla rd  
re a c tio n  only  a f te r  inversion, i.e . a f te r  hyd ro lysis  o f th e  glycosidic b o n d  r e 
leasing  glucose a n d  fructose. D irec t s p li t  o f th e  glycosidic linkage o f sucrose b y  
am inolysis w ith  th e  epsilon-am ino g ro u p  o f lysine has been  p roposed  b u t  
n o t confirm ed .

1.3. P ro tein -pro tein  interactions

T he n u tr it io n a l dam age in  h e a te d  p ro te in s  m ay  also occur i f  red u c in g  
ca rb o h y d ra tes  or o th e r  substances h a v in g  reac tiv e  oxo groups are n o t p re se n t. 
F o rm a tio n  of in tram o lecu la r cross-linkages, o x id a tio n  of su lp h u r am ino ac ids, 
d esu lp h u ra tio n  a n d  deam ination  a re  responsib le  for th is ; how ever, th e  n u t r i 
tio n a l dam age is less th a n  th a t  in  th e  presence o f reducing  sugars.

M echanism  o f  cross-link fo rm a tio n s

S everal c ross-link-bound fo rm a tio n s  betw een  p ro te in  or p ep tid e  ch a in s  
have  been  suggested  b y  M auron (1970) (Figs 4 an d  5). G lu tam ic  and  a sp a r tic  
acids m ay  th e o re tic a lly  form  im id e  linkages w ith  asparag ine  an d  g lu tam in e , 
thioester linkages w ith  the  th io l g ro u p  o f cyste ine , o r ester linkages w ith  th e  
h y d ro x y l groups o f  th reonine a n d  serine. L ysinoalan ine  fo rm a tio n  can  be 
ex p ec ted  only  a t  a lka line  pH  (for in s ta n c e , in  a lk a li- trea ted  k e ra tin s).
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E s t e r  l in k  f r o m  c a r b o x y l  o f  GLU 
o r  A S P  t o  t h e  h y d r o x y l  g r o u p  of 
a n y  h y d r o x y a m i n o  a c i d

I I I
C H - ( C H 2) n-  C O j O - C H  
I I I

I I I T h i o e s t e r  l i n k  f r o m  c a r b o x y l  of
С Н - ( С Н г )п— CO t S - C H 2 - C H  GLU o r  A S P  t o  t h e  t h i o l  g r o u p
I I I o f  c y s t e i n e

I

l m i d e  l i n k  f r o m  c a r b o x y l  o f  GLU 
o r  A S P  t o  a s p a r a g i n e  o r  
g l u t a m i n e

- C H
P h o s p h o d i e s t e r  l in k  b e t w e e n  t w o  
h y d r o x y a m i n o  a c i d  r e s i d u e s

R-NH

L a c t o n e  r i n g  f r o m  t e r m i n a l  
c a r b o x y l  t o  a  h y d r o x y a m i n o  a c i d

F ig. 4. Possible c ro ss-lin k  form ations b e tw een  p o ly p ep tid e  chains (M auron, 1970)

P e p t i d e  c h a i n

I
NH

J
C H - ( C H 2 )n- C 0 | 0 -------- < 0

CO

I
P e p t i d e  c h a i n

F ig. 5. E s te r  cross-link v ia  h exose  m olecule (M auron, 1970)

P e p t i d e  c h a i n

I
NH

C 0 - ( C H 2)n- C H

I
CO

I
P e p t i d e  c h a i n

T he fo rm a tio n  o f  u n n a tu ra l am ide  linkages be tw een  or w ith in  p ro te in  
c h a in s  was show n to  occur betw een th e  free epsilon-am ino group o f lysine 
re s id u es  and th e  free  ca rb o x y l groups o f  a sp a rtic  or g lu tam ic  acids (Fig. 6). 
H o w ev er, evidences o f  lib e ra tio n  of N H 3 h a v e  suggested  th a t  th e  am ide groups 
o f  asp arag in e  an d  g lu ta m in e  are m ore im p o r ta n t  from  th is  resp ec t (B jarn aso n  
a n d  C arpen ter, 1970).
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P e p t i d e  c h a i n — N H - C H - C O - N H - C H - C O -

I
( C H 2U

P e p t i d e  c h a i n - N H —C H - C O

R
I

i - j - N H - C H - C O  — P e p t i d e  c h a i n

N H

I
C O
I

( C H 2) n
I

N H - C H - C O - l N H —C H — C O — P e p t i d e  c h a i n

F ig. 6. Cross-link fo rm ation  b e tw ee n  th e  epsilon-am ino group  o f lysine  a n d
asp arag in e  or g lu tam ine  (B ja rn a so n  an d  C arp en ter, 1970)

R
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H2N-(CH2)4—CH-------
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----► CH-CH2NH-(CH2h-CH
1 11
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11
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F ig . 7. Cross-link fo rm atio n  be tw een  cy ste in e  an d  lysine  w ith  lib e ra tio n  o f H 2S
(H egedűs e t  al., 1981)

T h e  reaction  o f th e  free epsilon-am ino  group o f lysine w ith  d e s tru c tio n  
p ro d u c ts  o f cystine m ay  also be re sp o n sib le  for th e  loss o f a v a ila b ility  o f lysine 
a n d  fo rm a tio n  of cross-linkages (F igs 7 an d  8). T he fission  o f th e  d isu lph ide  
b o n d  y ie ld s d eh y droa lan ine  w hich m a y  condense w ith  cystine  to  fo rm  lysino- 
a la n in e .

Cross-links m ay  also be form ed in  feed p ro te in s  th ro u g h  p ro d u c ts  derived  
fro m  p ro te in -c a rb o h y d ra te  reactions.

N u tritio n a l consequences o f  cross-link form ation

C ross-linkages betw een  p ro te in  ch a in s  m ay  a c t as p h ysica l b a rrie rs  p re 
v e n tin g  th e  p e n e tra tio n  o f enzym es o r  a lte ring  th e  sites o f enzym e a tta c k .

T h e  n u tr itio n a l effects of c ro ss-lin k  fo rm atio n  w ere ex ten siv e ly  s tu d ie d  
b y  C a rp e n te r  and  his cow orkers (B ja rn a so n  an d  C arp en te r, 1969 an d  1970; 
W aib e l a n d  C arpen te r, 1972; H u rre l a n d  C arp en te r, 1974, 1976 an d  1977; 
V a rn ish  a n d  C arpen te r, 1975a an d  19756).

T h e  general fa ll in  n u tr itiv e  v a lu e  in  severely  h ea ted  an im al p ro te in s  in  
th e  ab sen ce  of sugars can  be exp la ined  b y  red u c tio n  o f th e  overa ll d ig es tib ility
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Fig. 8. Possib le  re ac tio n s  betw een  th e  epsilon-am ino  group  of lysine  and  
d eco m p o sitio n  p ro d u c ts  o f  cy stin e  (H egedűs e t a l., 1981)

o f  th e  p ro te in , b y  fo rm a tio n  o f cross-linkages, th o u g h  o x id a tiv e  dam age an d  
d e su lp h u ra tio n  of s u lp h u r  am ino acids m a y  also occur.

N u tritio n a l, b io log ical, tox ico logical a n d  m edical consequences o f cross
lin k  fo rm atio n , an d  effec ts  o f n a tu ra l an d  a rtif ic ia l cross-links on p ro te in  s tru c 
tu re ,  re a c tiv ity  and  d ig es tib ility  w ere re p o rte d  re c e n tly  b y  F ried m an  (1977).

N utritiona l consequences o f  epsilon-am ino-bound lysine

T he a lp h a-p ep tid e  linkages of lysine are h y d ro ly sed  in  th e  g u t even if  its  
epsilon-am ino  group  is b locked . H ow ever, t ry p s in  w as show n n o t to  hyd ro ly se  
p e p tid e s  a t  th e  c a rb o x y l g roup  of lysine if  its  epsilon-am ino  group  w as b locked . 
P ro te in s  hav ing  ly sine  residues a c e ty la ted  or p ro p io n y la ted  on th e ir  epsilon- 
am in o  groups w ere show n  to  be d igested  an d  abso rb ed , th o u g h  considerab le  
q u a n tit ie s  of bo und  ly sin e  w ere excre ted  in  th e  u rin e  u n u tilized  (B ja rn aso n  an d  
C a rp e n te r , 1969).

P ro p io n y la tio n  o f  p ro te in s  red u ced  th e  a m o u n t o f lysine availab le  fo r 
c h ick  g row th  b y  a b o u t 50 p e r cen t, w hile th e  ava ilab ilitie s  o f m eth ion ine  an d  
t ry p to p h a n  were u n c h a n g e d  (V arnish a n d  C arp en te r, 1975a). P ro p io n y la ted  
ly sin e  w as show n co m p le te ly  in ac tiv e  fo r r a t  g row th , in d ica tin g  species d if
ferences in  th is  re sp ec t.
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Protein damage by desulphuration  and  deam ination

D u rin g  excessive h ea t t r e a tm e n t  cy s tin e  is decom posed b y  b reak in g  its  
d isu lp h id e  b ridge  a n d  b y  lib e ra tio n  o f  vo la tile  su lp h u r com pounds (H 2S, e tc .) 
b y  desulphuration  (F ig . 9).

T he lib e ra tio n  of N H 3 d u rin g  h e a t  t re a tm e n t of an im a l p ro te in s  re su lts  
fro m  deam ination  processes (F ig . 10). F o rm a tio n  o f in tra m o le c u la r  cross- 
lin k ag es m ay  be p ro m o ted  also b y  am m o n ia ; th u s , its  lib e ra tio n  reduces th e  
n u tr i t iv e  value o f  th e  p ro tein .

F ig . 9. D ecom position  o f  cy s tin e  u n d e r  w et h e a t t r e a tm e n t  
(B ja rn aso n  a n d  C a rp en te r, 1970)

C H - C H 2- S H --------- ► C CH2 SH ♦ NH 3

1 - 2H 1
COOH COOH

NH 3 
1

NH3

1

CH CH2 OH 
1

1

------- »• C=CH 2 4 H20

COO coo
♦

N H3 

1

NH3

1
CH CH2 SH 
1

1

-► C - C H 2 

1
4 H2S

COO
1

coo

F in . 10. D ecom position  of serine a n d  cy ste in e  v ia  ox idative  d ésa m in a tio n  (a) an d  
b e ta -e lim in a tio n  (b) (F een ey , 1977)

Acta Veterinaria Hungarica 38, 1990



136 H EG ED Ű S

2. E ffec ts o f  oxidation on the nutritive value o f  protein  feeds

O xidative ch an g es in  feeds m ay be developed  due to  th e  oxygen c o n te n t 
o f  th e  a ir if  the  sp ec ific  surface area o f th e  feed partic les  is extensive. Specific 
su rface  is de te rm in ed  b y  th e  degree o f d is in te g ra tio n  o f  th e  feedstuff, a n d  i t  
increases  q u a d ra tic a lly  b y  th e  d iam eter o f  th e  p artic les .

U nder no rm al co n d itio n s  of feed s to rag e  o x id a tiv e  d e te rio ra tio n  per se 
p la y s  a m inor ro le. H o w ev er, a t  e lev a ted  te m p e ra tu re  in  excess o f oxygen , 
sen s itiv e  n u trien ts  (som e v itam ins, lip id s , e tc .) m ay  be dam aged . T hese p ro 
cesses m ay  be c a ta ly se d  b y  certa in  h e a v y  m eta ls , lig h t a n d  m oisture .

2.1 . O xidation o f  su lp h u r  am ino acids

D am age in  p ro te in  q u a lity  due to  o x id a tio n  w as orig inally  d e tec ted  in  
f ish  m eals con ta in in g  h ig h ly  u n sa tu ra te d  oils. M odel s tu d ies  w ith  ra ts  on  th e  
n u tr i t io n a l value o f h y d ro g e n  peroxide tr e a te d  f i s h  p ro te in  show ed a decrease 
in  B Y  an d  P E R  o f th e  p ro te in ; how ever, d ig es tib ility  w as n o t affected  (S jöberg  
a n d  B oström , 1977). T h ese  changes m a y  be ex p la in ed  b y  th e  o x id a tio n  o f  
su lp h u r  am ino acids.

M ethionine m a y  b e  oxidized to  th e  sulphoxide  s tag e  du ring  co n v en tio n a l 
feed  processing (h e a t t r e a tm e n t, d ry ing , s to rag e , e tc .), how ever th e  e x te n t o f  i t  
is d ifficu lt to  d e te rm in e  because m eth io n in e  su lphox ide  is p a r tly  reduced  to  
m e th io n in e  during  a c id  hydrolysis p rio r to  ion  exch an g e  colum n c h ro m a to 
g rap h ic  separa tion .

M ethionine su lphoxide  was show n n e a rly  as av a ilab le  as m eth ion ine  fo r 
r a t  g row th , if  su ffic ien t cystine  was p re se n t (G joen an d  N ja a , 1977). M ethionine  
sulphone, on th e  o th e r  h an d , was p ro v ed  to  be u n av a ilab le  for r a t  g ro w th . 
H ow ever, the o x id a tio n  of m eth ionine su lphox ide  to  methionine sulphone  
req u ire s  a more d ra s t ic  processing, w h ich  seldom  occurs u n d e r th e  co n d itions 
o f  n o rm a l storage o f  f ish  m eals c o n ta in in g  oils rich  in  oxidized u n s a tu ra te d  
f a t ty  acids.

A s tu d y  on b io  av a ila b ility  of som e oxid ized  d e riv a tiv e s  of L -cystine  fo r 
ch icks has show n t h a t  cystine monoxide a n d  sym m etrical cystine d isulphoxide  
a re  n ea rly  as av a ila b le  as L -cystine. H ow ever, asym m etrical cystine dioxide  
w as fo u n d  to  be o n ly  a b o u t 50%  as av a ilab le  as L -cy stin e . L -cysteine-sulphonate  
(cyste ic  acid) w as co m p le te ly  u n av a ilab le  fo r chick  g ro w th  (Craw ford e t ah , 
1984).

Com paring th e  effic iency  of various su lp h u r com pounds to  replace m e th io 
n in e  added  to  a so y b e a n  m eal d iet (1 0 %  p ro te in  level), D L-m ethionine, S - 
m ethyl-m ethionine-sulphonium -chloride  a n d  m ethionine hydroxy analogue w ere 
sh o w n  to  be as e ffec tiv e  as m ethionine to  im p ro v e  N P U  o f th e  p ro te in  (H egedűs 
e t  a l., 1988). H o w ev e r, methionine sulphone  an d  m ethionine su lphoxim ine
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re d u ced  th e  N P U  value. In o rg an ic  su lp h u r com pounds w ere show n to  be 
u n av a ilab le  for rep lacem en t o f  m eth io n in e  fo r p ro te in  sy n th es is  in  th e  r a t  
(M iller an d  Sam uel, 1970).

2.2 . N u tritiona l consequences o f  lip id  oxidation

P ro d u c tio n  o f s lau g h te r b y -p ro d u c t m eals b y  a b a tc h  d ry  rendering  
p rocess using  h igh  pressure  an d  te m p e ra tu re  m ay  cause d e g ra d a tiv e  changes 
in  fa ts  or oils. T hree  ty p es  o f  changes m ay  be d iffe re n tia ted : autoxidation  
a t  te m p e ra tu re s  u p  to  100 °C; therm al polym erization  ta k in g  p lace betw een  
200 a n d  300 °C in  th e  absence o f oxygen , an d  thermal oxidation  a t  ab o u t 200 °C 
in  th e  presence o f a ir (P e rk in s , 1960).

A u to x id a tio n  occurs w hen  u n s a tu ra te d  f a t ty  acids o f th e  f a t  m olecule 
ox id ize  in  th e  presence o f oxygen . T h is process can  be d iv ided  in to  th ree  phases: 
in it ia tio n , p ro p ag a tio n  and  te rm in a tio n . In  th e  f irs t  phase in it ia to rs  (light, h ea t, 
tra c e s  o f h eav y  m eta ls , perox ides) a t ta c k  th e  su b s tra te  in  th e  v ic in ity  o f a 
doub le  bo n d  p roducing  h igh ly  reac tiv e  free rad ica ls . T h en  free  rad ica ls  re a c t 
w ith  oxygen  to  produce  p erox ides an d  h y d roperox ides. P e ro x id es  are de
com posed  to  rad ica ls  again , w h ich  a t  la s t  fo rm  a ldehydes, k e to n e s  an d  alcohols. 
T he v o la tile  p ro d u c ts  are re sponsib le  fo r th e  ran c id  ta s te  a n d  odour. A t la s t, 
s tab le  d e te rio ra tio n  p ro d u c ts  are  fo rm ed .

A u to x id a tio n  is a process w hich  is irreversib le  b u t  can  be re ta rd ed . 
T he p ro d u c ts  o f lip id  o x id a tio n  m a y  in te ra c t w ith  m an y  essen tia l n u tr ie n ts  
b e in g  suscep tib le  to  o x id a tio n  o r to  secondary  p roduc ts.

T h e  oxidized fa t  m ig h t be h a rm fu l in  severa l w ays: th e  perox ide  itse lf  
m ig h t be tox ic , th e  p a la ta b ility  o f feed  m ig h t be im paired , a n d  ce rta in  essen tia l 
n u tr ie n ts  m ay  be dam aged . H ow ever, lip ids e x tra c te d  from  ox id ized  herring  
m eal w ith  h igh peroxide v alue  (142 jUmoles/g) caused no g ro w th  depression in  
ch icks fed  a d ie t co n ta in in g  over 6 %  h errin g  oil. A m ore o x id ized  f a t  (peroxide 
v a lu e , 600 p m oles/g) app lied  a t  a level o f 7 %  in  th e  d ie t, how ever, depressed 
w e ig h t gain  to  a b o u t fo u r-fifth s  o f th e  n o rm al (C arpen ter e t a l., 1963).

T he resu lts  o f  C arpen te r e t  al. (1963) p ro v id ed  no ev idence fo r th e  to x ic ity  
o f  ox id ized  fish  lip ids. T heir re su lts  have  suggested  th e  m easu res of peroxide 
v a lu e  a n d  free f a t ty  acids n o t to  be  a usefu l in d ic a to r  o f th e  s u ita b ili ty  of herring  
m eals fo r feeding.

A  m ore obvious consequence o f lip id  o x id a tio n  is th e  c o n c o m ita n t dam age 
o f  c e r ta in  essen tia l n u tr ie n ts .

E ssen tia l f a t ty  acids, c a ro ten e , v ita m in s  A, E , К  an d  D , p a n to th en ic  
ac id , p y rid o x in e , b io tin , ce rta in  am ino  acids, e tc . w ere all show n to  be sensitive 
to  d e s tru c tio n  due to  peroxides o rig in a tin g  from  oxidized lip id s.
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Reactions o f  p ro te ins w ith oxidized lip ids

Several in te ra c tio n s  m ay  occur be tw een  ox id ized  f a t  an d  p ro te in s  in  
s to re d  feedstuffs co n ta in in g  h ig h ly  u n s a tu ra te d  f a t ty  acids (e.g. herring  m eal). 
U n sa fu ra te d  f a t ty  ac id s m ay  autoxidize  v ia  free ra d ic a l reac tio n s in to  h y d ro 
pe ro x id es , peroxides a n d  epoxides, w h ich  can  degrade in to  various s a tu ra te d  
o r  u n sa tu ra te d  a ld eh y d es , k e to n es, h y d ro carb o n s, e tc ., g iv ing co n co m itan t 
o ff-flavours to  th e  ra n c id  p ro d u c t.

► - C - C -  N H3

I I I
OH N H - ( C H 2 ) ^ - C H

I
coo

Fig. 11. R e ac tio n  b e tw een  th e  epsilon-am ino g ro u p  o f  lysine  and  
th e  o x iran e  group  o f ox id ized  lip ids (M auron , 1970)

L ip id  o x id a tio n  p ro d u c ts  m a y  fo rm  complexes w ith  p ro te in s  d u rin g  s to r 
age, com plexes w h ich  are  p a r t ly  easy , p a r tly  h a rd  to  decom pose (P o k o rn y  e t 
a l., 1968). H ow ever, com plex  fo rm a tio n  is n o t ex p ec ted  to  im p a ir th e  n u tr i 
tio n a l value of th e  feed .

P ro te in  d am ag e  due to  lip id  o x id a tio n  in  a u to x id iz in g  lip id -p ro te in  
m ix tu re s  can be ex p la in ed  b y  chemical reactions b e tw een  lip id  o x id a tio n  p ro d 
u c ts  an d  side chains o f p ro te in -b o u n d  am ino acids. T h e  m ost sensitive am ino 
ac ids have  been re p o r te d  to  be m eth io n in e , cystine, t ry p to p h a n , lysine (F ig . 11), 
h is tid in e  and  ty ro s in e  (N ielsen e t a l., 1985a).

M ethionine, cy s tin e  an d  try p to p h a n  can  be o x id ized  b y  peroxides and  
hydro p ero x id es  o f ra n c id  fa ts , w hile lysine m ay  re a c t w ith  secondary  p ro d u c ts  
o f  lip id  a u to x id a tio n  (aldehydes). A m ino acids w ith  p u re ly  a lip h a tic  side 
ch a in s  are  assum ed n o t to  reac t.

T he e x te n t o f reac tio n s is g re a te r  a t  h igh m o istu re  co n te n t, a t  h igh  te m 
p e ra tu re , and  in  th e  p resence o f excess oxygen.

N H 3

I l  I
- C  - C -  + H 2N - ( C H 2) 4 - C H  -

\ /  I _
0 coo

N utritional consequences o f  reactions o f  pro teins w ith oxidized lip ids

T he secondary  p ro d u c ts  o f  f a t  o x ida tion  m ay  re n d e r  th e  feed organo
leptically  u n accep tab le , causing  a red u c tio n  in  feed in ta k e  an d  a co n co m itan t 
re d u c tio n  in  w eigh t ga in  o f th e  an im al.

The o x id a tio n  o f m eth ion ine , due to  ox id iz ing  lip id s , to  m eth ion ine  
su lphox ide  seem s to  be o f little  n u tr i t io n a l im p o rtan ce , as m eth ion ine  is re 
g u la rly  highly  av a ilab le  to  ra ts . O nly  a little  fu r th e r  o x id a tio n  of m eth ion ine
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su lphox ide  w as show n to  occur to  m eth io n in e  su lphone, w h ich  is n u tr itio n a lly  
co m ple te ly  u n av a ilab le  (N ielsen e t al., 19856).

Losses in  lysine a n d  try p to p h a n  an d  a general re d u c tio n  o f  N  d igestib ility  
w ere also rep o rted  to  ex p la in  th e  s ligh t g ro w th  depression  o f  ra ts  in  m odel 
sy stem s. H ow ever, u n d e r  p rac tica l co n d itions th e  reac tio n s  o f  p ro te in s w ith  
ox id izing  lip ids are o f  m in o r n u tr itio n a l im p o rtan ce  (C arp en te r a n d  L ’E strange , 
1966; G reenberg  an d  F ra se r , 1953; C arp en te r e t  a l., 1963; O p s tv e d t, 1975).

M easurem ent o f  the extent o f  lip id  oxidation

T h e e x te n t o f lip id  o x id a tio n  can  he m easured  b y  th e  peroxide value, 
w hich s ta r ts  to  increase ra p id ly  a t  th e  end  o f th e  in ita tio n  p h ase , th e n  decreases 
as th e  fo rm a tio n  o f  s ta b le  decom position  p ro d u c ts  proceeds. T he peroxide 
v alue  m easures m illi-equ iva len ts o f perox ides p er k ilog ram  o f lip id . Several 
o th e r te s ts  are based  on  th e  m easu rem en t o f  ce rta in  co m pounds p roduced  in  
th e  course o f  th e  o x id a tio n  (e.g. th io b a rb itu r ic  acid te s t  m easures th e  fo rm ation  
o f m alond ia ldehyde). V ola tile  com pounds m a y  be d e tec ted  b y  gas ch ro m ato 
g rap h y . F ree  f a t ty  acids are  m easured  b y  t i t r a t io n  w ith  a lkali.

T h e  process o f a u to x id a tio n  o f fa ts  an d  lip ids in  feedstu ffs  an d  prem ixes 
m ay  be effectively  re ta rd e d  b y  th e  use o f antioxidants, w h ich  c a n  a c t as in te r 
cep to rs o f  oxygen an d  free rad icals.

2.3. E ffec t o f  oxygen on the form ation  o f  m ycotoxins and polyquinones

O x id a tiv e  m edia  w ere show n to  p ro m o te  m ould  p ro p a g a tio n  and  myco- 
to x in  fo rm a tio n  (P a ly u sik  an d  M átra i, 1977). H ow ever, d ev e lo p m en t of m yco
to x in s  w as in h ib ited  in  th e  presence of excess C 0 2.

T he o x id a tio n  o f  po lypheno lic  com pounds in  p la n t cells leads to  fo rm ation  
o f b ro w n  colour an d  po lyqu inones. These reac tio n s a re  ca ta ly se d  by  po ly 
pheno l-ox idase  enzym es th a t  are a c tiv a te d  d u rin g  m echan ica l c rush ing  of th e  
n a tiv e  p la n t  cells. P o ly q u in o n es m ay  he irrev ers ib ly  b o u n d  to  th e  reactive 
sites o f  p ro te in , ren d e rin g  i t  p a r tly  u n av a ilab le  for d ig estive  enzym es. In  
red u c tiv e , aqueous m ed ia  (e.g. S 0 3 ions): th is  o x id a tio n  m a y  effectively be 
in h ib ited .

Conclusions

O v erh ea tin g  o f p ro te in  feeds d u rin g  m an u fac tu rin g  im p a irs  th e  n u tr i
tio n a l q u a lity  o f an im al b y -p ro d u c t m eals, soybean  m eal, m ilk  pow der, etc. 
The chem ical m echan ism  o f th e  h e a t dam age m ay  be ex p la in ed  b y  com plex 
reac tio n s b e tw een  p ro te in s  an d  ca rb o h y d ra tes , b y  in te rac tio n s  be tw een  p ro te in  
m olecules, an d  by  o x id a tio n . These reac tio n s are  p ro m o ted  b y  th e  tem p era tu re
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a n d  d u ra tio n  o f th e  h e a t  t r e a tm e n t u sed . The cen tra l p rocess is th e  co m b in a tio n  
o f  free  am ino groups w ith  o th e r  re a c tiv e  groups to  fo rm  en zy m e-res is tan t 
in te r -  an d  in tra -m o lecu la r bonds.

T he n u tr itio n a l consequences o f  these  reac tio n s a re  red u ced  so lu b ility  
a n d  d igestib ility  o f th e  p ro te in  a n d  a p ro longed  d igestion . Loss o f  p a la ta b ili ty  
a n d  d es tru c tio n  of sev e ra l am ino ac ids b y  ox idation  m a y  also lead  to  a re d u c 
tio n  o f n u tr itiv e  v a lu e  o f  th e  h e a t-d a m a g ed  p ro te in  feed .

In a d e q u a te  m e th o d s  in  m o n ito rin g  n u tr itiv e  v a lu e  can  lead  to  false 
conclusions. In  vivo  b ioassays p ro v id e  in fo rm atio n  on  possib le n u tr itio n a l 
d am ag e  to  p ro te in s , th o u g h  th e y  re v e a l changes in  p ro te in  u tiliz a tio n  on ly  
w h en  th e  lim iting  am ino  acids are a ffec ted . F rom  th e  p ra c tic a l p o in t o f v iew , 
th e  c o n te n t of reac tiv e  ly sine  w ith  free  epsilon-am ino g roup  m ay  be a u sefu l 
in d ic a to r  o f h ea t d am ag e  in  p ro te in  feeds hav ing  a su rp lu s  in  lysine.
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OPTIMIZING PROTEIN QUALITY OF 
MIXTURES OF RLOOD MEAL,

FEATHER MEAL AND RONE MEAL

M. H e g e d ű s , J . B okori, E m ese A ndrásofszky  and L . K ővári

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

(R eceived  S ep tem b er 7, 1989)

T he p ro te in  q u a lity  o f tw o- o r th ree -co m p o n en t m ix tu re s  o f b lood m eal, f e a th e r  
m eal an d  bo n e  m eal w as c h a rac te rized  b y  am ino  acid  scores a n d  r a t  n e t  p ro te in  u t il iz a 
tio n  (N P U ) v a lues.

A g rap h ic  m eth o d  designed to  f in d  o p tim u m  levels o f th e  lim itin g  essen tia l am in o  
acids in  th e  m ix tu re s  w as su itab le  fo r p red ic tin g  th e  o p tim u m  of N P U  values d e te rm in ed  
b y  feeding r a ts  w ith  d ie ts  h a v in g  10%  crude  p ro te in .

T he p ro te in  q u a lity  o f m ix tu re s  o f b lood  m eal, fe a th e r  m ea l an d  bone m ea l 
show ed an  o p tim u m  if  b lood  m ea l c o n s titu te d  60%  o f th e  p ro te in  c o n te n t of th e  m ix 
tu re s ; how ever, p o o r feed  in ta k e  a n d  g ro w th  d a ta  were o b ta in e d .

K eyw ords: B lood m eal, fe a th e r  m eal, b one  m eal, p ro te in  q u a lity , am ino acid  
score, n e t p ro te in  u tiliza tio n , m ix tu re s  o f p ro te in s.

A b a tto ir  b y -p ro d u c t m eals o f poor q u a lity , such  as b lo o d  m eal, fe a th e r  
m eal an d  bone m eal do n o t su p p o rt th e  g ro w th  o f young  r a ts  w hen  fed as sole 
p ro te in  source in  d iets w ith  p ro te in  levels allow ing m a x im u m  efficiency o f  
u tiliz a tio n . T hese b y -p ro d u c t m eals have  specific  essen tia l am ino  acid  d e f i
ciencies, th o u g h  th e y  also h av e  re la tiv e  excesses (H egedűs e t  a l., 1983a).

T he am ino  acid  p ro file  o f  th e se  p o o r-q u a lity  a b a tto ir  b y -p ro d u c t m eals 
can  be co rrec ted  b y  en rich m en t w ith  sy n th e tic  am ino ac ids. H ow ever, th is  
a p p ro ach  does n o t consider th e  re la tiv e  excesses o f o th e r  e ssen tia l am ino  
ac ids. The o vera ll am ino ac id  p a t te rn  o f th e  p ro te in  can  also be im p ro v ed  b y  
com bin ing  b lood  m eal, fe a th e r  m eal an d  bone m eal in  o rd e r to  balance each  
o th e r’s deficiencies an d  excesses.

To fin d  o p tim u m  m ix tu re s  o f a b a tto ir  b y -p ro d u c t m eals, various am ino  
ac id  scores can  be  u sed  (H íd v ég i an d  B ékés, 1985) fo r p re d ic tin g  m ax im u m  
u tiliz a tio n  o f p ro te in ; besides, ca lcu la tio n  o f th e  re la tiv e ly  sim ple chem ical 
score is also o f in fo rm a tiv e  va lue .

T he p re se n t w ork  w as p erfo rm ed  to  s tu d y  th e  p ro te in  q u a lity  o f th ree -  
co m p o n en t m ix tu re s  o f b lood  m eal, fe a th e r  m eal an d  bone m eal in  r a t  ex 
p e rim en ts  (N P U  value) an d  to  p red ic t th e  o p tim u m  u tiliz a tio n  o f  th e  m ix tu re s  
b y  chem ical scores using  a ra p id  g raph ic  m eth o d .
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M aterials a n d  m ethods

Origin o f  sam ples

The an im al p ro te in  m eals ex am in ed  w ere p ro d u ced  in  a d ry  ren d erin g  
p la n t  on an  in d u s tr ia l  scale b y  h ea tin g  (130 °C, 30 m in) a n d  d ry ing . B lood m eal 
w as produced  from  slau gh te rhouse  flow -o ff b lood  in  a b a tc h  ren d erin g  cooker. 
T h e  raw  m a te ria l o f  fe a th e r  m eal co n sis ted  o f w et fe a th e rs , a b y -p ro d u c t of 
in d u s tr ia l p o u ltry  slau g h te rh o u ses , w h ich  w as h ea t-p ro cessed  b y  steam  p ressu re  
w ith o u t an y  chem ical t re a tm e n t. B one m eal was p ro d u ced  from  in d u s tr ia l raw  
bone.

Methods

Raw  chemical com position  o f th e  sam ples (d ry  m a tte r , crude p ro te in , 
e th e r  e x tra c t, ash , p ep sin  d igestib ility ) w as d e te rm in ed  accord ing  to  th e  
H u n g a rian  s ta n d a rd  MSZ 6830 (1981).

A m in o  acid analyses  were p erfo rm ed  b y  ion-exchange co lum n ch ro m a to 
g rap h y  accord ing  to  th e  m eth o d  of M ason e t al. (1980), u s in g  a D u rru m  D-500 
ty p e  am ino acid  an a ly se r. T ry p to p h a n  w as d e te rm in ed  b y  th e  m e th o d  of 
M atheson  (1974).

The am ino ac id  score, i. e. chemical score, was ca lc u la ted  from  th e  am ino 
ac id  com position . T h e  co n cen tra tio n  o f  each  essen tia l am ino  acid  (g/16 g N) 
w as expressed in  p e r c en t o f th e  re q u ire m e n t of th e  sam e am ino acid fo r th e  
grow ing r a t  (N R C , 1978). The am ino ac id  show ing th e  low est p ro p o rtio n  is 
called  th e  lim itin g  am ino  acid an d  its  re la tiv e  c o n c e n tra tio n  is th e  chem ical 
score, i.e. am ino ac id  score.

N et protein  u tiliza tion  (N PU ) expresses th e  re ta in e d  p a r t  of th e  n itro g en  
in ta k e . I t  w as d e te rm in e d  b y  a s la u g h te r  m ethod  as described  in  a prev ious 
w ork  (H egedűs e t  a l., 1981). T en -d ay  feed ing  ex p erim en ts  w ere carried  o u t in  
L A T I CFY, S P F , w ean ed  m ale ra ts , k e p t  in  w ire cages, six  ra ts  in  each  cage. 
T h e  com position  o f  th e  te s t  d iets fed  ad lib itum  w as: cooking  fa t, 14 .25%  
(w/w); sunflow er oil, 0 .75%  (w/w); n o n -n u tr itiv e  cellulose pow der (M acherey 
N agel, M N 300), 5 %  (w /w ); glucose 15%  (w/w); v ita m in  an d  m ineral p rem ix , 
ad eq u a te  to  m eet th e  r a t s ’ req u irem en ts  (L A T I, B u d a p e s t) , 3%  (w/w); p ro te in  
source to  give 10%  cru d e  p ro te in  in  th e  te s t  d iet, a n d  m aize s ta rch  to  give 
100%  (w/w). T he p ro te in -free  con tro l d ie t w as th e  sam e, ex cep t th a t  i t  con
ta in e d  m aize s ta rc h  in s te a d  of th e  p ro te in  source. A fte r 10 d ay s’ feeding, feed 
in tak es an d  b o d y  w eigh ts w ere m easu red . N P U  was c a lc u la ted  b y  a regression  
eq u a tio n  b e tw een  N P U  an d  n e t p ro te in  ra tio  (N P R ). N P R  w as o b ta in ed  by  
d iv id ing  th e  w eig h t difference of th e  te s t  an d  co n tro l g roups b y  th e  n itro g en  
in ta k e  of th e  te s t  g roup .
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R esu lts and  D iscussion

O ptim izing  the levels o f  lim iting  am ino acids by a graphic method

T he chem ical com position  a n d  am ino acid c o n te n t o f b lood  m eal, fe a th e r  
m eal an d  bone m eal, as su m m arized  in  T able I ,  show ed ch arac te ris tic  d iffer
ences. B lood m eal an d  fe a th e r m eal con ta ined  h igh  levels o f crude p ro te in , 
w hereas bone m eal h a d  h igh  ash  co n ten t. B lood m eal h a d  a su rp lus in  lysine 
an d  leucine, w hereas fe a th e r  m eal w as d efic ien t in  ly sin e , b u t  rich  in  cystine. 
B one m eal co n ta in ed  low  levels o f  try p to p h a n  an d  cy stin e , due to  its  h igh 
collagen co n ten t.

A  b e tte r  am ino  acid  p a t te rn  can  be ach ieved  b y  m ix ing  these  ingred ien ts 
to  m inim ize deficiencies an d  c u t dow n excesses o f  essen tia l am ino acids. 
To f in d  op tim u m  m ix ing  ra tio s , a sim ple g raph ic  m e th o d  w as used, w hich is 
il lu s tra te d  in  F ig . 1.

F igure 1 w as p re p a re d  b y  p lo ttin g  re la tiv e  c o n cen tra tio n s  of in d iv id u a l 
am ino  acids o f th e  p u re  in g red ien ts  on th e  r ig h t an d  le ft o rd in a tes . The tw o 
p o in ts  fo r th e  sam e am ino  acids w ere th e n  co nnec ted  w ith  a s tra ig h t line, for 
m ix in g  — in  th is  case — has an  add itiv e  c h a ra c te r . T he low est line shows 
th e  re la tiv e  co n cen tra tio n s  o f lim itin g  am ino acids. T h e  p o in t of in te rsec tion ,

Table I

Chem ical com position of th e  ingredients used  in  th e  m ix tu res

Blood F eather

m eal

Bone

D ry m a tte r  (g/100 g) 90.0 91.8 97.6

Crude p ro te in  (g/100 g) 80.5 80.3 24.9

Am ino acid  N  (g/100 g N ) 77.0 82.0 74.2

Pepsin  d igestib ility  (% ) 85.0 81.0 79.5

E th e r  e x tra c t (g/100 g) 4.1 6.3 10.3

Ash (g/100 g) 4.3 5.2 59.2

E ssen tia l am ino acids (g/16 g N)
Lysine (LYS) 9.6 1.7 4.2
M ethionine (M ET) 1.4 0.6 0.7
C ystine (CYS) 1.2 4.0 0.1
T ry p to p h a n  (T R P ) 1.3 0.7 0.2
T hreonine (T H R ) 4.5 3.9 2.0
L eucine (L E U ) 11.8 7.7 3.5
Isoleucine (IL E ) 1.3 4.6 1.5
V aline (VAL) 8.0 7.3 2.9
P hen y lalan in e  (P H E ) 5.0 4.4 2.2
T yrosine  (TY R ) 4.1 2.1 1.0
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F ig . 1. I llu s tra tio n  of th e  g raph ic  m e th o d  fo r  d e te rm in a tio n  of th e  o p tim a l co m p lem en tary  
m ix tu re  o f b lo o d  m ea l an d  fea th e r m eal

* P e rc en tag e  of N R C  req u irem en ts  (1978) fo r th e  growing ra t.  O p tim u m  of am ino acid 
scores: 73.8 R atio  o f th e  p ro teins: F e a th e r  N /B lood  N = 5 7 /4 3 . R a tio  th e  in g red ien ts  (w/w): 
F e a th e r  m eal/B lood m ea l= 5 7 .1 /4 2 .9 .

i.e . t h a t  hav ing  th e  h ig h est v a lu e  o f  lim itin g  essen tia l am ino  ac ids, gives th e  
o p tim a l m ix tu re , w hich  is m ark ed  b y  d o tte d  line in  Fig. 1.

As show n in  F ig . 1, lysine a n d  iso leucine are th e  lim itin g  essen tia l am ino 
ac id s  for fea th e r m eal and  b lood  m eal, respective ly . N ote  t h a t  try p to p h a n  
c a n  be  lim iting  w hen  th e  tw o p ro te in  sources are m ixed. T he g rap h ic  m ethod  
fo r  op tim izing  levels o f  lim itin g  e sse n tia l am ino acids in  m ix tu re s  o f p ro te in  
so u rces  also supplies in fo rm a tio n  a b o u t th e  essential am ino ac id  profile  (dé
fic ien ces  and  excesses) o f all th e  m ix in g  ra tio s . The g rap h  can  be  sim plified  to  
in c lu d e  only  th e  th re e  or fo u r e sse n tia l am ino acids w hich  a re  lim itin g  m ost 
f re q u e n tly  (e.g. ly sin e , m eth io n in e , t ry p to p h a n , th reon ine).

T his graphic m eth o d  is also  u se fu l to  calcu late  an  in d iv id u a l essen tia l 
a m in o  acid req u irem en t supp lied  b y  a g iven  m ixing ra tio  in  p e r  cen t. C riteria
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o th e r  th a n  chem ical score m ay  be u sed  for m o n ito ring  th e  effect o f  m ix in g  
ra tio s  i f  th e y  are  supposed  to  h av e  an  ad d itiv e  n a tu re  (e.g. m ore so p h is tic a te d  
am ino  ac id  ind ices, d igestib ility , e tc .) .

O p tim u m  levels o f lim iting  essen tia l am ino acids in  b lood  m eal, fe a th e r  
m eal a n d  bone m eal as well as th o se  o f  th e ir  tw o- an d  th ree -co m p o n en t m ix tu re s  
are su m m arized  in  T ab le  I I .  T he h ig h es t, am ino acid  score (73.8) w as ach ieved  
w hen  b lo o d  m eal a n d  fea th e r m eal w ere m ixed. A ll o f  th e  am ino acid  scores 
o f  th e  o p tim ized  tw o -co m p o n en t m ix tu re s  were h igher th a n  those  o f th e  p u re  
co m p o n en ts .

T h e  o p tim u m  am ino acid score o f  th e  th ree -co m p o n en t m ix tu res  o f b lood  
m eal, fe a th e r  m eal an d  bone m eal w as 63.0. The o p tim u m  m ix ing  ra tio s  (% , 
w/w) o f  th e  in g red ien ts  to  ach ieve o p tim u m  am ino acid  scores are show n in  
T ab le  I I I .

P re d ic tio n  of p ro te in  q u a lity  o f  m ix tu res  b y  am ino acid  scores is a re la 
tiv e ly  sim ple an d  fa s t m ethod . H ow ever, th e re  are ce rta in  fac to rs , u n re la te d  to  
th e  am ino  ac id  c o n te n t o f th e  d ie t, w hich  can in fluence  th e  u tiliz a tio n  o f

Table П
O ptim ized levels of lim itin g  am ino acids in  blood m eal, 

fe a th e r m eal an d  bone m eal and  th e ir m ix tu res

Protein
source

Limiting 
amino acid

Amino acid 
scorea

In g red ien ts
B lood m eal IL E 30.9
F e a th e r  m eal LYS 29.3
B one m eal T R P 15.4

T w o-com ponent m ixtures:
B lo o d /F  ea ther IL E /T R P 73.8
B lood/B one IL E /M E T  +  CYS 32.8
F  eather/B one LY S/TR P 42.2

T hree-com ponent m ix tures:
B o n e /F  eather/B one LYS/M ET +  CYS 63.0

a C o ncen tra tion  of lim iting  essential am ino acid (g/16 g N ) expressed in  pe r cen t o f  th e  
req u irem en t o f th e  sam e am ino acid fo r th e  grow ing r a t  (NRC, 1978)

T able  Ш
O p tim um  m ix tu res o f blood m eal, fea th er m eal an d  bone m eal

Ratio of the  ingredients in the m ixture (%, w/w)

o f the  amino Blood Feather Bone

meal

73.8 42.9 57.1 _
32.8 21.5 — 78.5
42.2 — 40.8 59.2
63.0 28.7 29.8 41.5
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d ie ta ry  p ro te in s (K o frán y i, 1967; B ressan i, 1977; W oodham , 1978; H egedűs 
e t  a l., 19836). To check  th e  p rac tica l v a lu e  o f  th e  g raph ic  op tim iz in g  m ethod , 
r a t  feed ing  te s ts  w ere also carried  o u t.

P rotein  quality o f  m ix tu res o f  blood meal, fea ther meal and bone meal 
in  ra t feeding experim ents

M ixtures o f  fea ther meal and bone meal. T he r a t  p e rfo rm an ce  d a ta  used  
to  o b ta in  N P U  v a lu es  are  sum m arized  in  T ab le  IV . In  th e  m ix tu res  fea th e r 
m ea l w as s u b s titu te d  fo r bone m eal on  a n itro g e n  basis in  p ro p o rtio n s of 10, 
20, 30, 40, 50, 60, 70, 80 an d  90% . In it ia l  a n d  f in a l b o d y  w eights as well as 
N P U  values are show n  in  F ig . 3.

Increasing  s u b s titu tio n  o f th e  n itro g e n  o f fe a th e r  m eal fo r n itrogen  o f 
b o n e  m eal re su lted  in  a co m p lem en ta ry  effect as in d ic a te d  b y  th e  N P U  value. 
A m ino  acid scores show ed th e  sam e co m p lem en ta ry  effect as illu s tra te d  in  
F ig . 2. T he ra tio  o f  p ro te in s  a t  th e  o p tim u m  o f th e  N P U  va lu es  as well as 
ch em ica l scores w as p rac tica lly  th e  sam e: 70 %  fea th e r-N /3 0 %  bone-N  in  th e

“  ui F e a t h e r  m e a l  ( N ) , %
°  £  ^ _ l___ I___ I___ I___ I___I___ 1___I____I___ I___I
5  -  100 80 60 40 20 0
a  °

ce a .  B o n e  m e a l  ( N ) , %

Fig. 2. A m ino  acid  scores o f m ix tu re s  o f  fe a th e r  m eal an d  bo n e  m eal 
* P e rcen tag e  of N R C  req u irem en ts  (1978) fo r th e  grow ing ra t.  O p tim u m  of am ino acid scores: 

42.2 R a tio  of th e  p ro te in s : F e a th e r  N /B lood  N = 6 9 /3 1 . R a tio  o f th e  ingred ien ts (w /w): 
F e a th e r  m eal/B lood  m ea l= 4 0 .8 /5 9 .2
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F ig . 3. Protein quality of mixtures of feather meal and bone meal

Table IV

Net protein utilization of mixtures of feather meal and 
bone meal in 10-day rat feeding test

Feed in take2 weight
1

Final body w eight N PU 3Protein. source (g/rat/10 days)
(В

(g /'rat) (g/ra t)
(W) <%)

1 0 0 % FM 4 5 .5 7 6 6 .5 8 ± 2 .25 5 9 .5 0 ± 2 .8 5 a4 23 .3
9 0 % FM + 1 0 % BM 5 2 .6 7 6 6 .5 8 ± 2 .46 6 2 .0 0 ± 3 .6 8 b 29 .2
8 0 % FM + 2 0 % BM 5 6 .2 0 6 6 .5 8 ± 3 .6 8 6 3 .0 8 ± 2 .7 8 b 30 .8
7 0 % FM + 3 0 % BM 6 4 .9 1 6 6 .5 8 ± 3 .5 0 6 5 .6 7 ± 5 .7 2 b 34 .2
6 0 % FM + 4 0 % BM 6 1 .8 5 6 6 .5 8 ± 3 .0 6 6 4 .4 2 ± 2 .4 9 b 32.1
5 0 % FM + 5 0 % BM 6 7 .6 6 6 6 .5 8 ± 3 .6 9 6 4 .8 3 ± 4 .9 9 b 30 .5
4 0 % FM + 6 0 % BM 5 7 .8 1 6 6 .5 8 ± 3 .37 6 2 .5 8 ± 1 .6 6 b 2 8 .4
3 0 % FM + 7 0 % BM 5 6 .0 8 6 6 .5 8 ± 3.41 6 2 .8 3 ± 2 .7 3 b 26 .0
2 0 % FM + 8 0 % BM 5 2 .0 5 6 6 .5 8 ± 3 .25 6 1 .7 5 ± 2 .6 2 b 28.5

1 0 % FM + 9 0 % BM 6 0 .2 3 6 6 .5 8 ± 3 .0 9 6 3 .0 0 ± 4 .0 9 b 28 .6
1 0 0 % BM 5 2 .8 8 6 6 .5 8 ± 2 .19 6 0 .5 8 ± 1 .5 0 a 23 .6

Protein-free  con tro l 5 3 .6 6 6 6 .5 8 ± 3 .12 5 3 .8 3 ± 3 .2 4 (Wk) —

1 % of nitrogen provided by each source. FM =  feather meal, BM =  bone meal;
2 Average feed intake of six rats. Individual feed intake was not measured;
3 Net protein utilization was calculated from net protein ratio (NPR). NPU =  3 NPR. 1

1 Body weights with different letters deviate significantly (P <  0.05)
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Table V

N e t p ro te in  u tiliza tio n  of m ix tu res o f blood m eal, 
fe a th e r m eal an d  bone m eal in  10-day r a t  feeding te s t

F eed in take2
Protein source1 (g/rat/lO  In itia l body weight F inal body weight N PU 3

days) (g/rat) (g/rat) (%)

100%  Blood m eal (BLM ) 42.72

10%  BLM +  85%  FM  +  5%  BM 56.22
20%  BLM +  75%  FM  +  5%  BM 40.63
3 0 %  BLM +  65%  FM  +  5%  BM 51.56
4 0 %  BLM +  55%  FM  +  5%  BM 47.17
50%  BLM +  45%  FM  +  5%  BM 52.19
6 0 %  BLM +  35%  FM  +  5%  BM 54.65
7 0 %  BLM +  25%  FM  +  5 %  BM 52.96
80%  BLM +  15%  FM  +  5%  BM 38.66

10%  BLM +  80%  FM  +  10%  BM 52.57
20%  BLM +  70%  FM  +  10%  BM 61.77
3 0 %  BLM +  60%  FM  +  10%  BM 61.22
4 0 %  BLM +  50%  FM  +  10%  BM 57.19
5 0 %  BLM +  40%  FM  +  10%  BM 61.54
6 0 %  BLM +  30%  FM  +  10%  BM 59.52
7 0 %  BLM +  20%  FM  +  10%  BM 50.12
8 0 %  BLM +  10%  FM  +  10%  BM 50.18

Pro te in-free  control 56.43

63.83 ± 3.82 55.67 ± 4.99 a1 8.8

63.83 ± 3.75 57.58 ± 5.82 b 13.0
63.83 ± 4.84 58.00 ± 5.24 b 20.0
63.83 ± 4.40 59.75 ± 3.90 b 22.2
63.83 ± 4.86 59.58 ± 7.30 b 23.6
63.83 ± 4.72 60.66 ± 2.94 b 25.0
63.83 ± 3.66 63.00 ± 4.48 b 32.2
63.83 ± 3.33 62.00 ± 8.74 b 29.5
63.83 ± 4.25 58.00 ± 9.75 b 21.0

63.83 ± 2.93 59.92 ± 3.93 b 22.3
63.83 ± 3.86 61.25 ± 4.69 b 23.0
63.83 ± 4.02 61.83 ± 7.99 b 25.0
63.83 ± 4.12 61.33 ± 6.82 b 25.0
63.83 ± 3.43 63.58 ± 4.86 b 30.3
63.83 ± 4.11 63.67 ± 6.34 b 31.6
63.83 ± 1.94 59.42 ± 5.78 b 21.6
63.67 ± 3.56 57.42 ± 5.40 b 14.1

63.83 i 3.24 53.67 ± 2.93 (W k) —

i, 2. a. 4. see T able  IV ;
BLM: blood m eal; FM : fea th e r m eal; BM: bone m eal

r a t  experim en t, a n d  6 9 %  fea th e r-N /3 1 %  bone-N  acco rd in g  to  th e  g raphic  
o p tim iza tio n .

The p ro te in  q u a li ty  o f th e  o p tim u m  m ix tu re  o f fe a th e r  m eal and  bone 
m ea l did no t allow  w eig h t ga in  o f young  grow ing ra ts  g iven  10 p er cen t raw  
p ro te in  in  the  d ie t; how ever, th e  efficiency o f p ro te in  u tiliz a tio n  could he 
im proved .

M ixtures o f  blood m eal, fea ther meal and bone meal. F e a th e r  m eal an d  
b lo o d  m eal show ed a  s tr ik in g  com p lem en ta ry  effect as il lu s tra te d  in  Fig. 1. 
T herefo re , m ix tu res w ere m ade fo r g rad u a l su b s ti tu tio n  o f  fe a th e r  m eal for 
b lo o d  m eal. To o b ta in  th ree -co m p o n en t m ix tu res  5 %  a n d  10%  bone p ro te in  
w as involved, for th e  use o f a h ig h er p ro p o rtio n  of bone m eal in  th e  diets is 
o f  no p rac tica l in te re s t.

The r a t  p e rfo rm an ce  d a ta  u sed  to  o b ta in  N P U  v a lu es  are  sum m arized  
in  T ab le  У. In itia l a n d  f in a l b o d y  w eights as well as N P U  v a lu es  o f th e  m ix tu res 
a re  show n in  F igs 4 a n d  5.

O ptim um  u tiliz a tio n  o f in g ested  p ro te in  w as o b ta in e d  if  b lood  m eal con
s t i tu te d  ab o u t 60%  o f  th e  p ro te in  o f th e  m ix tu res . T h e  use of 5 %  or 10%
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Bone meal  (N),7„

Fig. 4. P ro te in  q u a li ty  o f m ix tu res o f b lood m eal a n d  fea th e r m eal su p p lem en ted  w ith
5 %  bone m eal N

F ig. 5. P ro te in  q u a li ty  o f m ix tu res  o f b lood  m eal a n d  fe a th e r  m eal su p p lem en ted  w ith
10%  bone  m eal N
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b o n e  m eal N did  n o t a lte r  s ig n ifican tly  th e  N P U  value of th e  o p tim u m  m ix tu re  
a n d  th e  fina l b o d y  w e ig h ts  of th e  r a t  g roups.

T he o p tim u m  m ix tu re s  of b lood  m eal an d  fea th e r m eal e ith e r w ith  5 %  
or 10 %  hone N w ere in a d e q u a te  to  p ro m o te  w eight gain  of young  ra ts  k e p t 
on  d ie ts  con ta in in g  1 0%  p ro te in .

T he re la tiv e ly  low  feed in ta k e  d a ta  also  show  th a t  th is  ty p e  o f m ix tu re s  
c a n n o t be used e ffic ien tly  as sole p ro te in  source. H ow ever, th e  efficiency of 
p ro te in  u tiliza tio n  can  be im proved  b y  m ix in g  th em  in  p ro p er ra tio s .

S ix ty  %  b lood  m ea l p ro te in  in  th ree -co m p o n en t m ix tu re s  o f b lood  m eal, 
fe a th e r  m eal an d  b one  m eal ensures m o reo v er a h igh  lysine c o n te n t (see 
F ig . 1) w hich exceeds th e  re q u irem en t o f  th e  r a t .  T herefo re, such o p tim ized  
m ix tu re s  of b lood  m ea l, fe a th e r  m eal a n d  bone  m eal can  be ad v an tag eo u sly  
u sed  to  com plem ent cerea l-based  d ie ts .
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EVALUATION OF THE ENERGY 
VALUE OF RABBIT FEEDS:

A CRITICAL REVIEW

L. Maertens1, S. F ek ete2 and J .  B okori2

G o v e rn m e n t  R esearch  S ta tio n  for Sm all S to ck  H u sb an d ry , B urgs. V an G an sb erg h elaan  92, 
B-9220 M erelbeke, B elgium  an d  2D e p a rtm e n t o f A n im al N u tr itio n , U n iv e rsity  o f V e te r in a ry  

Science, H-1440 B u d a p es t, P . 0 .  B ox 2, H u n g a ry

(R eceived  O c to b er 2, 1989)

A n analysis is given of th e  m eth o d s  ac tu a lly  u sed  for th e  d e te rm in a tio n  a n d  
c a lcu la tio n  of th e  energy  va lue  of ra b b it  feeds an d  feedstu ffs. T he a p p a re n t d igestib le  
en erg y  (D E ) sy s tem  is recom m ended . S ta n d a rd iza tio n  of th e  app lied  m eth o d o lo g y  fo r 
in  vivo  d e te rm in a tio n  is em phasized . F o u r  to  six  ad lib itum  fed  grow ing ra b b its  are  
n ecessa ry  to  o b ta in  su ffic ien tly  a cc u ra te  re su lts . T he re liab ility  of th e  e s tim a tio n  of th e  
feed s’ energy  co n te n t, based  on th e  ta b le  va lues o f  th e  in g red ien ts , is d iscussed . T he 
im p o rta n ce  of u sing  recen tly  an d  p ro p e rly  d e te rm in ed  d a ta  is stressed . M ultip le  reg res
sion  eq u atio n s, based  on th e  re su lts  o f  th e  chem ical analysis of feeds, ex p la in  85—9 0 %  
o f th e  v a r ia b ility  o f D E  co n ten t. T h e  f i r s t  a tte m p ts  w ith  in  vitro tech n iq u es a re  e n 
courag ing .

K eyw ords: E n erg y  value , d e te rm in a tio n  m eth o d s, ra b b it  feed, c ritica l rev iew .

T h e grow ing ra b b it  is able to  a d ju s t its  v o lu n ta ry  d ry  m a tte r  in ta k e  to  
th e  en e rg y  d en sity  o f its  feed m ix tu re  (L ebas, 1975; B om beke e t  a l., 1978; 
S p re a d b u ry  an d  D av idson , 1978; D ehalle , 1981; F ek e te  an d  G ip p ert, 1985). 
T h is re g u la tio n  o f feed co n su m p tio n , a im ed  a t  ach iev ing  a c o n s ta n t d a ily  
a p p a re n t  d igestib le energy  (aD E ) in ta k e , is possible betw een  energy  concen 
tra t io n  lim its  o f 9.2 to  13.4 M J aD E /k g  a ir-d ry  m a tte r  (P a rtr id g e , 1986). 
O w ing to  th is , th e  recom m ended  n u tr ie n t  co n cen tra tio n s  should  be re la te d  to  
th e  d ie ta ry  energy  level. F o r th is  reaso n , th e  energy  co n ten t o f th e  feed  is 
th e  b asis  o f  ra tio n  fo rm u la tio n . T he energy  va lu e  is also a v e ry  im p o r ta n t  ite m  
fo r th e  b reed e r to  ju d g e  b o th  th e  q u a lity  an d  th e  price  of feeds. A 0.5 M J/k g  
in crease  o r decrease o f  th e  D E  c o n te n t w ould  be associa ted  w ith  a fa ll o r rise 
o f  th e  feed  conversion  ra tio  b y  n e a rly  0.2 (L ebas e t  ah , 1982; M aertens an d  
De G ro o te , 1987). F u rth e rm o re , th e  im p o rtan ce  o f  th e  en erg y /p ro te in  ra tio  
has c lea rly  been  d em o n stra ted  b y  D e B ias e t al. (1984), D ehalle (1981) an d  
F e k e te  a n d  G ip p ert (1985).

F o r  e v a lu a tin g  th e  energy  v a lu e  o f r a b b it  feedstu ffs  and  feed m ix tu re s , 
d a ta  o b ta in e d  for o th e r  anim als (m o stly  swine) h av e  o ften  been used . N ev er
th e less , severa l s tud ies have  clearly  in d ic a te d  th a t  th e  d ig estib ility  o f th e  
r a tio n  b y  ra b b its  considerab ly  d iffers from  th a t  b y  o th e r  species (N eh rin g  e t 
ah , 1963; In g a ls  and  T hom as, 1964). A co rrec t ca lcu la tio n  o f th e  d ie ta ry  energy
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c o n c e n tra tio n  is th e re fo re  possible o n ly  i f  d a ta  derived  from  ra b b it  ex p eri
m e n ts  are  used. In  re c e n t years consid erab le  re sea rch  has been  co n d u c ted  all 
o v e r th e  w orld  (L eb as an d  Colin, 1976; P a rig i-B in i and  D alle-R ive , 1977; 
C olin  a n d  L ebas, 1976; F ek e te  an d  P a p p , 1981; G ip p ert e t a l., 1981; F ek e te  
a n d  G ip p ert, 1981, 1983, 1986; B a logun , 1984; B a tta g lin i and  G rand i, 1984; 
IN R A , 1984; De B ias e t al., 1984; M aerten s an d  De G roote, 1984, 1987; 
M aerten s  e t al., 1986, 1987, 1988; F e k e te , 1985; B okori, 1986; C orino, 1987; 
F e k e te  e t  al., 1988; V etési, 1990) to  o b ta in  a u sefu l energy  e v a lu a tio n  system  
fo r ra b b its . H ow ever, no generally  accep ted  a n d  used  m ethod  fo r ev a lu a tin g  
a n d  p red ic tin g  th e  en e rg y  value of feeds has becom e availab le . F o r th is  reason , 
a ro u n d -ta b le  d iscussion  was o rgan ized  w ith in  th e  fram e o f th e  4 th  W orld  
R a b b i t  Congress (B u d a p e s t, 10-14 O c to b er 1988). T he purpose o f  th is  a rtic le  
is a  c r itic a l overv iew  o f  th is  su b jec t, su p p lem en ted  w ith  th e  com m ents o f th e  
ro u n d -ta b le  d iscussion .

The choice o f  feed  energy systems fo r  rabbits

E n erg y  losses b y  th e  urine  are  sm all a n d  fo r ba lanced  feed  m ix tu res  
r a th e r  sim ilar: 4 -6 %  o f  th e  D E  (P arig i-B in i a n d  Cesselli, 1976; F ek e te  an d  
P a p p , 1981). Since th e re  is a h igh co rre la tio n  be tw een  th e  d igestib le  an d  th e  
m e tab o lizab le  en e rg y  (M E), th ere  is no p a r tic u la r  a d v a n ta g e  in  u sing  th e  la t te r .

T here  is no d o u b t th a t  th e  n e t en e rg y  (N E ) w ould be th e  m ost p recise 
e s tim a te  o f th e  feed s’ energy  value because  i t  rep resen ts  th e  p ro p o rtio n  o f th e  
gross energy  u tiliz e d  b y  th e  an im al fo r m a in te n a n c e  and  p ro d u c tio n . T h e re 
fo re , th e  n e t en e rg y  co n cen tra tio n  depends u p o n  th e  “ goal”  o f u tiliz a tio n  
(F e k e te , 1988). F u rth e rm o re , th e  d e te rm in a tio n  o f  th e  N E  b y  m eans o f re sp ira 
tio n  tr ia ls  an d /o r co m p ara tiv e  s lau g h te r  ex p e rim en ts  is ra th e r  d ifficu lt. U sing 
reg ressio n  e q u a tio n s , i t  is also possible to  ca lcu la te  th e  N E  c o n te n t based  on 
th e  d igestib le  com p o sitio n . E vidences t h a t  a ca lcu la ted  N E  va lu e  w ould  be 
m ore  accu ra te  th a n  ev a lu a tio n  of th e  d igestib le  or m etabo lizab le  energy  do 
n o t  ex is t.

F o r  these  rea so n s , th e  n e t en e rg y  sy s te m  rem ain s a fu tu re  a im  an d  th e  
d ig estib le  energy  v a lu es  are ac tu a lly  th e  m o st com m only  used  d a ta  in  r a b b it  
n u tr i t io n . The re la tiv e ly  easy  d e te rm in a tio n  a n d  th e  h igh  co rre la tio n  w ith  th e  
a n im a l’s p ro d u c tio n  a re  ex tra  a rg u m en ts . N o t a ll o f  th e  energy  losses in  th e  
faeces o rig ina te  d ire c tly  from  th e  a c tu a lly  consum ed  feed. I t  is d ifficu lt to  
d e te rm in e  th is  endogenous frac tio n  fo r a n y  an im a l species, b u t  especially  fo r 
th e  ra b b i t ,  owing to  th e  phenom enon  o f  c a e c o tro p h y  (F eke te  an d  B okori, 1985). 
T h erefo re , c a e c o tro p h y  should  be co n sid ered  d u rin g  th e  s ta n d a rd iz a tio n  o f 
d ig e s tib ility  tr ia ls .
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In  vivo determ ination o f  the D E  value

B ased  on  th e  w ork  done a t  IN R A  (L ebas an d  Colin, 1976; C olin an d  
L ebas, 1976), u su a lly  th e  follow ing g enera l schem e is applied :

— ra b b its  are  housed  in d iv id u a lly  in  d ig estib ility  (m etabolic) cages;
— a f te r  a p re lim in ary  (a d a p ta tio n )  perio d  o f 5 -10  days, a b a lan ce  tr ia l  

o f 7 days (o r 2 x 4  days) is perfo rm ed ;
— th e  d a ily  to ta l  am o u n t o f faeces is collected .

D ep en d in g  on th e  lab o ra to ry , g row ing  or a d u lt ra b b its  are  u sed . A rg u 
m en ts  fo r grow ers are th a t  th e ir  feed  re p re se n ts  th e  m ain  p a r t  o f com m ercia l 
r a b b it  feed  m ix tu res  an d  th a t  a f te r  9 w eeks o f  age d igestib ility  is re la tiv e ly  
c o n s ta n t (L ebas, 1973; M aertens a n d  D e G roo te , 1982; F ek e te  a n d  L ebas, 
1983; H u llá r  an d  G ippert, 1986). F o r a d u lt  ra b b its , th e  m easured  d ig es tib ility  
coeffic ien ts depend  m uch m ore on  th e  feed in g  level an d  on th e  b io logical s ta tu s  
(m a in ten an ce , p regnancy , la c ta tio n ) o f  th e  an im als  (L ebas, 1979; M aerten s an d  
De G roote , 1982; H u llá r an d  S zabóné-L acza , 1988).

T here  u n d o u b te d ly  ex ist d ifferences b e tw een  b reeds, b u t  th e  v a ria n c e  
be tw een  th e  com m ercially  used  s tra in s  (N ew  Z ea lan d  W hite , C alifo rn ian  o r th e  
m e a t crossings) is lim ited  (L ebas, 1973; M aerten s an d  De G roote, 1982; H u llá r  
an d  G ip p e rt, 1986). D ifferences b e tw een  m ales an d  fem ales are also neglig ib le 
d u rin g  th e  grow ing period  (Colin a n d  L eb as, 1976; M aertens an d  D e G roo te , 
1982; F e k e te  an d  B okori, 1986; H u llá r  a n d  G ip p ert, 1986).

As i t  is em phasized  b y  m an y  re sea rch ers , th e re  is a considerab le in d iv id u a l 
v a r ia tio n  in  th e  efficiency o f d igestion  (P ro to , 1964; Lebas an d  C olin, 1976; 
G ioffre e t  a l., 1985) an d  even th e  in flu en ce  o f  th e  orig in  (litte r) is n o t neg lig ib le  
(M aertens a n d  De G roote, 1982). A t le a s t  fo u r, or ra th e r  six, rep lica te s  p e r 
t r e a tm e n t are  necessary  to  o b ta in  d igestib le  energy  values w ith  su ffic ien tly  
l i ttle  v a r ia tio n  (M aertens e t ah , 1986), ev en  if  a n o rm al g row th  ra te  a n d  feed 
in ta k e  is supposed .

F eed  re s tr ic tio n  (ration ing) has a s ig n if ican t in fluence on th e  d ig es tib ility  
o f feeds (K a lu g in , 1980; F ek e te  a n d  G ip p e rt, 1981; L edin , 1984; X icca to  an d  
C ine tto , 1988). F o r th is  reason  th e  re su lts  o f  d igestib ility  tria ls  w ith  grow ers 
are co m p arab le  on ly  if  th e  an im als are  fed  ad libitum .

M arkers are v e ry  seldom  used  fo r  r a b b i t  d igestib ility  tr ia ls  because  th e  
ex c re ted  faeces is l i ttle  in  am o u n t.

C o nsequen tly , to ta l  faeces co llection  w as chosen. The d ry  m a tte r  c o n te n t 
o f r a b b it  faeces is h igh in  com parison  to  o th e r  species (po u ltry , c a ttle ) . Losses 
d u rin g  a ir-o v en  d ry ing  a t  60-70  °C are  neglig ib le , b u t  a p re lim in a ry  h e a tin g  
fo r 1 h  a t  105 °C or freeze-dry ing  leads to  m ore accu ra te  re su lts .

F is tu la te d  ra b b its  (G idenne a n d  B ouyssou , 1987) or p a r tia l d ig es tib ility  
is o f h igh  in te re s t  ra th e r  for th e  m easu rem en t o f n itrogen  m etabo lism  b u t  n o t
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fo r energy  ev a lu a tio n . C aecotrophy is a physio log ica l phenom enon  in  th e  r a b 
b i t ;  a n y  a tte m p t to  p re v e n t i t  or th e  s e p a ra tio n  o f th e  caeco troph  from  th e  
h a rd  faeces leads to  m od ifica tion  of th e  d ig es tib ility  coefficients (F ek e te  an d  
B o k o ri, 1985).

The energy evaluation o f  raw materials

Till now , th e  m o st com m only  used  m e th o d  has been  th e  one-level a ssay . 
A  c e r ta in  am o u n t o f  th e  basa l d ie t is s u b s ti tu te d  fo r b y  th e  ex p erim en ta l fe e d 
s tu ff . The basa l a n d  ex p erim en ta l d ie t are m easu red  in  a tw o-step  d ig es tib ility  
tr ia l .  U sing th e  “ d ifference p rin c ip le”  (S ch iirch , 1969), th e  value o f th e  te s te d  
fe e d s tu ff  can be ca lcu la ted . F o r m ost feedstu ffs  th e  inclusion level is b e tw een  
20 a n d  60%  (L ebas a n d  C heriet, 1981; F ek e te  an d  G ip p ert, 1983,1986; B a logun , 
1984; B e ltran  e t a l., 1984; M aertens and  De G roo te , 1984). W hen th e  fe e d s tu ff  
is p a la tab le  a n d  i ts  com position  is n o t to o  fa r  from  th e  r a b b it’s n u tr ie n t  
req u irem en ts , i t  is even  possible to  feed th e  sam e feed stu ff th ro u g h o u t th e  
d ig es tib ility  t r ia l  (D uchenne, 1980; M aertens an d  De G roote, 1981). I t  is also 
possib le  to  s u b s ti tu te  th e  te s t  feed stu ff  for a co m p o n en t of know n d ig es tib ility  
( f ir s t  of all s ta rch ).

The one-level inclusion  (inco rpo ra tion ) m e th o d  is critic ised  as follow s.
a) The e rro r  o f  th e  D E value  o f a fe e d s tu ff  decreases p ara lle l w ith  th e  

in creasin g  su b s ti tu t io n  level. On th e  o th e r h a n d , th e  h igh inclusion levels are  
fa r  above th e  p ra c tic a lly  used ones.

b) F o r a v a r ie ty  of reasons (p a la ta b ility , physicochem ical p ro p e rtie s , 
e tc .)  som e feed stu ffs  (e.g. fa ts , m olasses, fe a th e r  m eal, etc.) c an n o t be in c o r
p o ra te d  in  a p e rc e n ta g e  above 20% .

c) The “ a d d i t iv i ty  p rinc ip le“  (K lad o w sh tsch ik o w  an d  Sam kow , 1975), 
suggesting  th a t  th e re  is no in te ra c tio n  b e tw een  th e  basa l d ie t an d  th e  te s te d  
feed stu ff, m ay n o t  be va lid  in  th e  p rac tice .

On th e  basis  o f  these  a rg u m en ts , w hen  a n  in te ra c tio n  can  be ex p ec ted  
b e tw een  th e  n u tr ie n ts  (e.g. h igh  fa t  co n ten t)  o r th e  inclusion level is lim ited , 
th e  m ulti-level a s sa y  is th e  m eth o d  of choice to  ev a lu a te  feedstuffs. T his 
te ch n iq u e  m eans te s tin g  of th e  feed stu ff a t  sev era l levels of in co rp o ra tio n , 
co u p led  w ith  a reg ression  analysis to  ca lcu la te  th e  digestib le energy v a lu e . A t 
a g iven  level o f in c lu sio n  the  D E  c o n cen tra tio n  o f a feed stu ff is d e te rm in ed  b y  
e x tra p o la tin g  th e  a c tu a l values, using  th e  D E  co n te n t of th e  b a sa l d ie t as 
reference  (W isem an , 1984). Since for e v a lu a tin g  th e  d igestib ility  of a fe e d s tu ff  
a t  le a s t 2, b u t r a th e r  4, inclusion levels seem  recom m endab le , th e  m u lti-lev e l 
te c h n iq u e  is tim e  consum ing  an d  expensive, a n d  i t  should  be reserved  fo r th e  
ab o v e-m en tio n ed  specia l raw  m ateria ls . T h ere  a re  no ex p erim en ta l ev idences 
t h a t  th e  a d d itiv ity  princ ip le  shou ld  be re je c te d  fo r th e  o rd in a ry  (“ n o rm a l” ) 
r a b b i t  feedstuffs lik e  alfalfa m eal (M aertens a n d  De G roote, 1981). T he n a tu re
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o f th e  b asa l d ie t  also seem s to  be im p o r ta n t in  d e te rm in in g  th e  fe e d s tu ff’s 
D E  value . S u ffic ien t exp erim en ta l d a ta  h av e  n o t y e t  been  o b ta ined  on  how  
to  choose o r fo rm u la te  th e  b asa l d ie t accord ing  to  th e  te s te d  feedstuff.

Calculation o f  the D E  content o f  rabbit feeds

I .  On the basis o f  the digestible composition

M ultip le lin e a r  regression eq u a tio n s  have  been  developed, based  on th e  
d igestib le co m position , to  ca lcu la te  th e  (a p p a re n t)  d igestib le  energy c o n te n t 
o f feedstuffs a n d  feed m ix tu res  (N ehring  e t a l., 1963; M aertens e t al., 1987). 
I f  th e  chem ical com position  an d  th e  s ta n d a rd iz e d  (tab u la ted ) d ig es tib ility  
coefficients o f n u tr ie n ts  are ava ilab le , th e  D E  c o n te n t can  be ca lcu la ted  w ith  
h igh  accu racy . T h e  d ev ia tion  from  th e  d irec tly  d e te rm in ed  value is only  1 -2 %  
(F eke te  an d  P a p p , 1981; M aertens an d  De G roo te , 1981).

I I .  On the basis o f  the tabulated , in d iv idua l D E  values o f  feedstu ffs

The m o st w idely  app lied  m e th o d  fo r e s tim a tin g  th e  digestible en e rg y  
c o n cen tra tio n  o f  a feed m ix tu re  is sum m ing  u p  o f th e  D E  values of th e  in g re 
d ien ts , ta k in g  in to  accoun t th e ir  pe rcen tag e . A  lo t o f tab le s  are availab le  (V an 
Schoubroeck  a n d  C loet, 1968; N R C , 1977; IN R A , 1984; Schlo lau t, 1984; F in z i 
an d  G u a lte ria , 1986). The d a ta  in  th e  sum m ariz ing  tab le s  are  m ain ly  b ased  on 
ex p erim en ts  c a rr ie d  ou t m ore th a n  20 years ago. W ith  resp ec t to  th e  change 
o f th e  feed ing  m eth o d s, th e  in su ffic iency  o f th e  n u m b e r of anim als u sed  or, 
som etim es, th e  d iv e rs ity  of th e  m ethodo logy , th e  usefu lness of th e  ab o v e-m en 
tio n ed  tab les  fo r  ca lcu la tio n  o f th e  D E  co n c e n tra tio n  can  be queried . F o r th e se  
reasons, e ffo rts  h av e  been m ade in  severa l co u n trie s  to  o b ta in  m ore re liab le  
va lues, especia lly  fo r th e  a c tu a lly  used  raw  m a te ria ls . T he following ex p e ri
m e n ta l d a ta  h a v e  been  p u b lished  re cen tly : F ek e te  a n d  G ip p ert (1986), R a h a rjo  
e t  al. (1986) a n d  M aertens e t al. (1987). T he m a jo rity  o f  these  d a ta  are in c lu d ed  
in  th e  hook  o f C heeke (1987). Som e lim ited  d a ta  a re  availab le  in  th e  F re n c h , 
I ta l ia n  an d  S p an ish  lite ra tu re  (e.g. P ascu a l a n d  C arm ona, 1980).

The p ro b lem s im p lica ted  in  em ploy ing  th is  m e th o d  are th e  follow ing.
— T he a D E  c o n te n t o f feedstu ffs has been  fo u n d  h igh ly  variab le  b y  us. 

T h e  reasons fo r th e  v a ria b ility  could  he so u g h t in  th e  m ethodology , in  th e  
d ivergen t com p o sitio n  of som e feedstu ffs  (m ain ly  roughages, e.g. a lfa lfa  m eal) 
an d  in  using  n o n -av erag e  b a tc h . T herefo re, since i t  seem s th a t  each tab le  b e a rs  
th e  “ s ta m p ”  o f th e  given la b o ra to ry , for th e  p rac tice  i t  is b e tte r  to  use one 
ta b le  an d  n o t to  m ix  th e  d a ta  o f th e  d iffe ren t tab le s . I n  th e  la t te r  case en e rg y  
ev a lu a tio n  w ould  be inco rrec t. Som e feedstu ffs  w ould  be sy stem atica lly  over- 
o r u n d e re s tim a te d .

3 * A d a  Veterinaria Hungarica 38, 1990



158 M A ERTEN S e t al.

— U sing th e  ta b le  va lues to  ca lc u la te  th e  D E  co n ten t, one m a y  assum e 
t h a t  in te ra c tio n s  be tw een  th e  in g red ien ts  do n o t occur, a n d  th e  d igestib le  
en e rg y  value is n o t a ffec ted  b y  th e  inc lu sio n  level. R ecen t re su lts , m ain ly  
o b ta in e d  fo r p o u ltry , h av e  clearly  d e m o n s tra te d  th a t  in  th e  case o f  a h igh  fa t  
su p p le m e n ta tio n  th e  described  a ssu m p tio n  m ay  n o t agree w ith  th e  rea lity . 
U n s a tu ra te d  fa ts  im p ro v e  th e  d igestion  a n d  th e  a b so rp tio n  o f  th e  ad d ed  
s a tu ra te d  fa t. E v e n  th e  t r a n s i t  tim e  in  th e  digestive t r a c t  can  be  a ffec ted  an d  
th e  d igestion  of o th e r  n u tr ie n ts  im p ro v es. T h is phenom enon  is k n o w n  as sy n 
erg ism  (De G roote  e t  a l., 1987). R e c e n tly  in te ra c tio n s  betw een  th e  f ib re  com po
n e n ts  an d  o th e r  n u tr ie n ts  have  been  d e m o n s tra te d  in  ra b b its  (G idenne, 1987; 
G id en n e  e t a l., 1987).

F u rth e rm o re , su ffic ien t e x p e rim e n ta l ev idence ex ists in d ic a tin g  th a t  th e  
in c o rp o ra tio n  level o f fa ts  in fluences th e ir  energy  value. T h is e ffec t has also 
b e e n  d e m o n s tra te d  in  ra b b its  (M aertens e t  a l., 1986). U sing th e  d a ta  o f th e  
m u lti-lev e l assay  a n d  ca lcu la tin g  w ith  en e rg y  values belonging  to  th e  given 
in c o rp o ra tio n  level lead  to  a m ore a c c u ra te  energy ev a lu a tio n .

T he a d ju s tm e n t o f  th e  feed stu ffs4 com position  (m ain ly  in  th e  co m p u te r 
m a tr ix )  is also necessary , fo r th e  ta b u la te d  com position  m ay  n o t agree w ith  
th e  a c tu a l chem ical com position . Tw o m eth o d s are availab le  to  co rrec t th e  
d a ta  accord ing  to  th e  app lied  q u a lity  (M aertens e t al., 1988).

a) M aking use o f th e  average  d ig es tib ility  coefficients o f th e  feed stu ff 
concerned  an d  a reg ression  equa tio n (s) b a se d  on th e  d igestib le  com position .

b) U sing th e  co rrespond ing  reg ression  equation(s) for each  g roup  of feed
s tu ffs  based  on th e  d a ta  o f th e  a c tu a l chem ical analysis, e.g. in  th e  case of 
a lfa lfa  m eal:

aD E , M J/k g  DM =  8.47 +  0.237 CP 0.148 CF,

w h ere  aD E  is th e  a p p a re n t d igestib le  energy , DM m eans th e  d ry  m a tte r , CP 
a n d  CF th e  crude p ro te in  an d  crude f ib re  c o n te n t, respective ly , in  percen tage.

I t  has to  be em phasized  th a t  th e  ca lcu la tio n  of th e  d igestib le  energy 
v a lu e , based  on th e  ta b u la te d  d a ta , is possib le  only if  th e  d ie ta ry  in g red ien t 
co m p o sitio n  is know n  (open  fo rm u la tio n ).

Prediction o f  the D E  content by m eans o f  chemical analysis

E ffo rts  h av e  b een  m ade for a ll species to  p red ic t th e  D E  c o n te n t w hen 
th e  com position  o f th e  in g red ien ts  is u n k n o w n . R eliable re la tio n sh ip s  (m ultip le  
reg ression  eq u a tio n s) be tw een  c e r ta in  chem ica l p a ram ete rs  a n d  th e  d igestib le  
en e rg y  c o n cen tra tio n  are  being  sea rch ed  fo r. The ap p licab ility  o f  th e se  eq u a 
tio n s  needs h igh  accu racy  (ch a rac te rized  b y  th e  F  value, R 2 a n d  rsd ), re q u ire 
m e n t o f few  chem ical p a ra m e te rs , low  co st, good re p ro d u c ib ility  o f th e  chem i
c a l analyses used  an d  lack  of s ig n ifican t co rre la tions be tw een  th e  in d e p e n d e n t
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v a ria b le s  (in th e  re a lity  ce rta in  chem ical ch arac teris tics  can  h ig h ly  co rre la te , 
b u t  th is  shou ld  n o t be necessarily  tru e  fo r a n o th e r  feed or feed stu ff).

N um erous au th o rs  stress th e  n eg a tiv e  re la tio n sh ip  betw een  th e  f ib re  level 
(W eende  o rV a n  Soest) an d  th e  energy  c o n te n t (Je n tsc h  e t ah , 1963; P a rig i-B in i 
a n d  D alle -R ive , 1977; B a tta g lin i a n d  G rand i, 1984; De Bias e t ah , 1984; Corino, 
1987). T h is is se lf-ev iden t because in  ra b b its  fib re  d igestib ility  is low . A t th e  
sam e tim e , none of th ese  re la tio n sh ip s  ex p la in s m ore th a n  75%  o f th e  observed  
v a r ia t io n  in  th e  D E  c o n ten t. W h en  a d ie t w ith  h igh fib re  d ig es tib ility  (e.g. 
su g a r  b e e t pulp) is inc luded  in  th e  poo l o f e labo ra tion , th e  accu racy  is even 
w orse (D e B ias e t ah , 1984; M aertens e t ah , 1988). The eq u a tio n s, b a sed  on  th e  
ac id  d e te rg e n t fib re  (A D F) level, d id  n o t give b e tte r  es tim a tio n  th a n  th e  use 
o f c ru d e  fib re  (CF) co n te n t (M aertens e t ah , 1988). This is n o t su rp ris in g , for 
th e re  is a s tro n g  co rre la tio n  b e tw een  th e  A D F  an d  CF levels (Pagono-T oscano  
e t a h , 1986; M aertens e t ah , 1988).

D epen d in g  on  th e  au th o rs , th e  h ig h es t R  reached  w as 0.85, u sin g  th e  
f ib re  com p o n en ts  an d  th e  gross energy  as in d ep en d en t variab les (D e B ias e t ah , 
1984; B a tta g lin i an d  G rand i, 1984; C orino, 1987; M aertens e t ah , 1988). H ow 
ever, d ire c t d e te rm in a tio n  o f th e  gross en erg y  is possible on ly  in  a lim ited  
n u m b e r  o f lab o ra to rie s . O th er regressions w ith  tw o p a ram e te rs  (e.g. CF an d  
ash) w ere  also suggested  (F ek e te  an d  G ip p ert, 1986; M aertens e t  ah , 1988), 
w ith o u t fu r th e r  im p ro v em en t in  accu racy .

E q u a tio n s  w ith  3 or m ore chem ical d a ta  exp la in  a lread y  9 0 %  o f th e  
o b se rv ed  v a ria tio n  in  aD E  c o n te n t (M aertens e t ah , 1988). T h is is s till low er 
th a n  o p tim u m . D a ta  from  d iffe ren t lab o ra to rie s  have to  be u sed  to g e th e r  or 
o th e r  chem ical p a ra m e te rs  shou ld  be ta k e n  in to  account to  increase  th e  accu 
ra c y  o f  e s tim a tio n . T he use o f a m ore d e ta iled  analysis of th e  f ib re  fra c tio n  as 
p ro p o sed  b y  T h ean d e r and  A m an  (1981) has to  be considered.

In  vitro techniques fo r  estim ating the energy content

L im ited  resea rch  w ork  is av a ilab le  concern ing  th e  energetic  e v a lu a tio n  
o f  r a b b i t  d iets b y  in  vitro  tech n iq u es w hich  s im u la te  th e  d igestive  processes 
o f th e  organ ism . A t th e  sam e tim e , en zy m a tic  m ethods were re c e n tly  in v e s ti
g a te d  in  pigs an d  ca ttle . T he re su lts  a re  encouraging , especially  th o se  w hich  
w ere o b ta in e d  b y  th e  cellulase m e th o d  (D e B oever e t ah , 1986). F u tu re  re sea rch  
is n ecessa ry  to  e v a lu a te  th e  su ita b ili ty  o f th ese  m ethods as p red ic to rs  o f  th e  
en e rg y  c o n te n t, exclusively  o f r a b b i t  feeds an d  feed m ix tu res.

A n o th e r in  vitro  tech n iq u e , w ell k n o w n  as used  in  ru m in a n ts , uses ru m en  
f lu id  to  s im u la te  th e  digestive p rocesses in  th e  fo restom ach  (T illey  an d  T erry , 
1963). R ecen tly , its  m odified  v e rs io n  fo r ra b b it  diets has b een  pu b lish ed  
(S ch o lty ssek  an d  Seim , 1988). U sing  d a ta  on th e  gas p ro d u c tio n  o f caecal 
b a c te r ia  an d  th e  p ro te in  an d  fib re  level o f th e  ra tio n , m ultip le  reg ression  e q u a 
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tio n s  have been e s ta b lish e d  for p red ic tio n  o f th e  D E  c o n ten t. The ca lcu la tions 
f i t  m ore th a n  90 %  o f  th e  v a ria tio n  in  aD E  c o n c e n tra tio n , b u t th e  n u m b e r of 
te s te d  diets was l im ite d  (8). C onsequen tly , th e  usefu lness and  accu racy  o f th is  
m e th o d  are y e t to  be  confirm ed.

Conclusions

F or m ore t h a n  10 years “jo u le ”  has b een  in te rn a tio n a lly  recognized as 
th e  single official e n e rg y  u n it. E ffo rts  h av e  to  be  m ad e  to  really  rep lace ca lo ry  
in  b o th  research  a n d  p rac tice .

T he av a ilab le  D E  values are in flu en ced  b y  severa l fac to rs, th e  m ost 
im p o r ta n t  being co m p o sitio n  of th e  feed or feed  m ix tu re , in d iv id u a l v a r ia b ility , 
feed ing  level (i.e. th e  a m o u n t o f th e  ra tio n ) a n d  physio logical s ta tu s . T ak in g  
in to  accoun t th a t  e v a lu a tio n  is alw ays o n ly  an  a p p ro x im a tio n  to  a v e ry  v a riab le  
v a lu e , th e  m e thodo log ica l questions b e a r  fu n d a m e n ta l im portance . T he accu 
ra c y  o f th e  e s tim a tio n  is ex trem ely  im p o r ta n t  to  sa tis fy  th e  an im als’ n u tr ie n t 
req u irem en ts , to  fo rm u la te  least-cost d iets a n d  to  in te rp re t th e  resu lts  o f th e  
n u tr i t io n  ex p erim en ts .

A lthough  d u rin g  th e  la s t years s trik in g  p rogress has been m ade in  th e  
energe tic  ev a lu a tio n  o f  ra b b it  feedstu ffs an d  feed  m ix tu res , fu rth e r  re sea rch  
is necessary  in  d iffe re n t fields. The accu racy  o f th e  ev a lu a tio n  of raw  m a te ria l 
needs to  be im p ro v ed . E ach  m odifying fa c to r  ( la c ta tio n , fa t  and /o r oil su p p le 
m e n ta tio n , m y co to x in s , etc .) in fluencing  d ig es tib ility  an d  th e  real re la tio n sh ip s  
b e tw een  the  chem ical d a ta  and  D E  c o n te n t sh o u ld  be clarified . Also, fu r th e r  
d ev e lopm en t of th e  in  vitro  techn iques an d  co llec tion  o f basa l d a ta  are neces
sa ry  fo r a fu tu re  n e t  en erg y  system .
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THE EFFECT OF ANIMAL FAT AND 
VEGETABLE OIL SUPPLEMENTATION OF 

FEEDS OF DIFFERENT ENERGY CONCENTRATION 
UPON THE DIGESTIBILITY OF NUTRIENTS AND 

SOME BLOOD PARAMETERS IN RABBITS
S. F e k e t e 1, I .  H u l l á r 2, H e d v i g  F é b e l 2 a n d  J .  B o k o r i 1

1 D ep artm en t of A n im al N u tr i tio n , U n iv e rsity  of V e te rin a ry  Science, H-1400 B u d a p es t, 
P . O. B ox  2; an d  2R esearch  C en tre  fo r A n im al B reed ing  a n d  N u tr i tio n , H-2100 G ödöllő,

G anz Á b rah ám  u . 2, H u n g a ry

(R eceived  O c to b er 2, 1989)

T he effect o f m ix ed  a n im a l fa t  a n d  sunflow er oil su p p le m e n ta tio n  (5% ) of a feed 
of m edium  (12.02 M J D E /k g )  a n d  low  (8.54 M J D E /k g ) en erg y  co n cen tra tio n  u p o n  th e  
d ig estib ility  o f n u tr ie n ts  a n d  on som e blood p a ram e te rs  w as in v es tig a ted . T he e th e r- 
ex tra c ta b le  c o n te n t o f  feed  a n d  faecal sam ples w as d e te rm in ed  b y  d ie thy l e th e r e x tra c 
tio n  (a fte r S o x h le t) a n d  th e  to ta l  ( tru e ) f a t  level w as m easu red  b y  th e  m ethod  of S to ld t 
(1952), viz. p e tro leu m  e th e r  e x tra c tio n  of sam ples p re tre a te d  w ith  4 N  HC1.

In  th e  m a jo rity  o f  cases th e  v o lu n ta ry  feed  in ta k e  decreased  a fte r  th e  ad d itio n  
of an im al fa t  or v eg e tab le  oil. M ixed an im al fa t  su p p le m e n ta tio n  sign ifican tly  (by  5 an d  
11 u n its ) im p ro v ed  th e  d ig es tib ility  of th e  e th e r e x tra c t  i f  ad d ed  to  e ith e r o f th e  b asa l 
d ie ts. T he d ig es tib ility  o f c ru d e  fib re  a n d  N -free e x tra c t in c re a sed  only in  th e  case of 
th e  b asa l d ie t o f low  en erg y  co n cen tra tio n  (b y  4 an d  7 u n its ,  respec tive ly ). Sunflow er 
oil ad d itio n  p ro d u ced  changes o f  th e  sam e ten d en cy  (9, 9, 28 a n d  5 un its ). T he d ig es t
ib ility  o f th e  crude  p ro te in  w as p ra c tica lly  n o t a lte red  b y  e ith e r  su p p lem en tatio n .

T he to ta l  f a t  c o n te n t o f  feed  an d  faecal sam ples p ro v ed  to  be  h igher th a n  th a t  
o f th e  e th e r e x tra c t ,  on  a n  av erage  b y  27 an d  100% , re sp ec tiv e ly . C onsequently , th e  
d igestib ility  coefficien ts o f  th e  to ta l  f a t  a re  b y  10 u n its  low er th a n  those  of th e  e th e r  
e x tra c t. T he D E  co n ce n tra tio n s , ca lcu la ted  b y  m eans o f th e  d igestib le  e th e r e x tra c t  
o r th e  to ta l  f a t  c o n te n t, d iffered  s ign ifican tly  only be tw een  th e  b asa l diets.

T he a d d itio n  o f m ix ed  an im al fa t  to  e ith e r o f th e  b a sa l d ie ts  increased  th e  b lood  
co n cen tra tio n  o f to ta l  lip id s  (b y  18 an d  3 2% , respec tiv e ly ), w hile  th a t  of sunflow er oil 
d id  n o t cause such  a n  a lte ra tio n . N e ith e r fa t no r oil su p p le m e n ta tio n  had  an  effect on  
th e  cholestero l level o f th e  b lood  p lasm a. B o th  th e  an im a l f a t  a n d  th e  v egetab le  oil 
su rp lus m odified  th e  f a t ty  acid  com position  of blood lip ids. I t  w as ch arac te ris tic  of 
each tre a tm e n t t h a t  th e  p ro p o rtio n  of p o ly u n sa tu ra ted  f a t ty  acids increased.

Keywords: A n im al f a t  a n d  veg etab le  oil su p p le m e n ta tio n , ra b b it  feed, d igest
ib ility , e th e r e x tra c t  vs. to ta l  fa t,  b lood p a ram ete rs .

F a t  en rich m en t o f  feed  m ix tu res  is a w ell-know n an d , especially  in  p o u l
t r y  n u tr itio n , w idely  p ra c tise d  m ethod . I ts  a d v an tag es  inc lu d e  th a t ,  p ara lle l 
w ith  th e  red u c tio n  o f th e  feed  in ta k e , i t  enhances th e  g ro w th  ra te  of young  
an im als (i.e. im proves th e  feed  conversion  ra tio ). T he a d d e d  fa t  is a source of 
essen tia l f a t ty  acids, fac ilita te s  th e  ab so rp tio n  o f fa t-so lu b le  v itam in s and , 
th ro u g h  th e  red u c tio n  o f po w d er fo rm atio n , im proves p a la ta b ili ty  and  pelle t 
b u ild ing  (K ak u k , 1981; C heeke, 1987). I f  th e  a p p ro p ria te  energ y /p ro te in  (m ore 
e x ac tly : energy /am ino  acid) ra tio  is ta k e n  in to  co n sid e ra tio n , th e  q u a lity  of 
th e  s lau g h te red  p ro d u c t (carcass) was n o t w orsened b y  th e  supp lem en ta tio n  
(P a tr ic k  an d  Schaible, 1981).

Acta Veterinaria Hungarica 38 (3 ) , pp . 165—175 (1990)

Acta Veterinaria Hungarica 38,' 1990 
Akadémiai Kiadó, Budapest



166 F E K E T E  e t al.

T he p ic tu re  o f th e  effect o f f a t  su p p lem en ta tio n  u p o n  th e  d ig estib ility  o f 
n u t r ie n ts  is n o t so u n ifo rm  (L ang , 1981). A ccording to  th e  rev iew  o f Schiirch 
(1969) th e  fa t  c o n te n t o f th e  feed  v e ry  ra re ly  m odifies th e  d ig estib ility  of 
n u tr ie n ts ,  and  if  i t  does, above all in  ru m in a n ts , i t  acts b y  m ean s o f  th e  ru m en  
m icroorgan ism s. T h e  d ig es tib ility  o f d ry  m a tte r , e th e r e x tra c t  a n d  c rude  p ro te in  
d id  n o t  change a f te r  th e  ad d itio n  o f v eg e tab le  oil to  th e  feed  (T hacker, 1956). 
S im ila rly , tallow  su p p le m e n ta tio n  d id  n o t  m odify  th e  d ig e s tib ility  o f d ry  m a t
te r ,  c rude  p ro te in , c ru d e  fib re  an d  gross energy  (P arig i-B in i e t a l., 1974).

Lebas (1975a) re p o rts  t h a t  th e  a d d itio n  of corn oil to  th e  d ie t decreased  
th e  d igestib ility  o f  d ry  m a tte r , o rgan ic  m a tte r  an d  energy . In  th e  ex p erim en t 
o f  T elek i and D arw ish  (1969) an  increase  o f th e  fa t  c o n c e n tra tio n  from  2.68 
to  5 .68 or 8.68%  d e fin ite ly  im p ro v ed  th e  d igestib ility  o f d ry  m a tte r  an d  crude 
p ro te in , while th a t  o f  th e  e th e r  e x tra c t  an d  crude fib re  decreased  an d  th e re  
w as on ly  a slight p o s itiv e  in fluence  on th e  d igestib ility  o f th e  N -free e x tra c t. 
A rr in g to n  e t al. (1974) re p o rte d  an  im p ro v em en t of th e  d ig es tib ility  o f th e  
e th e r  ex tra c t a f te r  a d d itio n  o f co rn  oil. P a rig i-B in i e t al. (1974) exp la in  th e  
c o n tra d ic to ry  re su lts  b y  an  a n a ly tic a l d ifficu lty , nam ely  t h a t  th e  saponified  
f a t t y  acids in  th e  faeces c an n o t be d e te c te d  b y  m eans o f  th e  com m only  used  
a n a ly tic a l m ethod . C o nsequen tly , a fa lse ly  good fa t  d ig es tib ility  can  be  
m easu red .

Lebas (19756) in  h is re c a p itu la tiv e  w ork  connects th e  effect o f fa t  su p p le 
m e n ta tio n  w ith  th e  energy  c o n c e n tra tio n  o f th e  basa l d ie t: th e  d igestib ility  
o f  feeds of low en erg y  c o n cen tra tio n  w ill im prove an d  th a t  o f h igh energy 
c o n cen tra tio n  will decrease a f te r  fa t  su p p lem en ta tio n . O n th e  o th e r h an d , on 
th e  basis of 19 d ig es tib ility  tr ia ls  te s tin g  u n su p p lem en ted  ra w  m a te ria ls , F ek e te  
(1988) found a po sitiv e  co rre la tio n  am ong  th e  d igestib ility  o f  th e  e th e r  e x tra c t 
(aD C , % ), th e  e th e r  e x tra c t  c o n te n t (x x, % ) an d  digestible en e rg y  co n cen tra tio n  
( x „  M J/kg) of th e  feed :

E E  =  30.25 +  0 .48xx +  3 .28x2; R 2 =  0.65

Schurg an d  R e id  (1982) fo u n d  th e  su p p lem en ta tio n  o f a b a sa l d ie t, v e ry  
r ic h  in  energy an d  p ro te in  (14.83 M J D E /k g , 19.7%  crude p ro te in ) , w ith  6 %  
ta llo w  ineffective b o th  on th e  p ro d u c tio n  tria ls  and  on th e  d ig es tib ility  of 
p ro te in  and fib re . P a r tr id g e  e t al. (1986) supp lem en ted  a feed  m ix tu re  o f h igh  
en e rg y  and  p ro te in  c o n c e n tra tio n  w ith  a c id u la ted  soybean  oil an d  m ixed  an im al 
f a t .  T he d igestib ility  o f  th e  c rude  p ro te in  d id  n o t change a n d  t h a t  of th e  ad d ed  
lip id s  was found  n e a r  to  100% . T h e y  ap p lied  a h yd roch lo ric  acid  tre a tm e n t 
b efo re  th e  ch loroform —w a te r -m e th a n o l so lven t m ethod  o f f a t  d e te rm in a tio n  
(A tk in so n  e t ah , 1972). M aertens e t  al. (1987) com pared  th e  f a t  d igestib ilities 
o b ta in e d  by  th e  d iffe ren t fa t  d e te rm in a tio n s  (sim ple e x tra c tio n  w ith  p e tro 
le u m  e th er; p rev ious HC1 tre a tm e n t) . T he sim ple e x tra c tio n  gave fa lse ly  h igh 
f a t  d igestib ility  v a lu es . T he o th e r  n u tr ie n ts  were no t in v e s tig a te d .
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A com parison  o f th e  resu lts  o f  th e  rev iew ed  p u b lica tio n s  is v e ry  d ifficu lt, 
in  som e cases im possib le , because th e  com position  an d  n u tr i t iv e  value of th e  
su p p lem en ted  b a sa l d ie ts, th e  n a tu re  o f th e  added  fa ts  an d  th e  a n a ly tic a l 
m ethods w ere d iffe ren t. T he au th o rs  genera lly  d id  n o t sep a ra te  th e  e ffec t o f 
added , to ta l  an d  o rig inal lip id  co n te n t o f feeds an d  in  th e  m a jo rity  of cases 
th e  d e te rm in a tio n  o f d ig estib ility  d id  n o t com prise all th e  n u tr ie n ts . T he effect 
o f in gested  fa t  u p o n  th e  lip id  an d  cho lestero l level o f th e  b lood  p lasm a a n d  on 
th e  f a t ty  acid  com position  o f b lood  lip ids w as n o t in v es tig a ted .

The aim  o f th e  p re se n t ex p erim en t w as to  s tu d y  th e  effect of an im a l f a t  
an d  veg e tab le  oil su p p lem en ta tio n  o f feed m ix tu res  o f low  an d  average en e rg y  
co n cen tra tio n  u p o n  th e  d ig estib ility  o f n u tr ie n ts  (crude  p ro te in , C P; e th e r  
e x tra c t, E E ; to ta l  fa t ,  T F ; crude fib re , C F; an d  N -free e x tra c t,  N F E ) an d  th e  
b lood  to ta l  lip id , phosph o lip id  an d  cho lestero l level, as w ell as th e  ra tio  o f 
som e f a t ty  acids in  th e  b lood.

M aterials an d  m ethods

T w en ty , 4- to  5 -m on th -o ld , fem ale N ew  Z ealand  W h ite  (NZW ) ra b b its  
w eighing 3.29 i  0.05 kg  w ere in v o lv ed  in  th e  ex p erim en t.

P e rio d  1: th e  an im als w ere d iv id ed  in to  tw o g roups ( 2 x 1 0 )  a n d  th e  
d ig estib ility  o f n u tr ie n ts  in  th e  feed m ix tu re  o f m ed ium  (M) an d  low (L) energy  
c o n cen tra tio n  w as m easured .

P erio d  2: each  g roup  w as d iv ided  in to  tw o subgroups an d  th e  d ig es tib ility  
o f  n u tr ie n ts  o f  th e  fa t-  an d  o il-supp lem en ted  feed o f m ed iu m  energy  c o n c e n tra 
tio n  (M -f-F a n d  M + O , respec tive ly ) an d  th a t  of low  energy  level ( L + F  an d  
L  +  O, re sp ec tiv e ly ) w as de te rm in ed .

Table I

E x p erim en ta l design

Number
of

animals

Length
of

period
Applied feeds A ctivity

M: m edium L: low A d ju stm en t,

2 x 1 0 7 +  8 energy con cen tra tio n feeding,
days 12.0 M J D E 8.5 M J D E faeces collection,

3.2%  E E 3.3%  E E blood  sam pling a t  th e  end
4 x 5 10 days M + F  M + O L + F  L + O Change of feeds, tran s itio n
4 x 5 8 days M + F  M + O L + F  L + O Faeces collection, 

blood sam pling a t  th e  end

M =  b asa l d ie t o f m edium ; L  =  basal d ie t o f low  energy level; M J =  m egajoule; D E  =  
digestib le energy; E E  =  e th e r e x tra c t; F  =  5%  m ixed anim al f a t  (50%  tallow  +  50%  la rd ) 
f a t  su p p lem en ta tio n ; О =  5%  sunflow er oil (d e s tin a ted  for h u m an  consum ption) ad d itio n
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Table II

C om position an d  calcu la ted  n u tr it iv e  v a lu e  of th e  ex p erim en tal feeds

Composition, nutritive 
value, %

Experim ental feeds

M M + F M +O L L + F L -fO

A lfalfa m eal 30.0 30.0 30.0 87.0 86.0 88.0
O a t 32.5 22.5 27.5 — — —
W h ea t 20.0 20.0 20.0 — — —
Sunflow er m eal 15.0 15.0 15.0 — — —
F av o rit-5 0 * — 10.0 — 2.0 12.0 2.0
Sunflow er oil — — 5.0 — — 5.0
W h e a t straw — — — 10.0 1.0 4.0
M in e ra l-v itam in  supplem ent 2.5 2.5 2.5 1.0 1.0 1.0
D E , M J/kg 12.02 13.20 13.20 8.54 10.47 10.14
C rude p ro te in , % 18.3 17.6 17.7 16.5 16.5 16.8
E th e r  e x tra c t, % 3.2 7.7 7.9 3.3 8.2 8.3
C rude fib re, % 14.9 13.7 14.3 25.4 21.2 22.0

* 50%  m aize m eal, 25%  beef ta llo w  a n d  25%  swine lard ; M, M -j-F , M-f-O, L , L + F ,  
L + O :  see T able  I

T he len g th  o f th e  phases o f th e  d ig estib ility  tr ia ls , th e  collection an d  
s to rag e  of th e  faeces, th e  chem ical an a ly ses  o f th e  feed an d  faecal sam ples w ere 
c a rr ie d  o u t a f te r  F ek e te  an d  G ip p ert (1983). T he ex p erim en ta l design is show n 
in  T ab le  I . T ab le  I I  gives th e  com po sitio n  a n d  n u tr itiv e  va lu e  o f th e  feeds used.

T he gross energy  co n cen tra tio n  o f  th e  feed  an d  faecal sam ples w as m eas
u re d  b y  an  ad iab a tic  bom b ca lo rim e te r (OQ-202), th e  to ta l  fa t  c o n te n t w as 
d e te rm in e d 'a f te r  S to ld t (1952), i.e . p e tro leu m  e th e r e x tra c tio n  o f sam ples 
p re tre a te d  w ith  4 N  HC1.

O n days 15 an d  33, i.e. a t  th e  en d  o f th e  tw o d ig estib ility  tr ia ls , b lood  
sam p les  w ere co llected  from  th e  v . m arg in á lis  an d  th e  to ta l  lip id  (Z öllner an d  
K irsch , 1962), phospho lip id  (B ag insk i a n d  Z ak, 1960) an d  to ta l  cho lestero l 
(Z la tk is  e t al., 1953) levels of th e  b lood  p lasm a were de te rm in ed . T he f a t ty  
ac id  com position  o f th e  p lasm a lip ids w as m easured  b y  gas c h ro m a to g rap h y , 
a f te r  e x tra c tio n  (F o lch  e t al., 1957) a n d  tra n sfo rm a tio n  in to  f a t ty  acid m ethy l- 
e s te r  (H u sv é th  e t ah , 1982).

T he d ig estib ility  coefficients w ere ca lcu la ted  using  th e  classical fo rm ula  
(S chiirch , 1969). T he s ta tis tic a l ana ly ses  w ere carried  o u t as recom m ended  b y  
P ea rce  (1965).

R esu lts

T he changes of bo d y  w eight a n d  feed  in ta k e  in  th e  se p a ra te  ex p erim en ta l 
p e riods are show n in  T ab le  I I I .  T he changes in  bo d y  w eig h t w ere v e ry  sm all 
a n d , ex cep t for th e  group consum ing  th e  o il-supp lem en ted  b asa l d ie t (M + O ),

Acta Veterinaria Hungarica 38, 1990



FAT AND O IL SUPPLEM EN TA TIO N  OF R A B B IT  FE E D S 169

Table Ш

D ata  of feed  in ta k e  an d  body  w eight changes (m ean  +  SEM)

Groups
Average daily 
feed in take, 
g DM/W*»75

Difference,
g*

Average daily  
weight gain, 

g

Difference,
g*

M (to fa t) 54 +  2.0 15.0 +  0.8

M + F 50 +  2.0 - 4 .0 16.8 +  2.7 1.8

M (to oil) 53 +  2.0 10.9 +  3.0
M + O 52 +  1.9 - 1 .0 9.8 +  2.0 — 1.1

L  (to fa t) 61 +  2.4 9.5 +  1.8
L + F 52 +  3.0 +  1.0 9.8 +  2.0 + 0 .3

L  (to oil) 58 +  2.5 7.6 +  1.0

L + O 54 +  3.2 —4.0 7.0 +  1.6 - 0 . 6

* C om pared to  th e  corresponding non-supp lem en ted  basal d iet 
DM =  d ry  m a tte r ;  W  =  bod y  w eight, kg 
M, M + F ,  M + O , L , L + F ,  L + O :  see Table I

w ere positive . Feed  in ta k e  w as reduced  by  th e  oil su p p le m e n ta tio n  o f b o th  
b asa l d ie ts; in  th e  case o f f a t  su p p lem en ta tio n , i t  w as d im in ished  on ly  in  ra b 
b its  given th e  feed m ix tu re  of m ed ium  energy c o n cen tra tio n .

T he d igestib ility  coeffic ien ts of th e  n u tr ie n ts  o f  th e  app lied  feeds an d  
th e  D E  values are sum m arized  in  T ab le  IV . The a d d itio n  o f an im al f a t  to  b o th  
b asa l d iets im proved  th e  d ig es tib ility  o f th e  organic m a t te r ,  th a t  o f sunflow er 
oil only  in  th e  case o f b a sa l d ie t L. T he d igestib ility  o f  c ru d e  p ro te in  d id  n o t 
change defin ite ly  an d  s ig n ifican tly  (0, —1, 0, —1 u n its ) . T he d igestib ility  of 
th e  e th e r  e x tra c t from  b o th  b asa l d iets s ig n ifican tly  im p ro v ed  (P  <  0.001), 
ow ing to  th e  fa t  an d  oil su p p le m e n ta tio n  (5, 9, 11, a n d  9 u n its ) .

T he d igestib ility  o f c rude  fib re  an d  N -free e x tra c t  o f th e  feed m ix tu re  
o f m ed ium  energy c o n c e n tra tio n  d id  n o t change s ig n if ican tly  w hen  f a t  or oil 
w as added  to  th e  d ie t. F a t  or oil su p p lem en ta tio n  o f feed  L  eq u a lly  im p ro v ed  
th e  d igestib ility  o f CF a n d  N F E . The differences, e x c e p t fo r one case, are 
s ign ifican t. T o ta lly , th e  d igestib le  energy  value w as in c reased  b y  0.44 and 
1.99 M J/kg  owing to  an im al fa t  an d  b y  0.89 and 2.22 M J/k g  ow ing to  sunflow er 
oil ad d itio n  to  feed M a n d  L, re spec tive ly .

T ab le  Y shows th e  d a ta  o f f a t  co n ten ts , d ig es tib ility  coefficients an d  D E  
va lues, o b ta in ed  b y  th e  classical an d  to ta l  fa t d e te rm in a tio n . T he to ta l  fa t 
level is h igher in  b o th  th e  feed  an d  th e  faecal sam ples th a n  th a t  o f th e  e th e r 
e x tra c t. T he d igestib ility  coeffic ien ts , ca lcu la ted  from  th e  to ta l  fa t  co n te n t, are 
low er. N evertheless, th e  D E  va lu es  differ s ig n ifican tly  o n ly  betw een  th e  tw o 
b asa l d iets.

T he d a ta  of th e  b lood  analyses are  sum m arized  in  T ab le  V I. T he to ta l  
lip id , phospho lip id  an d  cho lestero l levels o f th e  b lood  o f  ra b b its  consum ing  one
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Table IV

A p p aren t d igestib ility  coefficients, %  (aDC) of n u trie n ts  an d  th e  m easured  digestible energy (D E ) con ten ts of d iets (m ean ±  SEM )

Parameters M-I M-f-F M-II M-f-0 L-I L + F L-II L +O

E ffectives 5 5 5 5 5 5 5 5

aDC of DM 72 7 4 72 72 56 61 * * 56 6 4 * * *

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

aDC of ash 44 49 45 49 60 6 5 * * 63 65
± 3 .0 1 .6 1 .8 0 .9 1 .3 1.1 1 .0 1 .6

aDC of OM 74 75 74 74 55 60* * 56 6 4 * * *
± 0.7 0 .2 0 .6 0 .7 0 .7 1 .4 0 .7 1 .3

aDC of CP 83 83 83 82 71 70 71 71
± 0 .9 0 .5 0 .6 0 .5 0 .8 1 .8 0 .6 1.7

aDC of E E 84 gQ*** 82 91«** 72 8 3 * * * 70 7 9 * * *
± 0 .3 0 .8 0 .5 0 .4 1.1 0 .4 1 .0 1 .2

aDC of T F 71 79* * 66 84* * * 64 59* 64 76**
± 0 .8 0 .6 0 .7 0 .6 1 .0 0 .7 0 .8 1 .0

aDC of CF 28 28 33 27 22 26 17 4 5 * * *
± 2 .1 0 .5 1 .2 2 .6 1 .3 2.1 1 .9 1.5

aDC of N F E 83 81 80 79 63 70 * * 64 69* *
± 0 .4 0 .3 0 .6 0 .5 0 .9 1 .0 0 .9 1.5

D E -I, M J/kg 1 2 .7 7 13 .21 1 2 .5 6 13 .45 9 .2 6 1 1 .2 5 9 .1 1 1 1 .3 3

D E -II , M J/kg 1 2 .3 6 1 3 .0 9 1 2 .0 3 1 3 .3 4 8 .9 9 1 0 .7 8 9 .3 7 11 .13

M -I an d  L -I =  basal d iets to  an im al fa t, M -II an d  L -II  =  basal d ie t to  sunflow er oil su p p lem en tation ; DM =  d ry  m a tte r ;
OM =  organic m a tte r ;  CP =  crude p ro te in ; E E  =  e th e r e x tra c t; T F  =  to ta l  f a t;  CF =  crude fib re ; N F E  =  N -free e x tra c t;
D E -I and  D E -II  =  energy values, calcu la ted  by  th e  e th e r ex tra c t (I) o r to ta l  fa t ( I I )  co n ten t o f feed an d  faeces *’ **’ *** P  <  0 .0 5 , 0 .01  

an d  0.001, respectively , to  th e  corresponding basal d iet
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Table V

C om parison of th e  pa ram ete rs  based  on e th e r e x tra c t (I) and 
on to ta l  fa t  (II) d e te rm in a tio n  (m ean SEM )

Param eters Total pool Basal diets Supplemented die ts

Feed E E  level, % 5.76 _1_zn 0.81 3.56 ± 0.59 6.85 ± 0.61
Feed T F  level, % 7.33 ± 1.18 4.52 ± 0.96 8.73 ± 1.18
Faeces E E  level, % 2.98 ± 0.16 2.52 ± 0.14 3.44 ± 0.25
Faeces T F  level, % 5.97 ± 0.33 4.63 ± 0.10 7.32 ± 0.47
aDC of E E , % 80.50 ± 1.21 76.20 ± 1.57 84.60 ± 1.20
aDC of T F , % 69.90 ± 1.38 65.90 ± 0.79 73.80 ± 2.30
D E -I, M J/kg 11.44 ± 0.61 9.55 ± 2.00 12.13 ± 0.57
D E -II , M JA g 11.39 ± 0.57 10.69 ± 0.88 12.09 ± 0.66

of th e  tw o  b a sa l d iets d id  n o t differ s ig n ifican tly . On th e  o th e r h an d , th e  p ro 
p o rtio n  o f th e  f a t ty  acids w as n o t th e  sam e, n am ely  th e  b lood  o f ra b b its  fed  
th e  b asa l d ie t o f m ed ium  energy  c o n c e n tra tio n  w as m ore a b u n d a n t in  m yristic , 
p a lm itic  an d  oleic acids an d  poorer in  s te a ric , linoleic, lino len ic  a n d  a rach i- 
donic acids.

S unflow er oil su p p lem en ta tio n  o f feed  M, f irs t  o f all due to  pa lm itic  acid  
an d  oleic acid , increased  th e  p ro p o rtio n  o f  s tea ric  an d  linoleic acids. B esides, 
th e  ad d itio n  o f an im al f a t  increased  th e  q u a n t i ty  of lino len ic  and  arach idon ic  
acids.

T he su p p lem en ta tio n  o f feed L gave d iffe ren t re su lts . A n im al fa t  ad d itio n  
increased  m a in ly  th e  ra tio  o f oleic an d  lino leic acid, in  th e  f ir s t  place on th e  
acco u n t of linoleic acid. Oil su p p le m e n ta tio n  ra ised  on ly  th e  p ro p o rtio n  of 
linoleic ac id  s ig n ifican tly ; th e  increase o f  m y ris tic , m arg arin ic  an d  oleic acid  
ra tio s  w as neglig ib le. T he co n cen tra tio n  o f  th e  o th e r f a t ty  acids decreased.

D iscussion

I n  th e  p re se n t w ork  a basa l d ie t o f m ed iu m  and  one o f low  energy  concen
tra t io n  (12.02 an d  8.54 M J D E /kg , re sp ec tiv e ly ), b o th  of m ed ium  e th e r e x tra c t 
level (3.2 a n d  3 .3% ), w ere su p p lem en ted  w ith  5%  m ixed  an im al fa t  or su n 
flow er oil.

A ccord ing  to  prev ious d a ta  (L ebas, 1975a), th e  v o lu n ta ry  feed in ta k e  
decreased  in  th e  m a jo rity  of cases ow ing to  such  su p p lem en ta tio n s . H ow ever, 
th e  co n su m p tio n  o f feed poor in  energy  s lig h tly  increased  if  su p p lem en ted  w ith  
fa t. T he d ifference can  be exp la ined  b y  th e  b e tte r  q u a lity  o f  th e  p e lle t (im 
p roved  p a la ta b ili ty , reduced  pow der fo rm a tio n , e tc .). Since th e  ra b b its  w ere 
p rac tica lly  a d u lts  (body  w eight gain : 1—2 g /an im al/d ay ), far-reach in g  conclu 
sions c a n n o t be d raw n.
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Table VI

Some lipid p a ram ete rs of th e  blood p lasm a and  its  f a t ty  acid com position in  %  of th e  to ta l  f a tty  acids (m ean ^  SEM)

Parameters M-I M-f-F M-II M-f-0 L-I L + F L-II L +O

E ffectives 4 4 4 4 4 4 4 4

T ota l lipids, g/1 3.56 4.19 2.97 2.96 3.40 4.50 3.43 3.35
± 0.48 0.38 0.17 0.35 0.39 0.72 0.48 0.46

Phospholipids, mg/1 836 679 769 777 860 888 888 972
± 178 101 107 151 358 281 279 155

T ota l cholesterol, mmol/1 2.35 2.41 1.86 1.90 2.28 3.34 2.15 2.17
± 0.14 0.14 0.13 0.07 0.30 0.32 0.33 0.10

0 2 : 0 ,  % 0.2 0.1 0.2 0.2 0.2 0.2 0.3 0.1
± 0.1 0.03 0.1 0.1 0.2 0.04 0.1 0.1

0 4 : 0 ,  % 2.4 1.6 2.5 1.9 2.0 1.8 1.8 2.0
± 0.5 0.1 0.5 0.4 0.5 0.3 0.5 1.4

0 5 : 0 ,  % 0.7 0.5 0.7 0.6 0.7 0.7 1.0 0.7
± 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

0 6 : 0 ,  % 27.9 25.7 26.7 23.7 22.9 24.6 25.9 21.8
± 2.0 1.8 2.1 2.6 2.4 1.7 3.3 1.0

0 6 : 1 ,  % 2.4 2.4 3.2 1.9 2.1 2.4 1.8 1.3
± 1.5 0.4 0.3 0.6 0.8 0.4 0.7 0.3

0 7 : 0 ,  % 0.7 0.7 0.8 0.7 1.1 1.0 1.2 1.0
± 0.2 0.1 0.03 0.1 0.1 0.1 0.2 0.2

0 8 : 0 ,  % 9.3 11.4 9.5 11.3 12.6 11.3 12.5 12.9
± 1.8 0.2 0.7 1.0 0.9 1.4 2.3 1.6

0 8 : 1 ,  % 30.5 27.9 29.8 23.5 19.8 24.9 17.5 18.1
± 3.3 1.6 2.9 2.8 2.6 1.8 2.4 1.6

0 8 : 2 ,  % 22.2 24.8 22.8 32.8 30.4 21.5 28.9 35.4
± 3.5 2.7 2.8 5.3 2.8 1.9 2.8 1.6

0 8 - 3 ,  % 1.9 2.1 1.7 1.6 5.4 9.3 6.8 4.8
± 0.4 0.3 0.3 0.2 1.5 1.7 1.5 1.1

C20:4, % 1.9 2.7 2.0 1.9 2.7 2.3 2.4 2.1
± 0.4 0.7 0.2 0.5 0.7 0.6 0.8 0.7

C12:0 =  lau ric ; 0 4 : 0  =  m yris tic ; 0 5 : 0  =  pen tadecanoic; 0 6 : 0  =  pa lm itic ; 0 6 : 1  =  palm ito le ic ; 0 7 : 0  =  m argaren ic ; 0 8 : 0  =  stearic; 
0 8 : 1  =  oleic; 0 8 : 2  =  linoleic; 0 8 : 3  =  linolenic an d  C20:4 =  arach idonic  acid.

F o r th e  o th e r abbrev ia tions see th e  previous tab les
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F a t  su p p lem en ta tio n  s ig n ifican tly  (P  <  0.001) in creased  th e  d igestib ility  
coeffic ien t of th e  e th e r  e x tra c t  in  th e  case o f b o th  basa l d ie ts ; th e  d igestib ility  
o f  c rude  fib re  an d  N -free e x tra c t im p ro v ed  on ly  in  th e  g roup  g iven  basa l d ie t L . 
T h e  changes seen a fte r  oil su p p le m e n ta tio n  showed th e  sam e ten d en cy , b u t  
n u m erica lly  w ere g rea te r. T he im p ro v e m e n t found in  th e  d ig es tib ility  o f th e  
e th e r  e x tra c t can  be im ag ined  on ly  i f  th e  d igestib ilities o f th e  added  fa t  an d  
oil w ere v e ry  h igh , close to  100% . S im ilar re su lts  were re p o r te d  b y  A rrin g to n  
e t al. (1974), P a rig i-B in i e t al. (1974), P a r tr id g e  e t al. (1986) a n d  M aertens e t al. 
(1987). In  ou r op in ion , th e  low  fa t  d igestib ilities , m easu red  b y  Teleki an d  
D arw ish  (1969) an d  L ebas (1975a), c an  p resu m ab ly  be a t t r ib u te d  to  som e 
tech n ica l reasons (degree o f h o m ogene ity , carrie r o f a d d ed  f a t  an d  oil, e tc .).

T he d ig estib ility  coefficien ts fo r th e  to ta l  fa t are g en era lly  low er th a n  
th o se  for th e  e th e r  e x tra c t (T able IV).

In  our case p ra c tic a lly  n e ith e r  an im a l f a t  nor sun flow er oil su p p le m e n ta 
tio n  influenced  th e  d ig estib ility  o f p ro te in . This find ing  is in  good agreem ent 
w ith  th a t  of S churg  an d  R eid  (1982) a n d  P a rtr id g e  e t al. (1986). T he im p ro v e
m e n t of p ro te in  d ig estib ility  re p o rte d  b y  Teleki and  D arw ish  (1969), in  our 
op in io n , m igh t be a t tr ib u te d  to  th e  low  energy  co n cen tra tio n  o f th e  b asa l d ie t 
u se d  in  th e ir  ex p erim en t.

The ten d en cy  o f ou r d a ta  confirm s L eb as’s s ta te m e n t (19756) th a t  th e  
e ffec t o f f a t  su p p le m e n ta tio n  up o n  th e  d ig estib ility  o f n u tr ie n ts  depends on a 
la rg e  scale on th e  energy  co n cen tra tio n s  o f  th e  basa l d ie t w ith o u t fa t  su p p le 
m e n ta tio n . In  our case n o t only  th e  su p p lem en ta tio n  of th e  d ie t o f low energy  
c o n cen tra tio n , b u t  also th a t  o f th e  d ie t o f m ed ium  energy level ex e rted  a posi
t iv e  effect on th e  d ig estib ility  of n u tr ie n ts . T he la tte r  im p ro v em en t, how ever, 
w as less pronounced . N am ely , th e  d igestib le  energy co n c e n tra tio n  o f feed L rose 
b y  21.5 and  24 .4%  (1.99 an d  2.22 M J D E /kg) owing to  th e  ad d e d  fa t  an d  oil, 
re sp ec tiv e ly . T he correspond ing  n u m b ers  fo r th e  d iet of m ed iu m  energy  concen
t r a t io n  are 3.4 an d  7 .1%  (0.44 an d  0.89 M J D E /kg). T he reaso n  for th e  d if
ferences is th e  d issim ilar d igestion  o f th e  c rude  fib re  an d  N -free ex tra c t.

I f  one ca lcu la tes th e  D E  values using  th e  digestib le to ta l  f a t  co n ten t 
(T ab le  V), the  re su lts  w ill he s ig n ifican tly  h igher (by 1.14 M J D E /k g , i.e. 11.9% ) 
o n ly  fo r th e  b a sa l d ie ts . O n th e  basis o f  T ab le  У  and  th e  p rev io u s s ta te m e n t, 
i.e. t h a t  th e  ad d ed  fa t  an d  oil are  v e ry  w ell d igested, to ta l  f a t  d e te rm in a tio n  
is reasonab le  to  ge t to  know  th e  rea l f a t  d igestib ility  coeffic ien ts  o f feed m ix 
tu re s  an d  to  p e rm it an  ev a lu a tio n  o f  th e  digestible energy  co n cen tra tio n  of 
feed  ing red ien ts.

A lthough  th e  in itia l to ta l  lip id  level o f th e  blood w as p rac tica lly  th e  
sam e (3.42 vs. 3.27 g/1) in  th e  tw o b asa l g roups, th e  serum  co m position  re flec ted  
w ell th e  n a tu re  o f th e  consum ed feed. T h e  blood p lasm a o f ra b b its  ea ting  th e  
feed  o f low energy  co n cen tra tio n  co n ta in ed  essen tially  less m y ris tic , p a lm itic  
a n d  oleic b u t m ore stea ric , linoleic, lino len ic  an d  arachidonic  acids. A nim al f a t
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a d d it io n  to  th e  d ie t in c reased  th e  to ta l  lip id  c o n c e n tra tio n  (by  18 and  3 2 % ) 
in  b o th  groups w ith o u t su p p lem en ta tio n ; th e  su p p le m e n ta tio n  of sun flow er 
oil h a d  no sim ilar e ffec t. N eith er an im al f a t  n o r v e g e tab le  oil add itio n  in f lu 
en ced  th e  cho lestero l lev e l o f th e  b lood  p lasm a, w h ich  w as, how ever, in  th e  
physio log ica l range  (M agdus e t al., 1988). A fte r th e  in ta k e  o f  th e  applied  q u a n 
t i t y  o f fa t  and  oil, p re s u m a b ly  th e  re g u la to ry  m echan ism s described  b y  M assaro 
a n d  Z ilversm it (1977) a n d  G oldstein  e t  al. (1983) p re v e n t  th e  rise of th e  b lood  
cholestero l level. T h e  p la sm a  cholestero l c o n cen tra tio n  o f  h ea lth y , non  W a ta -  
n a b e  h eritab le  h y p e rlip aem ic  ra b b its  w ill increase o n ly  ow ing  to  feeding a la rg e r 
a m o u n t of fa t, e sp ec ia lly  if  i t  is g iven  to g e th e r w ith  cholestero l (W h a tley  
e t  a l., 1981).

B o th  su p p le m e n ta tio n s  m odified  th e  com p o sitio n  o f  p lasm a lip ids. T he 
e ffec t of th e  ad d ed  f a t  w as d ifferen t from  th a t  of th e  a d d e d  oil, and  th e  changes 
dep en d ed  upon th e  n a tu re  o f th e  b a sa l d ie t, too . I t  is ch a rac te ris tic  o f  each  
t r e a tm e n t th a t  th e  ra t io  o f b io logically  valu ab le  p o ly u n sa tu ra te d  fa t ty  acids 
increased . On th e  b as is  o f these  re su lts , th e  su p p le m e n ta tio n  of ra b b it feeds 
w ith  fa t or oil can  be  ju s t if ie d  if  th e  hygien ic  resp ec ts  (ran c id ity ) and  n u tr ie n t  
ba lan ce  are considered .
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TREATMENT OF ANOESTROUS MARES WITH 
A SYNTHETIC PROGESTAGEN, ALLYLOESTRENOL

L . Solti1, K. E ulenberger2, D . K urth3 and L. Schöne4

d e p a r t m e n t  a n d  Clinic o f O bste trics and  R e p ro d u c tio n , U n iv e rsity  o f V e te rin a ry  Science, 
H-1400 B u d a p es t, P . O. B ox  2, H u n g ary ; 2S ec tio n  fo r A nim al P ro d u c tio n  an d  V e te rin a ry  
M edicine, D e p a r tm e n t o f R ep roduction  of F a rm  A nim als, K arl-M arx -U n iv ersity , D D R -7010  
Leipzig, M arg are te -B lan k -S tr. 8, G erm an D e m o cra tic  R epublic ; 3S ta te  V e te rin a ry  P ra c tice , 
G era, G erm an D em o cra tic  R epublic; a n d  4S ta te  V e te rin a ry  P rac tice , Je n a -N o rd , G erm an

D em o cra tic  R epub lic

(R eceived N o v em b er 6, 1989)

A n o estro u s m ares were tre a te d  w ith  p ro s tag lan d in  (n  =  43) an d  th o se  t h a t  d id  
n o t  re sp o n d  to  p ro s tag lan d in  (n =  29) w ith  a  sy n th e tic  p ro gestagen , a lly loestreno l, a t  
a dose o f 0.05 m g /k g  body  m ass fo r 12 d ays. A fter th e  cessation  of th e  lo n g -te rm  p e r 
os g estag en  b lockade  th e  anim als w ere checked  for h e a t an d , if  a p re o v u la to ry  follicle 
could  be  p a lp a te d , 2000 IU  hCG was a d m in is te re d  to  induce  ovu la tio n . In  som e an im als  
th e  p lasm a  17/5-oestradioi (E 2) a n d  p ro g estero n e  (P 4) levels w ere also follow ed u p  
th ro u g h o u t th e  gestagen  tre a tm e n t a n d  fo r 10-14  days th e re a f te r . As th e  fav o u ra b le  
oestru s r a te  (86 .2% ) a n d  p regnancy  r a te  (65 .5% ) in d ica te , th e  12-day a lly loes treno l 
t r e a tm e n t  seem s to  be  a reliable too l fo r  in d u c tio n  of cycling in  m ares an o estro u s e a rly  
in  th e  season. T hese  resu lts , su p p o rted  b y  th e  E 2 an d  P 4 profiles, suggest t h a t  a n  im 
p o r ta n t  reaso n  for an o estru s in  m ares is th e  absence of a fu n c tio n a l corpus lu te u m  t h a t  
can  be su b s ti tu te d  fo r b y  exogenous g es tag en  a d m in is tra tio n . T he tim in g  of o v u la tio n , 
how ever, shou ld  still be im proved.

K eyw ords: M are, anoestrus, p e r  os p ro g estag en  tre a tm e n t.

Acta Veterinaria Hungarica 38 (3 ) , pp . 177— 185 (1990)

T he c u rre n t th e ra p y  o f equine an o e s tru s  rem ains u n sa tis fac to ry . A lth o u g h  
m a n y  m ares w h ich  are  anoestrous in  la te  w in te r an d  early  spring  do s ta r t  
cycling  la te r  in  th e  season, the  ow ners w ish  to  have th e ir  an im als m a te d  or 
in sem in a ted  as ea rly  as possible. T h e  p r im a ry  class o f m ares th a t  req u ires  
a tte n tio n  d u rin g  an o estru s  and  th e  tra n s i t io n a l  period  is th a t  o f b a rre n  or open  
m ares. T his seem s to  be especially v a lid  fo r tho se  m ares th a t  do n o t show  a n y  
signs of h e a t e a rly  in  th e  breeding  season .

A n o estru s  can  be of various o rig in , such  as in fluence  o f th e  w ea th e r, 
failu res in  c e n tra l nervous stim uli to  th e  ovaries, etc . I n  th e  affec ted  an im als  
sm all an d  to rp id  ovaries w ith  or w ith o u t sm all follicles th a t  h a rd ly  develop 
can  be p a lp a te d . N a tu ra lly  occurring  p ro lo n g a tio n  of lu te a l a c tiv ity  in  th e  n o n 
p re g n a n t m are  is one o f th e  m ost im p o r ta n t  causes o f in fe r tility  in  th e  horse. 
T he co n d itio n  m ay  p e rs is t for 30-90  day s an d  m ay  include  en d o m etritis  as 
a sequel.

In  som e cases large follicles m ay  be  p a lp a te d  th a t  show  no deve lopm en t. 
In  th e  m are  th e  tra n s itio n a l period is k n o w n  to  rep re sen t a cond itio n  w hich  
o ften  invo lves fo llicu lar g row th  th a t  does n o t end  in  o v u la tio n . I t  is n o t uncom -
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m o n  fo r m ares to  b rin g  u p  2 or 3 se ts  o f  follicles before o v u la tio n  occurs, p ro b 
a b ly  due to  th e  in a b ili ty  of th e  h y p o th a la m u s  an d  a n te rio r  p i tu i ta ry  to  re sp o n d  
to  th e  positive feed -b ack  effect o f o estro g en  to  in itia te  th e  p reo v u la to ry  L H  
su rg e . Once, how ever, a m are has o v u la te d , o v u la to ry  fa ilu re  a lm ost n e v e r 
occurs in  th a t  season  (S tab en fe ld t a n d  H u g h es, 1987).

In  th e ir  re c e n t p u b lica tio n  F itz g e ra ld  e t al. (1987) concluded  th a t  t r e a t 
m e n t o f seasonally  anoestrous m ares a n d  p rob lem  acyclic m ares d u ring  th e  
b reed in g  season  w ith  a n  L H R H  ag o n is t is a re liab le  m eth o d  o f inducing  o v u la 
t io n  an d , m ore im p o r ta n tly , in  th e  absence  o f concep tion  a h ig h  p ro p o rtio n  o f 
m ares  su b seq u en tly  ex h ib it oestrous cycles. T he reg im en w hich  involves tw o  
in tra v e n o u s  tre a tm e n ts  daily  fo r 10—14 day s seem s to  be less p rac tica l.

A p a rt from  th e  d irec t s tim u la tio n  o f  fo llicu lar g row th  an d  o v u la tio n  w ith  
G n R H  an d  g o n ad o tro p in s  th a t  are o f  lim ite d  v alue  in  in d u c in g  h e a t an d  re a c h 
in g  p reg n an cy , th e  p ro stag lan d in s  are  n o w  reg a rd ed  as th e  t re a tm e n t o f choice 
fo r  a ll form s o f p ro longed  d ioestrus (G ordon , 1983). B y  th e ir  lu teo ly tic  effec t, 
th e  p ro s tag lan d in s  induce  regression o f  th e  corpus lu teu m , b locking  th e  cycle 
in  th e  lu te a l phase .

A ccord ing  to  A llen  an d  A lexeev  (1980), i t  is p ro b a b ly  tb e  absence o f a 
fu n c tio n a l corpus lu te u m  in  th e  ovaries o f  th e  anoestrous m are , th e  reg ression  
o f  w h ich  w ould  n o rm a lly  trig g er th e  re lease  o f su ffic ien t L H  to  b rin g  a b o u t 
fo llicu la r m a tu ra tio n  an d  ovu la tio n , w h ich  prolongs th e  non -b reed ing  p erio d .

P rogeste rone  a n d  p rogestagens are  kn o w n  to  e x e rt a pow erfu l n eg a tiv e  
feed -b ack  ac tio n  on th e  release o f L H . A  sh a rp  increase in  p i tu i ta ry  L H  secre
t io n  is reg a rd ed  as a n  essential p re re q u is ite  o f  th e  f irs t  o v u la tio n  of th e  new  
b reed in g  season (F reed m an  e t al., 1979).

R esu lts  w ith  a sy n th e tic  p ro g estag en , a lly l tren b o lo n , over a period  o f  
10—15 days show ed th a t  th is  was a p ra c tic a l m eans o f h as ten in g  th e  o n se t 
o f  th e  b reed ing  season  in  m ares i f  th e y  are  in  a tra n s itio n a l phase b e tw een  
an o estru s  an d  th e  b reed ing  season. I t  c a n n o t be em ployed  in  m ares in  deep 
an o estru s  (P a lm er, 1979; H eesem an  e t  a l., 1980) unless th e y  are  sh ifted  from  
deep  an oestru s in to  th e  tra n s itio n a l p h ase  b y  a rtific ia l o r n a tu ra l lig h tin g  
(S cheffrahn  e t a l., 1980).

L oy e t al. (1981) suggested  a com b in ed  reg im en  w hich  involves d a ily  
doses o f 150 m g p ro geste rone  an d  10 m g o estrad io l fo r 10 days w ith  a lu teo ly tic  
p ro s ta g la n d in  g iven  a t  th e  end  o f  th is  t re a tm e n t. T his m ay  decrease th e  
v a r ia b ili ty  in  fo llicu la r developm ent fo u n d  a t  th e  end  of tre a tm e n t w hen  
p ro geste rone  alone is em ployed.

A long -lasting  p rogestagen  t r e a tm e n t  in h ib its  th e  release of g o n ad o tro p  
h o rm o n es, especially  t h a t  o f L H . A fte r  su d d en  cessation  o f gestagen  a d m in is tra 
t io n  an  in ten siv e  g o n ad o tro p in  surge, ca lled  th e  reb o u n d  effect, w ill s tim u la te  
th e  o v a rian  fu n c tio n s . This prom ises h ig h er efficacy  com pared  to  a d irec t 
ph a rm aco lo g ica l effec t.
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In  a recen t p ub lica tion , W aelch li (1987) sum m arizes th e  d iffe ren t h o r
m o n a l tre a tm e n ts  including  th o se  w ith  gestagens, used  fo r reg u la tin g  equ ine  
rep ro d u c tio n .

T h e  aim  o f th e  p resen t t r ia l  w as to  s tu d y  th e  possible u se  o f a sy n th e tic  
p ro g estag en , a lly loestrenol, fo r t r e a t in g  anoestrous m ares t h a t  do n o t re sp o n d  
to  p ro s tag lan d in s . This idea  w as su p p o rte d  b y  a p re lim in ary  p ilo t ex p e rim en t 
in  w h ich  anoestrous m ares s ta r te d  cycling  a fte r  oral a d m in is tra tio n  o f  th is  
d ru g  fo r 12 days (Solti e t ah , 1984).

M aterials and methods

M ares from  a horse s tu d  a n d  som e single m ares from  s ta te  farm s or p r iv a te  
fa rm s w ere in v o lved  in  th e  s tu d y , w ith  special a tte n tio n  to  th o se  th a t  rem ain ed  
b a rre n  early  in  th e  season. A fte r  gynaecological ex am in a tio n  d irec ted  to  th e  
re p ro d u c tiv e  s tage  an d  soundness o f  th e  genita l o rgans o f th e se  m ares, th e y  
w ere f i r s t  tre a te d  w ith  a lu te o ly tic  dose of one of th e  follow ing p ro s tag lan d in  
p re p a ra tio n s : 5 m g d inoprost (E n z a p ro s t, Chinoin, H u n g a ry ), 250 fig c loproste- 
nol (O estro p h an , Spofa, C zechoslovakia or C loprostenol, J e n a p h a rm , G D R ) or 
250 fig  flu p ro sten o l (A lestrum , S pofa , Czechoslovakia). In  th e  case of en d o 
m e tr itis  in tra u te r in e  tre a tm e n t w as app lied  p rio r to , o r to g e th e r  w ith , th e  
a d m in is tra tio n  o f  p ro s tag lan d in . A nim als show ing h e a t fo llow ing th e  p ro s ta 
g la n d in  in jec tio n  w ere teased  d a ily  a n d  m ated  up o n  s ta n d in g  oestrus.

T o  those m ares th a t  did n o t resp o n d  to  p ro s tag lan d in  w ith in  10 d ay s, 
a lly loestreno l (T ú rin á l 5 m g ta b le ts ,  G. R ich te r, H u n g ary ) w as a d m in is te red  
fo r 12 days a t a dose of 5 m g p e r  100 kg  bo d y  m ass. T h e rea fte r , all t r e a te d  
an im als  w ere checked  tw ice d a ily  fo r h e a t signs and  th e ir  ovaries co n tro lled  
fo r th e  presence o f  follicles b y  re c ta l  p a lp a tio n . F o r in d u c tio n  o f o v u la tio n  
2000 I U  hCG (G onabion , J e n a p h a rm , G D R ) was app lied  in tra m u sc u la r ly  i f  
follicle size exceded  30 m m  in  d ia m e te r . The m ares w ere th e n  m a ted  an d  
checked  fo r re tu rn in g  to  h e a t u n t i l  p reg n an cy  was confirm ed .

F ro m  th e  ju g u la r  vein  o f  som e o f th e  exp erim en ta l an im als blood w as 
co llec ted  in to  hep arin ized  tu b es  a n d  p lasm a sam ples w ere h a rv e s te d  fo r p ro 
geste rone  and  17/?-oestradiol an a ly s is . T hese p lasm a sam ples w ere s to red  a t  
—20 °C u n til  assayed .

P la sm a  17/3-oestradiol was d e te rm in ed  in  th e  C en tra l Iso to p e  L a b o ra to ry  
o f  th e  K M U  L eipzig  by  rad io im m u n o assay  a fte r d ie th y l e th e r  e x tra c tio n . 
T he a n tib o d y  w as ra ised  ag a in s t 17 /?-oestrad io l-6-carboxym ethyloxim e in  r a b 
b its , th e  tra c e r  u sed  was 3H -lab e lled  17/3-oestradiol, an d  th e  b o u n d  an d  th e  
free frac tio n s  w ere sep ara ted  w ith  d e x tran -co a ted  charcoal.

P la sm a  p rogesterone  was a ssa y e d  b y  d irec t m icro p la te  E L IS A  b ased  on  
th e  m e th o d  p u b lished  elsew here (S o lti e t al., 1986). R rie fly , th e  D y n a te c h
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B p la te s  were co a ted  o v e rn ig h t b y  150 /d /w ell d ilu ted  a n tib o d y  raised  in  ra b 
b its  ag a in st lloc-O H -P -H S -B S A  (llo c-hydroxyprogeste rone  h em isu cc in a te - 
b o v in e  serum  a lb u m in ) im m unogen  using  a co a tin g  b u ffe r o f  p H  9.6. A fte r 
w ash ing , 20 /Л s ta n d a rd  o r sam ple an d  150 [A l la -O H -P -H S -h o rse ra d ish  p e r
ox id ase  con jugate  w ere  ad d e d  to  th e  w ells. A fte r in c u b a tin g  th e  p la te  for 1 h 
a t  ro o m  te m p e ra tu re , th e  wells were em p tied  an d  w ashed  3 tim es w ith  0.05% . 
T w een  20 in  P B S , th e n  150 p i H 20 2-o rtb o p h en y len cd iam in e  su b s tra te  so lu tion  
w as added . A fter 15 m in  in  th e  d a rk  a t  room  te m p e ra tu re  th e  reac tio n  was 
s to p p e d  w ith  50 [Л 6N  su lp h u ric  acid an d  th e  abso rbance  m easu red  a t 492 nm .

Results

F igure  1 an d  F ig . 2 show  th e  effect o f  a lly loestreno l t re a tm e n t as re flec ted  
b y  th e  p lasm a p ro g este ro n e  and  oestrad io l profiles. In  th e  case of “ Silke”  and  
“ N elli” th e  p ro g este ro n e  levels rem ained  low  th ro u g h o u t th e  tre a tm e n t, while 
th e  oestrad io l p rofiles in d ic a te  some a n o v u la to ry  fo llicu lar developm ent during  
th e  gestagen  b lockade . A fte r  th e  w ith d raw a l o f th e  a lly loestreno l tab le ts  new  
p re o v u la to ry  o es trad io l pu lses are seen t h a t  are  su p p o rte d  b y  hCG adm in is
tra t io n .

T he m ating  o f  “ S ilke”  (Fig. 1) on  d a y  17 (d ay  0 =  s ta r t  of gestagen 
ad m in is tra tio n ), i.e . 5 d ay s  a fte r w ith d raw a l of th e  ta b le ts  an d  24 h  following 
th e  hCG  a d m in is tra tio n , seem s to  h av e  been  successful as verified  la te r  b y  
re c ta l  p a lpa tion .

Some an im als, su c h  as “ N elli”  (F ig . 2), th a t  fa iled  to  ex h ib it defin ite  
o estro u s signs w ith in  5 d ays a fte r tr e a tm e n t,  m ay  com e in to  h ea t 10-15 days

F ig . 1. E 2 and  P , p ro files o f  “ Silke” who cam e in  h e a t  5 days a f te r  t r e a tm e n t an d  conceived
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P. a p p l . , d

F ig. 2. E 2 an d  P 4 profiles o f “ N elli”  w ho show ed oestrous signs on  d a y  7 a f te r  t r e a tm e n t

la te r . “ N elli” show ed s ta n d in g  h e a t  n e ith e r  im m ed ia te ly  a f te r  th e  gestagen  
t r e a tm e n t  n o r follow ing th e  hCG in jec tio n . T he follicle th a t  could  be p a lp a te d  
on th e  le ft o v a ry  rem ain ed  a n o v u la to ry  a n d  only  on d ay  19, paralle l to  th e  
g ro w th  o f a new  follicle on  th e  r ig h t side, d id  th is  m are show  stan d in g  oestru s  
w ith  o v u la tio n  th a t  re su lte d  in  p reg n an cy .

In  th e  case o f “ D o m än e”  (F ig . 3) th e re  w as also no s ta n d in g  h ea t a f te r  
th e  t r e a tm e n t, th o u g h , a t  le a s t accord ing  to  th e  p lasm a p rogeste rone  pro file , 
a re la tiv e ly  less developed  follicle m ay  h av e  o vu la ted  w ith o u t ex te rn a l signs 
of o estru s . T he su b seq u en t lu te a l phase  w as som ew hat sh o rte n e d  and  led  to

100:

80

о
E
Q.

60 2  
to
0

AO i  

20 T1 ■
0  ~

P. a p p l . , d

Fig. 3. “ D om äne” h a d  fu n c tio n a l corpus lu te u m  a t  th e  s ta r t  of g e stag en  tre a tm e n t t h a t
regressed  th e re a f te r
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P. a p p l . ,  d

Fig. 4. Case h is to ry  o f  “ D enise I I ”  d u rin g  a n d  a fte r th e  a lly loes treno l tre a tm e n t

a spon taneous h e a t on  d a y  33. This w as used  for m a tin g  w hich re su lte d  in 
p reg n an cy .

N eith er “ D o m än e ’1 (Fig- 3) no r “ D enise I I ” (F ig . 4) show ed any  o estrous 
signs a fte r  p ro s ta g la n d in  ad m in is tra tio n . H ow ever, th e y  h ad  a fu n c tio n in g  
co rp u s lu teu m  a t th e  beg inn ing  of a lly loestreno l t r e a tm e n t  w hich reg ressed  
d u rin g  th e  gestagen  b lo ck ad e , as v e rif ied  also b y  th e  p lasm a p rogesterone  
p ro file . “ Denise I I ”  show ed , how ever, a reg u la r  oestrus a f te r  w ith d raw al o f  th e  
a lly loestreno l ta b le ts  a n d  conceived. T h is ind ica tes t h a t  p rogestagen  t r e a tm e n t 
sh o u ld  n o t in e v ita b ly  be preceded b y  lu teo ly tic  p ro s tag lan d in  in jec tio n .

T ab le  I  show s t h a t  th e  oestrus r a te  an d  concep tion  ra te  of m ares th a t  
w ere considered p ro b le m  anim als are  sa tis fac to ry . T w o-th ird s of th e  allyl-

ТаЫе I

O estrus and p re g n an c y  ra tes  of m ares tre a te d  w ith  p ro stag lan d in  or a fte r
gestagen b lockade

Treatm ent

F e rtility
param eters Luteolysis 

w ith  prostaglandin 
n  =  43 (100%)

Gestagen blockade 
w ith  Túrinál 

n  =  29 (100%)

O estrus ra te ,  n  (% ) 33 (76.7)1 25 (86.2)2

Pregnancy  r a te  a fte r  
1st m a tin g , n  (% ) 15 (34.9) 10 (34.5)

Overall p reg n an cy  ra te ,
n ( % ) 18 (41.9) 19 (65.5)

1 93%  in  m ares w ith  corpus lu teum  v erified  by  p lasm a progesterone d e te rm in a tio n ;
2 69%  w ithin 7 d ay s
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o e s tre n o l- tre a te d  m ares becam e p re g n a n t fo llow ing th e  gestagen  t r e a tm e n t ,  
34 .5%  o f th e m  a fte r  th e  f ir s t  m a tin g , w h ich  in  ou r ex p erim en t w as su p e rio r  
to  th e  co n cep tio n  ra te  o f th e  p ro s ta g la n d in - tre a te d  an im als.

Discussion

T he low  p lasm a  p rogesterone  level o f  “ S ilke”  an d  “ N elli” a t  th e  b eg in n in g  
o f  th e  tr e a tm e n t  is in  good ag reem en t w ith  th e  h y p o th esis  o f A llen e t al. (1980) 
who believe th e  absence o f a fu n c tio n in g  co rpus lu te u m  to  be a cause o f  an - 
oestru s in  th e  m are . W hile progesterone  rem a in ed  on th e  baseline level th ro u g h 
ou t th e  g estagen  a d m in is tra tio n , th e  o es trad io l p rofiles in d ica te  som e fo llicu la r 
a c t iv i ty  a lre a d y  d u rin g  th e  tre a tm e n t.

I n  sp ite  o f  th e  fo llicu lar a c tiv ity  d u rin g  gestagen  a d m in is tra tio n , som e 
an im als, e.g. “ N elli”  d id  n o t show  an y  d e fin ite  signs o f  h e a t w ith in  5 day s 
a f te r  th e  cessa tio n  o f th e  tre a tm e n t. T h ey  cam e, how ever, in to  s tan d in g  o es tru s  
10-15 day s la te r , w hich  seem s to  su p p o rt th e  fin d in g s o f S ta b e n fe ld t a n d  
H u g h  es (1987) concern ing  th e  d ev e lo p m en t o f  2 or 3 sets o f  follicles befo re  an  
o v u la tio n  occurs a f te r  th e  tra n s itio n a l p erio d . I n  anoestrous m ares, th e  exoge
nous g estagen  m ay  su b s titu te  th e  ben efic ia l effect o f a n o n -ex isting  co rp u s 
lu te u m  w hich  w ould  induce  th e  L H  surge need ed  fo r fo llicu lar m a tu ra t io n  
a fte r  a n o n -b reed in g  period.

W e fo u n d  th a t  th e  m easuring  of 17/?-oestradiol an d  p rogesterone  levels 
in  th e  p la sm a  is a usefu l to o l for m o n ito rin g  o v a rian  a c tiv ity  even if  i t  is n o t 
accom pan ied  b y  b eh av io u ra l oestrous sy m p to m s. This experience is in  good 
acco rdance  w ith  recen t conclusions of K in g  e t al. (1988) w ho could p re d ic t  
im p en d in g  an o estru s  in  th e  m are from  th e  declin ing  p a t te rn  of d ioestro u s 
p rogeste rone  co n cen tra tio n s . P oo l-A nderson  e t al. (1988) also u sed  ra d io 
im m u n o assay  o f  oestrad io l an d  p ro g este ro n e  fo r m o n ito rin g  th e  en d o crin e  
ev en ts  a fte r  th e  a d m in is tra tio n  of an  exogenous horm one regim en.

T he co rp o ra  lu te a  t h a t  “ D om äne”  a n d  “ D enise I I ”  h a d  a t  th e  b eg in n in g  
o f a lly lo estren o l t re a tm e n t regressed  d u rin g  th e  gestagen  b lockade. I n  v iew  o f 
th is , lu te o ly tic  p re tre a tm e n t is n o t ab so lu te ly  necessary  p rio r to  g es tag en  
a d m in is tra tio n . O n th e  o th e r  h an d , from  a n  econom ic p o in t o f v iew , p re 
t re a tm e n t fo r se lecting  th e  anoestrous m ares w ith  a pers is tin g  corpus lu te u m  
th a t  re sp o n d  w ell to  p ro s tag lan d in  is p re fe rred .

A ccord ing  to  th e  fav o u rab le  overa ll con cep tio n  ra te  o f p rob lem  m ares 
show n in  T ab le  I  th e  gestagen  b lockade ap p lied  in  our t r ia l  seems to  be m ore 
effective th a n  oestru s  in d u c tio n  w ith  lu te o ly tic  ag en ts . M ost o f our a lly loestre - 
n o l- tre a te d  m ares h ad  been  unsuccesfu lly  p re tre a te d  w ith  som e p ro s ta g la n d in  
p re p a ra tio n , th e re b y  th e  oestrus an d  o v u la tio n  th a t  follow ed a lly loestreno l 
a d m in is tra tio n  shou ld  be reg a rd ed  as a consequence  o f th e  su b s titu tio n  e ffec t 
o f th e  gestagen .
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T he g rea t v a r ia b ility  o f th e  h o rm o n a l responses is ch a rac te ris tic  o f  th e  
eq u in e  species. A lth o u g h  our experience concern ing  th e  12-day  a lly loestreno l 
t r e a tm e n t  o f an o estro u s p rob lem  m ares is v e ry  favourab le , th e  tim in g  o f  o v u la 
t io n  shou ld  be im p ro v ed . In  th is  s tu d y  2000 IU  hCG was used  w hich reg im en  
is k n o w n  to  in d u ce  o v u la tio n  b e tw een  24 a n d  48 h  (S u llivan  e t a l., 1973), 
b u t  rep ea ted  a d m in is tra tio n  m ay  lead  to  p ro d u c tio n  o f an tib o d ies  a g a in s t

F ig . 5. Flow  c h a r t  o f th e  th e ra p y  reco m m en d ed  fo r  m ares an o estro u s early  in  th e  b reed in g
season

hC G . O thers, th e re fo re , use new  ap p ro ach es fo r  in d u c tio n  o f o v u la tio n , su ch  as 
c ru d e  horse g o n ad o tro p in  (D ucham p e t a l., 1987) or a sy n th e tic  p ro s ta g la n d in , 
fen p ro s ta len e , d u rin g  oestrus (Savage a n d  L ip tra p , 1987). T hese effo rts show  
t h a t  none o f th e  ab ove-m en tioned  m e th o d s  is reliab le enough in  tim in g  th e  
o v u la tio n .

In  view  o f o u r recen t find ings, th e  fo llow ing th e ra p y  schem e is reco m 
m en d ed  for th e  t r e a tm e n t  o f anoestru s m ares  (F ig . 5). W ith  know ledge o f th e  case 
h is to ry  and  th e  re su lt o f a th o ro u g h  clin ica l ex am in a tio n , su p p o rte d  ev e n tu a lly  
b y  b lood  p ro geste rone  assay , a lu teo ly tic  p ro s ta g la n d in  t re a tm e n t sh o u ld  be 
p erfo rm ed  f irs t. O nly  an im als th a t  fa il to  re sp o n d  w ith  oestru s to  th e  p ro s
ta g la n d in  shou ld  be t r e a te d  w ith  gestagen . A fte r  w ith d raw al of th e  g estagen  an  
o e s tru s  is ex p ec ted  betw een  day  13 a n d  17, therefo re  th e  m are sh o u ld  be 
checked  for h e a t da ily . T hen  2000—3000 IU  hCG is given to  those  m ares th a t  
h a v e  an  o v u la to ry  follicle in  one of th e  o v aries.

The p o ss ib ility  of sho rten ing  th e  r a th e r  long gestagen  t re a tm e n t reg im en  
to  on ly  6 days as well as o f im prov ing  th e  in d u c tio n  o f o v u la tio n  shou ld  be 
c lea red  up  in  la te r  experim en ts.
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A SYNTHETIC,
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PSEUDOMONAS AERUGINOSA

G. S z i t a  an d  G. B iró

D e p artm en t o f Fo o d  H yg iene, U n iv e rs ity  o f V e terin ary  Science,
H-1400 B u d a p es t, P . 0 .  B ox  2, H u n g ary

(R eceived  O c to b er 27, 1989)

Selective an d  d iffe re n tia tin g  m ed ia  consisting  of sim ple chem ical co m p onen ts 
h a v e  been  developed, b o th  in  so lid  a n d  in  liq u id  form , for cu ltu rin g  Pseudom onas 
aeruginosa  from  foodstuffs.

T hese m edia  w ork  on th e  basic  p rin cip le  t h a t  G ram -negative  b a c te r ia  can  u tilize  
a m m o n ia  as ino rgan ic  n itro g e n  source. T his princip le  has a lread y  been u tilized  for 
develop ing  a  cu ltu re  m ed iu m  fo r coliform  b a c te r ia  (Szita  an d  B iró , 1986; S z ita  e t  al., 
1988).

P . aeruginosa  can  p ro d u ce  th e  am m o n ia  needed  for i ts  g ro w th  b y  decom posing 
ace tam id e .

T he liq u id  sy n th e tic  m ed iu m  w as co m p ared  w ith  th e  n itro fu ra n to in  b ro th  an d  
th e  solid one w ith  cetrim ide  a g a r b y  p a ra lle l ino cu la tio n  of 60 ra w  m ilk  sam ples an d  
20 P . aeruginosa  p u re  cu ltu res .

T he m ain  ad v an tag e s  o f th e  sy n th e tic  m ed ia  are th e ir  h igh  se lec tiv ity , h igh  
se n sitiv ity  an d  ra p id ity . O w ing to  th e ir  ad v an tag e o u s  p ro p erties , th e  new  m ed ia  can  
b e  recom m ended  fo r rep lacin g  cetrim id e  a g a r a n d  n itro fu ra n to in  b ro th .

K eyw ords: In h ib ito ry  su b s tan ce , se lective  m edium , sy n th e tic  m ed ium , Pseudo
m onas aeruginosa.
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Pseudom onas aeruginosa  is a u b iq u ito u s  b ac te riu m  species. I t  occurs in  
th e  faeces of an im als, in  feed, d rin k in g  w a te r  and  also in  foodstu ffs . I t  is 
in v o lv e d  in  th e  aetio logy  o f m a s titis . As th e  m icrobiological ex am in a tio n  of 
fo o d stu ffs  o ften  reveals th e  p resence o f P . aeruginosa, th e  perfo rm ance  o f th e  
ap p lie d  cu ltu rin g  m ethod  is o f  g rea t im p o rtan ce .

S ta n d a rd iz e d  m edia (H u n g a ria n  S ta n d a rd  3640/7-80) u sed  fo r cu ltu rin g  
P . aeruginosa  u su a lly  co n ta in  p o te n t in h ib ito ry  substances w hich  n o t on ly  
su p p re ss  th e  com peting  b a c te r ia l flo ra  b u t  ex e rt an  adverse effect on th e  
b a c te r ia  to  be d em o n stra ted , to o . T herefo re , a sy n th e tic  cu ltu re  m ed ium  free 
fro m  in h ib ito ry  substances w as m ade u p  w hich  w orks on th e  p rincip le  th a t  
P. aeruginosa  grows well in  a m ed iu m  c o n ta in in g  am m onia as n itro g en  source 
a n d  glucose as ca rb o n  source (M icroorganism s in  Foods, Vol. 1, 1978; B ergey, 
1974). As m ost b a c te ria  are ab le to  u tilize  glucose, i t  sho idd  be rep laced  w ith  
a c e ta te  w hich on ly  b ac te ria  w ith  o x id a tiv e  p ro p ertie s  can  use u p . To achieve as 
good se lec tive  effect as possib le, we looked  fo r a substance  w h ich  co n ta in ed  
th e se  com pounds in  chem ically  b o u n d  fo rm . A cetam ide w as fo u n d  to  be th e  
s im p le s t such  com pound  w hich  co n ta in s  am m o n ia  and  a c e ta te  in  an  a c id -  
am id e  b o n d . As v e ry  few b a c te r ia  can  sp lit ace tam ide  to  its  co m p o n en ts , for
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m o st b ac te ria  ace ta m id e  is n o t su itab le  as g ro w th  m edium . P . aeruginosa, 
on th e  o th e r h an d , re leases from  ace tam id e  am m onia  a n d  acetic  acid, an d  th u s  
p roduces th e  n u tr ie n ts  needed  fo r its  ow n g ro w th . T h e  w ork ing  princip le  o f th e  
new  sy n th e tic  m ed iu m  is our reco g n itio n  th a t  ace tam id e  in  itse lf  is su ffic ien t 
to  su p p o rt th e  g ro w th  o f  P . aeruginosa. As su lp h u r com pounds are also neces
sa ry  fo r th e  p ro d u c tio n  o f b ac te ria l p ro te in s , th e  m ed ium  should  be su p p le 
m e n te d  w ith  su lp h a te  ions. B ac te ria  need  m a n y  tim es m ore carbon  a to m s th a n  
n itro g e n  for b u ild in g  u p  th e ir  b o d y : th e re fo re , p a r t  o f th e  p roduced  am m onia  
accu m u la tes  an d  th e  p H  sh ifts in  a lka line  d irec tio n . T his p H  sh ift c a n  be 
p re v e n te d  by  a d d in g  p h o sp h a te  bu ffe rs. P o ta ss iu m  ions fac ilita te  p ig m en t 
p ro d u c tio n  (H o rv á th , 1980; K iss, 1974).

Materials and methods

F o r one o f th e  m o st im p o r ta n t b iochem ical id en tif ic a tio n  p rocedures, 
th e  com plete n i t r a te  re d u c tio n  te s t  p o ta ss iu m  n itr a te  w as ad d ed  to  th e  s y n th e t
ic liq u id  m edium  su ita b le  for cu ltu rin g  P . aeruginosa  ( fu rth e r  on re fe rred  to  as 
“ Z b ro th ” ). T h u s, p r im a ry  iso la tion  o f th e  b a c te riu m  from  th e  sam ple an d  
n i t r a te  red u c tio n  m a y  occur a t  th e  sam e tim e , w hich  saves tim e and  m ed iu m  as 
co m p ared  w ith  th e  n itro fu ra n to in  b ro th  specified  in  th e  s ta n d a rd  (H u n g a ria n  
S ta n d a rd  3640/7-80). A t th e  sam e tim e , n i tr a te  red u c tio n  in  th e  sy n th e tic  
m ed iu m  does n o t ta k e  place w ith o u t th e  m ed ia to rs  necessary  for o x id a tio n - 
re d u c tio n  (redox) reac tio n s . In  such  cases, th io su lp h a te  ions or e lem en ta l 
su lp h u r  are su itab le  fo r e lec tron  tra n s fe r  (H o rv á th , 1980). T herefore, th e  m ed i
u m  h a d  to  be su p p le m e n te d  also w ith  one o f th e se  su bstances. T he n itro g en  
p ro d u ced  during  n i t r a te  red u c tio n  w as co llected  in  D u rh a m ’s fe rm e n ta tio n  
tu b e s . W hen u s in g  th e  solid m ed ium , gas p ro d u c tio n  can n o t be d e te c te d ; 
th e re fo re , no n i t r a te  w as added  to  th a t  m ed ium .

Z b ro th  w as com pared  w ith  th e  n itro fu ra n to in  b ro th  b y  th e  M PN  
m e th o d  (H oskins, 1934), using  d ilu tio n s o f P . aeruginosa  s tra in  170001 (10 
sam ples).

T he sy n th e tic  so lid  m ed ium  developed  fo r c u ltu rin g  P . aeruginosa  
( fu r th e r  on te rm e d  “ Z ag a r” ) w as co m p ared  w ith  ce trim ide  agar. C om m on 
a g a r w as used as c o n tro l. D ilu tions o f th e  above te s t  b ac te riu m  s tra in  w ere 
u sed  (10 sam ples).

S ix ty  raw  m ilk  sam ples w ere ta k e n  from  m ilk  coolers a t  da iry  fa rm s an d  
in o cu la ted  onto  Z a g a r  an d  ce trim ide  ag a r to  p e rm it com parison  of th e  m ed ia  
u sin g , in  ad d itio n  to  pu re  b a c te ria l cu ltu res , also te s t  m ateria ls  o f m ixed  
m icro flo ra . The colonies were id en tified  b y  th e  ox idase an d  n itra te  red u c tio n  
te s t  an d  on th e  b as is  o f ox id a tiv e  a n d  fe rm e n ta tiv e  glucose sp littin g , u re a  
sp littin g , and  p ig m e n t p rod u c tio n .
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P a ra lle l in o cu la tio n s w ere used  in  all te s t  series to  d e te rm in e  th e  possib le  
m ethodo log ica l e rro rs o f th e  g iven m e th o d  a n d  to  p e rm it a m a th e m a tic a l-  
s ta t is t ic a l  ev a lu a tio n  (W eber, 1971). I n  th e  f ir s t  step  of th e  b io m etric  ca l
cu la tio n s , th e  m eans an d  s ta n d a rd  d ev ia tio n s  o f  lo g arithm ic  va lu es  o f th e  
p a ra lle l in o cu la tio n s w ere de te rm in ed . S u b seq u en tly  th e  m eans a n d  s ta n d a rd  
d ev ia tio n s  were ad d e d  u p  fo r all te s t  sam ples an d  for all m ed ia  u sed  in  th e  
ex p e rim e n t. The hom o g en eity  o f th e  s ta n d a rd  dev ia tions w as checked  b y  
F isch er’s F  te s t. T h e  significance ca lcu la tio n s w ere done b y  th e  tw o -sam p le  t  

te s t  a n d , a t  a g iven degree o f freedom , th e  re su lts  were co m p ared  w ith  th e  
va lu e  g iven  in  S tu d e n t’s t tab le  a t  a p ro b a b ility  lim it of 95%  (H a jtm a n , 1968; 
H a jtm a n , 1977).

T h e  b iom etric  ca lcu la tions w ere p e rfo rm ed  w ith  an  E N T E R P R IS E  128 
ty p e  co m p u te r.

T o  check th e  se lec tiv ity  o f th e  m ed ia , th e  n itro fu ra n to in  b ro th  a n d  th e  
Z b ro th  w ere in o cu la ted  w ith  p u re  cu ltu res  o f  te s t  bac te ria . T h e  te s t  b a c te r ia  
in c lu d ed  Pseudom onas spp ., b a c te ria  be long ing  to  d ifferen t genera  of th e  
E n te ro b ac te riaceae  fam ily , an d  d iffe ren t G ram -positive species (T able  I I ) .

Results

T h e  m ean lo g arith m ic  v alue  o b ta in e d  fo r n itro fu ra n to in  b ro th  an d  Z 
b ro th  in o cu la ted  w ith  p u re  b a c te ria l cu ltu re s  w as 1.58 an d  1.57, re sp ec tiv e ly  
(F ig. 1). T h e  m ethodo log ical source o f e rro r, o b ta in e d  b y  add ing  u p  th e  s ta n d a rd

F ig. 1. M icrobe coun ts o b ta in e d  in  n itro fu ra n to in  a n d  Z b ro th  in o cu la ted  w ith  d ilu tio n s o f 
th e  b ro th  cu ltu re  o f Pseudom onas aeruginosa  s tra in  170 001
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Table I

Com parison o f Pseudomonas aeruginosa coun ts c u ltu red  fro m  raw  m ilk sam ples 
on cetrim ide ag ar an d  Z ag ar

Sample Cetrimide agar Z agar
no. a b a b

1 1 .78 < 1 . 0 0 1 .0 0 < 1 . 0 0
2 1 .78 2 .2 8 1 .95 1 .84
3 < 1 . 0 0 2 .4 8 < 1 . 0 0 < 1 . 0 0
4 1 .30 < 1 . 0 0 1 .3 0 1.48
5 < 1 . 0 0 < 1 . 0 0 2 .0 0 < 1 . 0 0

6 < 1 . 0 0 < 1 . 0 0 1 .6 0 1.30
7 < 1 . 0 0 < 1 . 0 0 1 .3 0 1 .69
8 < 1 . 0 0 < 1 . 0 0 2 .3 2 2 .20
9 < 1 . 0 0 < 1 . 0 0 2 .2 0 2 .15

10 < 1 . 0 0 < 1 . 0 0 2 .6 0 2 .3 0

11 < 1 . 0 0 < 1 . 0 0 3 .1 7 2 .69
12 < 1 . 0 0 < 1 . 0 0 2 .4 3 1 .84
13 < 1 . 0 0 < 1 . 0 0 2 .6 2 2 .3 4
14 < 1 . 0 0 < 1 . 0 0 2 .8 4 2 .78
15 < 1 . 0 0 < 1 . 0 0 2 .9 0 < 1 . 0 0

16 < 1 . 0 0 < 1 . 0 0 3 .0 6 1 .00
17 < 1 . 0 0 < 1 . 0 0 1 .4 7 2 .50
18 1 .00 1 .0 0 2 .4 8 2 .8 4
19 1 .30 1 .3 0 3 .5 2 3 .43
20 1 .84 1 .95 3 .9 1 3 .91

21 1 .00 1 .7 8 4 .1 3 4 .0 2
22 1 .60 < 1 . 0 0 3 .5 2 3 .72
23 2 .32 1 .0 0 3 .2 3 3 .4 6
24 < 1 . 0 0 2 .11 2 .2 0 1 .90
25 1 .95 < 1 . 0 0 1 .9 5 2 .28

26 < 1 . 0 0 < 1 . 0 0 2 .3 0 2 .30
27 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 2 .48
28 2 .0 4 1 .6 0 2 .5 8 2 .47
29 2 .0 0 2 .2 3 2 .6 2 2.61
30 < 1 . 0 0 < 1 . 0 0 2 .3 0 2 .78

31 < 1 . 0 0 < 1 . 0 0 2 .3 0 3 .0 4
32 1.90 2 .3 4 3 .0 3 2 .94
33 2 .4 6 2 .7 5 2 .7 5 2 .7 9
3 4 < 1 . 0 0 < 1 . 0 0 2 .4 8 2 .8 4
35 < 1 . 0 0 < 1 . 0 0 2 .4 8 2 .84

36 < 1 . 0 0 1 .0 0 2 .2 5 1.95
37 < 1 . 0 0 1 .60 1 .9 0 2 .17
3 8 < 1 . 0 0 < 1 . 0 0 2 .0 0 2 .30
3 9 1.00 < 1 . 0 0 < 1 . 0 0 < 1 .0 0
4 0 < 1 . 0 0 < 1 . 0 0 1 .0 0 1.30

41 < 1 . 0 0 < 1 . 0 0 1 .0 0 < 1 . 0 0
4 2 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 2 .00
4 3 < 1 . 0 0 < 1 . 0 0 1 .0 0 1.00
4 4 < 1 . 0 0 < 1 . 0 0 1 .6 0 1.69
4 5 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 2 .00
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Table I continued

Sample Cetrimide agar Z agar
no.

a b a b

46 < 1 . 0 0 1 .0 0 1 .60 1 .8 4
47 < 1 . 0 0 < 1 . 0 0 1 .48 1 .4 8
48 < 1 . 0 0 < 1 . 0 0 1 .00 1 .0 0
49 < 1 . 0 0 < 1 . 0 0 1 .69 1 .6 0
50 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 1 .6 9

51 < 1 . 0 0 < 1 . 0 0 1 .00 < 1 . 0 0
52 < 1 . 0 0 < 1 . 3 0 1 .30 1 .48
53 1 .00 < 1 . 0 0 1 .00 < 1 . 0 0
54 < 1 . 0 0 < 1 . 0 0 1 .00 1 .0 0
55 1 .0 0 < 1 . 0 0 1 .00 1 .3 0

56 < 1 . 0 0 1 .0 0 1 .00 1 .3 0
57 < 1 . 0 0 < 1 . 0 0 1 .00 < 1 . 0 0
58 < 1 . 0 0 < 1 . 0 0 1 .00 < 1 . 0 0
59 < 1 . 0 0 < 1 . 0 0 1 .30 1 .0 0
60 < 1 . 0 0 < 1 . 0 0 1 .0 0 < 1 . 0 0

d ev ia tio n s of th e  p a ra lle l in o cu la tio n s , was 0.220 a n d  0.390, respective ly . 
The F  v a lu e  ca lcu la ted  from  th e  fo rm er was 3.14, low er th a n  th e  value  given 
in  th e  ta b le  (3.18); th u s , th e  s ta n d a rd  deviations can  he  considered  hom ogene-

ТаЫе II

Comparison of the nitrofurantoin broth and the synthetic (Z) broth 
after inoculation with test bacteria

Test bacterium N itrofurantoin
broth Z broth

Pseudomonas aeruginosa + +
Pseudomonas acidovorans — —
Pseudomonas cepacia — —
Pseudomonas mendocina + —

Pseudomonas putrefaciens — —
Pseudomonas p u tid a —
Pseudomonas testosteroni — —
Pseudomonas maltophilia — —
Pseudomonas d im inu ta — —

Bacillus cereus _ —

Staphylococcus aureus — —

Micrococcus luteus — —

Escherichia coli _ _
Enterobacterium aerogenes — —
Klebsiella pneum oniae — —
Citrobacter fre u n d ii — —

Salmonella enteritidis _ _
Proteus vulgaris — —

Y ersin ia  enterocolitica — —
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F ig . 2. Microbe coun ts o b ta in e d  on ce trim ide  ag ar, Z agar and  com m on a g a r  in o cu la ted  w ith 
d ilutions o f th e  b ro th  cu ltu re  o f  P seudom onas aeruginosa  s t r a in  170 001

o u s . T he t value c a lc u la ted  from  th e  d a ta  w as 0.068: th is  va lu e  is low er th a n  the  
lo w est value given in  S tu d e n t’s ta b le : th e re fo re , th e  difference is n o t significant.

The pooled lo g a rith m ic  m ean  v a lu e  o b ta in ed  for p u re  c u ltu re s  inocu lated  
o n to  cetrim ide ag a r, Z ag a r an d  com m on  ag ar was 1.73, 4.61 a n d  4.52, respec
t iv e ly .  The resu lts  a re  show n in  F ig . 2. B etw een  th e  re su lts  o b ta in ed  on 
c e tr im id e  agar an d  Z ag a r th e re  w as a difference o f n e a rly  th re e  orders of 
m a g n itu d e ; th e re fo re , in  th a t  case th e re  was no need  fo r th e  s ta tis tica l 
v e rif ic a tio n  of sign ificance . W hen  co m p arin g  Z agar an d  com m on  agar, the 
c a lc u la ted  s ta tis tic a l t v a lu e  was 0.43 a n d  th e  tab le  va lue  w as 2 .36: th u s , the 
d ifference  was n o t s ig n ifican t.

T he logarithm ic  va lu es  o b ta in e d  fo r th e  raw  m ilk  sam p les  are  show n in 
T a b le  I.

T he lo g arithm ic  m ean  va lu e  o b ta in e d  for ce trim ide  a g a r  an d  Z agar 
in o c u la te d  w ith  ra w  m ilk  sam ples w as 1.79 an d  3.03, re sp e c tiv e ly  (Fig. 3). 
T h e  m ethodological source o f e rro r  w as 0.396 an d  0.108, a n d  th e  F  value 
co n sid e rab ly  exceeded  th e  tab le  v a lu e  (13.35 vs. 1.84), in d ic a tin g  th a t  the  
s ta n d a rd  deviations w ere  n o t hom ogeneous. In  th a t  case th e  d  te s t  had  to  be 
u se d  in stead  of th e  tw o -sam p le  t te s t .  T he re su lt (9.49) m a rk e d ly  exceeded
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Fig. 3. Pseudomonas aeruginosa  co u n ts  cu ltu red  from  raw  m ilk  sam ples on cetrim ide  agar a n d
Z agar

th e  co rrespond ing  v a lu e  in  S tu d e n t’s t tab le , su ggesting  a h igh ly  sign ifican t 
difference.

O f Pseudom onas  b a c te r ia  in o cu la ted  in to  n itro fu ra n to in  b ro th , b o th  
P . aeruginosa  an d  P . m endocina  grew  well, w hereas in  th e  Z b ro th  th e  la t te r  
b ac te riu m  failed  to  grow  (T able I I ) .

Conclusions

T he ca lcu la tio n s show ed no difference in  s e n s itiv ity  betw een  th e  n itro 
fu ran to in  b ro th  a n d  th e  Z b ro th . A t th e  sam e tim e , th e  sy n th e tic  b ro th  d irec tly  
in d ica tes  th e  b iochem ical p ro p ertie s  m ost im p o r ta n t  fo r b ac te riu m  id e n tif ic a 
tion . B esides th e  co m p le te  n itra te  red u c tio n , th e  m ed iu m  ind ica tes fluorescein  
p ig m en t p ro d u c tio n . T here  is no need for th e  ox idase  te s t  e ither, as on ly  
b ac te ria  o f o x id a tiv e  p ro p e rtie s  can  u tilize  a c e ta te  as ca rb o n  source.

A considerab le  difference w as dem o n strab le  be tw een  th e  ce trim ide  ag ar 
an d  Z ag ar in  fa v o u r  o f  th e  la t te r .  M ore colonies grew  o u t on Z agar th a n  on 
com m on ag ar; th is  d ifference, how ever, was n o t  s ta tis tic a lly  sign ifican t.
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Z ag ar was s ig n if ic a n tly  b e tte r  th a n  ce trim ide  agar also w h en  raw  m ilk  
sa m p le s  were exam in ed . T he s ta n d a rd  d ev ia tio n  o f th e  re su lts  o b ta in e d  on 
c e tr im id e  agar was h ig h e r.

T h e  p lates w ere ex am in ed  in  u ltra v io le t  lig h t to  d em o n stra te  fluorescence 
o f  th e  colonies. B y th is  m e th o d  th e  colonies can  be d e m o n s tra te d  r a th e r  ea rly , 
as flu o resce in  diffuses in to  th e  m ed iu m  in  an  area  m uch  la rg e r th a n  th e  colonies.

T h e  m ain a d v a n ta g e s  of c u ltu r in g  P . aeruginosa  in  sy n th e tic  m ed ia  are  as 
fo llow :

1. S yn thetic  m ed ia  do n o t c o n ta in  in h ib ito ry  substances an d , th e re fo re , 
h a v e  h ig h er sen s itiv ity .

2. U sing sy n th e tic  m edia, th e  m o st im p o r ta n t b iochem ical reac tio n s 
(n i t r a te  reduction , o x id ase  reac tio n  a n d  p ig m en t p roduc tion ) se rv in g  fo r th e  
id e n tif ic a tio n  of P . aeruginosa  can  be re a d  an d  ev a lu a ted  d irec tly , w h ich  saves 
t im e  a n d  m edium .

3. T he m edium  consists  of sim ple , chem ically  w ell defined  com ponen ts 
a n d , th u s ,  is of s ta n d a rd  q u a lity .

4. T he sy n th e tic  m ed iu m  can  be  s to re d  for a long  tim e  as its  com ponen ts 
are  n o t  labile and  e n ric h m e n t o f in h ib ito ry  substances need n o t be reckoned  
w ith .

6. T he sy n th e tic  m ed iu m  can  be  p ro d u ced  a t  a low  cost.
7. I t  can be p ro d u c e d  also in  p o w d er form .
O w ing to  th ese  ad v a n ta g e s , th e  new  sy n th e tic  m edia describ ed  in  th is  

p a p e r  w ould  be h ig h ly  su itab le  fo r use  in  food m icrobiology. T h e ir in d u s tr ia l-  
sca le  p ro d u c tio n  w ould  be possible, to o .
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GAS CHROMATOGRAPHIC CHARACTERIZATION 
OF THE RELATIONSHIP BETWEEN 

SOME MYCOBACTERIUM AVIUM  AND 
MYCOBACTERIUM PARATUBERCULOSIS STRAINS

B . K örm endy1, S. J uhász2 and G. Lőrincz3

1C en tra l V e te r in a ry  In s ti tu te , V e te rin a ry  a n d  F ood  In sp ec tio n  Service, H-1581 B u d a p e s t, 
P . O. B ox  2, H u n g a ry ; 2V eterin ary  M edical R esearch  In s t i tu te ,  H u n g a rian  A cad em y  of 
Sciences, B u d a p e s t, H u n g a ry ; an d  C o m p u tin g  L ab o ra to ry  of th e  H u n g a rian  N a tu ra l  H is to ry

M useum , B u d a p es t, H u n g ary

(R eceived  J u n e  5, 1989)

M ycobacterium  avium  s tra in  P -55 a n d  M . a v ium  s tra in  D E N T  d iffe r from  
M . a v iu m  s tra in  16909-338 on th e  basis o f th e ir  f a t ty  acid  sp ec tra  (C14:0, C18:0 an d  
tu b e rc u lo s tea ric  [TBS] acids) s tu d ied  b y  m u ltiv a r ia te  s ta tis tic a l analyses. S tra in s  P-55 
a n d  D E N T  are  closer to  M . paratuberculosis  s tra in  5889 th a n  to  M . a v iu m  s t r a in  
16909-338, a find ing  w hich is in  h a rm o n y  w ith  earlier im m unolog ical o b se rv a tio n s . 
T he re ce n tly  iso la ted  M . paratuberculosis s tra in  385 has p ro v ed  d ifferen t fro m  M . p a ra 
tuberculosis s tra in  5889.

K eyw ords: Gas ch ro m a to g rap h y , ch arac te riza tio n , M ycobacterium  a v iu m , M yco
bacterium  paratuberculosis.

T he d iffe ren tia tio n  of M ycobacterium  avium  an d  M . paratuberculosis 
s tra in s  is b a sed  u p o n  m ycobac tin  d ependence  (C hiodini, 1986; T hoen , p e rso n a l 
co m m u n ica tio n ; T horel, 1984). I n  b iochem ical p ro p ertie s  th e re  is h a rd ly  a n y  
difference b e tw een  M . paratuberculosis a n d  M . avium  s tra in s , ex cep t th e  h y d ro 
lysis o f T w een 80 an d  th e  presence o f  acid ic  p h o sp h a tase  in  som e s tra in s  (T horel 
a n d  V a le tte , 1976), an d  generally  th e y  are n o t d istingu ishab le  even  in  an im a l 
ex p e rim en ts  (A ndersen  e t ah , 1982; K ö rm e n d y  e t ah , 1986).

T he com plem en t fix a tio n  te s ts  b e tw een  im m une sera  p ro d u ced  a g a in s t 
M . a v iu m  s tra in s  (Shaefer’s m eth o d ) a n d  p a ra tu b ercu lo s is  an tig en s show ed 
th a t  P-55 an d  D E N T  an tise ra  gave cross reac tio n s o f  h igh  t i t r e  (K ö rm en d y  e t 
ah , 1984).

T he a im  o f o u r in v es tig a tio n  w as to  get to  know  w h e th e r th e  s im ila rity  o f 
s tra in s  P -55 a n d  D E N T  to  M . paratuberculosis  w as m an ifested  also in  th e  f a t ty  
acid  co m position . T he fa t ty  acid p ro files o f  whole cells co rrespond  to  th e  genetic  
in fo rm a tio n  co n ta in ed  in  th e  ch rom osom e. T he gas ch ro m ato g rap h ic  (GC) 
analysis  o f  m y co b ac te ria l f a t ty  acids is a usefu l m e th o d  fo r tax o n o m ic  s tu d ies  
an d  ro u tin e  d iffe ren tia l diagnosis (D affé  e t ah , 1983; L arsson , 1983; O hash i 
e t ah , 1977; T h o en  e t ah , 1971; T isd a ll e t  ah , 1979).
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Materials and m ethods

S tra in s

T he follow ing s tra in s  were u sed : M ycobacterium  avium  16909-338 ATCC 
(M . avium  16909-338); M . avium  P -55 ATCC (P -55); M . avium  D E N T  ATCC 
(D E N T ); M . paratuberculosis  5889 P ra h a , B ergey  1923 (PT B C  5889); M . para- 
tuberculosis 385, iso la te d  from  c a ttle , p r im a ry  cu ltu re  on H ero ld ’s m edium  
(P T B C  385).

C ultivation

T he s tra in s  w ere  cu ltiv a ted  on H e ro ld ’s m ed iu m  co n ta in in g  2 m g/1000 m l 
m y co b ac tin , a t  37 °C. T he cells w ere co llec ted  a f te r  3 w eeks, ex cep t PT B C  385 
w h ich  requ ired  8 w eeks cu ltiv a tio n  tim e . F o u r  in o cu la tions w ere m ade from  
ea c h  s tra in . T he cells w ere h a rv e s te d  b y  g en tly  scrap ing  th e  surface o f th e  
m ed iu m  w ith  a 4 -m m  in cu b a tin g  loop.

Sapon ifica tion , m éthylation

M iller‘s m e th o d  (M iller, 1984) w as u sed  w ith  slig h t m odifica tions.
T he cells w ere  suspended  in  1.0 m l o f  1.2 M N aO H  in  5 0%  aqueous 

m e th a n o l so lu tion  in  a 100 m m X l 3  m m  screw  cap  te s t  tu b e . T he tu b es w ere 
sea led  tig h tly  a n d  th e n  placed in  a bo iling  w a te r -b a th . A fte r 30 m in  th e  tu b es  
w ere  rem oved fro m  th e  w a te r-b a th  a n d  cooled to  room  te m p e ra tu re . T he 
sap o n ifica te  was ac id ified  w ith  0.5 m l o f  6 M HC1 (p H  <  2). One m l o f 14%  
b o ro n  trifluo ride  in  m eth an o l re a g e n t (M erck) w as added  an d  th e  tig h tly  
sea led  tu b es w ere h e a te d  in  a w a te r -b a th  a t  85 °C. A fte r 5 m in  th e  tu b es  w ere 
rem o v ed  and  cooled  to  room  te m p e ra tu re . T h e  f a t ty  acid  m e th y l esters w ere 
e x tra c te d  w ith  1.0 m l hexane : d ie th y l e th e r  (1 : 1) fo r 3 m in. T he acid ified  
aq u eo u s (bo ttom ) p h a se  was d isca rd ed  a n d  3 m l o f 0.3 M N aO H  so lu tion  was 
a d d e d  to  the  o rg an ic  e x tra c t. A fte r m ix ing , th e  to p  (organic) phase  w as used  
fo r GC analysis.

Gas chromatography

A  H e w le tt-P a c k a rd  gas c h ro m a to g ra p h  (m odel 5890 A) equ ip p ed  w ith  
f la m e  ion iza tion  d e te c to r  and  H P  3390 A  in te g ra to r  w as u sed  in  all ex p eri
m e n ts . In jec tio n  o f  th e  fa t ty  acid m e th y l e s te r  so lu tio n  w as perfo rm ed  splitless 
o n to  a H P-1 c o lu m n  (M ethyl Silicone G um , 5 m X  0 .5 m m X 2.65 p,m film  
th ick n ess). N itro g e n  w as used as c a rr ie r  gas. In je c to r  te m p e ra tu re  was 250 °C 
a n d  d e tec to r te m p e ra tu re  was 300 °C. C olum n te m p e ra tu re  w as p ro g ram m ed  
fro m  120 to  256 °C, w ith  a te m p e ra tu re  increase  o f  8 °C p er m in.
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E v a lu a tio n  o f th e  ch ro m ato g ram s w as done from  th e  d a ta  of seven  m ain  
peaks. E a c h  va lu e  rep resen ts th e  m ean  o f tw o analyses. F a t ty  acids w ere 
id e n tif ie d  b y  com parison  w ith  re te n tio n  tim es  o f a know n s ta n d a rd  c o n ta in in g  
s a tu ra te d  a n d  u n sa tu ra te d  fa t ty  acids (Supelco B ac te ria l A cid M ethy l E s te r  
M ix tu re , 4-5436). T he id en tif ic a tio n  o f un k n o w n  f a t ty  acids for w hich  no 
s ta n d a rd  w as av a ilab le  was based  on  th e  ca lcu la tio n  o f th e  eq u iv a len t c h a in  
len g th  (EC L) d a ta , according to  M iller a n d  B erger (1985).

D ata processing

C luste r analyses were co m p u ted  using  single linkage, com plete lin k ag e  
an d  u n w e ig h ted  group  average a m a lg a m a tio n  m ethods (H a rtig a n , 1975). 
To e lim in a te  th e  m u tu a l co rre la tions o f th e  v ariab les a p rin c ip a l co m p o n en t 
analysis  (PCA ) w as applied  (M ardia e t  a l., 1979).

S ta tis t ic a l  analyses were done u s in g  SP S S -(-p rogram  package re n te d  
from  th e  P ro g ra m  L ib ra ry  of th e  H u n g a ria n  A cadem y o f Sciences.

R esults an d  discussion

T h e  f a t ty  ac id  sp ec tra  o f th e  in v e s tig a te d  s tra in s  w ere q u a lita tiv e ly  
s im ila r to  one an o th e r. H ow ever, th e  p e rc e n tu a l d is tr ib u tio n  o f th e  f a t ty  
acids w as d iffe ren t (Table I).

F ir s t  o f  all, c lu ste r analysis, a m e th o d  o ften  used  in  num erica l ta x o n o m y , 
w as u sed  to  ge t a raw  general p ic tu re  (F ig . 1). Two m ain  clusters w ere fo u n d . 
T he f ir s t  one includes s tra in s D E N T , P-55 an d  PTB C  5889, while th e  second

Table I

C om parison of th e  percentage of f a t ty  acids in  five M ycobacterium  s tra ins

Carbon no. and 
no . o f C—C 

double bounds

M. av. 16909-338 P --55 DEN T PTBC 5889 PTBC 385

Mean 
per cent SD

Mean 
per cent SD

Mean 
per cent SD

Mean 
per cent SD

Mean 
per cent SD

14:0 3.09 1.00 3.10 0.45 5.83 0.45 4.68 0.48 0.79 0.31
16:1 4.07 1.60 7.29 0.91 5.88 0.36 3.40 0.26 2.15 1.02
16:0 33.75 3.44 35.02 2.79 37.51 1.73 39.58 1.49 36.85 4.21
17B* 5.94 1.32 5.30 1.38 5.30 0.84 8.45 1.73 4.01 1.34
18:1 26.86 3.25 17.21 2.17 16.31 0.74 11.05 0.60 30.87 4.81
18:0 12.92 3.36 4.66 2.10 7.97 0.83 2.90 1.96 21.28 2.68
TBS** 13.37 2.11 27.42 4.18 21.20 0.61 29.94 1.97 4.06 0.85

* Id e n tif ied  b y  E C L values as a sa tu ra te d  b ranched-chain  f a t ty  acid  of 17 carbon  a tom s 
** Id e n tif ied  b y  ECL values as tu b ercu lo s tea ric  acid 
SD : s ta n d a rd  deviation
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F ig . 1. C luster a n a ly s is  o f sam ples co m p u ted  b y  com ple te  linkage am alg am atio n  m eth o d

one co n ta in s  M . a v iu m  s tra in  16909-338 a n d  PT B C  s tra in  385. A t low er level 
th e  f i r s t  m ain  c lu s te r  c an  be d iv ided  in to  tw o  sm aller ones: a t  th is  level D E N T  
se p a ra te s  co m ple te ly  from  PTBC 5889, b u t  P-55 rem ains p a r t ly  w ith  D E N T , 
p a r t ly  w ith  PTB C  5889 an d  does n o t fo rm  a n  in d ep en d en t c lu ste r even a t  low er 
lev e l. T he second m a in  c lu ster sep a ra te s  a t  low er level in to  sm aller c lu ste rs , 
i.e . M . avium  16909-338 and  PTB C  385.

U sing PCA , th e  f irs t  tw o fac to rs  cu m u la tiv e ly  inc luded  77 .9%  o f th e  
o rig in a l v ariance  a n d  th e  f irs t th re e  ones in c lu d ed  90 .8% . So one m ay  say  
t h a t  th e  seven f a t ty  acids are in fluenced  b y  tw o or th ree  back g ro u n d  fac to rs . 
O n th e  basis o f th e  fa c to r  scores f a t ty  ac id  18 : 1 an d  18 : 0 form  a co m p ac t 
g ro u p , and  14 : 0 a n d  tu b ercu lo s tea ric  (TBS) ac id  form  a n o th e r, slacker g roup  
w h ich  is th e  s te m  o f  a m ore loose g roup  in v o lv in g  successively th e  17B an d  
16 : 1 f a t ty  acids. I f  w e p lo t th e  sam ples b y  th e ir  fac to r va lues, we get a v e ry
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F ig . 2. S tra in s  sc a tte r-p lo tte d  b y  th e  f ir s t  a n d  second facto rs. T hese tw o  fa c to rs  co n ta in  77 .9%
o f th e  o rig ina l variance

conv incing  p ic tu re  (F ig. 2). T h e  s tra in s  form  n o n -o v erlap p in g  groups. In  
c o n tra s t  w ith  th e  re su lts  o f th e  c lu s te r analysis even P-55 fo rm s an  in d ep en d en t 
g roup , be ing  com pletely  se p a ra te d  from  b o th  s tra in s  D E N T  a n d  PTB C  5889.

T he f a t ty  acids of M . paratuberculosis  s tra in s  w ere s tu d ie d  b y  A ndersen  
e t  al. (1982). T hese s tra in s  h a d  been  iso la ted  from  goats a n d  sheep an d  m a in 
ta in e d  on  M iddlebrook’s 7H 10 m ed ium . T heir p u b lica tio n  does n o t in fo rm  
us o f s tra in s  iso la ted  from  c a ttle . T he f a t ty  acid com position  o f  th e  M . p a ra 
tuberculosis s tra in  iso la ted  fro m  goats co n ta in ed  14 : 1, 10-M E-16 : 0 an d  tw o 
u n id e n tif ie d  c o n stitu en ts  e lu tin g  in  f ro n t o f 18 : 1, b u t  from  th e  M . avium -like  
s tra in  of sheep  origin th e  14 : 1 c o n s titu e n t w as m issing. T h e y  fo u n d  d iffe ren t 
long -chain  f a t ty  acids th o u g h  in  v e ry  low q u an titie s . O ur re su lts  are co n sis ten t 
w ith  th is .

C hiodini an d  K ru in in g en  (1985) an a ly sed  th e  ce llu lar f a t ty  acid  com posi
tio n  o f M . paratuberculosis o f  bov ine  o rig in . H ow ever, th e y  c u ltu re d  th e  s tra in  
o n  H ero ld ’s egg yolk  m ed ium . T h ey  fo rm ed  th e  opinion th a t  th e  v a r ia b ility  in  
c h ro m a to g rap h ic  peaks w ith in  th e  sam e M ycobacterium  spp . m ig h t re flec t 
d ifferences in  th e  len g th  o f  in c u b a tio n  (d eg rad a tio n  o f  d ead  o rganism s), 
th e  m y co b ac te ria l s tra in  a n d  th e  g ro w th  m edium . T hey  d id  n o t f in d  differences
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am o n g  s tra in s  of b o v in e , cap rine  an d  ovine origin an d  d id  n o t  s tu d y  th e  age o f  
th e  s tra in s . T hey  e s ta b lish e d  th a t  th e  ch ro m ato g ram s o f M . paratuberculosis 
co n ta in ed  34 of 41 p eak s  o f w hich  12 peaks w ere in co n sis ten tly  p re sen t.

As opposed to  C h iodin i’s s tu d y  (Chiodini, 1986), we iso la ted  M . p a ra 
tuberculosis o f S co lo n y  m orpho logy  in  p rim ary  c u ltu re . T his iso late m ay  
change in to  a s tra in  o f  R  colony m orpho logy  d u ring  m a in ten an ce .

D am ato  e t al. (1987) e s tab lished  th a t  th e  f a t ty  ac id  sp ec tra  o f th e  36 
M . paratuberculosis iso la te s  co n ta in  f a t ty  acid 14 : A , an d  th is  frac tio n  is 
m issing  from  M . a v iu m —M . avium -intracellulare  o rgan ism s. In  co n tra s t to  o u r 
in v es tig a tio n , th e y  c u ltu re d  th e  organism s in  M idd lebrook  7H12 b ro th . 
W e d id  n o t fin d  th e  14 : A p eak  in  o u r ch ro m ato g ram s in  a q u a n tity  su ffic ien t 
fo r m a th em a tica l e v a lu a tio n .

S axegaard  a n d  B aess (1988) es tab lish ed  b y  D N A -D N A  h y b rid iza tio n  
th a t  th e re  is only m a rg in a l genetic  difference betw een  M . avium  and  M . p a ra 
tuberculosis. H ow ever, th e  la t te r  a u th o rs  exam ined  M . paratuberculosis a n d  
M . avium  reference s tra in s  an d  w ood p igeon s tra in s  on ly . F u r th e r  taxo n o m ic  
s tu d ies  w ould be n eed ed .

I t  is rem ark ab le  t h a t  th e  tw o P T B C  s tra in s  co n sid e rab ly  differ from  one 
a n o th e r . This d ifference m a y  he due to  th e  d ifferen t c u ltiv a tio n  tim es (PTB C  
385 w as a p rim ary  c u ltu re  w ith  a longer cu ltiv a tio n  tim e , in  c o n tra s t to  th e  
m useum  su b cu ltu re , P T B C  5889). V aria tio n s in  in c u b a tio n  tim e  did  n o t a ffec t 
th e  f a t ty  acid sp ec tru m  o f M . kansasi (S ax eg aard  an d  B aess, 1988), M . chelonei, 
M . fo r tu itu m  an d  M . sm egm atis (L arsson  e t ah , 1985). M . paratuberculosis 
s tra in s  have n o t y e t b e e n  stu d ied . Supposing  th a t  th e ir  c u ltiv a tio n  b eh av io u r is 
s im ila r, th e  difference be tw een  th e  f a t ty  ac id  sp ec tru m  o f PT B C  5889 an d  th a t  
o f P T B C  385 is due to  changes o f th e  PT B C  s tra in s  d u rin g  m ain ten an ce .

T he resu lts o f  m u ltiv a r ia te  s ta tis t ic a l  analyses show  th a t  b o th  P-55 an d  
D E N T  separa te  from  M . avium  16909-338. P-55 and  D E N T  are  s itu a te d  n ea re r  
to  P T B C  5889 th a n  to  M . avium  16909-338. These re su lts  are  in  good co rre la tio n  
w ith  th e  observations o f  K ö rm en d y  e t al. (1984), n am ely , t h a t  th e  im m uno log i
ca l b eh av io u r of P -55 a n d  D E N T  differs from  th a t  o f  o th e r  M . avium  s tra in s  
a n d  show s a s im ila rity  to  PTB C  5889.
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IMMUNOPATHOLOGICAL CHANGES IN MICE 
CAUSED BY BORDETELLA BRONCHISEPTICA AND 

PASTEURELLA MULTOCIDA

T. Mag yar1 and R. Glavits2

V e te r in a ry  M edical R esearch  In s t i tu te  o f  th e  H u n g a rian  A cad em y  of Sciences, H -1 5 8 I 
B u d a p es t, P . O. B o x  18; a n d  “C entra l V e te rin a ry  In s t i tu te ,  H -1149 B u d a p es t, T áb o rn o k  u . 2,

H u n g a ry

(R eceived N o v em b er 22, 1989)

T he im m u n o p a th o lo g ica l changes in d u ced  b y  tox igen ic  Pasteurella m últoddá , 
to x igen ic  p h ase  I  Bordetella bronchiseptica  an d  i ts  ph ase  I I I  v a r ia n t  w ere s tu d ied . 
F o u r g roups o f m ice, each  co n ta in in g  21 an im als, w ere in o cu la te d  in trav en o u s ly  w ith  
su b le th a l doses o f B . bronchiseptica as follow s: g roup  1: ph ase  I  to x igen ic  B . bronchi
septica  w hole-cell suspension (W CS); g roup  2: ph ase  I I I  B . bronchiseptica  W CS; group  3: 
ph ase  I  B . bronchiseptica  son icated  e x tra c t  (SE ); a n d  group  4: ph ase  I I I  B . bronchi
septica  SE . T h e  f i f th  group  rece ived  SE  of tox igen ic  P. m últoddá . L y m p h a tic  o rgans, 
lungs, livers a n d  te s te s  from  th re e  m ice p e r group  w ere ex am ined  h isto log ically  on ev ery  
second d a y  of a  tw o-w eek period.

In  th e  sp leen  of m ice, w here th e  so-called lien o to x ic  effect m an ifested  its e lf  
(groups 1, 3, 4 a n d  5), th e  p ercen tile  p ro p o rtio n  of ly m p h o b la s ts  sig n ifican tly  decreased  
in  b o th  th e  В a n d  th e  T  cell d ep en d en t areas. T he ly m p h  nodes also show ed a red u ctio n  
in  th e  n u m b er o f  ly m p h o b lasts. T he re d u c tio n  in  sp leen  m ass w as p a r tly  a ttr ib u ta b le  
to  a d ra s tic  decrease  in  th e  n u m b er o f  m eg ak ary o cy tes  a n d  of b la s t  cells p a rtic ip a tin g  
in  physio logical e x tra m e d u lla ry  h aem atopo iesis in  th e  red  pu lp .

O pposite  changes were d em o n s trab le  in  group  2 th e  m ice o f w hich  show ed splenic 
h y p e rtro p h y .

K eyw ords: Im m u n o p a th o lo g ica l changes, Pasteurella m ú ltoddá , Bordetella
bronchiseptica, m ice.

Bordetella bronchiseptica  an d  Pasteurella m ú lto d d á  are invo lved  in  th e  
ae tio logy  o f  a tro p h ic  rh in itis  (A R ) o f sw ine (P ed ersen  an d  R arfod , 1981; 
R u t te r  an d  R o jas , 1982). R o th  species p roduce  a to x ic  su b stan ce  w hich seem s 
to  h av e  a c ru c ia l ro le  in  th e  p athogenesis  o f A R  ( I l’in a  an d  Z asukh in , 1975; 
P ed ersen  an d  B arfo d , 1981; R u t te r  an d  R o jas , 1982; C h an te r e t ah , 1986; 
M agyar e t ah , 1988). T hese to x in s  are  h e a t lab ile  an d  th e y  h av e  a n u m b er of 
s im ila r bio logical a c tiv itie s . T hey  are  le th a l in  m ice (R u tte r , 1983; Collings an d  
R u tte r ,  1985), c y to to x ic  to  em bryon ic  bovine lu n g  (E B L ) cells (R u tte r  an d  
L u th e r , 1984; Collings an d  R u tte r , 1985), an d  cause derm onecrosis in  th e  guinea 
p ig  sk in  te s t  (de J o n g  e t ah , 1980). F u rth e rm o re , th e y  show  lien o to x ic ity  in  
in tra v e n o u s ly  in o c u la te d  mice (K rü g er a n d  H o rsch , 1982; M agyar, 1989). 
A lth o u g h  som e asp ec ts  o f th is  p h enom enon  h av e  re c e n tly  been  in v es tig a ted  
(M agyar, 1989 a n d  1990), ou r know ledge o f th e  h isto p a th o lo g ica l lesions caused  
b y  these  organ ism s in  m ice is ra th e r  lim ited .
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T he aim  of th e  p re se n t s tu d y  w as (i) to  in v es tig a te  an d  com pare th e  
im m u n o p a th o lo g ica l changes caused  b y  tox igen ic  P . m ú ltoddá , tox igen ic  phase I 
B . bronchiseptica a n d  its  phase I I I  v a r ia n t , and  (ii) to  gain  d a ta  ab o u t th e  
p a th o g en esis  of these  changes.

M ice

M aterials and methods

In b re d  albino m ice o f s tra in  C F L P  (L A T I, Gödöllő) o f b o th  sexes, 16-18 g 
in  b o d y  m ass, were used .

B acteria l strains

B . bronchiseptica C F w as iso la ted  in  a pig herd  w ith  clinical signs o f A R . 
T h is  s tra in  was h aem o ly tic , p ro d u ced  bovine h aem ag g lu tin in  (Sem jén  and  
M a g y a r, 1985) an d  a d e n y la te  cyclase enzym e, an d  its  cell-free son ica ted  
e x t r a c t  w as cy to to x ic  to  E B L  cells so i t  w as regarded  as a tox igen ic  phase I  
s t r a in .  B . bronchiseptica CFp61 w as a ph ase  I I I  v a r ia n t o f s tra in  CF o b ta in ed  
b y  re p e a te d  su b cu ltu rin g  on M acC onkey ag ar p la tes. I t  h a d  lo st its  haem olysin , 
b o v in e  haem ag g lu tin in  an d  ad en y la te  cyclase enzym e a c tiv ity  b u t  its  son ica ted  
e x t r a c t  (SE) re ta in e d  som e cy to to x ic  a c tiv ity  (M agyar, 1990).

P . m últoddá  P108  (capsule ty p e  D) w as iso la ted  in  th e  sam e h e rd  an d  its  
e x t r a c t  was h igh ly  c y to to x ic  (M agyar, 1989).

P reparation  o f whole-cell suspensions and  cell-free sonicated extracts 

T h is was done as described  p rev io u sly  (M agyar, 1990).

E xp erim en ta l design

T he design o f th e  ex p e rim en t is show n in  T able I .  T he degrees o f  d ilu tions 
n e ed ed  for g e ttin g  su b le th a l doses w ere dete rm in ed  b y  th e  lien o to x ic ity  te s t  
u s in g  tw ofo ld  serial d ilu tio n s. F ive  g roups, each co n ta in in g  21 m ice, w ere 
in o c u la te d  in trav en o u sly . E ach  m ouse received  0.2 m l o f th e  te s t  m a te ria l.

N ecropsy  and histology

T hree  mice o f each  group  w ere e u th a n a tiz e d  on every  second d ay  s ta r tin g  
fro m  postin o cu la tio n  (P I)  d ay  1 u n til  P I  d a y  13. The sp leen  m asses w ere d e te r 
m in e d  an d  re la tiv e  sp leen  values w ere ca lcu la ted  (spleen m ass (m g) p er bo d y  
m ass  (g) X 10).
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Table I

E x p erim en ta l design

Group* Strain Inoculum Dilution

l Bordetella bronchiseptica CY WCS 1:32
2 Bordetella bronchiseptica CFp61 WCS UD
3 Bordetella bronchiseptica CF SE 1:32
4 Bordetella bronchiseptica C Fp61 SE 1:4
5 Pasteurella m últoddá  P108 SE 1:64

WCS =  whole-cell suspension; SE  =  cell-free son icated  e x tra c t; UD =  u n d ilu te d ;
* each group  consisted of 21 m ice

T he sp leen , th e  th y m u s, th e  p re p a te lla r  an d  m esenteric  ly m p h  nodes, 
th e  liver, th e  lungs and  one o f th e  te s te s  w ere fixed  in  5%  fo rm alin  bu ffe red  
w ith  N a H 2P 0 4 an d  N aO H  (p H  7.2), th e n  em b ed d ed  in  p a ra ffin . T he sec tions 
were s ta in e d  w ith  h aem a to x y lin  an d  eosin . F o r  m ore de ta iled  s tu d y  o f  c e r ta in  
leucocyte  ty p e s  th e  G iem sa s ta in  an d  th e  period ic  ac id -S ch iff (PA S) re a c tio n  
com plem en ted  w ith  d iastase  d igestion  w ere used .

Electron m icroscopy

T he tissu e  sam ples were fix ed  in  2 .5 %  g lu ta ra ld eh y d e  solution  bu ffe red  
w ith  sod ium  caco d y la te , p o st-fixed  in  2 %  osm ium  te tro x id e , th e n  th e  o rg an  
pieces w ere em b ed d ed  in  D u rcu p an  ACM resin . S ubseq u en tly  th e  sam ples w ere 
sectioned  w ith  a R eichert-O M U -3 u ltra m ic ro to m e , co u n te rs ta in ed  w ith  u ra n y l 
ace ta te  an d  lead  c itra te , an d  ex am in ed  in  a P h ilip s  201 CS electron  m icroscope.

Results
Lienotoxicity

T he W CS an d  SE of B . bronchiseptica  C F (groups 1 an d  3) as w ell as th e  
SEs o f B . bronchiseptica  CFp61 an d  P . m ú lto d d á  P108 (groups 4 an d  5) caused  
a tro p h y  o f th e  spleen, while th e  W SC o f B . bronchiseptica CFp61 in d u ced  
rem ark ab le  sp leen  h y p e rtro p h y . T he changes in  re la tiv e  spleen m asses are 
show n in  F ig . 1.

Histology and  electron microscopy

In  th e  spleen  o f group 1 m ice, from  P I  d a y  2 th e  ra tio  of ly m p h o b la s ts , 
as com pared  to  th a t  o f d iffe ren tia ted  ly m p h o cy tes  an d  p lasm a cells, g ra d u a lly  
decreased  b o th  in  th e  germ ina tive  cen tres  o f  th e  M alpighian  bodies (B  cell

6 * Acta Veterinaria Hungarica 38, 1990
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F ig . 1. Changes in  re la tiv e  spleen m ass in  ex p erim en ta l groups 1—5 in o cu la ted  w ith  w hole-cell 
suspensions (W CS) o f Bordetella bronchiseptica  s t ra in  CF a n d  CFp61 an d  th e  cell-free so n ica ted  
e x tra c ts  (SE ) of B . bronchiseptica  CF, CFp61 a n d  P asteurella m últoddá  s tra in  P108. All va lues 

rep resen t th e  m ean  calcu la ted  fo r 3 m ice p e r  g roup . T he con tro l v a lue  is 55

d e p e n d e n t zones) a n d  in  th e  p e r ia rte rio la r  ly m p h o id  sh ea th  (T cell d ep en d en t 
zones) (Table I I ) .  T h e  ly m p h o b lasts  w ere ch a rac te rized  b y  a pale nucleus t h a t  
h a d  a less e lec tron  dense c h ro m a tin  su b stan ce  th a n  th a t  o f th e  d iffe ren tia ted  
ly m p h o cy te s . T h e ir  cy to p lasm  w as la rg e r a n d  rich e r in  cell organelles. I n  th e  
В a n d  T  cell d e p e n d e n t zones th e  ra tio  o f  ly m p h o b la s ts  decreased  from  90 %  
a n d  4 0 % , resp ec tiv e ly , to  ab o u t 5 % . T his w as accom panied  b y  a p ro p o rtio n a l 
d ecrease  in  th e  d ia m e te r  of th e  M alp igh ian  bodies (to one-th ird  or o n e-fifth  
o f  th e  contro l). U p  to  P I  d ay  8 th e  dep le tio n  o f  d iffe ren tia ted  ly m p h o cy tes  w as 
n o t  expressed  in  th e se  areas; how ever, on P I  d ay s 8 -14  i t  was p ronounced  in  th e  
g e rm in a tiv e  cen tre s . I n  cell colonies o f e x tra m e d u lla ry  haem atopo iesis in  th e  
re d  p u lp  th e  ra tio  o f  u n d iffe ren tia ted  b la s t cells an d  th e  n u m b er of m eg ak a ry o 
c y te s  occurring  in  singles g rad u a lly  decreased  from  P I  d ay  2, an d  th e se  cells 
w ere  a lread y  a b se n t b e tw een  P I  days 10 a n d  14 (Figs 2 — 7).

A fter th e  in o cu la tio n  th e  ra tio  o f ly m p h o b la s ts , as com pared  to  t h a t  o f 
d iffe re n tia ted  ly m p h o cy te s  an d  p lasm a cells, decreased g rad u a lly  also in  th e  
ly m p h  nodes o f group  1 m ice, b o th  in  th e  germ in a tiv e  cen tres of th e  co rtex  
(B  cell d ep en d en t zones) an d  in  th e  p a ra c o rtica l region (T cell d ep en d en t zone). 
O n  P I  days 10 th ro u g h  14 a m ild dep le tio n  w as observed. F ro m  P I  d a y  6, th e  
c o r te x  of th e  th ym u s  narro w ed  dow n an d  becam e dep leted  in  ly m p h o cy tes  as 
c o m p ared  to  th e  co n tro l. In  th e  m a jo rity  o f  grotip  1 mice th e  liver cells b e lo n g 
in g  to  th e  re ticu lo -h is tio cy te  system  (R H S ) becam e a c tiv a te d  an d  in  som e 
a re a s  show ed fo ca l p ro life ra tion . In  a d d itio n , in flam m ato ry -n ecro tic  foci
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Tabic I I

Iinm unopatho log ica l changes in  th e  spleens o f mice inocu lated  
w ith  whole-cell suspensions or cell-free son icated  ex trac ts  of 

B . bronchiseptica or cell-free son icated  e x tra c t o f P . m últoddá

Group 1 (CF WCS)

Imm unopathological changes P I day

1 3 5 7 9 11 13

L ym phoblast %  in T  dependen t zone 40 30 20 10 10 5 5
m alpighian  bodies В d ep enden t zone 90 70 40 20 10 10 5

D epletion of T  dependen t zone -j- + + + + + +
lym phocytes В dependen t zone + + +  + +  + + + +  + +  +

N um bers of haem ato p o e tic  cell
colonies in th e  red  p u lp ü 12 10 7 5 2 0 0

Group 2 (CFp61 WCS)

Im m unopathological changes P I  day

1 3 5 7 9 11 13

L ym phoblast %  in T  dependent zone 40 40 50 70 70 80 80
m alpighian  bodies В dependen t zone 90 90 95 95 95 98 98

D epletion  of T  dependent zone
lym phocytes В dependen t zone

N um bers of haem ato p o e tic  cell
colonies in th e  red  p u lp ü 12 14 14 16 16 16 16

Imm unopathologica 1 changes Control

L ym phoblast %  in T  dependen t zone 40
m alpighian  bodies В dependen t zone 90

D epletion of T  dependent zone
lym phocytes В depeuden t zone

N um bers of haem ato p o e tic  cell
colonies in  th e  red  p u lp ü 12

Group 3 (CF SE)

Im m uno pathological changes P I  day

1 3 5 7 9 11 13

L ym phoblast %  in T  dependen t zone 40 25 20 10 10 5 5
m alpighian  bodies В d ep enden t zone 90 65 35 30 20 10 5

D epletion of T  dependen t zone + + + + +
lym phocytes В dependen t zone + + + +  + +  + +  +

N um bers of haem ato p o e tic  cell
colonies in  th e  red  p u lp ü 11 8 6 4 2 0 0

* w eak: ** re m a rk ab le : □  m eans for 10 v isua l fields a t  a  m agnifica tion  of X 400
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Table II continued

Immunopathological changes

l 3

Group 4 (CFp61 SE) 

P I day

5 7 9 11 13

Lymphoblast % in T dependent zone 40 40 30 20 10 10 10
inalphigian bodies г, л л .г  ® 13 dependent zone 90 90 80 70 50 30 20

Depletion of T dependent zone + + + + + + +
lymphocytes , -,J r J Б dependent zone + + + + +  + + + +  +

Numbers of haematopoetic cell
colonies in the red pulpQ 12 10 8 6 2 0 0

Imm unopathological changes

1 3

Group 5 (P 108 SE) 

P I  day

5 7 9 11 13

Lymphoblast % in T dependent zone 40 25 20 10 10 5 5
malpighian bodies D i ,

^  °  13 dependent zone 90 65 35 30 20 10 5
Depletion of T dependent zone + + + + + + +

lymphocytes ^  л ,J v  J В dependent zone + + + + + +  + +  + +  +

Numbers of haematopoetic cell
colonies in the red pulp 11 8 6 4 1 0 0

* weak; ** remarkable; □ means for 10 visual fields at a magnification of x400

c o n ta in in g  ly m p h o cy tes  and  g ran u lo cy tes  (F ig. 8) were seen d ispersed  in  th e  
p a ren ch y m a . In  th e  lungs , th e  w alls a n d  lurnina of som e m a jo r re sp ira to ry  
p assages and  th e  su rro u n d in g  alveoli w ere in f iltra te d  b y  g ran u lo cy tes , d e tach ed  
e p ith e lia l cells an d  f ib r in  (Fig. 9). T h e  testis was h isto log ically  n o rm a l and  
in d ic a te d  active sperm atogenesis.

In  th e  spleen o f group 2 m ice, a f te r  inocu la tion  th e  ra tio  of ly m p h o b la s ts , 
as com pared  to  th a t  o f  d iffe ren tia ted  ly m p h o cy tes  and  p lasm a cells, g rad u a lly  
in creased  b o th  in  th e  germ in a tiv e  c en tre s  o f the  M alpighian  bodies an d  in  th e  
p e ria rte rio la r  areas. P a ra lle l to  th is , th e  d iam ete r of th e  M alp ighian  bodies also 
in creased . In  th e  re d  p u lp , in  cell colonies of ex tram ed u lla ry  haem atopo iesis  
th e  ra tio  of u n d iffe re n tia ted  b la s t cells rose as well as th e  n u m b e r o f m ega
k a ry o cy te s . There w as ly m p h o b la s t p ro life ra tio n  in  th e  co rtex  an d  p a raco rtica l 
zones o f th e  lym ph  nodes, in  b o th  zones w ith  th e  developm ent, an d  increase in  
n u m b e r, of secondary  follicles. The h isto log ica l find ings seen in  th e  thym us  an d  
th e  lungs resem bled  th o se  found  in  th e  con tro ls. The liver o f som e m ice con
ta in e d , here an d  th e re , a few m eg ak ary o cy tes  and  cell colonies consisting  
o f  no rm o b lasts , n o rm o cy tes , p ro m y e lo cy tes  and  m etam y elo cy tes , in d ica tiv e  
o f  haem atopo iesis (F ig . 10).
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B o th  in  ty p e  an d  sev erity , th e  lesions seen in  th e  spleen , lym ph  nodes and  
th ym u s  o f group 3, group 4 an d  group 5 m ice resem bled th o se  seen in  group 
1 an im als . H ow ever, h isto log ically  th e  lungs  and  th e  liver d id  n o t differ from  
th e  con tro l.

T he exam ined  organs from  m ice o f  group C ( untreated control)  w ere 
h is to lo g ica lly  norm al.

D iscussion

I t  is know n th a t  th e  hea t-lab ile  to x in s  of B . bronchiseptica  and  P . m últo
d d á  ind u ce  rem ark ab le  sp leen  m ass re d u c tio n  in  mice in tra v e n o u s ly  in o cu la ted  
w ith  th e m  a t  su h le th a l doses (Krxiger an d  H orsch, 1982; M agyar, 1989). 
É liás  e t al. (1983) s tu d ied  th e  lieno tox ic  effect of B . bronchiseptica  live cu ltu res  
a n d  a t t r ib u te d  it  to  ly m p h o cy te  d ep le tion  an d  degenera tive  changes of ly m p h o 
cy te s  (karyopycnosis an d  k ary o rrh ex is). T he resu lts  show n  here in d ica te , 
how ever, th a t  a tro p h y  o f th e  ly m p h a tic  organs is m ain ly  due  to  a reduc tion  in , 
o r cessa tion  of, th e  b lastogén ie  tra n s fo rm a tio n  of ly m p h o cy te s , i.e. to  th e  fa c t 
t h a t  th e  fo rm atio n  o f th e se  cells does n o t ta k e  place. A s im ila r phenom enon  
can  be observed  for e x tra m e d u lla ry  haem atopo iesis in  th e  re d  p u lp  o f th e  spleen, 
w h ich  also co n trib u tes  to  th e  red u c tio n  in  spleen m ass. L y m p h o c y te  dep le tion  
a n d  necrosis seem  to  be o f secondary  im p o rtan ce  in  th e  pa thogenesis  of th e  
lien o to x ic  effect. These changes are m uch  m ore expressed a f te r  th e  a d m in is tra 
t io n  o f o th e r  substances, e.g. im m unosuppressive  tr ic h o th e c e n e  m yco tox ins 
(G láv its  an d  V ányi, 1988).

T h e  p resen t resu lts  in d ica te  th a t  th e  lienotoxic effect o f  B . bronchiseptica 
a n d  P . m ú ltoddá  hea t-lab ile  to x in s  is essen tia lly  a selective in fluence  ex e rted  
o n  th e  m u ltip lica tio n  o f cells belonging  to  th e  lym phoid , m yelo id  an d  p la te le t 
sy s tem . T hese tox ins are n o t likely  to  h av e  a general in h ib ito ry  effect on m ito 
sis, as sperm atogenesis, i.e. m itosis o f th e  germ  cells, re m a in e d  u n d is tu rb ed  in  
th e  te s te s . B o th  v iru len t live B . bronchiseptica  and  th e  c rude  e x tra c ts  of v iru le n t 
a n d  a v iru le n t В . bronchiseptica ex e rted  th e  effect ch a rac te rized  above. F u r th e r 
m ore , th e  cell-free so n ica ted  e x tra c t o f  th e  P . m últoddá  s tra in  te s ted , also 
cau sin g  spleen m ass red u c tio n , p ro d u ced  v e ry  sim ilar changes. In  th is  re sp ec t 
no difference was dem o n strab le  b e tw een  th e  hea t-lab ile  to x in s  of th e  tw o 
b a c te r ia , w hich is a new  c o n trib u tio n  to  resem blances ex is tin g  betw een  th e  tw o 
species in  biological ac tiv itie s . P erh ap s th is  can  be a t t r ib u te d  to  th e  fac t th a t  
th e se  cell p o p u la tio n s re a c t to  sim ilar (b u t n o t w holly id en tica l)  s tim uli in  th e  
sam e w ay , in  th is  case w ith  red u ced  m u ltip lica tio n  of th e  cells.

T h e  live phase I I I  B . bronchiseptica s tra in , th o u g h  m a in ta in e d  p a r t  o f its  
to x ig e n ic ity , induced  s tim u la tio n  o f th e  im m u n e  system  b y  m ark ed ly  enhancing  
b lasto g én ie  tra n sfo rm a tio n  o f b o th  th e  lym phocy tes an d  th e  cell colonies of 
e x tra m e d u lla ry  haem atopo iesis . This m ay  suggest th a t  th is  low  to x ig en ic ity  is
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n o t suffic ien t for p ro d u c in g  a lienotoxic  effect. I t  is q u es tio n ab le  w hether th is  
p h ase  I I I  s tra in  o f  low  to x ig en ic ity  can  produce  a n tito x ic  im m u n ity .

T hrough  th e ir  e ffec t ex e rted  on ly m p h o cy te  p ro life ra tio n , B . bronchisep
tica  an d  P. m ú ltoddá  p ro b a b ly  can  a lte r  b o th  th e  h u m o ra l a n d  th e  cell-m ediated  
im m une  response. T h e ir  in fluence  on th e  m u ltip lica tio n  o f  cells belonging to  th e  
m yelo id  and  p la te le t sy s te m  raises th e  possib ility  th a t  th e y  can  ex ert an adverse  
effect on processes ( in f la m m a to ry  reac tio n , blood co ag u la tio n , etc.) associa ted  
w itli these system s. T hese  questions shou ld  be th e  su b je c t o f  fu tu re  in v es tig a 
tio n s.

Acknowledgem ents

The authors wish to thank Mrs. E. Laczi, Mrs. Gy. Stoll and Miss Sz. Lakosi for their 
skilled technical assistance.

References

Chanter, N., Rutter, J. M. and Mackenzie, A. (1986): Partial purification of an osteolytic 
toxin from P a steu re lla  m ú lto d d á . J. Gen. Microbiol. 132, 1089—1097.

Collings, L. A. and Rutter, J. M. (1985): Virulence of B ordetella  bron ch isep tica  in the porcine 
respiratory tract. J. Med. Microbiol. 19, 247-255.

De Jong, M. F., Oei, H. L. and Tetenburg, G. J. (1980): AR-pathogenicity-test for P asteu rella  
m ú lto d d á  isolates. In: Proceedings of the 6th International Pig Veterinary Society 
Congress, Copenhagen, p. 211.

Elias, B., Kielstein, P., Gergely, P., Varró, R., Boros, G. and Papp, L. (1983): Epizootiologische 
Untersuchungen zur Rhinitis atrophicans des Schweines. IV. Einfluss von hitzelabilem 
Toxin der B ordetella  b ro n ch isep tica -S tä m m e  auf lymphatische Organe der Mäuse. Zbl. 
Vet. Med. В 30, 660-668.

Glávits, R. and Ványi, A. (1988): Effect of trichothecene mycotoxins (satratoxin H and T-2 
toxin) on the lymphoid organs of mice. Acta Vet. Hung. 36, 37-41.

ITina, Z. M. and Zasukhin, M. I. (1975): Role of pasteurella toxins in the pathogenesis of 
atrophic rhinitis. Sbornik nauchnykh rabot Sibirskii nauchnoissledovatel’skii veteri- 
narnyi institut Omsk 25, 76-86.

Krüger, M. and Horsch, F. (1982): Untersuchungen zur Differenzierung von B ordelella-bronchi- 
sepiica-Stämmen. Arch. exp. Vet. med. 36, 691-698.

Magyar, T. (1989): Study of the toxin-producing ability of P asteu re lla  m ú lto d d á  in mice. Acta 
Vet. Hung. 37, 319-325.

Magyar, T. (1990): Virulence and lienotoxicity of B ordetella  b ron ch isep tica  in mice. Vet. Micro
biol. (in press).

Magyar, T., Chanter, N., Lax, A. J., Rutter, J. M. and Hall, G. A. (1988): The pathogenesis 
of turbinate atrophy in pigs caused by B ordetella  b ron ch isep tica . Vet. Microbiol. 18, 
135-146.

Pedersen, K. B. and Barfod, K. (1981): The pathogenesis of atrophic rhinitis in pigs induced 
by toxigenic P a steu re lla  m ú lto d d á . J. Comp. Pathol. 94, 203—214.

Rutter, J. M. (1983): Virulence of P asteu rella  m ú lto d d á  in atrophic rhinitis of gnotobiotic pigs 
infected with B ord e te lla  bronch iseptica . Res. Vet. Sei. 34, 287—295.

Rutter, J. M. and Luther, P. D. (1984): Cell culture assay for toxigenic P asteu rella  m ú lto d d á  
from atrophic rhinitis of pigs. Vet. Rec. 114, 393-396.

Rutter, J. M. and Rojas, X. (1982): Atrophic rhinitis in gnotobiotic piglets: differences in the 
pathogenicity of P a steu re lla  m ú lto d d á  in combined infections with B ordetella bron ch i
septica . Vet. Rec. 110, 531—535.

Semjén, G. and Magyar, T. (1985): A bovine haemagglutinin of B ordetella  bronch iseptica  
responsible for adherence. Acta Vet. Hung. 33, 129-136.

Acta Veterinaria Hungarica 38, 1990



F ig . 2. Spleen of reduced size (weighing 30 g) from a mouse inoculated with Bordetella bronchi- 
sep tica  strain CF and killed on postinoculation (PI) day 13. The Malpighian bodies are small 
and composed of dark staining cells. The red pulp is deficient in cells. Ilaematoxylin and eosin.

(H. and E.), X 35

F ig. 3. Enlarged spleen (weighing 120 g) from a mouse inoculated with B ordetella  bronchiseptica  
CFpól and killed on PI day 13. The Malpighian bodies are large and composed of light staining 

cells. The red pulp is rich in cells. H. and E., X 35



F ig . 5. D etail of F ig. 3. T he large  M alp igh ian  bod y  is com posed of lig h t s ta in in g , u n d ifferen tia ted  
ly m p h o b lasts. T he red  p u lp  co n ta in s m o stly  u n d iffe ren tia ted  b las t cells a n d  m egakaryocytes .

H . a n d  E ., X 160

F ig. 4. D etail of F ig. 2. T he sm all M alp igh ian  bod y  is com posed of d a rk  sta in in g , d ifferen tia ted  
lym phocy tes . T h e  red  pu lp  co n ta in s d iffe ren tia ted  cells. H . a n d  E ., X 160



F ig. 6. Spleen of reduced size from a mouse inoculated with B crdetella  bronchi sep tic  a strain 
CF and killed on PI day 13. Note the few mature, differentiated lymphocytes in the Malpighian 

body. Electron micrograph, X 6,400



F ig . 7. Enlarged spleen from a mouse inoculated with Bordetella  bron ch isep tica  strain CFp61 
and killed on PI day 13. Note the large numbers of immature, undifferentiated lymphoblasts 

in the Malpighian body. Electron micrograph, X 6,400



F ig . 8. Inflammatory-necrotic focus in the liver from a mouse inoculated with B ordetella  
bronch iseptica  strain CF and killed on PI day 11. H. and E., X 240

F ig . 9 . Catarrhal-purulent bronchopneumonia in a mouse inoculated with Bordetella  bronchi
sep tica  strain CF and killed on PI day 11. H. and E., X 160



F ig . 10 . Haematopoietic cell colony and megakaryocyte in the liver from a mouse inoculated 
with B ordetella bronch iseptica  strain CFp61 and killed on PI day 11. H. and E., X 400
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Groups of female New Zealand White rabbits, 8-10 weeks old, were inoculated 
intranasally with three different P a steu re lla  m ú lto d d á  serotypes (A:3, A:4 and A:12) 
or one of three B ordetella  bronch iseptica  strains of rabbit origin. Seven ont of 18 rabbits 
died of experimental infection with P . m ú lto d d á . В . bronch iseptica  killed 3 out of the 
8 animals inoculated with it. Deaths occurred between 3 and 6 days postinoculation (PI).

In the rabbits that died of P . m ú lto d d á  inoculation, necropsy and histology 
revealed severe pleuritis with the accumulation of a remarkable amount of fibrino- 
purulent exudate in the thoracic cavity, serous rhinitis and tracheitis, acute hepatitis 
with necrotic foci in the parenchyma, and atrophy of the lymphoid organs and tissues. 
Rabbits killed 10 days PI developed only subacute serous rhinitis and hyperplasia of 
the lymphoid tissues.

Rabbits that died of B . bron ch isep tica  inoculation showed acute serous rhinitis, 
acute catarrhal-fibrinopurulent pneumonia and mild pleuritis. As opposed to P . m últo
d d á  inoculated animals, hepatitis and atrophy of the lymphoid tissues were not charac
teristic of these rabbits. Rabbits killed 10 days PI developed subacute purulent and 
necrotic pneumonia with remarkable macrophage proliferation, involving all lobes, and 
hyperplasia of the lymphoid tissues.

Keywords: Pathology, P asteu re lla  m ú lto d d á , B ordetella  bronch iseptica , rabbits.

R e sp ira to ry  diseases occur f re q u e n tly  an d  cause huge econom ic losses in  
d o m estica ted  ra b b its . T h e  re sp ira to ry  d isease com plex m ay  v a ry  from  a m ild , 
chronic m u co p u ru len t u p p e r  re sp ira to ry  in fec tion  (snuffles) to  a m ore a c u te  or 
su b acu te  b ro n ch o p n eu m o n ia  (enzootic pneum onia) lead in g  to  h igh m o rta lity  
(F la tt ,  1974). T he organ ism s iso la ted  fro m  these  lesions are  P . m ú ltoddá  an d  
B . bronchiseptica  (F la tt ,  1974; W insser, 1960).

P asteu re llo sis  is considered  one o f  th e  m ost im p o r ta n t diseases of ra b b its  
(F la t t ,  1974) w hich m ay  m an ifest its e lf  in  rh in itis , tu rb in a te  a tro p h y , c o n ju n c 
tiv itis , ab scessa tion , o titis  m edia, b ro n ch o p n eu m o n ia , m astitis , re p ro d u c tiv e  
t r a c t  in fec tions an d  fa ta l sep ticaem ia  (D iG iacom o e t al., 1983; D iG iacom o e t a l., 
1989; P e rc y  e t al., 1988).

T he ro le of В . bronchiseptica  has n o t  been sa tis fac to rily  e lu c id a ted  y e t. 
I t  m ay  he in v o lv ed  in  in d u c in g  chronic rh in itis  and  b ronch o p n eu m o n ia  (H ag en , 
1959; W insser, 1960). W a tso n  e t al. (1975) in ocu la ted  ra b b its  in tra n a sa lly  
w ith  e ith e r  P .  m últoddá  o r  B . bronchiseptica. The ra b b its  developed  e x u d a tiv e
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rh in it is  (snuffles) a n d  m ild  b ro n ch o p n eu m o n ia . The gross a n d  m icroscopic 
lesions were o f th e  sam e ch a ra c te r  an d  d is tr ib u tio n  in  b o th  groups.

T he aim  o f th e  p re sen t w ork  w as to  s tu d y  th e  p a tho log ica l changes 
in d u c e d  b y  e x p e rim e n ta l P . m ú ltoddá  or B . bronchiseptica in fec tion  in  r a b b its .

Materials and m ethods

Preparation o f  inocula  and reisolation o f  P . m ú ltoddá  and B . bronchiseptica

P . m ú ltoddá  P 6 8  (A : 4) an d  P 79  (A : 3) w ere iso la ted  from  the  n o strils  o f 
ra b b its  ex h ib itin g  p u ru le n t rh in o rrh o ea . S tra in  P18 (A : 12) w as iso lated  fro m  
th e  bone m arrow  o f a ra b b it  th a t  d ied  o f  sep ticaem ia . C apsu lar ty p e  w as 
d e te rm in ed  b y  s tap h y lo co cca l h y a lu ro n id ase  d ecap su la tio n  (C arter a n d  
R u n d e ll, 1975). S o m atic  an tigens w ere ty p e d  b y  th e  gel diffusion p rec ip itin  
t e s t  using  ro o ste r a n tise ra  described  b y  H ed d le s to n  e t al. (1972). All th e  th re e  
B . bronchiseptica  s tra in s  (5004, 5023 a n d  5045) w ere iso la ted  from  th e  n a sa l 
cav itie s  of co n v en tio n a l ra b b its . T he iso la tes w ere id en tified  b y  s ta n d a rd  b io 
chem ica l te s ts . P . m ú lto d d á  s tra in s  w ere g row n from  lyoph ilized  stock cu ltu re s  
a n d  in o cu la ted  in tra p e rito n e a lly  in to  m ice. T he P . m últo d d á  s tra in s w ere 
re iso la te d  from  th e  h e a r t  b lood  of in fec ted  m ice. B . bronchiseptica  s tra in s  w ere 
in o cu la ted  on to  B orde t-G engou  ag ar su p p lem en ted  w ith  15%  sheep blood fro m  
th e  stock  cu ltu res , p assaged  tw ice on  th e  sam e m edium , a n d  haem oly tic  p h ase  I  
colonies w ere se lec ted  for fu r th e r  w ork . F o r p re p a ra tio n  o f inocu la  for r a b b i ts  
P . m últoddá  s tra in s  w ere p ro p a g a te d  on 5 %  sheep blood  ag a r su p p lem en ted  
w ith  0 .5%  y e a s t e x tra c t ,  an d  B . bronchiseptica  on B G  ag ar su p p lem en ted  
w ith  15%  sheep b lood . W hole-cell suspensions w ere p re p a re d  in  p h o sp h a te  
b u ffe red  saline (p H  7.2) an d  th e  b a c te r ia l suspensions w ere a d ju s te d  to  a p p ro x i
m a te ly  1011 cfu m l -1  fo r P . m ú ltoddá  an d  5 X Ю 10 cfu m l-1  fo r B . bronchiseptica  
in o cu la . R eiso la tio n  o f P . m últoddá  an d  B . bronchiseptica  w as a tte m p te d  a t  
necro p sy , w hen  sam p les  were ta k e n  a sep tica lly  from  th e  n asa l c av ity , lungs a n d  
h e a r t  blood.

Inoculation  o f  a n im a ls

New Z ea lan d  fem ale w hite  ra b b its , 8 -1 0  weeks o ld, w ere used in  th is  
s tu d y . Before in o cu la tio n , th e  n a sa l c a v ity  o f each  ra b b it  w as cu ltu red  fo r 
P . m últoddá  a n d  B . bronchiseptica. R a b b its  th a t  p roved  to  be free of th e se  
m icroorganism s w ere  in o cu la ted  in tra n a sa lly  w ith  0.5 m l b ac te ria l suspension  
in to  each n o stril. I n  th e  case o f P . m ú lto d d á  th re e  d ilu tions o f each s tra in  w ere 
u sed  (1011, 1010 a n d  109 cfu m l-1), an d  tw o  an im als w ere in o cu la ted  w ith  each
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dose. F o u r  ra b b its  w ere in o cu la ted  w ith  B . bronchiseptica  s tra in  5004 an d  tw o 
ra b b its  w ith  e ith e r s tr a in  5023 or s tra in  5045. O nly  th e  u n d ilu te d  suspensions 
w ere u sed  in  th is  case.

N ecropsy procedures

A ll ra b b its  t h a t  d ied  o r were eu th a n a tiz ed  10 day s P I  w ere exam ined  for 
gross, a n d  19 for gross a n d  m icroscopic lesions (T able I) . T issue sam ples w ere 
co llected  from  th e  n a sa l c a v ity , tra c h e a , lungs, liv er, sp leen  an d  m esenteric  
ly m p h  node for h isto log ic  ex am in a tio n . The sam ples w ere fix ed  in  5 %  n e u tra l 
bu ffe red  fo rm alin , th e n  em bedded  in  p a ra ffin . T he sec tions w ere s ta in ed  w ith  
h aem a to x y lin  an d  eosin.

T h e  n asa l c a v ity , lungs an d  liv er w ere exam ined  b ac te rio log ically  for th e  
p resence o f P . m ú lto d d á  an d  B . bronchiseptica.

R esults

Seven o u t o f th e  18 ra b b its  d ied  of P . m últoddá  in o cu la tio n . P .  m últoddá  
s tra in  P I 8 p roved  to  be  th e  m ost le th a l, causing fa ta l  disease in  4 o u t o f th e  6 
ra b b its  inocu la ted . P . m ú lto d d á  P68 killed  tw o w hile s tra in  P79 only  one ra b b it. 
B . bronchiseptica  in o c u la tio n  k illed 3 o u t o f th e  8 r a b b its . O nly  s tra in  5004 was 
le th a l. D ea th s  o ccu rred  b e tw een  P I  d ay  3 an d  6 w h e th e r  in o cu la ted  w ith  
P . m últo d d á  or B . bronchiseptica.

T h e p a tho log ica l changes are sum m arized  in  T ab le  I . I n  ra b b its  th a t  d ied  
o f P . m últo d d á  in o cu la tio n , serous fib rin o p u ru len t p leu ritis  w ith  th e  accum ula
tio n  o f  a  la rge  a m o u n t o f  ex u d a te  (F igs 1 an d  2), serous rh in itis  an d  trach e itis , 
m ild  c a ta r rh a l an d  cro u p o u s pneum on ia , and  h e p a titis  accom pan ied  w ith  th e  
fo rm a tio n  o f n ecro tic  foci in  th e  p a ren ch y m a (F ig . 3) w ere seen. A tro p h y  
(ly m p h o cy te  dep letion) w as d e tec ted  in  th e  ly m p h o id  o rg an s an d  tissues o f 
th ese  an im als. In  su rv iv in g  ra b b its  th a t  w ere k illed  10 d ay s  P I ,  su b acu te  serous 
rh in itis  accom pan ied  w ith  th e  h y p erp lasia  of ly m p h o id  tissues w as found .

R a b b its  th a t  d ied  a fte r  in o cu la tio n  w ith  B . bronchiseptica  developed 
severe acu te  c a ta r rh a l a n d  croupous pneum on ia  accom pan ied  w ith  haem orrhage 
(F ig. 4), acu te  serous rh in o tra c h e itis  (F ig . 5) an d  m ild  p leu ritis , w hile h e p a titis  
or a tro p h y  o f th e  ly m p h o id  tissues w as n o t seen in  th e se  ra b b its . A nim als 
k illed 10 days P I  developed  su b acu te  p u ru len t an d  nec ro tic  p n eu m o n ia  (F ig . 6) 
invo lv ing  all lobes an d  ch a rac te rized  b y  rem ark ab le  m acro p h ag e  p ro life ra tio n  
and  h y p erp las ia  o f  th e  ly m p h o id  tissues.

T h e  B . bronchiseptica  an d  P . m últoddá  s tra in  u sed  fo r inocu la tion  were 
co n sis ten tly  re iso la ted  fro m  th e  nasa l cav ities and  lungs. M oreover, P . m últoddá  
could  be re iso la ted  also from  th e  liv er o f ra b b its  th a t  d ied  o f in o cu la tio n  w ith  
th is  p a th o g en .
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Table I

Pathological changes in  ra b b its  in o cu la ted  w ith  Pasteurella m últoddá  
o r Bordetella bronchiseptica

P18

Pasteurella multocida Bordetella bronchiseptica

P68 P79 P18 P68 P79 3004 5004 5023 5045

I , —I . —i r - i i —I . —I . —< , - 4 , —i r - H L o i o m m i o m i o i r t

In  rabbits th a t  died In  survivors In  rabbits 
th a t died

In  survivors

Serous fibrinopurulent
p leu ritis 3 3 3 3 3 3 3 1 1 1

S ero u s rh in itis 2 2 2 2 2 2 2 1 1 1 1 2 2 1
S ero u s tracheitis 
S e ro u s hepatitis  w ith

2 2 2 2 2 2 2 1 1 1

n ecro tic  foci 3 1 3 1 3 3 3
C atarrhal-croupous

pneum onia
S u b a c u te  purulent-necrotic

1 1 1 1 1 1 1 3 2 3

pneum onia
A tro p h y  of the  lym phoid

1 2 3 3 2 3

tissu es (lym phocyte 
dep le tion) 2 2 2 1 2 2 2

H y p e rp la s ia  of the  lym phoid
tissu es  (lym phoblast p ro 
life ra tio n ) 1 1 1 1 1 1 1 1 1

1 =  mild lesion; 2 =  m o d era te  lesion; 3 =  severe lesion

D iscussion

P athological chan g es s im ila r to  tho se  described  h ere  are freq u en tly  
d e te c te d  in  rab b its  n ecro p sied  in  d iagnostic  in s titu te s . H o w ev er, W atso n  e t al. 
(1975) could only f in d  e x u d a tiv e  rh in itis  and  focal b ro n ch o p n eu m o n ia  in  
r a b b i ts  experim en ta lly  in fe c te d  w ith  P . m ultocida  o r B . bronchiseptica. N either 
c lin ica l signs of th e  d isease n o r d e a th s  occurred  d u rin g  th e  3-w eek o bserva tion  
p e r io d . They concluded th a t  i t  is n o t possib le to  d iffe ren tia te  in fec tio n  produced  
b y  e ith e r  organism  b a se d  u p o n  th e  clin ical signs, gross lesions o r histologic 
fin d in g s .

O n the  o th e r h a n d , th e  re su lts  described  here suggest t h a t  P . multocida 
a n d  B . bronchiseptica cause  p a th o m o rp h o lo g ica l changes t h a t  d iffer from  each 
o th e r  in  charac teris tics , d is tr ib u tio n  an d  loca tion . F u r th e rm o re , s im ilarly  to  
P . m ultocida , B . bronchiseptica  can  also induce fa ta l re sp ira to ry  disease in  
r a b b i ts .
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Fig. 1. L ungs from  a r a b b it  th a t  died 4 days a f te r  in o cu la tio n  w ith  1010 cfu of Pasteurella  
m últoddá. In  th e  m a rk e d ly  w idened v isceral p leu ra  n o te  a d em arca tio n  zone consisting  of 
in flam m ato ry  cells. On th e  surface of th e  serosa th e re  is in fla m m a to ry  ex u d ate . H a em a to x y lin

and eosin (H . an d  E .), X  35



F ig . 2. D e ta il of Fig. 1. F ro m  b o tto m  to to p : th e  p u lm o n ary  p leura  is oed em ato u s; i t  shows 
zonal in filtra tio n  w ith  in fla m m a to ry  cells; a n d  on its  surface th ere  is ex u d a te  consisting  of 

cell debris and  f ib rin . H . and  E ., X 63



Fig. 3. A cute  in flam m ato ry -n ecro tic  focus in  th e  liv e r from  a ra b b it  th a t  died  3 days a f te r  
inocu la tio n  w ith  10u  cfu of Pasteurella m últoddá . H . an d  E ., X63



Fig. 4. L ungs from  a r a b b i t  th a t  died 5 days a f te r  inocu la tio n  w ith  5 x l 0 10 cfu of Bordetella 
bronchiseptica. A cu te  ca ta rrh a l-cro u p o u s pneum onia . H . an d  E ., X 63



F ig . 5. A cute serous in fla m m a tio n  in th e  tra c h e a  from  a ra b b it  th a t  d ied  5 d ay s a fte r  inocu lation  
w ith  5 x  1 0 10 cfu of Bordetella bronchiseptica. H . an d  E ., X 63



F ig . 6. L ungs from  a ra b b it  e u th a n a tiz e d  10 days a fte r inocu la tion  w ith  5 X 1010 cfu of Bordetella 
bronchiseptica. S u b a c u te  p u ru len t-n ec ro tic  pneum onia . H. a n d  E ., X 35
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B ig differences a re  know n to  ex is t in  th e  v iru len ce  o f vario u s P . m ú lto d d á  
iso la tes of ra b b it o rig in  (O kerm an e t a l., 1979). Som e s tra in s  cause fa ta l  se p 
tic aem ia  while o th e rs  in d u ce  the  chronic form  o f r a b b i t  pasteu re llosis  (snuffles) 
only . P e rh ap s  th e  P . m ú lto d d á  s tra in  u sed  b y  W a tso n  e t al. (1975) was a less 
v iru le n t one. The su scep tib ility  o f ra b b its  m ay  also d iffer. Som etim es i t  w as 
n o t possib le to  rep ro d u ce  th e  disease w hen  o lder ra b b its  w ere used  (d a ta  n o t 
show n).

P e rc y  e t al. (1988) suggested to  consider B . bronchiseptica  as a p o te n tia l  
co -p a th o g en  of th e  r a b b i t  resp ira to ry  t r a c t .  T he re su lts  rep o rted  hei show  
th a t  B . bronchiseptica  c an  cause severe disease in  ra b b its  also w hen ap p lied  
alone. H ow ever, fu r th e r  stud ies are need ed  to  e lu c id a te  th e  p o te n tia l v iru lence  
d e te rm in a n ts  of th is  m icroorganism  th a t  m ay  h av e  a role in  th e  p a thogenesis  
o f  th is  disease.
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CHANGES IN THE SERUM LEVELS OF 
PRIMARY RILE ACIDS IN DAIRY COWS

F . K A S S A I and F . S zA N IS Z L Ó

D e p artm en t a n d  Clinic o f M edicine, U n iv e rs ity  o f V e te r in a ry  Science, 
H -1400 B udapest, P . 0 .  B o x  2, H u n g a ry

(R eceived N o v em b er 20, 1989)

Serum  cholic  acid  (SCA) and  se ru m  chenodeoxycholic  acid  (SCDCA) co n ce n tra 
tio n s were d e te rm in e d  in  h e a lth y  d a iry  cow s b y  rad io im m u n o assay  (R IA ). T he levels 
o f these  tw o p r im a ry  bile acids were c o rre la te d  w ith  th e  cow s’ rep ro d u c tiv e  s ta tu s . 
T he low est c o n ce n tra tio n s  were m easu red  in  d ry  cows (SCA: 7.8 ±  .3.3 /xmol/1, SCDCA.: 
1.5 ; t  1.0 |tim ol/l). I n  fresh ly  calved cows SCA a n d  SCDCA w as 17.8 i  6.9 fim o \/\ a n d  
2.3 ±  1.0 /tmol/1, re sp ec tiv e ly , while in  m ilk in g  cows SCA a n d  SCDCA was 15.8 ±  5.7 
a n d  2.3 ±  0.8 /лпо1/1, respectively . SCA c o n ce n tra tio n  show ed a ch arac te ris tic  change  
on th e  days im m e d ia te ly  a fte r  calving: on  calv ing  d a y  i t  w as close to  th e  m ean  SCA 
co n cen tra tio n  fo u n d  fo r d ry  cows, th e n  i t  u n d e rw en t a s tr ik in g  a n d  a b ru p t rise a n d  
reached  th e  v a lu e  ty p ic a l o f p o s t-p a r tu r ie n t cows b y  p o s t-p a r tu m  (P P )  d ay  4-5 . Cholic 
acid  was found  to  b e  th e  m ajo r p rim a ry  b ile  acid  in  th e  b lood  o f da iry  cows. I n  d ry  
cows th e  SCA : SCD CA ra tio  is 5:1. I f  th e  se ru m  bile acid  co n cen tra tio n  rises, th e  
SCA:SCDCA ra tio  w ill increase  fu rth e r.

K eyw ords: B ile  acid, cholic acid , chenodeoxycholic  acid , serum , d a iry  cow, 
rep ro d u c tiv e  s ta tu s .

Bile acid d e te rm in a tio n  has becom e know n  in  la b o ra to ry  d iagnostics as a 
liv e r fu n c tio n  te s t . I t  seem s to  be of in te re s t  to  d e te rm in e  w h e th e r th is  m eth o d  
is su itab le  for d iag n o sin g  hepatic  d y sfu n c tio n  also in  d a iry  cows. To answ er 
th is  question , one h as  to  know  th e  physio log ica l ch a rac te ris tic s  of bile acid  
m etabo lism .

T he blood se ru m  levels of p rim ary  b ile  acids have  so fa r  been dete rm in ed  
o n ly  in  h u m an  b e ings. No d a ta  are av a ilab le  on se rum  p r im a ry  bile acid co n 
c e n tra tio n s  of d o m estic  anim als.

O n th e  o th e r  h a n d , several resea rch ers  have  d e te rm in ed  th e  to ta l  serum  
b ile  ac id  (SBA) co n c e n tra tio n s  in  d om estic  an im als an d  also in  ca ttle .

O lsson (1986, 1988) m onito red  changes in  th e  SB A  co ncen tra tions o f 
cows u n d er physio log ica l conditions. G iil a n d  G rü n d er (1988) determ ined  th e  
SB A  levels o f c a ttle  u n d e r  physio logical co n d itions an d  in  num erous d iffe ren t 
diseases.

M aterials an d  m ethods
E xperim en ta l design

T h ir ty  cows w ere selected  from  a h e rd  o f H o lste in -F riesian  breed  ty p e  
a n d  k e p t u n d er loose housing  cond itions to  de te rm ine  th e  physiological levels

Acta Veterinaria Hungarica 38, 1990 
Akadémiai Kiadó, Budapest



218 K A RSA I and SZANISZLÓ

o f  se ru m  cholic acid (SCA) an d  serum  chenodeoxycholic  ac id  (SCDCA). A verage  
m ilk  p ro d u c tio n  per y e a r  w as 6,800 kg . T h e  cows were 4 - 6  years  o ld  a n d  free  
f ro m  p a tho log ica l changes as d e te rm in e d  b y  physical an d  la b o ra to ry  d iag n o stic  
e x a m in a tio n s .

B lood sam ples w ere ta k e n  fro m  th e  ju g u la r  ve in  on th e  sp o t, w ith o u t 
d is tu rb in g  th e  an im als’ n a tu ra l  b io log ica l rh y th m , over a 24-h  period . B lood

Table I

Feeding  d a ta  o f th e  e x p erim en ta l groups (per cow)

Experimental
group

No. of 
animals

D ry m atter, 
kg NE,

Energy,
M J

Crude protein, 
kg

Crude fibre, 
kg

I 10 10.0 55 0.9 2.5
и 10 18.3 131 3.0 2.75

h i 10 18.8 135 3.2 2.8

w as ta k e n  from  each  cow a t 4 -h  in te rv a ls  on a to ta l  of 6 occasions d u rin g  24 h . 
T h e  f i r s t  sam pling  to o k  p lace a t  4 :00 a .m .

T he 30 cows w ere assigned to  3 g roups of 10 cows each  on th e  basis  o f  
th e i r  rep ro d u c tiv e  s ta tu s . G roup I  in c lu d e d  d ry  cows a b o u t 10 -20  days befo re  
te rm . G roup I I  consisted  of cows t h a t  w ere 8-12 days a f te r  calv ing . G roup I I I  
co m p rised  h igh-y ield ing  m ilk ing  cows th a t  were 10-15 w eeks a f te r  c a lv in g . 
T h e ir  average daily  m ilk  p ro d u c tio n  w as 25-35 kg an d  th e  cu m u la tiv e  m ilk  
y ie ld  ach ieved  in  th e  p rev ious la c ta t io n  v a ried  betw een  7,000 an d  10,000 kg .

A fte r  th e  f irs t s tu d y  w as en d ed , a fo u r th  group (g roup  IV) w as fo rm ed  
fro m  10 dow n-calving cows of th e  sam e d a iry  farm . T he aim  of th is  second  
s tu d y  w as to  de te rm ine  changes in  th e  SCA level in  th e  p e r ip a r ta l  p e rio d . 
B lo o d  sam ples were ta k e n  from  th e  cow s from  d ay  4 before  to  d a y  6 a f te r  
c a lv in g  daily , i.e. on 11 consecu tive  d a y s , in  th e  sam e h o u r  o f  th e  d ay , an d  th e  
SCA co n cen tra tio n s w ere d e te rm in ed .

T he cows w ere fed  4 tim es a t  4 -h  in te rv a ls  during  th e  d ay tim e . T he f i r s t  
feed in g  began  a t  4:00 a .m . an d  th e  la s t  one a t  4:00 p .m . F eed in g  d a ta  fo r 
g ro u p  I —I I I  cows are show n in  T ab le  I  (d a ta  for groups I  an d  I I  ap p ly  to  cows 
o f g ro u p  IV).

Laboratory exam inations

SCA and  SCDCA co n cen tra tio n s  w ere determ ined  b y  rad io im m u n o a ssa y  
(R IA ). T he te s t  k its  w ere o b ta in ed  from  th e  N ational “ F réd éric  Jo lio t-C u rie ”  
R esea rch  In s t i tu te  o f R ad iob io logy . T h e  specific ity  o f glyco-CA a n tise ru m  
c o n ta in e d  in  th e  SCA te s t  k it, ex p ressed  in  %  of c ross-reaction , w as as fo llow s:
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100%  (glyco-CA ), 117%  (tauro-C A ), 1 0%  (CA), 5 %  (glyco-CDCA), 5 %  
(tauro-C D C A ), 1 %  (CDCA), 1%  (g lycodeoxycho lic  acid), an d  0%  (o th e r  
stero ids). T he sp ec ific ity  o f th e  glyco-CD CA  an tise ru m  co n ta in ed  in  th e  SCDCA 
te s t  k it  w as as follow s: 100%  (glyco-CD CA ), 90 %  (tauro-C D C A ), 20%  (CDCA), 
0 .4%  (glyco-CA ), 0 .5 %  (tauro-C A ) a n d  0 %  (o th e r stero ids). T hus, th e  te s t  k its  
are  su itab le  fo r com bined  m easu rem en t o f  th e  glyco- an d  tau ro -co n ju g a tes  o f 
CA an d  CDCA. T he low est m easurab le  b ile  acid  c o n cen tra tio n  was 0.15 /imol/1 
w ith  b o th  te s t  k its  (O rbán , 1984; U n g á r e t  a l., 1986).

K etone  b o d y  co n cen tra tio n  of th e  u r in e  w as d e te rm in ed  b y  R oss’ m e th o d . 
Serum  a s p a r ta te  am ino transfe rase  (A ST) a c tiv ity  an d  to ta l  cholestero l (TCh) 
level w ere d e te rm in ed  b y  co lo rim etry , w ith  th e  te s t  co llection  of R E A N A L  
F ine  C hem icals Co. (B udapest). B lood  glucose was m easu red  b y  T rin d e r’s 
(1969) m e th o d , an d  free f a t ty  acid c o n c e n tra tio n  was d e te rm in ed  b y  th e  co lo ri
m etric  m e th o d  described  b y  D uncom be (1964).

S ta tis tic a l e v a lu a tio n  of th e  d a ta  w as done b y  tw o-sam ple  t  te s t  an d  
co rre la tio n  analysis .

R esults

M ean SCA an d  SCDCA c o n c e n tra tio n  w as 7.8 i  3.3 an d  1.5 i  0.7 /xmol/1, 
resp ec tiv e ly , in  g roup  I (F ig. 1). T h e m e a n  to ta l  co n cen tra tio n  o f th e  tw o  
p rim a ry  b ile  acids w as 9.3 ^  2.0 fimol/1 a n d  th e  SCA : SCDCA ra tio  w as 
5.1 : 1.

Fig. 1. Serum  cholic acid  (SCA) an d  serum  ch en o d eo x y ch o lic  acid  (SCDCA) levels in  d ry  cows 
(group  I). Solid line: SCA (/imol/1); b ro k e n  line: SCDCA (,umol/l)
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F ig . 2. Serum  cholic acid  (SCA) a n d  serum  chenodeoxycholic  acid  (SCDCA) levels in  fresh en ed  
cows (group  I I ) .  Solid line: SCA (u m o l/l); b ro k en  line: SCDCA («mol/1)
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F ig . 3. Serum  cholic acid  (SCA) a n d  serum  chenodeoxycholic  acid  (SCDCA) levels in  m ilk in g  
cows a t  th e  p eak  of la c ta t io n  (group  I I I ) .  Solid line:SC A  (zmiol/l): b ro k en  line: SCDCA (/im o l/l)

In  group I I  m ean  SCA an d  SCDCA co n cen tra tio n  w as 17.8 ^  6.9 a n d
2.3 ^  1.0 /xmol/I, re sp ec tiv e ly  (Fig. 2). T h e  m ean  to ta l  c o n cen tra tio n  o f  th e
tw o  p rim ary  b ile  acids w as 20.1 3.9 /j.mol/1 an d  th e  SCA : SCDCA ra t io
w as 7.9 :1 .

In  group I I I  m ean  SCA an d  SCDCA co n cen tra tio n  w as 15.8 zb 5.7 a n d
2.3 i  0.8 /tmol/1, re sp ec tiv e ly  (Fig. 3). T h e  m ean  to ta l  co n c e n tra tio n  o f  th e  
tw o  p rim ary  bile acids w as 18.1 ^  3.2 pmol/1 an d  th e  SCA : SCDCA ra tio  
w as 7 : 1.
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Dry cows C a l v i n g  On postpartum
(group I) days 8_,2

(group II)

Fig. 4. Changes in  SCA leve l in  th e  p e r ip a r ta l  p e rio d  (group IV)

In  g roup  IV  m ean  SCA c o n c e n tra tio n  w as 4.75 ^  2.0, 7.4 i  3.45 a n d  
16.6 ^  5.8 /tmol/1 4 days before ca lv in g , on  th e  d ay  o f calv ing a n d  5 d ays 
a fte r  ca lv ing , respec tive ly  (F ig. 4).

A ST a c tiv ity , cholesterol, b lood  glucose an d  F F A  levels w ere in  th e  
physio logical range. A m ong th e  p o s tp a r tu r ie n t  cows th e re  was no k e to n u ric  
an im al.

D iscussion

T he changes found  in  th e  se ru m  levels  o f  p rim a ry  bile acids in  h e a lth y  
d a iry  cows can  he ch arac terized  as follow s.

1. S C A  and SC D C A levels are high. I n  d ry  cows (group I) th e  m ean  SCA 
an d  SCDCA co n cen tra tio n  w as fo u n d  to  be  7.8 ^ 3 . 3  an d  1.5 i  0.7 ^tmol/1, 
resp ec tiv e ly . In  h u m an  beings SCA a n d  SCDCA co n cen tra tio n  is as low  as 
0.46 зЬ 0.26 an d  0.63 ^  0.32 fimol/1, re sp ec tiv e ly  (U ngâr e t al., 1986). T he SCA 
co n c e n tra tio n  is 2.2 tim es as h igh  as t h a t  o f h u m a n  beings.

T his fin d in g  is co nsisten t w ith  th e  o b se rv a tio n  th a t  ru m in a n ts  h av e  
s trik in g ly  h ig h er to ta l  serum  bile ac id  (SBA ) levels th a n  do e.g. ca rn iv o res . 
T he SB A  leve l o f fas tin g  dogs w as fo u n d  to  be 2.3 ^  0.4 /iinol/1, a n d  a fte r  
feeding SB A  level rose to  8.3 i  2.2 jiimol/l (C en ter e t a l., 1984). I n  c o n tra s t ,  
th e  SB A  leve l o f d a iry  cows w as fo u n d  to  be  37.4 i  25.5 ц mol/1 b y  O lsson 
(1988) a n d  22.3 i  11.0 fim ol/l b y  G iil a n d  G rü n d er (1988). Sheep also h av e  
h igh SB A  levels: W est e t al. (1987) re p o r te d  a n  SBA  level of 25.0 ±  2.1 [гmol/1.

T he u n iq u e ly  h igh  serum  b ile  ac id  level o f ru m in a n ts  is a ll th e  m ore
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re m a rk a b le  as th e ir  feed  con ta ins l i t t le  f a t  a n d , th u s , in  ru m in a n ts  b ile  ac ids 
h a v e  a less im p o r ta n t  role in  in te s tin a l f a t  d ig es tio n  th a n  th e y  do in  ca rn iv o res .

2. SC A  level rises im m ediately post p a r tu m . I n  cows w hose SC A leve l w as 
m o n ito red  daily  in  th e  p e rip a rta l p e rio d  (g ro u p  IV ), a su b s ta n tia l rise o f  SCA 
c o n c e n tra tio n  w as d e m o n s tra te d  a f te r  c a lv in g  (F ig . 4). O n th e  d ay  of ca lv in g , 
a n d  even on p o s tp a r tu m  day  1, SCA c o n c e n tra tio n  was th e  sam e as th e  m ean  
co n c e n tra tio n  m easu red  in  d ry  cows. SCA c o n c e n tra tio n  s ta r te d  to  rise  on 
p o s tp a r tu m  d ay  2, reach in g  the  m ean  v a lu e  ty p ic a l  of p o s tp a r tu r ie n t cows b y  
p o s tp a r tu m  d ay  4—5.

T he e lev a tio n  o f  th e  bile acid  leve l o f th e  b lood  serum  m ay  he of h e p a tic  
o rig in  an d  asso c ia ted  w ith  f a t ty  d e g en e ra tio n  o f  th e  liver c h a ra c te ris tic  o f  
h igh -y ie ld ing  d a iry  cows a t th a t  tim e . T h is p h en o m en o n  fits  in to  th e  te n d e n c y  
o u tlin e d  b y  o th e r  la b o ra to ry  p a ra m e te rs  in d ic a tin g  th e  liv er fu n c tio n  a n d  
s ta tu s  o f p o s tp a r tu r ie n t  cows. N am ely , i t  is k n o w n  th a t  in  th e  b lood  o f  p o s t
p a r tu r ie n t  cows th e  ac tiv ities  of h ep a to c e llu la r  enzym es are h igher, th e  cho les
te ro l  level is low er, an d  p ro th ro m b in  tim e  as w ell as B rom su lphale in  re te n tio n  
tim e  are  longer th a n  in  d ry  cows.

3. M ilk in g  cows have higher S C A  and S C D C A  levels than dry cows. I n  th e  
g ro u p  o f freshened  cows (group I I )  m ean  SCA co n cen tra tio n  w as 17.8 ±  6.7 
l«mol/l an d  m ean  SCDCA co n cen tra tio n  w as 2.3 ^  1-0 pmol/1, i.e. 22 an d
1.5 tim es h igher th a n  th e  correspond ing  v a lu es  o f  d ry  cows.

I n  m ilk ing cow s (group I I I )  m ean  SCA a n d  SCDCA c o n c e n tra tio n  w as
15.8 5.7 an d  2 .27 i  0.8 pmol/1, re sp ec tiv e ly , i.e . sim ilar to  th a t  m easu red
fo r freshened  cows a n d  h igher th a n  t h a t  m easu red  fo r d ry  cows. A  s lig h t 
decrease  of se ru m  cholic acid level w as n o te d .

W hen  d e te rm in in g  th e  physio log ica l SB A  level, also o th e r re sea rch ers  
re p o r te d  s u b s ta n tia l  differences b e tw een  g roups o f anim als even  w ith in  th e  
sam e species. G iil a n d  G ründer (1988) fo u n d  4 0 %  low er SBA level in  calves 
t h a n  in  d a iry  cow s. A ccording to  O lsson (1988), SBA level is th e  h ig h es t in  
la c ta tin g  cows a n d  declines to w ard s th e  en d  o f  la c ta tio n . T he cause o f  th is  
ph en o m en o n  is n o t  know n  sa tis fac to rily  y e t.  T h e  su b s ta n tia l rise o f SB A , SCA 
a n d  SCDCA in  la c ta t in g  cows m ay  be  a t t r ib u te d  to  fac to rs assoc ia ted  w ith  
h ig h  m ilk  p ro d u c tio n  an d  ex ertin g  a la s tin g  effect on bile acid m etab o lism . 
W e can  agree w ith  O lsson (1988) t h a t  a f te r  c a lv in g  th e  q u a n tita tiv e  an d  q u a li
ta t iv e  changes o f th e  feed ex ert an  effect on  th e  ab so rp tio n  an d  en te ro h e p a tic  
c ircu la tio n  o f b ile  ac ids, re su lting  in  th e ir  e le v a te d  con cen tra tio n s in  th e  b lood  
se ru m .

4. The m ean S C A  and SC D C A  levels are characterized by substantial s ta n d 
ard deviation. In  g roups I —I I I  th is  s ta n d a rd  d ev ia tio n  was betw een  38.6 a n d  
4 6 .4 % .

I t  should  be  m en tio n ed  th a t  th e  m ean  SCA an d  SCDCA levels o f h u m a n  
be ings also show  h ig h  s ta n d a rd  d ev ia tio n  (72 a n d  51% , respective ly ).

Acta Veterinaria Hungarica 38, 1990



SERUM LEVELS OF B IL E  ACIDS IN  D A IRY  COWS 223

G ül an d  G rü n d er (1988) re p o rte d  4 9 %  while O lsson (1988) 68%  s ta n d a rd  
d ev ia tio n  fo r th e  m ean  SBA level o f d a iry  cows. O w ing to  th e  h igh  s ta n d a rd  
d ev ia tio n  a n d  v e ry  d is ta n t ex trem e v a lu es , O lsson (1988) d o u b ts  t h a t  bile 
acid  d e te rm in a tio n  could be used  fo r d iagnostic  purposes in  d a iry  cows as 
re liab ly  as i t  can  in  h u m an  beings an d  m onogastric  an im als. I t  is w o r th y  o f 
m en tio n , how ever, th a t  Jo h n so n  e t al. (1985), who re p o rte d  an  SBA  level o f
1.8 i  1.3 p.mol/1 fo r fas tin g  dogs, fo u n d  a s ta n d a rd  d ev ia tio n  as h igh  as 7 2 % .

I t  shou ld  be p o in ted  o u t th a t  b o th  G ül and  G rü n d er (1988) an d  O lsson 
(1988) gave th e  m ean  values for d a iry  cows in  general an d  d id  n o t d iffe ren tia te  
be tw een  d ry , freshened  and  m ilk ing cows. B y  such d iffe ren tia tio n  th e  s ta n d a rd  
d ev ia tio n  a n d  th e  difference betw een  th e  ex trem e values could  su re ly  be d i
m in ished .

5. The d iurn a l variation o f  the S C A  and SC D C A  levels is little and  not 
in fluenced  by the tim e o f  feeding. D ev ia tio n s larger th a n  12%  from  th e  m ean  
SCA an d  SCDCA level were found  in  none o f th e  g roups, an d  no ap p rec iab le  
change w as d e m o n s tra te d  in  th e  se ru m  leve l o f p rim ary  bile acids a fte r  feed ing .

A ccord ing  to  Olsson (1988), th e  SB A  level shows no su b s ta n tia l d iu rn a l 
v a r ia tio n  an d  i t  does n o t change ap p rec iab ly  even a f te r  a 24-h fast. H e o b serv ed  
no in fluence  o f  th e  feeding tim e  on d iu rn a l v a ria tio n s  o f th e  SBA level. SBA  
level w as n o t fo u n d  to  depend  on th e  season ; n e ith e r w ere th e re  big d ifferences 
b e tw een  cow herds.

As opposed  to  da iry  cows, in  carn iv o res  th e  tim e  o f feeding m ark ed ly  
affects th e  se ru m  level o f bile acids. B ile ac id  level is th e  low est in  fa s tin g  dogs, 
th e n  i t  undergoes a tw ofold increase b y  2 h  a fte r  feeding.

T he difference found  betw een  ru m in a n ts  and  carn ivores in  th e  in flu en ce  
o f feed ing  on  bile acid level is n o t su rp ris in g  as in  ru m in a n ts  th e  ab o m asa l 
c o n ten ts  are  co n tin u o u sly  passed on in to  th e  sm all in te s tin e . T hus, p erio d ica l 
sm all in te s tin a l d igestion  and  th e  a b ru p t  in f lu x  o f la rge  vo lum es o f bile  in to  
th e  in te s tin e  need  n o t be reckoned  w ith  in  ru m in a n t an im als.

6. The ratio o f  SC A  and SC D C A  levels in  cows d iffers fro m  that reported fo r  
hum an beings. I n  d ry  cows th e  SCA : SCDCA ra tio  is 5 : 1, while in  h u m a n  
beings i t  is 0.8 : 1. This ind ica tes th a t  in  cows cholic acid  is th e  m a jo r p rim a ry  
b ile  acid  an d  chenodeoxycholic acid is p re se n t only  in  ra th e r  sm all q u a n titie s .

I f  se ru m  bile acid  co n cen tra tio n  rises in  cows, SCA w ill undergo  a g re a te r  
increase th a n  SCDCA. This can  be o b se rv ed  in  freshened  cows in  w h ich  th e  
SCA : SCDCA ra tio  is a lread y  9 : 1 .  I n  cows w ith  p a th o log ica lly  e lev a ted  bile 
acid  level th is  ra tio  m ay  reach  13-15 : 1.

F o r h u m a n  beings th e  reverse is t ru e :  th e  e lev a tio n  o f SBA is accom pan ied  
b y  a sh ift in  th e  ra tio  of th e  tw o p r im a ry  b ile  acids in  fav o u r o f ch en o d eo x y 
cholic acid.
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IN S T R U C T IO N S  TO A U T H O R S

M anuscrip ts a re  accepted  on  th e  b asis o f sc ien tific  significance a n d  su ita b ility  for p u b li
c a tio n  on th e  u n d e rs ta n d in g  th a t  th e y  h a v e  n o t been p u b lish ed , su b m itte d  or accep ted  for p ub li
c a tio n  elsew here. A ccep tan ce  dep en d s o n  th e  op in ion  o f tw o  referees a n d  th e  decision  of th e  
E d ito r ia l  B oard . P a p e rs  accepted  fo r  p u b lic a tio n  are  su b je c t to  e d ito ria l rev ision .

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

M anuscrip ts m u s t  be in  E n g lish  o r  H u n g a rian  a n d  c learly  a n d  concisely  w ritte n . T hey 
sh o u ld  be ty p e d  d o u b le  spaced w ith  w ide  m argins. Tw o copies o f  th e  m a n u sc r ip t shou ld  he 
su b m itte d .

F O R M  O F M A N U S C R IPT

T itle. T he t i t le  should  he a c le a r  a n d  concise s ta te m e n t o f th e  c o n te n ts  in  n o t  m ore  th an  
14 w ords. A sh o rt ru n n in g  title  o f  n o t  m ore  th a n  40 le tte rs  sh o u ld  also  be supp lied . T his is 
fo llow ed  by  th e  a u th o rs ’ in itials (fu ll f i r s t  nam e o f w om en) an d  su rn am e, a n d  th e  n am e o f th e  
in s t i tu t io n  w here th e  w ork  was done . T h e  m ailing  ad d ress  o f  th e  a u th o rs  m u s t also be in d ica ted  
here.

A bstract. T h is  should  no t ex ceed  200 w ords a n d  shou ld  o u tlin e  b rie fly  th e  pu rp o se  of th e  
s tu d y  an d  de ta il im p o r ta n t  find ings a n d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t  ph rases, 
g e n e ra lly  know n in fo rm a tio n  and  r e p e tit io n  should  be  avo ided .

In trod u ctio n . T h is  p a r t  shou ld  s ta te  b riefly  th e  n a tu re  an d  p u rp o se  o f th e  w ork  a n d  cite 
re c e n t  im p o rta n t w o rk  b y  o thers.

M aterials a n d  m ethods. D esc rib e  m ate ria ls , m e th o d s, a p p a ra tu s , ex p erim en ta l proce
d u re  a n d  s ta tis tic a l m eth o d s in  su ff ic ie n t d e ta il to  allow  o th e r  a u th o rs  to  rep ro d u ce  th e  resu lts . 
T h is  p a r t  m ay  h a v e  subheadings.

R esults. T h e  ex p erim en ta l d a ta  sh o u ld  be p re sen te d  c learly  a n d  concisely. A vo id  re 
p e a tin g  in fo rm atio n  p resen ted  in  ta b le s  a n d  figures.

D iscussion sh o u ld  he focussed on  th e  in te rp re ta tio n  of ex p e rim e n ta l f in d in g s . Do n o t 
r e p e a t  l ite ra ry  d a ta  p resen ted  in th e  In tro d u c tio n  or in fo rm a tio n  g iven  in  R esu lts . R eferences 
sh o u ld  he  cited as follow s: e.g. . . .  a s  o b se rv ed  b y  F a i th  a n d  T ru m p  (1976); o r in  p a ren th eses : 
. .  . w ere  found  (S ta r r  e t  ah , 1978; M an so n  and  S ta rr , 1979).

A cknow ledgem ent o f g ran ts  a n d  tech n ica l help .

R eferences. C ite  on ly  essen tia l references. T h ey  shou ld  be a rra n g e d  in  a lp h a b e tica l o rder 
o f  th e  au th o rs’ su rn am es , w ith o u t se ria l num bers . T h e  reference l is t  a t  th e  en d  o f th e  p ap er 
sh o u ld  contain

— fo r jo u rn a ls : n a m e s and in it ia ls  o f  a ll au th o rs , y e a r  o f p u b lica tio n  (in  p a ren th eses), colon, 
E nglish  t i t le  o f  th e  paper ( if  th e  o rig inal t i t le  is n o t E nglish , in d ic a te  in  p a ren th eses , 
e.g. [in F re n c h ]) , jo u rn a l t i t le  a b b re v ia te d  acco rd ing  to  th e  s ty le  u sed  in  In d e x  V eteri- 
narius , v o lu m e  num b er, issue  n u m b e r  in  p a ren th eses , f i r s t  a n d  la s t  pages;

— fo r books: n a m e s  and  in itia ls  o f  au th o rs /e d ito rs , y e a r (in p a ren th eses) , t it le , p u b lish er, 
place of p u b lica tio n , page n u m b e r .

Tables. T h ey  shou ld  be ty p e d  on  sep ara te  sh ee ts an d  hav e  a  concise head in g  each. 
T ab les  a re  to  be  n u m b ere d  seq u en tia lly  b y  R om an  nu m b ers .

F igures. G o o d -q u a lity  glossy p r in ts  o f ha lf-tone  illu s tra tio n s  a n d  c lear line  d raw ings in  
I n d ia n  in k  are acc ep te d . T he n u m b er o f th e  figure, th e  a u th o r’s n am e  a n d  th e  to p  o f th e  figure  
sh o u ld  be  in d ica ted  l ig h tly  in  soft p e n c il o n  th e  b ack . T he figures a re  to  be  n u m b ere d  sequen
t ia l ly  b y  A rabic n u m b ers . C aptions sh o u ld  be p rov ided  on a sep a ra te  sh ee t. A ll fig u res  should 
b e  re fe rred  to  in  th e  t e x t  and th e ir  a p p ro x im a te  p lace  in d ica ted  on  th e  m arg in .

A bbreviations an d  symbols. Q u a n tit ie s  should  be  expressed  in  S I u n its . A ll a b b rev ia tio n s  
sh o u ld  be spelled o u t  w hen  f irs t u sed  in  th e  te x t. P lease  id en tify  u n u su a l sym bols in  th e  m arg in .

Proofs and  rep rin ts . Two se ts  o f  proofs will be  p rov ided , w h ich  a re  re q u este d  to  be 
re tu rn e d  w ith in  48 h o u rs  o f rece ip t to  th e  E d ito r. A lte ra tio n s  in  th e  t e x t  a n d  especially  in  th e  
illu s tra tio n s  are ex p en siv e  and shou ld  be  avoided. One h u n d re d  re p rin ts  o f each  p a p e r a re  su p 
p lied  free of charge. A dditiona l r e p r in ts  can  be o rdered  a t  cost p rice  a t  th e  tim e  th e  page  p roof 
is re tu rn e d .
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CHARACTERIZATION OF ACT IN О BACILLUS 
STRAINS ISOLATED FROM ABORTED 

SWINE FETUSES

L. F odor,1 J. Varga,1 I .  H ajtós2 and F . R átz3

d e p a r t m e n t  o f M icrobiology and  In fec tio u s D iseases, U n iv e rs ity  o f V e te rin a ry  Science, 
H -1581 B u d a p es t, P . O. B o x  22; 2V eterin ary  I n s t i tu te ,  H -3501 M iskolc, P . O. B ox  170 an d  
8C en tra l V e te rin a ry  In s t i tu te  o f th e  V e te rin a ry  a n d  F ood  In sp ec tio n  Service, H-1581 B u d a 

pest, P . 0 .  B o x  2, H u n g a ry

(R eceived J a n u a r y  18, 1990)

E leven  A ctinobacillus  stra ins w ere  iso la ted  in  p u re  c u ltu re  fro m  12- to  13-w eek- 
o ld  a b o rte d  sw ine fe tu ses . A p a rt fro m  m in o r  b iochem ical differences, th e y  resem b led  
s tra in s  iso la ted  fro m  sow vaginas b y  R o ss  e t  al. (1972) in  th e  U . S. A. Som e o f  th e  
s tra in s  a g g lu tin a ted  sheep , ca ttle  and  h o rse  b u t  n o t  pig, dog a n d  chicken e ry th ro cy te s . 
H a em a g g lu tin a tio n  w as m annose re s is ta n t  an d  could  be  in h ib ited  b y  specific h y p e rim 
m u n e  serum . H e a tin g  above 70 °C d im in ish ed  or abolished h a em ag g lu tin a tio n  o f  th e  
cu ltu res . E lec tro n  m icroscopy  showed no  f im b ria e  on  th e  su rface  of th e  b ac teria .

Keywords: A ctinobacillus, sow, a b o rtio n

M em bers o f th e  genus A ctinobacillus  cause spo rad ic  diseases invo lv in g  
su p p u ra tio n  an d  sep ticaem ia  in  fa rm  an im a ls  (B ib erste in , 1981). T h is genus 
inc ludes A . lignieresii, A .  equuli, A . su is , A .  capsulatus a n d  A . actinomycetem- 
com itans (B iberste in , 1981; M annheim  e t  al., 1984). I n  ad d itio n , i t  h as  b een  
suggested  th a t  s tra in s  iso la ted  from  sp o ra d ic , haem o rrh ag ic , necro tic  pn eu m o n ia  
o f sw ine w hich  resem ble  Pasteurella haem olytica, to g e th e r  w ith  th e  species 
H aem ophilus pleuroneum oniae, should h e  reclassified  w ith in  th e  genus A c tin o 
bacillus as tw o  b io ty p es o f a new ly c re a te d  species, A . pleuropneum oniae  (P o h l 
e t ah , 1983). M ráz (1969) suggested to  p la c e  P . haemolytica  in to  th is  genus as 
well, u n d e r  th e  nam e o f A . haem olyticus. I n  th e  U. S. A ., Ross e t al. (1972) 
iso la ted  from  th e  v ag in a  o f sows s tra in s  w h ich  th e y  reg a rd ed  as a new  species o f 
A ctinobacillus  a fte r com parison  w ith  o th e r  m em bers o f th e  genus. In  som e 
aspects  sim ilar s tra in s  w ere iso lated  b y  M air from  swine fe tu ses and  gen ita ls  an d  
n am ed  Pasteurella  sp. (c it. M annheim  e t  a h , 1980; S n e a th  an d  S tevens, 1985).

T h is p a p e r re p o rts  on th e  c h a ra c te r iz a tio n  of th e  c u ltu ra l, b iochem ical 
an d  serological fea tu res  o f A ctinobacillus  s tra in s  iso la ted  from  ab o rted  sw ine 
fe tu ses in  H u n g ary .

1* Acta Veterinaria Hungarica 38, 1990 
Akadémiai Kiadö, Budapest
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M aterials an d  m ethods
Bacteria

B acteria l s tra in s  w ere iso la ted  fro m  th e  p a ren ch y m al o rg an s and  s to m a c h  
c o n te n ts  of sw ine fe tu ses a b o rted  a t  th e  1 2 th -1 3 th  w eek o f  g esta tio n . T h e  
sam ples were in o c u la te d  on to  n u tr ie n t  a g a r  an d  sheep b lo o d  ag a r c o n ta in in g  
0 .5 %  y eas t e x tra c t .  A gar p la te s  w ere in c u b a te d  a t  37 °C fo r 24 h . S to m ach  
c o n te n ts  were in o c u la te d  on to  tw o  b lood  a g a r  p la te s , one of w hich  w as in c u b a te d  
fo r  24 h  in  a ir, th e  o th e r for 7 d ay s  in  a ir  w ith  10%  C 0 2 c o n te n t. S m ears o f  
s to m a c h  co n ten ts  w ere sta in ed  b y  G ram ’s a n d  S ta m p ’s m eth o d s.

One A ctinobacillus  sp. s tra in  o f  R oss (A56) and  tw o  Pasteurella  sp. s tra in s  
(A ll an d  A204) rece iv ed  from  D r. P . H . A. S n ea th , D e p a rtm e n t o f M icrobiology, 
L eiceste r U n iv e rs ity , L eicester, U . K . (S n e a th  an d  S tevens, 1985) w ere in c lu d ed  
in  th e  ex am in a tio n s.

Sam ples fro m  liv e r and  k id n ey  w ere s ta in ed  b y  L e v a d iti’s s ilv er-im p reg 
n a tio n  m eth o d  to  d e te c t lep tosp irae .

Biochem ical tests

B iochem ical ex am in a tio n  o f th e  iso la te s  w as ca rried  o u t accord ing  to  
B ib e rste in  (1978).

H aem agglutination

H aem a g g lu tin a tin g  ab ility  o f th e  s tra in s  was te s te d  on slides an d  m icro- 
t i t r e  p la tes u sing  1%  suspensions o f w ash ed  sheep, pig, dog, horse, c a ttle  a n d  
ch ick en  e ry th ro c y te s . One drop o f sa line  w as m ixed on a slide w ith  one co lo n y  
fro m  a blood ag a r p la te , th e n  an  e q u a l vo lum e o f  red  b lood  cell suspension  w as 
a d d e d . In  a p o sitiv e  reac tio n  th e  e ry th ro c y te s  c lum ped  w ith in  a few seconds. 
W h e n  m ic ro titre  p la te s  were used , e q u a l vo lum es (50 /Л) of doub ling  d ilu tio n s  
o f  b ac te ria l su spension  (M acF arland  2) w ash ed  off a b lood  ag a r p la te  or b ro th  
c u ltu re  and  e ry th ro c y te  suspension w ere d ro p p ed  in to  each  well. The te s t  w as 
re a d  a fte r 3 h  a t  ro o m  te m p e ra tu re . R esis tan ce  of th e  h aem ag g lu tin in  to  1 %  
m an n o se  was also te s te d .

H ea t su sc e p tib ility  of th e  h a e m a g g lu tin a tio n  w as ex am in ed  b y  h e a tin g  
th e  b ro th  cu ltu res  in  a w a te rb a th  a t  50, 60, 70, 80 and  90 °C fo r 30 m in or bo iling  
fo r  10 m in, th e n  te s tin g  for h a e m a g g lu tin a tin g  ab ility  as prev iously .

P roduction o f  an tiserum

H y p erim m u n e  serum  was p ro d u ced  ag a in s t one of th e  h a e m a g g lu tin a tin g  
s tra in s  by  in tra v e n o u s  in jec tion  o f a r a b b i t  a t  3- to  4 -d ay  in te rv a ls  w ith  0.5, 1, 
2 , 3, 3 and  3 m l b ro th  cu ltu re  in a c tiv a te d  w ith  0 .15%  fo rm alin , follow ed b y  
ex san g u in a tio n  o f  th e  ra b b it  7 day s a f te r  th e  la s t in jec tio n .
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H aem agglutination  inh ib ition  test

T h e  h aem ag g lu tin a tio n  in h ib itio n  te s t  w as carried  o u t on m ic ro titra tio n  
p la te s . T o  doubling  d ilu tio n s of th e  h y p e rim m u n e  ra b b it  se rum  th e  sam e volum e 
(50 pi) o f  b ro th  c u ltu re  w as added . T h e  p la te s  were in c u b a te d  a t  37 °C fo r 45 
m in , th e n  100 pi o f 1%  e ry th ro cy te  susp en sio n  was ad d ed  to  each  w ell. T he 
te s t  w as re a d  a fte r 3 h  a t  room  te m p e ra tu re .

Electron microscopy

O ne drop  of a s lig h tly  opalescent b r o th  cu ltu re  of th e  b ac te riu m  w as m ixed  
w ith  1%  w /v  aqueous so lu tion  of p h o sp h o tu n g s tic  acid on a F o rm w ar co a ted  
co p p er m icrogrid  an d  exam ined  w ith  a Phillips 201 CS ty p e  tran sm iss io n  
e lec tro n  m icroscope.

R esu lts

B a c te r ia  of s im ila r appearance  w ere  iso la ted  in  pu re  cu ltu re  from  11 fe tu ses 
o f 4 sows in  d ifferen t herds. G row th  w a s  o b ta in ed  w ith  in cu b a tio n  b o th  a fte r  
24 h  in  a ir  and  7 days in  a ir  con ta in ing  1 0 %  C 0 2. Colonies on b lood  ag a r a t  24 h  
were g rey , convex, sm o o th  an d  a p p ro x im a te ly  1-2  m m  in  d iam e te r; th e y  d id  n o t 
s tick  to  th e  surface o f th e  agar. A n a rro w  /S-haem olytic zone w as p re se n t a ro u n d  
th e  co lonies. M icroscopically, th e  o rg an ism s appeared  as G ram -n eg a tiv e  rods 
o f 1—2 p m  len g th . G ro w th  on n u tr ie n t a g a r  w as poor. S tom ach  c o n te n t sm ears 
an d  h isto lo g ica l ex am in a tio n  of livers a n d  k idneys revea led  no o th e r o rgan ism s.

W ith  th e  ex cep tio n  of sucrose fe rm e n ta tio n , o rn ith in e  d ecarb o x y lase  
a c t iv i ty  a n d  grow th on  M acConkey a g a r , th e  s tra in s  w ere b iochem ically  u n i
fo rm  (T ab le  I).

S ix  s tra in s , iso la ted  from  2 l i t te r s ,  ag g lu tin a ted  sheep , c a ttle  a n d  horse 
b u t  n o t  p ig , dog an d  ch icken  e ry th ro c y te s :  th e  rem ain ing  5 s tra in s  (iso la ted  
from  o th e r  2 litte rs) fa iled  to  ag g lu tin a te  a n y  e ry th ro cy te . T he h ae m a g g lu tin a t-  
in g  t i t r e  o f  b ro th  cu ltu re s  reached  1 : 64 . T he h aem ag g lu tin a tio n  w as n o t in 
h ib ite d  b y  1%  m annose .

T h e  ra b b it  im m u n e  serum  in h ib ite d  th e  h aem ag g lu tin a tio n  of all s tra in s  
a t  a t i t r e  o f 1 : 1280.

H a e m a g g lu tin a tin g  a c tiv ity  co u ld  be  reduced  or abolished  b y  h ea tin g . 
T re a tm e n t a t  50 °C an d  60 °C for 30 m in  h a d  no effect b u t  h ea tin g  a t  70 °C or 
80 °C fo r 30 m in red u ced  th e  h a e m a g g lu tin a tio n  t i t re  b y  one d ilu tio n  to  1 : 32. 
E x p o su re  to  90 °C for 30 m in  or bo iling  fo r  10 m in abolished  h a e m a g g lu tin a tin g  
a c tiv i ty  o f  th e  s tra in s  com pletely .

B y  elec tron  m icroscopic ex a m in a tio n  fim b riae  could n o t be d e tec ted  on th e  
su rface  o f  th e  b ac te ria  (F ig . 1). The h a e m a g g lu tin a tin g  b a c te ria  ad h ered  closely 
to  th e  su rface  of th e  re d  blood cells.

Acta Veterinaria Hungarica 38, 1990
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Table I

C ultu ra l a n d  biochem ical featu res o f 11 Actinobacillus s tra ins 
iso la ted  fro m  aborted  swine fetuses, Actinobacillus sp. A56 

an d  Pasteurella sp. A l l  an d  A204

F eature Own isolates 
11 strains

A56 AU and A204

G ram  staining — — —

M otility — — —

Catalase + + +
Oxidase H“ +
O F tes t fe rm en ta tive fe rm en ta tiv e ferm en ta tive
H aem olysis ß ß ß
G row th on M acC onkey agar - ( + 2 ) + —
Indole — — —
Urease + + +
H 2S (Pb  ace ta te  s tr ip ) + + +
N itra te  red u ctio n + + J -

ON PG *4“ + +
O rnithine decarboxylase d  ( + 6 ) — +
Lysine decarboxylase — — —
A rginine d ihydro lase — — —
F erm en tation  of 

arabinose + + +
glucose + -j- - f

lactose + + +
m annitol + + +
raffinose — — —

sáliéin — — —

sucrose d ( + 6 ) — +
trehalose — — —
xylose + + +

D iscussion

The ex ac t id e n tif ic a tio n  of s tra in s  w ith in  th e  genera Actinobacillus, 
H aem ophilus  and  Pasteurella  is v e ry  d ifficu lt because  o f th e ir  close re la tio n sh ip  
a n d  com m on fe a tu re s  (M annheim  e t a l., 1980; M annheim  e t al., 1984; S n e a th  
a n d  S tevens, 1985).

B ased on th e ir  m orphological, c u ltu ra l an d  b iochem ical ch a rac te ris tic s  
th e  11 stra in s iso la ted  b y  us from  a b o rted  sw ine fe tu ses seem  to  belong to  th e  
g en u s Actinobacillus  (M ráz, 1983; S n ea th  an d  S tevens, 1985). These s tra in s  
d iffe red  from  A . lign ieresii an d  A . equuli in  h aem o ly tic  a c tiv ity , ca ta lase  p o s i
t iv i ty ,  and  p ro d u c tio n  o f  H 2S. F u rth e rm o re , th e y  d id  n o t ad h ere  to  th e  a g a r  
a n d  did  no t fe rm e n t treh a lo se  and  ra ffinose  (M annheim  e t al., 1980; M ann-
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heim  e t  al., 1984; S n e a th  and  S tev en s, 1985). In  com parison  to  A . su is  th e y  
fo rm ed  sm aller colonies an d  fe rm en ted  m a n n ito l b u t  n o t raffinose, salicin  or 
tre h a lo se  (D orssen a n d  Ja a r tsv e ld , 1962; Z im m erm an n , 1964). B ased  on h a e m o 
lysis on  sheep blood ag ar, H 2S p ro d u c tio n , lac to se , raffinose , salicin  an d  t r e 
halose  fe rm e n ta tio n  th e y  differed fro m  A . capsulatus  and  A . actinomycetemco- 
m itans  (M annheim  e t ah , 1980; M an n h eim  e t  ah , 1984; S n ee th  and  S tevens, 
1985). T h e ir s tro n g  u rease  a c tiv ity  w as suggestive  o f T ax o n  12 of B isgaard  an d  
P . ureae. The la t te r  h as  been iso la ted  p rev io u sly  from  a b o rted  sw ine fe tu ses  
(C orkish  an d  N ay lo r, 1982), b u t our s tra in s  w ere less fa s tid ious, grew  b e tte r  on 
b lood  ag a r, fe rm en ted  lac to se  and  x y lo se , an d  p roduced  H 2S (M annheim  e t ah , 
1980; M annheim  e t  ah , 1984; S n ea th  a n d  S tevens, 1985). In  c o n tra s t to  Bis- 
g a a rd ’s T ax o n  12 a rab inose  and  xylose b u t  n o t raffinose , salicin  an d  treh a lo se  
w ere fe rm en ted  (B isgaard , 1986). T h e  s tra in s  differed  from  P . haem olytica  
b io ty p e  A  in  p ro d u c in g  urease  and  H 2S a n d  in  fe rm en tin g  raffinose  (B iberste in , 
1978). C atalase p o s itiv ity  d iffe ren tia ted  th e m  from  th e  P . haemolytica-like  
s tra in s  iso la ted  from  pigs an d  recen tly  id e n tif ie d  as A . p leur о pneum oniae  b io ty p e  
2 (B ertsch in g er a n d  S eifert, 1978; P o h l e t  ah , 1983). O ur s tra in s  are excluded  
from  B isg aa rd ’s T ax o n  15 on th e  basis o f  u rease  a c tiv ity  (B isgaard , 1984). O nly  
s lig h t d ifferences w ere a p p a re n t b e tw een  o u r s tra in s  an d  th o se  iso la ted  b y  R oss 
e t ah  (1972) from  th e  v ag in a  of sows, th e re fo re  th e y  seem  to  belong  to  th e  sam e 
species. S ix iso lates fe rm en ted  sucrose a n d  p ro d u ced  o rn ith in e  d ecarboxy lase  
u n lik e  A ctinobacillus  sp . described b y  R o ss (1972) an d  in  th is  aspec t show ed th e  
sam e ch a rac te ris tic s  as Pasteurella  sp . o f  M air (c it. S n ea th  an d  S tevens, 1985). 
T hese  tw o  species show  close re la tio n sh ip  (S n ea th  an d  S tevens, 1985) a n d  in  
o u r v iew  th e y  m ig h t be  regarded  as tw o  b io ty p es  o f one species; how ever, 
D N A -D N A  h y b rid isa tio n  te s ts  have n o t  been  ca rried  o u t y e t to  p rove  it.

S ix  o u t of th e  11 s tra in s  a g g lu tin a te d  sheep , horse an d  c a ttle  b u t  n o t p ig , 
dog a n d  chicken e ry th ro c y te s . T here w as  no co rre la tio n  betw een  th e  haem ag- 
g lu tin a tio n  and  a n y  b iochem ical re a c tio n s . H a e m ag g lu tin a tin g  s tra in s  could  be 
d e te c te d  b o th  am ong  sucrose and  o rn ith in e  decarboxy lase  n eg a tiv e  an d  p osi
tiv e  s tra in s , suggesting  a close re la tio n sh ip  be tw een  Pasteurella  sp . of M air (c it. 
S n e a th  a n d  S tevens, 1985) an d  A ctinobacillus  sp. o f Ross (R oss e t al., 1972).

T h e  h aem ag g lu tin in  w as h ea t lab ile , a n d  a specific im m une  serum  of h igh  
t i t r e  in h ib ite d  its  a c tiv ity . F im briae  h a v e  been  revea led  n e ith e r  on th e  surface 
of h a e m a g g lu tin a tin g  n o r on th a t  o f n o n -h a e m a g g lu tin a tin g  s tra in s . In  th e  case 
o f h a e m a g g lu tin a tin g  s tra in s  a th e rm o la b ile  su rface  an tig en  p roved  to  be re 
sponsib le  fo r th e  h aem ag g lu tin a tio n , as i t  occurs in  o th e r species (V arga e t al., 
1987). T here  is no ev idence  w heth er th e se  adhesins h av e  an y  ro le in  th e  p a th o 
g en ic ity  o f  these s tra in s .
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Fig. 1. B acteria l cells w ith o u t f im b ria e  adhere  to  each o th er (b a r  =  10 /m )
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SURVEY OF ACTIN О BACILLUS (HAEMOPHILUS) 
PLEUROPNEUMONIAE INFECTION 

IN SWINE BY DIFFERENT METHODS

É v a  M o ln á r

D e p a r tm e n t of E pizoo tio logy , U n iv e rs ity  o f V e te rin a ry  Science,
H-1581 B u d a p e s t,  P . O. B ox  22, H u n g ary

(R eceived  J a n u a ry  15, 1990)

L u n g  a n d  serum  sam ples fro m  pigs t h a t  died  or w ere em erg en cy -slau g h te red  
in  a pooled, co n v en tional fa tte n in g  h e rd  w ere exam in ed  to  su rv ey  A clin o b a c illu s p leu ro -  
pn eu m on iae  in fec tio n  and to  c o m p are  th e  se n s itiv ity  o f d iffe ren t te s tin g  m ethods. A  to ta l  
o f 110 lungs w ere used  for c u ltu ra l  iso la tio n  o f th e  ag en t an d  d irec t im m unofluo rescence  
( IF )  o f im p ress io n  sm ears. B o iled  lu n g  suspensions w ere te s te d  b y  c o ag g lu tin a tio n  
(Со-A) an d  a g a r  gel p re c ip ita tio n  (A G P). E ig h ty -sev en  sera  w ere te s te d  a long  w ith  
lung  sam ples fro m  th e  same p igs.

T he lu n g s  yielded a v a r ie d  b a c te r ia l f lo ra  m ost o ften  co n ta in in g  P asteu re lla  
m ú lto d d á  a n d  less freq u en tly  A c tin o m y ce s  (C oryn ebac teriu m ) p yo g en es , E . coli an d  S a l
m onella. A .  p leu ropn eu m on iae  w a s iso la ted  fro m  30 lungs: from  22 lu n g s  i t  grew  o u t  in  
p u re  c u ltu re , fro m  7 as m ixed c u ltu re  w ith  P . m ú lto d d á  and  fro m  1 as m ixed cu ltu re  
w ith  A . p yo g en es .

T he n u m b e r  o f positive sam p le s o b ta in e d  b y  th e  d iffe ren t m e th o d s was as fo l
low s: co ag g lu tin a tio n  te s t (w ith  b o iled  lu n g  suspensions): 63 (5 7 .3 % ); im m u n o flu o res
cence: 43 (3 9 .2 % ); A G P te s t  (w ith  serum ): 31 (35 .6% ); A F P  te s t  (w ith  bo iled  lu n g  
suspension): 25 (22.7% ).

A  to ta l  o f  23 sam ples (2 0 .7 % ) w ere n eg ativ e  b y  all serological te s ts  a n d  b y  
c u ltu ra l  iso la tio n . M ost sam ples g av e  po sitiv e  re su lts  b y  tw o or m ore  te s ts  w hile 26 
sam ples o n ly  b y  one te s t (m ost o f te n , on  13 occasions, b y  th e  Со-A  te s t) .

T he Go-A te s t  de tected  a n tig e n ic  com p o n en ts  o f  se ro ty p es t h a t  hav e  n o t b een  
iso lated  in  H u n g a ry  so far. T h is in d ic a te s  t h a t  i t  is  n o t  enough  to  te s t  one s tra in  fro m  
a given lu n g  sam p le : several colonies m u s t be  cu ltu red  an d  sero ty p ed .

In  th e  h e rd  surveyed se ro ty p e  2 w as d o m in a n t b u t  se ro ty p es 1, 3, 5, 7, 8, 10, 11 
an d  12 also occurred .

T he Со-A  te s t  p roved to  b e  th e  m o st sensitive  o f th e  f iv e  m eth o d s  co m p ared . 
O th er m eth o d s, how ever, can serve  as u sefu l co m p lem en ta ry  te s ts .

Keywords: A ctinobacillus, H aem o p h ilu s, A . p leu ro p n eu m o n ia e , pig , p le u ro 
pneum onia , co m p ara tiv e  s tu d y , c o a g g lu tin a tio n  te s t,  ag ar gel p re c ip ita tio n , c u ltu ra l  
iso lation , d ire c t im m unofluorescence

P leu ro p n eu m o n ia  of swine cau sed  b y  H aem ophilus p leuropneum oniae  w as 
f i r s t  described in  1964 (Shope e t a l., 1964). B ased  on its  D N A  s tru c tu re , th e  
c a u sa tiv e  agen t h a s  been tra n s fe rre d  to  th e  genus A ctinobacillus  an d  is re fe rred  
to  as A ctinobacillus p leuropneum oniae  (P o h l e t a l., 1983).

So fa r 12 d iffe ren t sero types o f  A . p leuropneum oniae  h a v e  b een  re p o rte d  
(N ielsen , 1986). Som e serotypes a re  a n tig en ica lly  closely re la te d  (G u n n arso n  
e t  a l., 1978; M itta l e t al., 1988a, 19886). A t th e  sam e tim e , w ith in  c e r ta in  
se ro ty p es su b ty p es  m ay  occur (N ielsen , 1986). T he degree o f an tig en ic  re la te d -
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ness b e tw een  se ro ty p es v a rie s : a close re la tio n sh ip  w as fo u n d  am ong sero types 
1, 9 a n d  12, betw een  se ro ty p es  4 an d  7 a n d  am ong  se ro ty p es 3, 6 an d  8 (N icolet, 
1988).

N um erous te s ts  h a v e  been used fo r serological id e n tif ic a tio n  o f A . pleuro- 
pneum on iae  in fec tion  a n d  for its  se ro ty p e  d e te rm in a tio n . E a rlie r th e  com ple
m e n t f ix a tio n  te s t  w as used  m ost w id e ly  (N icolet e t a l., 1971; N ielsen, 1974; 
G u n n arso n , 1979). T h e  la te x  ag g lu tin a tio n  te s t  (M itui e t al., 1981), E L IS A  
(N ico le t e t ah, 1981), co u n te rim m u n o e lec tro p h o resis  (P iffe r e t ah, 1986) an d  
d ire c t im m unofluo rescence  w ere used  b y  re la tiv e ly  few  au th o rs  th o u g h  were 
re p o r te d  to  have h ig h  sen s itiv ity  an d  sp ec ific ity . M any a u th o rs  (M itta l e t ah, 
1983c; N icolet e t ah, 1981; N ielsen an d  O ’C onnor, 1984; N ico let, 1988) fo u n d  th a t  
th e  in d ire c t h a e m a g g lu tin a tio n  te s t  w as specific  an d  sensitive .

T he tu b e  a g g lu tin a tio n  and  ag ar gel p re c ip ita tio n  (A G P) te s ts  h av e  been  
co m p ared  b y  m an y  o f th e  abo v e-m en tio n ed  au th o rs . T h e  general view  is t h a t  in  
th e  ag g lu tin a tio n  t e s t  cross-reactions b e tw een  d iffe ren t sero types are  v e ry  
com m on , while A G P , th o u g h  less sen sitiv e , is one of th e  m ost specific te s ts .

T he c o ag g lu tin a tio n  (Со-A) te s t  h a s  been  used fo r id en tif ic a tio n  o f  A .  
p le u ropneumoniae  in fe c tio n  and  for se ro ty p e  d e te rm in a tio n  w ith  v e ry  good 
re su lts  (M itta l e t ah , 1983a, 19836; M itta l e t ah , 1987; H u n te r  an d  L iv ingstone , 
1986; Skollova an d  G ois, 1987).

T he purpose o f  th e  w ork rep o rted  h e re  w as to  collect d a ta  on th e  v alue  of 
Со-A , to  com pare i ts  se n s itiv ity  w ith  t h a t  o f o th e r te s ts  an d  to  use i t  fo r su r
v ey in g  A . p leuropneum oniae  sero types occu rring  in  H u n g a ry .

Materials and methods

Test material

T he te s t m a te r ia l w as collected a t  a p ig  fa rm  w here 30,000 to  50,000 pigs 
a re  fa tte n e d  a t a t im e . T hese pigs are  p u rc h a se d  from  large  pig farm s a ll over 
H u n g a ry  a t  a bo d y  m ass  of 25-30 kg. T h e  te s t  m a te r ia l w as collected  a t  th e  
fa rm ’s slaugh te rhouse  from  pigs s la u g h te re d  for som e reason  (87 culled  or 
em erg en cy -s lau g h te red  p igs; lung a n d  b lo o d  sam ples) an d  from  pigs t h a t  h a d  
d ied  o f  pneum onia (23 p igs; only lu n g  sam ples). T he 110 lung  sam ples w ere 
u sed  for b ac te ria l c u ltu re , th e  im pression  sm ears m ade from  th e m  w ere te s te d  
b y  I F  using  a c o n ju g a te  against se ro ty p e  2, an d  boiled  lu n g  suspensions w ere 
te s te d  b y  Со-A a g a in s t th e  12 know n se ro ty p es  an d  b y  A G P  ag a in st sero ty p es 
1 a n d  2. The 87 sera  w ere  te s ted  b y  A G P .

Bacteria l culture

T he sam ples w ere  in ocu la ted  o n to  b lood  ag ar p la te s  w ith  a s tre a k  o f 
Staphylococcus aureus. S uspect colonies w ere in o cu la ted  on to  try p tic  soy ag ar
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(T SA) con ta in in g  5%  y eas t e x tra c t .  A fte r ob ta in ing  a p u re  c u ltu re , th e  s tra in  
w as ag a in  in o cu la ted  onto  b lood  a g a r w ith  a s treak  of S . aureus.

T he isolate w as considered  A .  p leuropneum oniae  if  i t  re q u ire d  th e  presence 
o f  S . aureus colonies for i ts  g ro w th  an d  w as a G ram -n eg a tiv e , non -c ilia ted , 
h aem o ly tic  coccobacillus. B iochem ical te s ts  w ere done on o n ly  few  stra in s .

I F  test

Im pression  sm ears m ade fro m  th e  lung  sections w ere ex am in ed  by  d irec t 
I F  as u sual. The co n juga te  w as p re p a re d  b y  us as follow. R a b b its  w ere im m u 
n ized  w ith  th e  w hole-cell suspension  o f a sero type  2 s tra in  iso la te d  in  H u n g ary . 
Im m u n e  sera o f 1 : 2048-1 : 4096 ag g lu tin a tio n  t i tre  w ere o b ta in e d  and  used  
fo r co n ju g a te  p rep a ra tio n . T he o p tim a l d ilu tio n  of th e  c o n ju g a te  w as 1 : 32.

Coagglutination test

Pieces from  th e  lungs w ere s to red  a t  — 20 °C u n til  u sed . A fte r  thaw in g , 
a b o u t 2 g pieces w ere hom ogenized  in  3 m l saline, th e  susp en sio n  was filled  
in to  a W asserm ann  tu b e  an d  bo iled  in  w a te r-b a th  for 10 m in . S u b seq u en tly  th e  
suspension  was cen trifuged  a t  8000 g  fo r 30 m in and  th e  s u p e rn a ta n t  was used 
fo r th e  Со-A an d  A G P tests .

T he details o f th e  p re p a ra tio n  o f Со-A reagen ts an d  th e  p ro ced u re  o f th e  
Co-A te s t  have been  described ea rlie r b y  M itta l e t al. (1983a, 1983b).

A g a r gel precip ita tion  ( A G P )  test

E ig h ty -sev en  blood sera  a n d  87 lu n g  e x tra c ts  were ex am in ed  b y  A G P te s t 
c a rr ie d  o u t in  th e  u su a l w ay. V erona l b u ffe r (p H  8.6) c o n ta in in g  1%  agarose 
w as lay e red  on a slide. The d is ta n c e  b e tw een  th e  wells w as 6 m m  an d  th e  d iam 
e te r  o f  th e  wells w as 4 m m . T h e  slides w ere in cu b a ted  in  m o ist cham ber a t  
ro o m  te m p e ra tu re  an d  th e  te s t  w as re a d  a fte r  24, 48 an d  72 h .

Results

O nly  4 ou t o f  th e  110 lu n g  sam ples exam ined  were free fro m  gross p a th o 
log ica l lesions. T he lesions v a ried  w idely  in  severity , e x te n t a n d  ty p e . N ecropsy  
fin d in g s  ty p ica l o f A .pleuropneum oniae  (acu te  or chronic h aem o rrh ag ic  pneu m o 
n ia , n ecro tic  foci, acu te  fib rin o u s or ch ron ic  fib rous p leu ritis) w ere seen in  61 
lu n g s , m ain ly  in  th e  u p p er th ird  o f  th e  d iap h rag m atic  lobe, n e a r  th e  ob tuse 
m arg in .

A . pleuropneum oniae  w as iso la te d  from  30 ou t of th e  110 lu n g  sam ples 
ex am in ed . The 30 lu n g  sam ples y ie ld in g  A . pleuropneum oniae  in c lu d ed  4 lungs 
in  w h ich  no lesions ind ica tiv e  o f th is  p a th o g en  were seen. A . p leuropneum oniae
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grew  o u t in  pure  c u ltu re  from  22 lu n g  sam ples a n d  in  m ixed  cu ltu re  w ith  
P . m ú lto d d á , A ctinom yces (C orynebacterium ) pyogenes  a n d  E . coli from  8 lung  
sam ples. O nly 22 lu n g s  fa iled  to  y ie ld  b a c te ria  b y  c u ltu ra l  iso la tion ; from  th e  
o th e r  lu n g  sam ples th e  ab o v e-m en tio n ed  b ac te ria  (m o st fre q u e n tly  P . m ú lto d 
dá) a n d , in  one case, a closely n o t id e n tif ie d  Salm onella  species grew o u t. T he 
se ro ty p e  d is tr ib u tio n  o f  th e  30 A . p leu ropneum oniae  iso la te s  as de term ined  b y  
A G P  w as as follow s: 26 s tra in s  belonged  to  sero ty p e  2, 2 s tra in s  were m ixed 
se ro ty p es  (2 and  11), w hile  2 s tra in s  cou ld  n o t be ty p e d .

O n th e  basis o f th e  Со-A te s t  o f bo iled  lung  suspensions, th e  d is trib u tio n  
o f se ro ty p es in  th e  63 p o sitiv e  sam ples w as as follows: o n ly  sero ty p e  1: 2 s tra in s ; 
o n ly  se ro type  2: 23 s tra in s ;  on ly  se ro ty p e  5: 1 s tra in ; o n ly  sero ty p e  8: 4 s tra in s ; 
on ly  sero type  10: 3 s tra in s ;  only se ro ty p e  11: 3 s tra in s ; m ixed  (m ore th a n  one 
se ro ty p e ): 27 s tra in s .

T he p revalence o f  d iffe ren t se ro ty p e  com ponen ts in  th e  27 sam ples w hich 
c o n ta in e d  th e  an tig en ic  com ponen ts o f 2 or 3 sero ty p es w as as follows: sero ty p e  
1 w as p resen t in  9 sam p les , sero type  2 in  19, se ro ty p e  3 in  8, sero type  5 in  8, 
se ro ty p e  7 in  1, s e ro ty p e 8 in  3, sero ty p e  10 in  1, se ro ty p e  11 in  11, and  se ro type  
12 in  1 sam ples.

A G P te s t  o f b o iled  lung  suspension  w as done o n ly  w ith  im m une sera 
p ro d u ced  against se ro ty p e s  1 and  2. T he 25 sam ples p o sitiv e  in  th is  te s t  show ed 
th e  follow ing d is tr ib u tio n : in  9 sam ples only  se ro ty p e  1, in  12 sam ples on ly

Table I

C om parison of d ifferen t te s ts  for sensitiv ity  o f d e tec tin g  
A . p leur opneumoniae  infection

Method
N um ber of 

samples
Positive,

to tal
Positive in 
bo th  tests

Positive in 
firs t test, nega
tive in  second 

test1

Negative in 
first test, posi
tive in second 

test

Co-A2- I F 3 no 75 31 32 12
Со-A—A G P4 (w ith serum ) 876 59 21 28 10
Со-A—cu ltu ra l isolation5 110 73 20 43 10
C o-A -A G P (w ith boiled lu n g  

suspension) 110 72 16 47 9
IF —A G P (w ith  serum ) 87 51 13 20 18
IF —cu ltu ra l isolation 110 47 26 17 4
IF -A G P  (w ith  b.l.s.7) 110 57 11 32 14
A G P (serum ) -  cu ltu ra l isol. 87 41 10 21 10
A G P (serum  -  A G P (b .l.s.) 87 41 5 26 10
c u ltu ra l isolation -  A G P (b .l.s .) no 48 7 23 18

1e.g. (first line): Со-A  positive , I F  n eg ativ e ; 2Co-A =  co ag g lu tin a tio n  te s t  w ith  boiled lung  
suspension; 3I F  =  d irec t im m unofluorescence te s t;  4 A G P =  ag ar gel p rec ip ita tio n  te s t; S u ccess
fu l iso lation ; 6as only 87 se ra  were available fo r testing , only th e  87 lung  sam ples tak en  from  
pigs whose serum  sam ples w ere available were used ; b.l.s. 7boiled lu n g  suspension
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se ro ty p e  2 an tig en ic  com ponen ts w ere de tec ted , w hile 4 sam ples c o n ta in e d  
m ixed  (sero type  1 a n d  2) an tigen ic  com ponen ts.

C om parison o f  th e  d ifferen t serological te s ts  fo r se n s itiv ity  is p re se n te d  in  
T ab le  I . T he Со-A te s t  p roved  to  be th e  m ost sensitive. T h is  find ing  is su p p o rte d , 
fro m  d ifferen t asp ec ts , b y  d a ta  show n in  T ables I I ,  I I I  an d  IV.

Table U

N u m b er and  ra tio  o f sam ples positive  in th e  d iffe ren t tests

Method
N um ber of 
samples, 

to tal

Positive samples

n %

Co-A 110 63 57.3
I F no 43 39.2
A G P (w ith  serum ) 87 31 35.6
C ultu ra l isolation no 30 27.3
A G P (w ith  boiled lu n g  

suspension) no 25 22.7

Table III

D istr ib u tio n  of resu lts  neg ativ e  by  all tes ts  a n d  positive 
b y  a  single tes t

%

N egative  b y  all five tes ts 23 20.7
Positive  on ly  by cu ltu ra l iso lation 1 0.9
Positive  on ly  by  IF 2 1.8
Positive  on ly  by  A G P w ith  boiled lung 

suspensions 3 2.7
Positive  on ly  by  A G P w ith  b lood  serum 7 6.3
Positive  on ly  by  Co-A 13 11.8

Table TV

P erform ance of th e  d iffe ren t tes ts  (if pigs po sitiv e  b y  
a t  least one te s t  are considered positive)

Test
Performance,

о//о

Co-A 72.45
IF 49.45
A G P (w ith  serum ) 46.81
C u ltu ra l isolation 34.50
A G P  (w ith  boiled lung

suspension) 28.75
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D iscussion

B efore th is  s tu d y , no H u n g arian  d a ta  w ere  availab le  on th e  perfo rm ance 
o f  th e  co ag g lu tin a tio n  te s t  and  th e  in te rn a tio n a l  lite ra tu re  also  co n ta in ed  only  
few  re p o rts . T his fa c t  p ro m p te d  us to  co llec t d a ta  on th e  s e n s itiv ity  an d  d i
a g n o s tic  ap p licab ility  o f  th e  te s t.

T he pigs k e p t a t  th e  fa tte n in g  fa rm  su rv ey ed  b y  us h ad  been  derived  from  
d iffe re n t areas o f H u n g a ry , from  n u m ero u s  d iffe ren t p ig  h e rd s . I t  w as, th e re 
fo re , n o t  su rp rising  t h a t  th e ir  lungs y ie ld ed  a v a ried  b ac te ria l f lo ra  b y  c u ltu ra l 
iso la tio n . The pigs w ere  a t  d ifferen t s tag es  o f  A . p leu ropneum oniae  in fection . 
T h is  is  easy  to  ex p la in , as some pig g ro u p s h a d  obviously  been  in fec ted  a lready  
w h en  tran sfe rred  to  th e  fa tte n in g  fa rm , w hile  o th ers  h ad  com e from  infection- 
free  h e rd s . The le n g th  o f  th e  period  th e  p ig s  sp en t a t  th e  fa tte n in g  fa rm  u p  to  
d e a th  or em ergency  s lau g h te r  also d iffe red , as evidenced b y  th e  b o d y  m ass of 
th e  exam ined  pigs w h ich  varied  b e tw een  30 a n d  100 kg.

In  several cases A .  p leuropneum oniae  cou ld  n o t he iso la ted  desp ite  gross 
p a th o lo g ica l lesions in d ic a tiv e  of its  p resen ce . Several e x p la n a tio n s  ex ist for 
th is  p h enom enon : th e  b a c te ria  had  been  e lim in a ted  from  th e  lu n g s (perhaps b y  
m ed ica tio n ); th e  lu n g  p o rtio n  used for iso la tio n  did no t co n ta in  th e  b ac te riu m  
th o u g h  th e  agen t w as p re sen t in  o th e r  p a r ts  o f th e  lungs; or th e  g row th  o f 
A .  p leuropneum oniae  w as suppressed b y  som e o th er, m ore qu ick ly  grow ing 
b a c te r iu m . In  som e in s tan ces  A . p leuropneum oniae  w as iso la ted  fro m  u nchanged  
o r  c a ta r rh a l  areas o f  th e  lungs. This m a y  h a v e  been due to  fresb  in fec tion  or to  
th e  fa c t  th a t  th e  p ig  h a d  acquired  p ro te c tio n  as a resu lt o f a n  earlie r m ild in 
fe c tio n  (or, possib ly , vacc in a tio n ) b u t  b ecam e  a p e rm an en t c a rr ie r  o f th e  b a c 
te r iu m .

F ro m  p o s itiv ity  ra te s  ob ta in ed  b y  th e  d ifferen t m e th o d s  used  (Tables I  
a n d  I I I )  i t  can  be seen  th a t  no m eth o d  gave resu lts  fu lly  id e n tic a l w ith  tho se  
o f  a n y  o th e r m e th o d  used . Some re su lts  are  easy  to  exp la in  w hile o thers are  
d iff ic u lt to  in te rp re t. W h en  only th e  A G P  te s t  of serum  sam ples w as positive , 
th is  m u s t have  b een  d u e  to  th e  fac t t h a t  th e  b a c te ria  h ad  b een  e lim in a ted  from  
th e  organism . T he n u m b e r  of sam ples p o s itiv e  exclusively  b y  I F ,  a p rocedure  
co n sid e red  sensitive , w as only 2 (T able I I I ) ,  possib ly  because o n ly  a co n juga te  
p re p a re d  from  se ro ty p e  2 w as used. A  r a th e r  surprising  f in d in g  is th a t  w hile 
A G P  o f boiled lu n g  suspensions gave th e  low est p o s itiv ity  r a te  (25 positive 
sam p les , 22.7%  p o s itiv ity  ra te ), in  3 cases i t  w as th e  only te s t  t h a t  de tec ted  in 
fec tio n .

T he resu lts  c lea rly  show  th a t  th e  Co-A te s t  is h igh ly  sen s itiv e : i t  p roved  
th e  m o st sensitive  m e th o d  in  all co m parisons (Tables I - IV ) .  B esides, being  
s im p le , rap id  and  inexpensive , i t  is h ig h ly  su itab le  for use in  th e  d iagnostic  
p ra c tic e . P re p a ra tio n  o f  th e  stap h y lo co cca l e x tra c t  is u n d o u b te d ly  a laboursom e 
p ro cess . A t th e  sam e  tim e , i t  is a g re a t a d v a n ta g e  th a t  th is  re a g e n t can  be
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p rep a red  in  la rg e  q u a n tit ie s  a t  a tim e, as a t  4 °C i t  can  be s to red  for m o n th s  
w ith o u t an y  loss o f i t s  e fficacy . I t  is im p o r ta n t  to  m en tio n  th a t  e x tra c ts  fro m  
au to ly sed  sam ples o r th o se  sto red  in  fo rm alin  can  also be used  in  th is  te s t . T h e  
sa fe ty  of d e tec tio n  ca n  be  increased  b y  com p lem en tin g  th e  Со-A te s t  w ith  o th e r  
m e th o d s, as som etim es p rec ise ly  a less sen sitive  m e th o d  d e tec ts  in fection .

E a rlie r on ly  A . pleuropneum oniae  s tra in s  be longing  to  sero types 1 a n d  2 
w ere iso la ted  an d  th e  vaccine  availab le  in  H u n g a ry  co n ta in s  only  th ese  tw o  
sero types. Som e s tra in s  be longing  to  se ro ty p es 3 an d  9 h av e  been  iso la ted  o n ly  
recen tly . A lth o u g h  se ro ty p e  2 w as found  to  be th e  d o m in a n t sero type  also in  
th is  s tu d y , th e  a n tig en ic  com ponen ts of all se ro ty p es  ex cep t sero types 4, 6 an d  9 
w ere d e tec ted  (th o u g h  se ro ty p es 7, 10 an d  12 on ly  once). T he sim u ltaneous 
occurrence of d iffe re n t se ro ty p es in  pig herds co llected  from  d ifferen t farm s is 
n o t su rp rising  b u t  su ch  h ig h ly  varied  occurrence  as seen in  th is  case w as u n 
expected . O nly  se ro ty p es  1 an d  2 have been  iso la ted . T his question  should  be  
clarified  b y  fu r th e r  s tu d ie s .

T he g ro w th  r a te  o f  th e  d ifferen t sero types an d , m oreover, d ifferen t s tra in s  
w ith in  th e  sam e se ro ty p e  w as found  to  d iffer co n siderab ly . S tra in s  of se ro ty p e  
2 grow m ost q u ick ly : th u s , in  th e  cu ltu res (an d  p e rh a p s  also in  th e  pig lungs) 
th e y  suppress th e  g ro w th  o f  o th e r  sero types. O n th e  o th e r  h a n d , several a u th o rs  
rep o rted  th a t  b y  e x te n d in g  th e  surveys m ore an d  m ore new  sero types w ere 
iso la ted . In  J a p a n , fo r  a long  tim e  only  se ro ty p e  2 w as iso la ted . S u b seq u en tly  
sero ty p e  5 becam e m ore  a n d  m ore com m on, a n d  re c e n tly  se ro types 1, 6 an d  7 
h av e  also been  re p o r te d  to  occur (K um e an d  N ak a i, 1988). I n  A ustria , B a u m 
g a rtn e r  e t al. (1989) te s te d  th e  sera of s lau g h te red  sows b y  com plem ent f ix a 
tio n  using  an tig en s o f  se ro ty p es  1-10 an d  d e m o n s tra te d  th e  presence of a n t i 
bodies to  all se ro ty p es. A lth o u g h  th e  re su lts  p re sen ted  here  do no t p e rm it an  
ex ac t d e te rm in a tio n  o f  th e  ro le p layed  b y  an tig en ic  re la tio n sh ip  am ong sero 
ty p e s , th e y  in d ic a te  t h a t  th e  occurrence o f new  se ro ty p es m u st be reckoned  
w ith .
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OCCURRENCE OF MONOGENEANS 
ON FRESHWATER FISHES IN IRAN: DACTYLOGYRUS 

SPP. ON CULTURED IRANIAN FISHES

B . J a l a l i1 and K . Mo ln ár2

1 F isheries Co. o f I ra n , In la n d  W a te r  an d  A q u a cu ltu re  D e p a rtm en t, F ish  D isease C ontro l 
Service . T ehran , I ra n ;  an d  2V e te rin a ry  M edical R esearch  In s t i tu te , H u n g a ria n  A cadem y of 

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

(R eceived  M arch  26, 1990)

T h irte en  D actylogyrus  spp . were fo u n d  on c u ltu red  fish es in  five  I ra n ia n  fish  
farm s. B esides ty p ic a l D actylogyrus vastator, specim ens w ith  sm all an chors were o ften  
fo u n d  in  goldfish , w h ich  w ere desig n ated  as D . vastator fo rm a  m inor. R u tilu s  f r is i i  k u tu m , 
a fish  cu ltu red  o n ly  in  I ra n , was in fec ted  b y  tw o  Dactylogyrus spp . du rin g  its  sh o rt 
period  of p re rea rin g  in  I ra n ia n  fish  farm s. A ll D actylogyrus fo u n d  are  new  fo r th e  I r a 
n ian  fau n a .

K eyw ords: M onogenea, D actylogyrus spp ., fre sh w a te r fishes, I ra n

O nly few d a ta  are  av a ilab le  on p a ra s itic  in fections an d  diseases of I ra n ia n  
cu ltu re d  fishes. M okhayer (1976 an d  1985) rep o rted  on som e pa thogen ic  fish  
p a ra s ite s . No in fo rm a tio n  ex is ts  ab o u t m onogeneans.

Of th e  ne ig h b o u rin g  reg ions, in  th e  S ov ie t U nion  th e  p a ra s itic  in fec tions 
o f cu ltu red  fishes are w ell s tu d ied . The p a ra s ite  fau n a  o f f ish  w as review ed b y  
A gapova (1966) in  K h a z a k h s ta n  an d  b y  M ikhailov  (1975) in  A zerba idzhan . 
A  com prehensive w ork  on  diseases and  p a ra s ite s  o f cu ltu red  fishes was w ritte n  
b y  B auer e t al. (1981). A  w o rk  b y  Salih  e t al. (1988) on th e  h e lm in th  fa u n a  of 
p o n d  fishes of I r a q  m ay  concern  sim ilar p rob lem s as th o se  ex is tin g  th e  n e ig h 
bo u rin g , so u th -w este rn  reg ion  of I ra n .

The occurrence o f D actylogyrus spp . on th e  gills o f I ra n ia n  fishes is r e 
p o rte d  in  th is  p ap er.

Materials and methods

The com m on carp  ( C yprinus carpio)  is th e  m ain  fish  of I ra n ia n  carp  fa rm s, 
b u t  in tro d u ced  “ Chinese or h erb iv o ro u s”  fishes (g rasscarp , Ctenopharyngodon  
idella; b ighead , A ristich thys nobilis; silver ca rp , H ypophthalm ichthys moli- 
tr ix ) are often  ra ised  in  p o ly cu ltu re . H erb iv o ro u s fishes w ere f irs t  im p o rted  
fro m  th e  Soviet U nion  a n d  p laced  in to  th e  A nzali lagoon (C aspian  w a te r sy s
tem ) in  1971. L a te r  on, in  1982 3 -4  m illion la rv ae  of com m on carp  an d  Chinese 
ca rp s  were b ro u g h t in  fro m  R o m an ia  an d  in  1987 a b o u t 800 breeders of th e
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sam e fish  species w ere im p o rted  from  H u n g a ry . B esides com m on carp  and  
C hinese carps, a g o o d -q u a lity  fish  (R u tilu s  f r is i i  k u tu m )  is read ily  c u ltu red  
in  som e Ira n ia n  p o n d  fa rm s: specim ens of th is  fish  are  h a tc h e d  an d  rea red  
fo r four m on ths b efo re  released in to  riv e rs  flow ing in to  th e  C aspian  Sea. 
T h e  gibel carp  ( C arassius auratus gibelio)  as a w ild f ish  v e ry  often  in h a b its  
th e  ponds and  ir r ig a tin g  channels o f fish  fa rm s. In  a d d itio n  to  ta b le  fishes, 
th e  goldfish  (C arassius aura tus)  is also cu ltu red  in  som e T eh ran  fish  fa rm s 
w hich  are supp lied  b y  u n d erg ro u n d  w a te r.

Sam ples of f ish  w ere collected in  5 fish  farm s (S angar an d  S am eskandeh  in  
th e  C aspian  w a te r sy s tem ; E sfah an , w hich  d ra in s  its  w a te r  in to  sodium  lakes in  
C en tra l I ra n ; farm s in  K h o zestan  belong ing  to  th e  G ulf reg ion ; an d  a fa rm  close 
to  T eh ran ).

F ish  w ere ex am in ed  in  d iffe ren t seasons of th e  y e a r, an d  specim ens of 
d iffe ren t size w ere s tu d ie d . O nly po sitiv e  cases [D actylogyrus-in fec ted  fish ) 
w ere recorded.

F ish  w ere ex am in ed  e ith e r a t th e  fish  fa rm  or ta k e n  to  a la b o ra to ry  alive 
fo r a  m ore th o ro u g h  ex am in a tio n . P a ra s ite s  w ere collected  u n d e r m icroscope a t  a 
m ag n ifica tio n  of X 40 -100 . M onogeneans w ere p icked  o ff th e  gill scrap ings 
a live, p laced  u n d er a coverslip  and  fix ed  in  am m onium  p ic ra te  so lu tion .

Results and discussion

In fec tion  of f ish  b y  D actylogyrus spp . in  d ifferen t fish  farm s is show n in  
T ab le  I . In  th e  m a jo r ity  of cases host-specific  p a ra s ite s  w ere found , species 
w hich  com m only in fec t E u ro p ean  an d  A sian  cu ltu red  fishes (B auer e t al., 1981; 
G ussev, 1985; M olnár an d  Szakolczai, 1980). Dactylogyrus vastator in fec ted  th ree  
fishes, n am ely  C yp rin u s carpio, Carassius auratus an d  Carassius auratus  
gibelio. In  goldfish , besides th e  ty p ic a l D . vastator specim ens (F ig. 1) p a ra s ite s  
resem bling  D . vastator in  m orphology b u t  hav in g  anchors ab o u t h a lf  th e  size 
o f th e  no rm al specim ens (F ig. 2) w ere com m only  fo u n d . D e te rm in a tio n  of th e  
tax o n o m ic  positio n  o f th is  Dactylogyrus vastator fo rm a  m inor  needs fu r th e r  
stu d ies . A sim ilar phenom enon  w as observed  by  S idorov  (1956) who fo u n d  
D . alatus in  A lb u rn u s  alburnus  and  D . alatus fo rm a  m aior in  Leuciscus idus. Tw o 
D actylogyrus spp. w ere found  on th e  gills o f th e  b ighead . T h ey  were id en tified  as 
D . nobilis and  D . aristichthys. The co p u la to ry  com plex o f th e  la t te r ,  how ever, 
resem bled  also D . ta ihuensis  Long e t Lee, 1960, w hich suggests  th a t  th e  v a lid ity  
o f th e  la te r  species m ig h t be questioned . T he freq u en t occurrence  of D actylo
g yrus sahuensis also deserves special a tte n tio n , as so fa r  th is  carp  p a ra s ite  has 
been  found only  in  C hina (Ling, 1965), in  th e  F a r  E a s t (G ussev, 1955) an d  in  
H u n g a ry  (M olnár, 1984). D uring  th e  sh o rt 4 -m o n th  perio d  o f its  rea rin g  in  
fish  ponds R u tilu s  f r i s i i  ku tu m  w as fo u n d  to  be in fec ted  b y  tw o  species of
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Table I

D actylogyru s spp. from  I ra n ia n  cu ltu red  fishes

Dactylogyrus spp. H osts
Fish farms

Sangar
Sames-
kandeh

p  r  1 Khozes- Esfahan tan T ehran

D actylogyrus anchoratus
(D u ja rd in , 1845) C yprinu s carpio + + + +

D . aristich th ys Long e t Y u , 1958 A ristich th ys n ob ilis + +
D . baueri Gussev, 1955 C arassius au ra tu s

Carassius au ra tu s g ibelio +
D . d u lk e iti B ychow sky, 1936 Carassius au ra tu s + 4 -

D . extensus M ueller e t  V an
Cleave, 1932 C yprinu s carp io + + -f- - f

D . fo rm o su s  K ulw iec, 1927 C arassius au ra tu s
Carassius aura tu s

gibelio +
D . hypophthalm ich thys A chm e- H ypoph th alm ich th ys

rov , 1952 m olitrix + - p

D  lam ella tus A chm erov, 1952 C tenopharyngodon
idella + +

D . nobilis Long e t Y u, 1958 A ristich th ys n ob ilis + + +
D . sahuensis Ling, 1965 C yprin u s carpio
D . vasta tor N ybelin , 1924 C yprinu s carp io

C arassius au ra tu s
gibelio + + +

D . vasta tor fo rm a m inor C arassius au ra tu s “Г +
D . f r i s i i  B ychow sky, 1933 R u tilu s f r i s i i  k u tu m + +
D . ra r issim u s  Gussev, 1966 R u tilu s f r i s i i  k u tu m + +

D actylogyrus, D . fr i s i i  a n d  D. rarissim us. B o th  species w ere fo u n d  also in  o lder 
fish  liv ing  in  th e  C asp ian  Sea and  in  th e  r iv e rs  flow ing in to  i t .  All D actylogyrus 
spp . fo u n d  p ro v ed  to  be new  for Iran .
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Fig. 1. A nchors a n d  h o oks of a ty p ica l D actylogyrus vastator specim en from  com m on carp .
X1000

Fig. 2. A nchors an d  hooks of Dactylogyrus vastator fo rm a  m inor from  goldfish. X  1000
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EFFECT OF BENZIMIDAZOLES ON AMINO 
ACID METABOLISM IN TRICHURIS GLOBULOSA

N isha  J asra1, S. N . Sanyal2 and S. K h er a1

d e p a r t m e n t  o f Z oology an d  d e p a r t m e n t  o f B io physics ,
P a n jab  U n iv e rs ity , C handigarh-160014 , In d ia

(R eceived  N ovem ber 22, 1989)

L -a sp a rtic  acid  C14, L -alan ine  C14 an d  L -leucine C14 u p ta k e  b y  Trichuris globulosa  
w as fo u n d  to  be  a non-linear fu n c tio n  of tim e  an d  lim itin g  s u b s tra te  con cen tra tio n . T he 
u p tak e  w as r a p id  in itia lly  b u t  ach ieved  ste ad y  s ta te  possib ly  ow ing to  th e  s a tu ra tio n  of 
t ra n s p o r t  loci. L in ear tran s fo rm a tio n s  o f su b s tra te  s a tu ra tio n  k in e tics  b y  L inew eaver— 
B u rk  p lo ts  o f  L -asp artic  acid  C14, L -alan ine  C44 an d  L -leucine C14 gave K 4 v a lu es o f 
6.8 X 103 pM , 3.4 X 103 pM  an d  6.06 X 103 pM  an d  J max o f 0.769 ^m oles/m g d ry  
w eigh t/m in , 10 //m oles/m g d ry  w e ig h t/m in  an d  0.285 /jm oles/m g d ry  w e igh t/m in , 
resp ec tiv e ly . T he presence of benzim idazo le  d rugs, th iab en d azo le  and  fenbendazo le , 
m ark ed ly  in h ib ite d  th e  u p ta k e  of am ino acids a t  c o n ce n tra tio n s  w hich did n o t a ffec t 
th e  m o til ity  o f th e  p a ras ite . T he am ino acid  tra n s p o r t  w as also found  to  be  p H  a n d  
te m p e ra tu re  d ep en d en t. T h e  u p ta k e n  am ino acids w ere re a d ily  m etabolized  in to  d if
fe ren t tis su e  frac tio n s . T h iabendazo le  an d  fenbendazole  sig n ifican tly  in h ib ited  th e  
in co rp o ra tio n  o f th e  th ree  am ino  acids in to  th e  n em a to d e ’s to ta l  p ro te in  frac tio n s an d  
trich lo ro ace tic  a c id  soluble frac tio n s . These d rugs also d ecreased  th e  am o u n t o f ra d io 
carb o n  o f 14C -am ino acids in co rp o ra ted  in to  C 0 2.

K eyw ords: Trichuris globulosa, am ino acid u p ta k e , e ffec t o f  benzim idazoles.

I t  is g en era lly  believed th a t  in  h e lm in th  p a ra s ite s  o n ly  th e  c a rb o h y d ra tes  
u n d erg o  ac tive  m e tab o lism  an d  gen era te  energy . H ow ever, recen t ev idence 
in d ic a te s  th a t  o th e r  com pounds like am ino  acids, lip ids an d  nucleo tides also 
h a v e  a m a jo r ro le  in  th e  m etab o lism  as well as sy n th esis  o f b o d y  co n s titu e n ts . 
S tu d ies  on A sca rid ia  galli h av e  d e m o n s tra te d  t h a t  a n u m b e r of am ino acids are  
ab so rb ed  an d  ca tab o lized  a t  ap p rec iab le  ra te s  (S ingh e t ah , 1983; S ingh  an d  
S riv as tav a , 1983), a lth o u g h  re la tiv e ly  l i ttle  in fo rm a tio n  ex is ts  ab o u t th e  ro le  o f  
am ino  acids in  th e  in te rm e d ia ry  m etabo lism  of p a ra s itic  h e lm in th s  (B a r re t t ,
1981).

B enzim idazole  drugs have  been  used  as effective a n th e lm in tic  com pounds, 
a lth o u g h  th e ir  m odes of ac tio n  are fa r  from  being  u n d e rs to o d  (B orgers e t  ah , 
1975a). No a t te m p t  has been  m ade so fa r  to  exp lo re  th e  p o ssib ility  th a t  th e se  
d rugs could po ssib ly  effectively  b lock  th e  u p ta k e  of e ssen tia l n u tr ie n ts  like 
hexoses or am ino  acids an d  in h ib it th e ir  t ra n s p o r t ,  re su ltin g  in  dea th . T he p u r 
pose of th e  p re se n t s tu d y  w as to  get ex p erim en ta l ev idence  on th e  m ode o f  
ac tio n  of th iab en d azo le  and  fenbendazo le , tw o  benzim idazo le  derivatives, w ith  
re g a rd  to  am ino  acid  tra n s p o r t  an d  k in e tic  c h a ra c te r iz a tio n  of am ino ac id  
m etabo lism  in  T richuris  globulosa (v . L instow ), an  in te s tin a l pa rasitic  n e m a to d e  
o f goats.
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M aterials a n d  m ethods

A d u lt T . globulosa w ere co llected  fro m  th e  large in te s tin e  o f goats  ( Capra 
h ircus)  p ro cu red  from  local a b a tto irs . T h e  nem atodes w ere  ex ped itiously  
w ash ed  in  H a n k s’ b a lan ced  sa lt so lu tio n  to  rem ove in te s tin a l deb ris  an d  ad h e r
in g  m ate ria l.

T he n em ato d es  w ere in c u b a te d  in  4 m l of in c u b a tio n  m ed ium  a t  37 °C 
u n d e r  aerobic co n d itio n s in  th e  p resence  o f  1 /xci o f L -a sp a rtic  acid  C14 (specific 
a c t iv i ty  =  192 m ci/m  m ole), L -a lan in e  C14 (specific a c t iv i ty  =  144 m ci/m  
m ole) an d  L -leucine C14 (specific  a c t iv i ty  =  288 m ci/m  m ole) (B h ab h a  A tom ic 
R esea rch  C entre, B o m b ay , In d ia ) . In c u b a tio n  m edia w ere m ade in  K re b s -  
R in g e r saline c o n ta in in g  25 mM T ris-H C l b u ffe r a t p H  7.4 (K R T  of R ead  e t al., 
1963) excep t th a t  m a lea te  h a d  b een  re p la c e d  b y  HC1 since i t  w as show n to  be 
to x ic  in  m etabo lic  s tu d ies  (W ebb, 1966). I n  experim en ts in  w h ich  th e  effects of 
th iab en d azo le  an d  fenbendazo le  w ere s tu d ie d , th e  drugs d isso lved  in  0 .1%  d i
m e th y l su lphoxide (DM SO) w ere a d d e d  to  th e  in c u b a tio n  m edia  a t  a f in a l 
c o n c e n tra tio n  of 100 /xmoles. C on tro l in cu b a tio n s  received th e  sam e vo lum e of 
0 .1 %  DMSO.

In  o rder to  m in im ize th e  effects o f  d iu rn a l v a ria tio n , ex p erim en ts  w ere 
p e rfo rm ed  every  d a y  a t  10 a. m . T h e  n em a to d es  were ra n d o m ly  a llocated  in to  
g roups of 3 -4  w orm s, each  g roup  c o n s titu tin g  a single sam ple. A fte r an  in c u b a 
tio n  o f 30 m in th e  in c u b a tio n  m ed iu m  w as rem oved ra p id ly  b y  asp ira tio n . 
N em ato d es w ere rin sed  th o ro u g h ly  in  З х Ю  m l changes o f cold  K R T , b lo tte d  
on  coarse f ilte r  p a p e r  an d  k e p t in  2 m l o f 70%  ethano l o v e rn ig h t. T he e x tra c te d  
carcasses were d ried  o v ern ig h t a t  80 °C in  p rew eigh ted  a lu m in iu m  foil pan s and  
w eighed . A liquo ts o f in c u b a tio n  m ed iu m  an d  e thano l e x tra c ts  o f th e  w orm s 
w ere  co u n ted  in  a liq u id  sc in tilla tio n  sp e c tro m e te r  (B eckm an  In s tru m e n t)  using  
m e th an o lic  to lu en e  an d  p h o sp h o ru s (4 g 2 .5 -D ipheny loxazo l (P P O ) 4- 500 m g 
l,4 -D i-2  (pheny loxazo ly l)-benzene (P O P O P )/7 0 0  m l to lu en e  -f- 300 ml m e th a 
nol) as th e  liq u id  sc in tillan t.

U p tak e  velocities w ere ca lcu la ted  fro m  specific a c tiv ity  o f th e  m ed ia  and  
to ta l  a c tiv ity  in  th e  w orm  e x tra c ts  a n d  exp ressed  as «m oles su b s tra te  abso rbed / 
m g  e th an o l e x tra c te d  d ry  w e igh t/m in . F o r  these , th e  C PM /sam ple w ere con
v e r te d  to  specific a c tiv ity  b y  co m p ariso n  w ith  s tan d a rd s  a n d  em ploying  a p 
p ro p r ia te  ca lcu la tions (R ead  e t ah , 1963). A ll d e te rm in a tio n s  w ere th e  m eans 
o f  3—4 rep lica tes w ith  s ta n d a rd  d e v ia tio n . D a ta  for th e  u p ta k e  o f am ino acids (V) 
as fu n c tio n  o f su b s tra te  c o n c e n tra tio n  w ere  exam ined  usin g  p lo ts  o f each  of 
th re e  lin ear tra n sfo rm a tio n s  o f th e  M ichaelis-M enten  e q u a tio n ; th e  double 
rec ip ro ca l p lo t o f L in ew eav e r-B u rk , S/V versu s S p lo t o f W oo lf an d  V versus 
У/S p lo t o f E a d ie -H o fs te e  (Siegel, 1976). A p p a ren t J max (m ax im u m  u p ta k e  
a c tiv ity )  and  K t (su b s tra te  a ff in ity  c o n s ta n t)  values w ere ca lcu la ted  from  th e  
lin e a r  tran sfo rm a tio n s . H ow ever, th e  d a ta  w ere m ore a p p ro p ria te  as E a d ie -
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H o fs tee  p lo t, r a th e r  th a n  th e  m ore  w idely  used L inew eaver—B u rk  p lo t, since 
th is  w as leas t sensitive to  ran d o m  ex p e rim en ta l v a ria tio n s , y e t m ost sensitive  to  
sy s te m a tic  d ev ia tio n  from  M ichaelis—M enten  k inetics (S ta rlin g  a n d  F ischer, 
1975).

T h e  p rocedure  of C rab tree  e t  al. (1977) w as follow ed to  e x tra c t  cold t r i 
ch lo ro ace tic  acid  (TCA) soluble f ra c tio n , lip ids, R N A , D N A  an d  p ro te in s  in  th e  
in c u b a te d  p a ras ite s . T he com plete  sequence of iso la tion  is as fo llow s: I n  1 m l 
o f 10%  tissu e  hom ogenate , 2.5 m l 10%  TCA w as ad d ed  an d  cen trifu g ed  for 
10 m in  a t  3,000 X g  4 °C. S u p e rn a ta n t I  was rem oved , 2.5 m l of 10%  TC A  was 
a d d e d  to  th e  pelle t again  an d  cen trifu g ed  a t th e  sam e ra te . S u p e rn a ta n t I I  w as 
ad d e d  to  su p e rn a ta n t I ,  these  c o n s titu tin g  th e  TCA soluble frac tio n . T h en  5.0 m l 
o f  95 %  e th a n o l w as added  to  th e  p e lle t an d  cen trifuged  a t  3,000 X g  fo r 10 m in. 
S u p e rn a ta n t  I I I  co n ta ined  th e  lip id s . T he step  w as re p e a te d  b y  ad d in g  5.0 m l 
o f  e th a n o l: e th e r  (3 : 1) an d  s u p e rn a ta n t  IV  was ad d ed  to  i t .  T h en  2.0 m l IN  
K O H  w as ad d ed  to  th e  pelle t w h ich  w as in cu b a ted  a t  37 °C fo r 20 h . I t  w as th e n  
n e u tra liz e d  w ith  6N  HC1 an d  2.0 m l 5%  TCA w as ad d ed  an d  cen trifu g ed  a t
3,000 X g  for 10 m in. S u p e rn a ta n t V co n ta ined  R N A  while th e  p e lle t co n sti
tu te d  p ro te in s  an d  D N A . To th e  p e lle t, 2.0 m l of 5%  TCA w as ad d e d  an d  in c u 
b a te d  fo r 15 m in  a t  90 °C an d  th e n  cen trifu g ed  a t 3,000 X g  fo r 10 m in . S u p er
n a ta n t  V I co n ta in ed  D N A . T he s te p  w as rep ea ted  once again . S u p e rn a ta n ts  
V I a n d  Y I I  w ere pooled an d  assay ed  fo r D N A . The pelle t w as d isso lved  in  IN  
K O H , in c u b a te d  a t  85 °C for 15 m in  an d  b ro u g h t up  to  10 m l w ith  d istilled  
w a te r :  th is  w as accep ted  as th e  p ro te in  frac tion . A de fin ite  a m o u n t o f each 
fra c tio n  w as sh ifted  to  sc in tilla tio n  v ia ls  for coun ting .

T o d e te rm in e  th e  am o u n t o f  ra d io a c tiv ity  co n ta in ed  in  g lycogen a fte r  
in c u b a tio n  of T . globulosa in  th e  am ino  acids un ifo rm ly  labelled  w ith  14C, th e  
fo llow ing  p rocedure  w as used : 5 m g n o n -rad io ac tiv e  glycogen (to  serve  as c a r
rier) 0.3 m l 10%  N a 2S 0 4 an d  2 vo lum es o f 100%  e th an o l w ere ad d e d  to  3 ml 
o f to ta l  TCA  soluble frac tio n . T he c o n ten ts  were th ro u g h ly  m ixed  an d , on 
f lo ccu la tio n s , cen trifuged  a t 1,00 X g  fo r 10 m in. T he su p e rn a ta n t w as d ecan ted  
in to  a s e p a ra te  te s t  tu b e  and  th e  p e lle t w as w ashed w ith  1 m l of 100%  e th an o l 
a n d  re cen trifu g ed . T he s u p e rn a ta n t w as d ecan ted  an d  ad d ed  to  th e  p rev io u s 
one a n d  th e  p e lle t was dried  w ith  g en tle  h ea t. The pelle t co n ta in ed  a ll th e  g ly 
cogen a n d  w as th e n  hydro lysed  w ith  1 m l of 2N H 2S 0 4 a t 100 °C fo r 1 h . A 0.2 ml 
a liq u o t o f  h y d ro ly sa te  w as p ip e tte d  o u t in to  a sc in tilla tio n  v ia l, n eu tra liz ed  
w ith  0.2 m l h y am in e  X lO , d isso lved  in  10 m l of liqu id  sc in tilla tio n  co u n tin g  
m ix tu re  as m en tio n ed  earlier, an d  ra d io a c tiv ity  w as de te rm ined .

To o b ta in  th e  coun ts o f 14C -incorpora ted  C 0 2, a W a rb u rg -ty p e  fla sk  
was u sed . 10%  K O H  was p laced  in  th e  ce n tra l well an d  th e  n em a to d es  an d  in 
c u b a tio n  m ed ium  con ta in ing  rad io iso to p e  in  th e  flask . The f la sk  w as tig h tly  
s to p p e re d  an d  k e p t in  shak ing  w a te r  b a th  for 90 m in. K O H  w hich ab so rb ed  C 0 2 
fo rm ed  b y  m etabo lism  was rem oved  fro m  th e  cen tra l w ell w ith  a f ilte r  p ap e r
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p iece w hich w as p laced  in to  a sc in tilla tio n  v ia l. A fte r add ing  liqu id  
s c in tilla n t w hich e x tra c te d  all th e  rad io ca rb o n  fro m  th e  f ilte r  p ap er, counts 
w ere ta k e n .

R esults

T h e  ra te  of a b so rp tio n  of L -asp artic  acid  C14, L -a lan ine  C14 an d  L-leucine 
C14 b y  ad u lt T. globulosa  w as rap id  for th e  in itia l 30 m in  an d  th e n  achieved 
s te a d y  s ta te  w ith  tim e  (F ig . 1). F ro m  th is  s tu d y , ex p e rim en ta l in cu b a tio n s of 
30 m in  were considered  op tim u m  fo r fu r th e r  s tu d ies . T he ra te  o f u p tak e  of 
am ino  acids was in h ib ite d  in  th e  presence o f th ia b e n d a z o le  an d  fenbendazole  
(F ig . 1/A-C). The a b so rp tio n  o f am ino acids w as also fo u n d  to  be a non-linear 
fu n c tio n  of lim iting  s u b s tra te  co n cen tra tio n  (F ig . 2). L inear tran sfo rm a tio n s  of 
th e  d a ta  gave a s tra ig h t  line in  L in e w e a v e r-B u rk  a n d  E ad ie  p lo ts  (inset o f Fig. 
2/A -C). T h iabendazo le  a n d  fenbendazole  in h ib ite d  th e  u p ta k e  of all th e  th re e  
14C -am ino acids as a h ig h e r K t (lower su b s tra te  a f f in ity  co n stan t) resu lted  in  
th e  presence of these  d ru g s  com pared  to  th e  co n tro l, w hile th e  J mai w as u n a lte red .

A m ino acid a b so rp tio n  w as found  to  be  d ep e n d e n t on p H  an d  te m p e ra 
tu re .  U p tak e  of L -a sp a rtic  acid C14, L -a lan ine  C14 a n d  L -leucine C14 w as o p ti
m u m  a t p H  7.6, 8.4 a n d  9.2, respective ly  (F ig . 3). T he tra n s p o r t  w as also a ffec t
ed  b y  changing th e  te m p e ra tu re . T he ra te  o f u p ta k e  w as increased  w ith  te m 
p e ra tu re  up to  50 -60  °C (F ig . 4).

L -aspartic  acid  C14 an d  L -alan ine C14 w ere ab so rb ed  ra p id ly  as com pared  
to  L -leucine C14. T he u p ta k e n  am ino acids w ere m a in ly  in co rp o ra ted  in to  p ro 
te in s . L-leucine C14 ab so rb e d  b y  T. globulosa c o n tr ib u te d  to  p ro te in  syn thesis  to  
a h ig h e r degree th a n  L -a sp a rtic  acid C14 an d  L -a lan in e  C14. F if ty  %  o f absorbed  
14C fro m  L-leucine C14 w as traced  in  p ro te in s , as co m p ared  to  L -aspartic  acid 
C14 a n d  L-alanine C14 w h ere  only  30%  an d  35%  ra d io a c tiv e  carb o n  w as o b ta in ed  
in  th e  p ro te in  fra c tio n , respective ly . L -a sp a rtic  ac id  C14, L -alan ine  C14 an d  
L -leucine  C14 c o n tr ib u te d  alm ost to  th e  sam e degree to  th e  syn thesis  o f D N A  
a n d  R N A , th a t  is, to  D N A  3 % , 2%  and  3 .5%  a n d  to  R N A  10% , 7%  and  8 .5% , 
resp ec tiv e ly . The a m o u n t o f rad io carb o n  in c o rp o ra te d  in to  C 0 2 w as also de
te rm in e d : i t  was 1 0 % , 12%  and  15%  fo r L -a sp a rtic  acid C14, L -a lan ine  C14 an d  
L -leucine  C14, re sp ec tiv e ly . U nbound  glycogen a n d  lip ids show ed v e ry  little  
a m o u n t of in c o rp o ra te d  carbon .

In  th e  presence o f  th iab en d azo le  an d  fenbendazo le , th e  in co rp o ra tio n  of 
am ino  acids in to  d iffe re n t tissue  frac tio n s w as in h ib ite d . The in h ib itio n  w as 
s ig n ifican t in  th e  case o f  th e  TCA soluble fra c tio n , p ro te in  frac tio n  and  also C 0 2 
ev o lv ed  in  an in  vitro  in cu b a tio n .
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F ig . 1. T im e-course  s tu d y  o f th e  u p ta k e  o f (A) 14C -aspartic  acid, (B ) 14C -alanine, an d  (C) I4C- 
leucine b y  T richuris globulosa in  th e  absence (o—o—o) and  presence o f th iab en d azo le  (д—Д—д) 
a n d  fenbendazole  (x—X—X). Y  is u p ta k e  ve lo c ity . T he re su lts  are th e  m ean  ± S D  of 4 o b se rv a 

tions. L o n g itu d in a l b a rs  rep resen t SD

D iscussion

The basic  m echan ism  of am ino  acid  tra n sp o r t  in  T . globulosa  appears to  be 
th e  sam e as th e  glucose tra n s p o r t  in  th is  p a r tic u la r  n e m a to d e  (J a s ra  e t  al., 
1989) an d  also in  A scarid ia  galli (A ggarw al e t ah , 1989) as rep o rted . T he p ro 
cess m ay  be th e  sam e as p o s tu la te d  fo r h igher an im als (C rane, 1965) in  th a t
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F ig . 2A

F ig . 2. The v e loc ity  o f u p ta k e  (У) o f (A) 14C -aspartic  acid , (В ) 14C -alan ine, an d  (C) 14C-leucine 
b y  Trichuris globulosa in  th e  absence (o—o—o) a n d  presence of th iab en d azo le  (д—д-д) a n d  
fenbendazo le  ( x —X—x )  as th e  fu n c tio n  of su b s tra te  c o n cen tra tio n  (S). T h e  re su lts  are th e  m ean  
± S D  of 4 rep licates . L o n g itu d in a l b a rs  re p re se n t SD . In se ts  o f F ig s  2/A , В and  C: E ad ie — 

H o fs tee  p lo ts  o f u p ta k e  of th e  re sp ec tiv e  14C-am ino acids

th e  in flu x  is accu m u la tiv e , m ed ia ted  an d  d ep en d en t on t im e  u n ti l  th e  tra n sp o r t  
loc i are  sa tu ra te d . A sch  an d  R ead  (1975) re p o rte d  th a t  th e  u p ta k e  of a lan ine a n d  
g lycine  (neu tra l am in o  acids) an d  g lu tam ic  acid  an d  a sp a rtic  ac id  (acidic am ino  
acids) occurs b o th  b y  d iffusion  an d  b y  m e d ia ted  system  in  Schistosom a m ansoni 
(b lood  fluke). On a m o la r basis th e  ra te  o f in co rp o ra tio n  o f acid ic  am ino acids is 
lo w er th a n  th a t  o f  n e u tra l  ones (Ja ffe  an d  D orem us, 1970). T he d a ta , w hen  
p lo tte d  according to  th e  E ad ie -H o fs te e  lin ea r  tra n s fo rm a tio n  p lo t, suggest t h a t  
th e  u p tak e  of am ino  acids is m ed ia ted  b y  tra n s p o r te r  p ro te in s . The tra n sp o r t  
sy s tem  of am ino ac ids is also p H  and  te m p e ra tu re  d ep en d en t. T hiabendazo le  an d  
fenbendazole  w ere fo u n d  to  in h ib it th e  am ino  acid u p ta k e  b y  T . globulosa a s  a 
h ig h e r K t value (low er su b s tra te  affin ity ) w as observed w hile th e  J max (m ax i
m u m  velocity) w as n o t  changed . S im ilar re su lts  have  been  o b ta in e d  b y  A hm ed 
a n d  N izam i (1987) on  o th e r he lm in th s . M ebendazole w as re p o r te d  to  im pair th e  
ab so rp tiv e  fu n c tio n s o f h e lm in th s  (V erheyen e t al., 1976) an d  to  cause ex ten -
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sive u ltra s tru c tu ra l  d am ag e  to  th e  ab so rp tiv e  su rfaces o f nem atodes an d  ces- 
tod es (B orgers e t  al., 19756). The in h ib itio n  o f am ino  acid m etabo lism  m ain ly  
co n trib u te s  to w a rd  th e  in h ib itio n  of syn th esis  o f b o d y  c o n stitu en ts . T h ia b e n d a 
zole and  fenbendazo le  seem  to  b lock  th e  b in d in g , so lub iliza tion  an d  u tiliz a tio n  
o f su b s tra te  b y  th e  tra n s p o r te r  p ro te ins.

Like o th e r  n em ato d es  inc lud ing  A scaris lum bricoides (P o llack  an d  F a ir-  
b a irn , 1955), Setaria  cervi, Litomosoides carin ii an d  D ipetalonem a viteae (S ingh  
an d  S riv as tav a , 1984), T . globulosa tra n sp o r ts  an d  tra n sa m in a te s  a lan ine an d  
a sp a rta te  m ost p ro found ly . T . globulosa also shares th is  p ro p e rty  w ith  o th e r  
pa rasite s  such  as Fasciola hepatica  (D au g h e rty , 1952).

The am ino  acids ta k e n  up  b y  T . globulosa  undergo  m etab o lism  an d  a re  
possib ly  u tilized  la rge ly  in  th e  syn thesis  o f  p ro te in s . N ollen  (1968) rep o rted  t h a t
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L -leucine  becom es in c o rp o ra te d  in  c o n s titu e n ts  of p ro te in  in  tre m a to d e s . S im ilar 
re p o rts  h av e  been g iven  b y  H aynes a n d  T a y lo r (1968) on Taenia  crassiceps.

A p a r t  o f th e  ab so rb ed  am ino ac id s  also in co rp o ra ted  in to  D N A , R N A , 
g lycogen , lip ids, an d  C 0 2 in  T . globulosa  as in  o th e r organism s such  as ep im as- 
tig o te s . In  T. globulosa v e ry  sm all a m o u n ts  o f am ino acids w ere in c o rp o ra te d  in to  
D N A  an d  glycogen w hile th e  R N A  a n d  C 0 2 frac tio n  show ed a fa ir a m o u n t of 
in c o rp o ra te d  rad io ca rb o n  from  14C -am ino  acids. This re su lt is su p p o rted  b y  th e  
fin d in g s c f  Ja ffe  an d  D orem us (1970). T h e  benzim idazole drugs th iab en d azo le
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F ig. 3. E ffec t o f p H  on  th e  in flu x  of 14C -aspartic  acid  (---------- ), 14C-alanine (---------- ) and
14C-leucine (----- ------ ) b y  T richuris globulosa. E ac h  p o in t is th e  m ea n  ± S D  of 4 rep lica tes . V  is

u p ta k e  velocity . L o n g itu d in a l b a rs  re p re se n t SD

Fig. 4. E ffec t o f te m p e ra tu re  on th e  a b so rp tio n  of 14C -aspartic  acid  (----------), 14C -alanine
(---------- ) a n d  14C-leucine (------------ ). E ac h  p o in t is th e  m ean  ± S D  of 4 rep licates . У  is u p ta k e

v e loc ity . L o n g itu d in a l b a rs  re p re se n t SD

an d  fenbendazo le  im p a ir  th e  am ino  acid m e tab o lism  b y  in h ib itin g  u p ta k e  
and  in co rp o ra tio n  in to  d iffe ren t frac tio n s, m a in ly  in to  th e  TCA -soluble f ra c 
tio n , w hich  m ay  p ro v id e  som e clue to  th e  m ode of ac tio n  o f th is  group o f a n th e l
m in tics.
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Table I

In co rp o ra tio n  of ra d io a c tiv ity  o f am ino acids in to  various tissue frac tions o f Trichuris globulosa

Isolated fraction

% * of incorporated 
14C-aspartic acid

% of incorporated 
l4C-alanine

%  of incorporated 
14C-leucine

Normal
Thiabendazole-

treated
Fenbendazole-

treated Normal
Thiabendazole-

treated
Fenbendazole-

treated Norm al Thiabendazole-
treated

Fenbendazole-
treated

TCA-soluble 4 0 ± 2 3 0 ± 3 3 0 + 4 45 ± 4 3 0 ± 3 3 3 ± 3 5 0 ± 5 40 ± 3 4 5 + 4

Pro te ins 3 0 ± 2 2 0 + 2 25 +  3 3 5 ± 4 2 5 ± 3 2 8 ± 4 4 5 ± 5 2 8 ± 3 30 +  5

R N A 10 ± 1 7 +  1.5 8 ± 1 7 +  2 4 ± 0 .3 5 .5 ± 0 .9 9 ± 1 5 ± 1 7 +  1.5

DN A 3 + 0 .2 1.5 +  0.3 2 .5 + 0 .5 2 +  0.5 1 ± 0 .2 1 .5 ± 0 .4 2 ± 0 .3 1 ± 0 .2 1 .8 + 0 .5

L ipids 5 + 0 .8 2 .5 ± 0 .7 3 ± 0 .8 6 + 0 .9 3 ± 0 .2 4 ± 0 .9 4 ± 0 .5 2 ± 0 .3 2 .5 + 0 .5

Glycogen 1 .5 + 0 .8 0 .5 ± 0 .2 0 .9 ± 0 .2 1 .9 + 0 .2 0 .8 ± 0 .2 1 ± 0 .4 1 .7 ± 0 .5 0 .8 ± 0 .1 1 .2 + 0 .4

CO, 10 +  1 8 ± 1 8 ± 2 12 +  1 8 ± 0 .8 9 ± 2 15 ± 2 1 0 ± 0 .8 1 1 + 0 .9

* T he percen tage of a p a rticu la r frac tion  is calculated  by  counts per m in  for th a t  p a rticu la r  frac tio n  and  by  tak in g  to ta l incorporation  
of 14C-amino acid /m in  as 100 counts. E ach  value  is m ean  ±  SD of 3 de term inations.
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ASCARIDIA GALLI: EFFECT OF SOME 
ANTHELMINTICS ON AMINO ACID UPTAKE 

AND MACROMOLECULAR SYNTHESIS 
IN VITRO

R a m a  A g g a r w a l , 1 S. N . S a n y a l 2 and S. K h e r a 1

d e p a r t m e n t  o f Z oology and  d e p a r t m e n t  o f  B iophysics , P an jab  
U n iv e rs ity , C handigarh—160014, In d ia

(R eceived N ovem ber 22, 1989)

L -(U -14C) a sp a rtic  acid, L -(U -14C) a lan ine  a n d  L -(U -14C) leucine u p ta k e  b y  
A scarid ia  galli w as fo u n d  to  be a non-linear fu n c tio n  of t im e  a n d  lim iting  su b s tra te  con
cen tra tio n . T he u p ta k e  w as ra p id  in itia lly  b u t  ach ieved  s te a d y  s ta te  th e re a fte r , p os
sibly ow ing to  th e  sa tu ra t io n  of t ra n s p o r t  loci. L in e ar tran s fo rm a tio n s  o f su b s tra te  
s a tu ra tio n  k in e tics  b y  L in ew eav e r-B u rk  p lo ts  o f L -(U -14C) asp a rtic  acid, L -(U -14C) 
a lan ine an d  L -(U -14C) leucine gave K t va lues o f 4.76, 3.03 an d  2.0 mM and  J max of 
5.0, 3.57 an d  2.08 m  m oles/100 m g d ry  w eight/2  m in , re sp ec tiv e ly . D l-te tram iso le  an d  
1-tetram iso le  (levam iso le) in h ib ited  th e  u p tak e  of am ino  ac id s. T he u p tak e n  am ino acids 
w ere re ad ily  m etab o lized  in to  d iffe ren t tissue frac tio n s . D l- te tram iso le  and  levam isole 
sig n ifican tly  in h ib ite d  th e  in co rp o ra tio n  of th e  th re e  am ino  acids in to  th e  n e m a to d e ’s 
to ta l  p ro te in , R N A  a n d  lip id  frac tio n s in  an  in  vitro in c u b a tio n  system .

K eyw ords: A sca rid ia  galli, am ino  acid  u p ta k e , m acrom olecu lar syn thesis, te tra -
m isole

I t  is genera lly  believed  th a t  w hile in  h e lm in th  p a ra s ite s  only c a rb o h y 
d ra tes undergo  ac tive  m e tab o lism  an d  g enera te  energy , o th e r  com pounds like 
am ino acids, lip ids an d  nucleo tides p a rtic ip a te  la rg e ly  in  th e  syn thesis o f b o d y  
co n stitu en ts . S tud ies on A scarid ia  galli (S ch rank), an  in te s tin a l n em ato d e  of 
fowl, h av e , how ever, c lea rly  d em o n stra ted  th a t  a few  am ino acids are also 
ca tabo lized  a t  ap p rec iab le  ra te s  (S ingh e t al., 1983a, b ; S ingh and  S riv as tav a ,
1983) an d  som e of th e m  y ie ld  A TP to o  (S ingh e t al., 1983c). R e la tive ly  l i t t le  
in fo rm atio n  ex ists, how ever, ab o u t th e  role of am ino  acids in  th e  in te rm e d ia ry  
m etabo lism  o f p a ra s itic  h e lm in th s  (R a rre tt, 1981).

D l- te tra m iso le  a n d  levam iso le are  b ro a d -sp e c tru m  an th e lm in tics  p o te n t 
against th e  com m on w orm  in fes ta tio n s  of b ird s , c a t t le  an d  m an. C onsiderable 
in fo rm atio n  has now  accu m u la ted  in d ica tin g  th a t  th e  levoisom er is m ore ac tiv e  
th a n  th e  d l-c o m p o u n d  (K a te s  e t ah , 1971). B o th  d l- te tra m iso le  and  levam iso le  
have a d u a l in h ib ito ry  ac tio n  on nem atodes b y  h av in g  a d irect s tim u la tin g  
effect on m u scu la r c o n tra c tio n  (para ly tic ) as w ell as a n  in h ib ito ry  effect u p o n  
th e  fu m a ra te  red u c ta se  sy stem  (Bossche, 1972; B ossche an d  Jan seen , 1967). 
In  order to  fu r th e r  u n d e rs ta n d  th e  m ode o f ac tio n , th e  p resen t re p o rt deals 
w ith  th e  effect o f th e se  an th e lm in tic s  on am ino acid  u p ta k e  an d  m acrom olecular 
syn thesis  in  A . galli.
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M aterials a n d  m ethods

A du lt A . galli w ere  collected fro m  th e  in te s tin e  of fowl p ro cu red  from  local 
p o u l t r y  farm s, an d  th o ro u g h ly  w ashed  in  saline to  rem ove in te s tin a l d eb ris  and  
a d h e r in g  m ateria ls . A ll in cu b a tio n s  w ere done in  K reb s’ R in g er so lu tion , 
c o n ta in in g  25 mM tr is  (h y d ro x y m e th y l am ino  m ethane)-H C l b u ffe r a t  p H  7.4 
(K R T  o f R ead e t a l., 1963) a t  37 °C.

A p p ro x im ate ly  500 m g o f w orm s w ere p laced  in  each  25 m l W arb u rg  
f la s k  con ta in ing  4.0 m l o f  in c u b a tio n  m ed ia  h av in g  1.0 pci o f ra d io a c tiv e  am ino 
a c id . To m easure th e  fo rm a tio n  o f  re sp ira to ry  14C 0 2, 0.3 m l o f 10%  K O H  
(c a rb o n a te  free) w as p laced  in  th e  c e n te r  w ell o f th e  W arb u rg  fla sk  co n ta in in g  
f i l te r  p ap er. A fter an  in c u b a tio n  o f 90 m in , th e  f ilte r  p ap er w as ca re fu lly  rem oved 
f ro m  th e  cen ter w ell a n d  im m ersed  d ire c tly  in to  th e  co u n tin g  v ia l co n ta in in g  
sc in tilla tio n  flu id . T h e  sc in tilla tio n  f lu id  fo r co u n ting  th e  /5-em itting  rad io iso 
to p e s  con ta ined  to lu e n e -m e th a n o l, 700 : 300 (v/v), 4 g 2 .5 -D ipheny loxazo l 
(P P O ) and  50 m g l,4 -D i-2 -(pheny loxazo ly l)-benzene  (P O P O P ). T he coun ting  
w as  recorded  in  a R eck m an  in s tru m e n t. T he w orm s were ta k e n  o u t in to  c e n tr i
fu g e  tu b e s  for th o ro u g h  w ashing  w ith  chilled  K reb s’ R in g er so lu tio n  before 
f u r th e r  use, hom ogenized  in  a cold b u ffe r  con ta in in g  0.15 M N aC l an d  0.015 M 
so d iu m  c itra te  (p H  7 .3), an d  a 10%  h o m o g en a te  w as m ade. F o u r  m l o f th is  was 
ta k e n  o u t, su p p lem en ted  w ith  2.5 m l cold  trich lo roacetic  acid  (TCA, 10% ), 
c e n tr ifu g e d  and  th e  su p e rn a ta n t  w as co llected . T he p rec ip ita te  w as resuspended
2.5 m l cold TCA (10% ) again  an d  th e  sam e w as rep ea ted . B o th  su p e rn a ta n ts  
w ere  pooled and ca lled  acid  (TCA) so lub le  phosphorus frac tio n .

To determ ine  th e  am o u n t o f ra d io a c tiv ity  in  glycogen a f te r  in cu b a tio n  
o f  n em ato d es  in  th e  presence  o f ra d io a c tiv e  precurso rs th e  fo llow ing p rocedure  
w as  u sed : 5 mg n o n ra d io a c tiv e  g lycogen  (to  serve as a ca rrie r), 0.3 m l of 10%  
N a 2S 0 4 and  2 vo lum es o f 100%  e th a n o l w ere added  to  3 m l o f to ta l  cold  TCA- 
so lu b le  p laced in  a co n ica l glass cen trifu g e  tu b e , and  th e  c o n te n ts  w ere th o r 
o u g h ly  m ixed. U pon  flo ccu la tio n , th e  c o n te n ts  w ere cen trifuged  a t  1,000 g  for 
10 m in . The su p e rn a ta n t  was d e c a n te d  in to  a te s t  tu b e  an d  th e  p e lle t was 
w ash ed  w ith  1 m l o f  100%  e th an o l an d  recen trifuged . T he s u p e rn a ta n t  was 
d e c a n te d  and  added  to  th e  p rev ious tu b e  w hile th e  pelle t w as d ried  w ith  gentle 
h e a tin g . The p ro ced u re  rem oved  e ssen tia lly  a ll th e  glycogen p re se n t in  th e  cold 
TC A -soluble frac tio n , as de te rm in ed  b y  th e  p h en o l-su lp h u ric  ac id  co lorim etric  
m e th o d  for sugar. T h e  glycogen so iso la ted  w as hydro lysed  w ith  1 m l 2N  H 2S 0 4 
a t  100 °C for 1 h. A fte r  cooling, a 0.2 m l a liq u o t o f th e  h y d ro ly sa te  w as p ip e tte d  
in to  a coun ting  v ia l, n eu tra liz ed  b y  th e  a d d itio n  of 0.2 m l H y am in e  X 10 and  
d isso lv ed  in  5 m l o f l iq u id  sc in tilla tio n  c o u n tin g  m ix tu re .

A lcohol w as rem o v ed  from  th e  glycogen-free TCA -soluble fra c tio n  by  
e v a p o ra tio n  u n d er p ressu re . T he vo lu m e w as m ade up  to  2.0 m l w ith  100%  TCA 
a n d  a 0.2 ml a liq u o t w as rem oved fo r liq u id  sc in tilla tion  cou n tin g .

Acta Veterinaria Hungarica 38, 1990



A NTH ELM IN TIC S AND AMINO ACID M ETABOLISM  IN  A SC A R ID IA  GALLI 257

L ip ids, R N A , D N A  a n d  p ro te in s  w ere iso la ted  from  th e  T C A -insoluble 
f ra c tio n  as described  b y  C rab tree  e t al. (1977). To th e  TC A -insoluble fra c tio n ,
5.0 m l o f 95%  e th a n o l w as ad d ed , cen trifu g ed  a t 800 g  fo r 10 m in  a t  4 °C, th e n  
w ith  5.0 m l e th a n o l-e th e r  (3 : 1) an d  recen trifu g ed . T he com bined  su p e rn a ta n t 
so lv en ts  w ere d ecan ted  in to  co u n tin g  v ia ls, d ried  and  ra d io a c tiv ity  coun ts w ere 
ta k e n .

R N A  w as e x tra c te d  from  th e  rem a in in g  p rec ip ita te  w ith  2.0 ml IN  K O H , 
in c u b a te d  a t  37 °C fo r 20 h . I t  w as n eu tra liz e d  w ith  6N  HC1, added  200 m l of 
5%  TCA an d  cen trifu g ed  a t  800 g  fo r 10 m in  a t  4 °C. T he s u p e rn a ta n t w as ta k e n  
in to  a co u n tin g  v ia l, d ried , sc in tilla tio n  f lu id  w as ad d ed , an d  ra d io a c tiv ity  
co u n ts  w ere ta k e n . F o r iso la tio n  o f D N A , 2.0 m l o f 5%  TCA  w as added  to  th e  
R N A -free p re c ip ita te . I t  w as th e n  in c u b a te d  th e n  a t  90 °C fo r 15 m in, cen trifuged  
a t  800 g  for 10 m in  a t  4 °C, an d  th is  w as re p e a te d  tw ice. T h e  com bined su p e r
n a ta n t  w as used  fo r ra d io a c tiv ity  co u n ts  fo r D N A . T he p re c ip ita te  rem ain in g  
a fte r  th is  s tep  w as ta k e n  to  p roceed  fo r p ro te in s . To th is  p re c ip ita te  1.0 m l o f  
IN  K O H  w as ad d ed  and  k e p t a t  85 °C fo r 15 m in. This w as m ade up  to  10 m l 
w ith  w a te r. A liq u o ts  (0.2 ml) o f each  10 m l e x tra c t o f p ro te in s  w ere rem oved  fo r 
liq u id  sc in tilla tio n  cou n tin g . T he effect o f th e  an th e lm in tic s  d l- te tra m iso le  a n d  
levam iso le  on am ino  acid  u p ta k e  a t d iffe ren t tim e  in te rv a ls  an d  m acrom olecu lar 
sy n th es is  w ere s tu d ied  b y  ad d in g  th e  d rugs to  th e  s ta n d a rd  in c u b a tio n  sy stem  a t  
a c o n cen tra tio n  o f  0.04 mM . T h is c o n c e n tra tio n  w as d e te rm in ed  on th e  basis  o f  
in itia l la b o ra to ry  ex p erim en ts  w here i t  w as found  th a t  th e  w orm s w ere co m 
p le te ly  p a ra ly zed . C om plete cassa tio n  o f  m o tility  w as fo u n d  w ith  d l - t e t r a 
m isole a fte r  45 m in  an d  w ith  levam iso le  a f te r  30 m in a t  37 °C. R ad io ac tiv e  
su b stan ces  used  in  th is  w ork  (L- (U -14C )-aspartic  acid, sp. a c t. =  192 m ci/m  
m ole; L- (U -14C )-alanine, sp. ac t. =  144 m ci/m  m ole; L- (U -14C)-leucine, sp . 
a c t. =  288 m ci/m  m ole) w ere o b ta in ed  fro m  th e  B h ab h a  A tom ic R esea rch  
C en tre , B o m b ay , In d ia . D a ta  on th e  u p ta k e  o f am ino acids as a fu n c tio n  o f 
su b s tra te  co n c e n tra tio n  w ere ex am in ed  using  p lo ts  of each  o f 3 lin ear tr a n s fo r 
m atio n s of th e  M ichaelis-M enten  e q u a tio n ; th e  l /У  versus 1/S of L in ew eav e r-  
B u rk , th e  Y  versu s V/S of E a d ie -H o fs te e , an d  th e  S/Y v e rsu s S p lo t of W o elf 
(Segel, 1976). H ow ever, th e  d a ta  are m ore  a p p ro p ria te  as E ad ie  p lo t since th is  
p lo t has been  fo u n d  to  be le a s t sensitive to  sy s tem a tic  d ev ia tio n  from  M ichae lis- 
M en ten  k in e tic s  (S ta rlin g  an d  F ischer, 1975).

R esults

T he u p ta k e  o f rad io labe lled  a sp a rtic  ac id , alan ine a n d  leucine b y  a d u lt  
A .  galli is fo u n d  to  be a n on -linear, tw o -co m p o n en t process as a fu n c tio n  o f  
tim e  a n d  also show s su b s tra te  s a tu ra tio n  k in e tics . A n in itia l ra p id  u p ta k e  fo r 
th e  f irs t  tw o  m in u tes  is follow ed b y  a second low er m ode o f u p ta k e  up  to  th e
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n e x t  30 m inu tes, ach iev ing  s te a d y  s ta te  (F igs 1-3). F ro m  th is  s tu d y , e x p e ri
m e n ta l in cu b a tio n s o f 2 m in  are  chosen as o p tim a l for fu r th e r  stud ies. T he ra te  
o f  u p ta k e  o f am ino acids w as in h ib ite d  in  th e  presence o f d l- te tra m iso le  and  
levam iso le  (Figs 1 -3 ). T he u p ta k e  o f am ino  acids w as also fo u n d  to  be n o n -lin ea r 
w ith  resp ec t to  e x te rn a l su b s tra te  co n c e n tra tio n . L inear tra n sfo rm a tio n s  o f th e

F ig . 1. T im e-course o f L -(U -I4C) a sp a rtic  acid  in  A . ga lli in  th e  p resence an d  absence o f d rug . 
E a c h  p o in t is th e  m ean  o f th ree  d e te rm in a tio n s . L o n g itu d in a l b a rs  in d ica te  SD of th e  m ean

F ig . 2. T im e-course o f L -(U -14C) a lan ine  in  A . g a lli  in  th e  presence a n d  absence of d rug . E ac h  
p o in t is th e  m ean  of th ree  d e te rm in a tio n s . L o n g itu d in a l b a rs in d ic a te  SD of th e  m ean

F ig . 3. T im e-course o f L -(U -14C) leucine in  A . g a lli  in  th e  presence an d  absence of d rug . E ac h  
p o in t is th e  m ean  of th ree  d e te rm in a tio n s . L o n g itu d in a l b a rs  in d ic a te  SD of th e  m ean
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Fig. 4. In f lu x  o f L -(U -I4C) am ino acids in  A . ga lli as a fu n c tio n  of su b s tra te  co n ce n tra tio n . 
V =  m illim oles o f (14C) am ino acid abso rbed  p e r 100 m g of e th an o l e x tra c te d  d ry  w e ig h t p e r 
2 m in. (S): su b s tra te  c o n cen tra tio n  (m illim olar). E a c h  p o in t is th e  m ean  o f th ree  d e te rm in a tio n s . 
L o n g itu d in a l b a rs  in d ic a te  SD of the  m ean, (b ) L in e w e av e r-B u rk  p lo t o f 1/У versus 1/S. (c)

E adie  p lo t o f  V v e rsu s  Y/S

d a ta  on th e  e ffec t o f su b stra te  c o n c e n tra tio n  are p resen ted  in  th e  fo rm  o f 
L in e w e a v e r-B u rk  an d  E ad ie  p lo t (F igs 4 a — c). T he K t of a sp a rtic  acid, a lan in e  
an d  leucine u p ta k e  w as found to  be 4 .76 , 3.03 and  2.0 mM and  th e  J max w as 
5.0, 3.57 an d  2.08 m  moles/100 d ry  w eigh t/2  m in , respective ly .

A sp artic  acid  an d  alanine w ere ab so rb ed  rap id ly  as com pared  to  leuc ine . 
T ab le  I  show s th a t  th e  pa rasite  p ro d u c e d  m ax im um  C 0 2 from  asp a rtic  ac id  
an d  a lan ine  b u t  less in  th e  presence o f leuc ine . In  percen tage  te rm s all th e  th re e  
am ino acids c o n tr ib u te d  alm ost to  th e  sam e leve l to  th e  sy n th esis  of lip id , D N A , 
R N A , p ro te in , T C A -soluble, glycogen a n d  C 0 2 frac tions. T he D N A  in c o rp o ra te d  
v e ry  l i ttle  a m o u n t o f rad io labelled  ca rb o n . A ll th e  th ree  am ino acids y ie ld ed  
ap p reciab le  a m o u n ts  o f R N A  an d  p ro te in s . T he syn thesis  o f 14CO, an d  TC A - 
soluble f rac tio n s  w as m axim um .

D l- te tra m iso le  an d  levam isole in h ib ite d  th e  in co rp o ra tio n  of ra d io la b e l 
in to  d iffe ren t m acrom olecu lar frac tio n s. T h e  in h ib itio n  w as m ore exp ressed  in
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Table I

E ffec t o f an the lm in tics on in co rp o ra tio n  of radio labelled  am ino acids in to  d ifferen t m acrom olecular
frac tions o f A . galli

Radiolabelied 
amino acid

Counts per min recovered 100 mg 90 m in into different macromolecular fractions

co2 TCA-soluble Glycogen Lipid RNA DNA Protein

L-(U -14C) 
a sp a rtic  acid

No ad d itio n 3200 ± 1 0 2  
(43.27)

2780 ± 1 0 3  
(37.50)

2 5 0 ± 1 3
(3.30)

1 5 4 ± 2 8
(2.08)

390 ± 2 0  
(5.20)

7 0 ± 1 2
(0.90)

5 5 0 ± 3 0
(7.40)

T etram isole 3000 ± 9 6 2600±101 2 6 0 ± 1 2 1 1 4 ± 2 2 240 ± 4 0 65 ± 1 0 402 ± 2 2

Levam isole 2900 ± 1 0 0 2500 ± 1 0 2 2 6 5 ± 1 3 1 0 2 ± 2 4 2 1 0 ± 2 1 65 ± 1 0 370 ± 2 0

L -(U -14C)
alanine

No add iton 2 5 0 0 ± 9 6
(39.60)

2500±102
(39.60)

2 7 0 ± 1 0
(4.20)

104 ± 0 4  
(1.65)

3 5 0 ± 2 5
(5.50)

65 ± 0 8  
(1.03)

510 ± 1 5  
(8.09)

Tetram isole 2445 ± 1 1 0 2400 ± 1 0 6 273 ± 1 2 7 8 ± 1 0 240 ± 4 0 62 ± 0 7 420 ± 2 8

Levam isole 2410 ± 1 2 0 2335 ± 1 0 7 2 7 5 ± 3 0 65 ± 1 2 2 1 0 ± 2 7 6 0 ± 1 3 360 ± 3 4

L -(U -14C)
leucine

No add iton 1600 ± 1 0 2  
(38.08)

1500 ± 9 5  
(36.60)

2 1 0 ± 2 7
(6.12)

104 ± 0 4  
(2.50)

2 7 0 ± 2 0
(6.53)

60 ± 1 4  
(1.46)

3 5 0 ± 2 7
(8.60)

Tetram isole 1540 ± 1 0 0 1400 ± 9 4 212 ± 1 2 8 0 ± 1 2 2 1 0 ± 2 5 5 9 ± 1 0 270 ± 2 4

Levam isole 1500 ± 1 0 1 1335 ± 9 2 2 1 4 ± 1 8 7 0 ± 1 1 1 7 0 ± 1 4 55 ± 0 9 2 5 0 ± 2 2

R esults are expressed  as m ean  ±  SD of 3 -4  observations. V alues p resen ted  in  paren theses ind ica te  th e  percentage in co rpora tion  o f to ta l 
ra d io ac tiv ity  in  th e  ind iv idual fraction

260 
A

G
G

A
R

W
A

L
 et al.



A NTH ELM IN TIC S AND AMINO ACID METABOLISM  IN  A SC A R ID IA  G ALLI 261

th e  presence o f levam isole as co m p ared  to  d l- te tra m iso le . R N A , p ro te in  an d  
lip id s w ere in h ib ited  q u ite  s ig n ifican tly . No change in  glycogen syn thesis  w as 
observed  in  th e  presence of d rugs (T able I).

D iscussion

T he basic m echan ism  of am ino  acid  tra n sp o r t  in  A . galli ap p ears  to  be th e  
sam e as th a t  o f glucose tra n s p o r t  in  th is  n em atode  (A ggarw al e t al., 1989). 
D ry u ch en k o  an d  B erd y ev a  (1974) also rep o rted  th a t  ac tiv e  tra n s p o r t  as well as 
d iffusion  are invo lved  in  th e  u p ta k e  o f am ino acids b y  ascarids. T ran scu ticu la r  
u p ta k e  o f 1-glycine and  1-arginine in v o lv ed  b o th  d iffusion an d  ca rrie r-m ed ia ted  
tr a n s p o r t  in  a d u lt fem ale B rug ia  pah a n g i (Howells e t ah , 1983). G ray  e t al. (cit. 
U glem  and  R ead , 1973) found  m ed ia ted  u p ta k e  of 14C-leucine an d  14C -alanine in  
M onilifo rm is dubius. A . galli absorbs 1 -aspartic  acid an d  1 -alan ine m ore ra p id ly  
th a n  1-leucine. A ndo e t al. (1980) s tu d ie d  th e  u p tak e  o f am ino  acids in  m icro 
fila riae  o f D iro filaria  im m itis . T h ey  observed  th a t  th e  q u a n t i ty  o f b o th  a sp a rtic  
ac id  an d  leucine decreased  con sid erab ly  in  th e  in c u b a tio n  m edium  th e re b y  
in d ic a tin g  m ore u p ta k e  b y  th e  p a ra s ite ; how ever, a lan ine  d id  n o t  show  m uch  
difference.

T he am ino  acids ta k e n  u p  b y  A . ga lli undergo m etabo lism  an d  are u tilized  
la rg e ly  in  TC A -soluble fra c tio n  an d  14C 0 2 p ro d u c tio n . J a ffe  an d  D orem us 
(1970) also found  m ax im um  in c o rp o ra tio n  in  TCA -soluble fra c tio n  w hen m icro 
fila riae  o f D . im m itis  w ere in c u b a te d  w ith  rad io labelled  am ino  acids. R a te  o f 
14C 0 2 p ro d u c tio n  b y  A . galli w as m ax im u m  in  th e  p resence o f alan ine an d  
a sp a rtic  acid com pared  to  leucine as also found  b y  S ingh  e t al. (1987) for 
Ancylostom a ceylanicum . A n ap p rec iab le  am o u n t of rad io lab e l w as found  in  
R N A  an d  p ro te in  frac tio n s. S yn th esis  o f glycogen an d  lip ids w as found  to  be 
low  b u t  D N A  sh ared  a v e ry  l i ttle  a m o u n t. These re su lts  su p p o rt th e  find ings of 
J a f fe  an d  D orem us (1970).

D l-te tra m iso le  an d  levam iso le in h ib ite d  th e  u p ta k e  o f am ino  acids and  th e  
sy n th esis  o f lip ids, R N A  an d  p ro te in s . TCA-soluble fra c tio n , D N A  an d  C 0 2 
w ere le a s t affected  while th e re  w as no  change in  glycogen syn th esis . K au r an d  
Sood (1983) found  th a t  d l- te tra m iso le  dam ages th e  ab so rp tiv e  surface o f a d u lt 
H aem onchus contortus in  vitro. D l-te tra m iso le  in h ib ited  th e  A T P  a c tiv ity  in  
H . contortus w hich  is re la te d  to  lip id  syn thesis  (K au r an d  Sood, 1982). K a p u r  
an d  Sood (1986) also rep o rted  less in co rp o ra tio n  of 14C -aceta te  an d  14C-glucose 
in to  th e  lip ids on  a d d itio n  o f d l- te tra m iso le  in  H . contortus. S ingh e t al. (1983c) 
d e m o n s tra te d  t h a t  in co rp o ra tio n  o f 32P  in to  A TP b y  Setaria  cervi an d  A scarid ia  
galli w as in h ib ited  in  th e  presence o f te tram iso le .

O ur resu lts  in d ica te  th a t  in  vitro  th e  levoisom er is m ore effective th a n  th e  
d l-com pound . F o rsy th  (1968) also show ed th a t  th e  levoisom er is m ore ac tive
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a g a in s t g a s tro in te s tin a l nem atodes o f  sheep  an d  c a ttle . B o th  d l-te tram iso le  
an d  levam isole a ffec t th e  m acrom olecu lar syn th esis , sug g estin g  th a t  secondary  
to  th e  para lysis  o f th e  p a ra s ite , a change in  m acrom olecu lar syn th esis  m ay  be 
e ffec ted  as a consequence  o f a lte red  en e rg y  m etabo lism .
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CHANGES IN THE LIPID PEROXIDE STATUS 
OF BROILER CHICKENS IN ACUTE 

MONENSIN POISONING

G . SÁ L Y I, 1 M . M ÉZES2 and G y . B Á N H ID I1

'C e n tra l  V e terin ary  In s t i tu te ,  H -I5 8 1  B u d a p es t, P . O. B ox 2; a n d  d e p a r t m e n t  of A nim al 
P h y sio logy  and H ygiene, U n iv e rs ity  o f A g ricu ltu ra l Sciences, H -2103 G ödöllő, P á te r  K . u . 1,

H u n g a ry

(R ece iv ed  D ecem ber 13, 1989)

The effect e x e rted  b y  overdosage  of m onensin, a n  io n ophore  a n tib io tic , on  th e  
lip id  perox ide s ta tu s  o f b ro ile r ch ickens was s tud ied . T hree-w eek-o ld  bro ile r cockerels 
w ere given 150 m g m o n en sin /k g  b o d y  m ass th ro u g h  a  tu b e , a n d  th e  m alo nd ialdehyde  
(M D A) c o n cen tra tio n , g lu ta th io n e  perox idase  (G S H -P x) an d  c a ta la se  a c tiv ity  o f th e  
liv e r  and b re a s t m uscle , an d  M D A  co n cen tra tio n  an d  G S H -P x  a c t iv ity  o f th e  b lood  
p lasm a  were d e te rm in ed .

L iver M DA a n d  ca ta la se  v a lu e s  rose  rap id ly  an d  s ig n ific a n tly  du rin g  th e  e x p eri
m en ta l period. G S H -P x  a c t iv ity  in it ia lly  decreased, th e n  ten d e d  to  rise . B lood p lasm a  
a n d  b reas t m uscle v a ria b le s  d id  n o t  change  du ring  th e  ex p erim e n t.

A cute m o nensin  po iso n in g  in d u ced  su b s ta n tia l e n h an c em e n t o f lip id  p e ro x id a 
t io n  processes in  th e  liv e r, w hile  i t  d id  n o t apprec iab ly  a ffec t th e  lip id  perox ide s ta tu s  
o f  th e  blood p lasm a  a n d  b re a s t m uscle.

The role o f th e  obse rv ed  p h en om enon  in  th e  r a th e r  co m plex  pathogenesis of 
m onensin  poisoning is n o t kno w n  su ffic ien tly . F u rth e r  s tu d ies  a re  needed  to  e luc idate  
th e  prob lem .

Keywords: M onensin po ison ing , broiler chicken, lip id  p e ro x id a tio n , m alo n d ia l
d eh y d e , ca ta lase , g lu ta th io n e  p e ro x id ase

T h e effect o f m onensin  on cells, sim ilarly  to  som e p ro to zo a  an d  b ac te ria , 
is b ased  on a c a tio n -p ro to n  exchange  during  w hich m onensin , owing to  th e  
fo rm a tio n  of a lip id -so lub le  com plex , is able to  in tro d u ce  sod ium , enclosed in  its  
m olecule, in to  th e  cell th ro u g h  th e  double  lip id  lay e r o f th e  cell m em brane. 
D u rin g  reverse  tr a n s p o r t  th e  io n ophore  m olecule tr a n s p o r ts  h y d rogen  ion  
in s tead  o f m etal ion  (“ p ro to n a te d  fo rm ” ). Ionic d y seq u ilib riu m  an d  tra n s ie n t 
acidosis th u s  developing  on th e  o u te r  surface of th e  cell m em b ran e  are c o u n te r
b a lan ced  b y  in flu x  o f H + ions a n d  e fflu x  of K + ions, a n d  th e  cell loses p o ta s 
sium . E le v a te d  in tra c e llu la r  sod iu m  co n cen tra tio n  b rin g s a b o u t a secondary  
in crease  in  calcium  c o n c e n tra tio n , p a r t ly  due to  th e  release o f b o u n d  calcium  
p re se n t in  th e  m ito ch o n d ria  a n d  sarcoplasm ic re ticu lu m , p a r t ly  because of 
red u ced  calcium  o u tflo w  from  th e  cells (Gräfe e t al., 1984; B ergen  and  B ates ,
1984).

A s a consequence o f th e  b iochem ica l processes o u tlin e d  above, u p ta k e  of 
to x ic  doses of m onensin  causes m ito ch o n d ria l dam age an d  a c tiv a te s  cellu lar
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pho sp h o lip ase  and  p ro te o ly tic  enzym es, p rim arily  in  th e  m yo card iu m  and  
s t r ia te d  muscle.

S im ultaneously  w ith  or su b seq u en t to  th ese  changes, ionophores (e.g. 
m onensin ) can  p ro d u ce  n u m ero u s m etab o lic  d is tu rb an ces  e ith e r  d irec tly  or 
in d ire c tly . T hey  can  a lte r  th e  m etab o lism  o f lip ids, o x id a tio n  o f arach idonic  
ac id  an d , as a re su lt, b io sy n th esis  o f p ro s tag lan d in , th e  cA M P level o f cells, 
p ro te in  ph o sp o ry la tio n , o x id a tiv e  m etabo lism , and  p ro te in , D N A  an d  R N A  
sy n th e s is  (G räfe e t a l., 1984). In  m onensin  poisoning o f fa rm  an im als p rim arily  
th e  m yocard ium  a n d  s tr ia te d  m uscle suffer dam age. A ccord ing  to  certa in  
a u th o rs , how ever, cap illa ries, h e p a to c y te s  an d  o th e r cells m a y  also becom e 
a ffec ted , depending on  th e  an im al species.

In  some species gross lesions an d  m icroscopic changes d em onstrab le  in  
io n o p h o rc  an tib io tic  po ison ing  (Z enker’s degenera tion  o f s tr ia te d  m uscle and 
m y o card iu m ) resem ble p a th o m o rp h o lo g ica l changes caused  b y  v ita m in  E and  
se len ium  deficiency so closely th a t  d iffe ren tia l d iagnosis is r a th e r  d ifficu lt 
(S á ly i e t al., 1988). T h is  resem blance, an d  th e  fin d in g  t h a t  p re tre a tm e n t w ith  
v i ta m in  E and  selen ium  reduces th e  sev e rity  o f m onensin  tox icosis  (V an Vleet 
e t  a l., 1983), suggests t h a t  p rim a ry  or secondary  dam age , i.e. o x id a tio n  and 
p e ro x id a tio n , o f lip ids b u ild in g  up  b io logical m em branes m a y  h av e  a role in  th e  
v e ry  com plex pa th o g en esis  o f m onensin  poisoning.

M onensin is m e tab o lized  in to  d eg rad a tio n  p ro d u c ts  o f red u ced  biological 
a c t iv i ty  p rim arily  in  th e  liv er, an d  th e  m etabo lic  en d -p ro d u c ts  are  excre ted  in  
th e  b ile  (D onoho, 1984). C erta in  fac to rs  affecting  m onensin  to x ic ity  are su p 
p o sed  to  be re la ted  to  h e p a tic  fu n c tio n  or dysfunction .

T he influence o f m onensin  poisoning  on lip id  p e ro x id a tio n  processes and  
o n  ce rta in  variab les in d ic a tiv e  o f th e  s ta tu s  of th e  b io log ical an tio x id a tiv e  
d efence  m echanism  w as s tu d ie d  in  an im al experim en ts.

Materials and methods

A cute poisoning w as in d u ced  in  3-w eek-old b ro iler cockerels (H ybro) by  
o ra l tre a tm e n t w ith  150 m g m onensin /kg  b o d y  m ass, g iven  in  th e  form  of 
E la n c o b a n  100 p rem ix . T h e  b ird s ’ feed co n ta in ed  no o th e r  an ticoccid ials or 
d ru g s . Before m onensin  t r e a tm e n t  an d  a t  4, 20, 44 and  68 h  th e re a f te r  10 t r e a t 
ed  a n d  10 contro l ch ickens w ere k illed  b y  bleeding. T he b lood  p lasm a, liver and  
b re a s t  m uscle (m. p ec t. superf.) sam ples w ere frozen an d  s to red  a t  — 18 °C 
u n t i l  processed. B efore th e  chem ical d e te rm in a tio n s  th e  o rg an  sam ples were 
hom ogen ized  in  cold ( A 4 °C) saline (1 : 9) w ith  a P o t te r—E lv eh jem  hom ogen- 
iz e r . M alondialdehyde c o n cen tra tio n , w hich  ind ica tes  th e  degree of lip id  p e r
o x id a tio n , was d e te rm in ed  in  th e  in ta c t  hom ogenate  b y  th e  2 -th io b arb itu ric  
a c id  reac tio n  (M ihara e t al., 1980). E n zy m e ac tiv ities w ere d e te rm in ed  in  th e
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su p e rn a ta n t o b ta in ed  b y  cen trifug ing  th e  h o m ogenate  a t  10,000 g for 20 m in 
a t  -)-4 °C. C ata lase  (E .C . 1.11.1.6.) a c tiv ity  w as d e te rm in ed  b y  th e  m eth o d  o f 
Beers an d  Sizer (1952) in  th e  presence o f h y d ro g en  p e ro x id e  su b s tra te . G lu ta 
th ione  p erox idase  (E .C  1.11.1.9.) a c tiv ity  w as d e te rm in ed  b y  a d irec t en d -p o in t 
assay  as described  b y  M atkov ics e t al. (1988), in  th e  p resence o f reduced  g lu ta 
th ione  an d  cu m en -h y d ro p ero x id e  su b s tra te s . E n zy m e ac tiv itie s  w ere re la te d  
to  1 g p ro te in  c o n te n t o f th e  su p e rn a ta n t w hich  w as d e te rm in ed  using  F o lin ’s 
phenol reag en t (L ow ry  e t  a l., 1951).

T he resu lts  w ere an a ly sed  s ta tis tic a lly  b y  S tu d e n t’s tw o-sam ple  t te s t.

Clinical observations

C linical sy m p to m s appeared  v e ry  soon a f te r  m onensin  ad m in is tra tio n . 
N in e ty  m in  a f te r  m o n en sin  tre a tm e n t th e  m a jo rity  of ch ickens w ere s ittin g  or 
ly ing  on th e ir  sides w ith  o u ts tre tc h e d  legs, an d  th e  n o n -recu m b en t b ird s also 
m oved u n s te a d ily  a n d  show ed signs o f  depression . A t  4 h, all tre a te d  chickens 
w ere re c u m b e n t, som etim es m ade sw im m ing m o v em en ts  w ith  o u ts tre tc h e d  
legs, k e p t c ran in g  th e ir  n eck  b u t  w ere u n ab le  to  lif t  th e ir  h ead . A t  20 h a f te r  
m onensin  t re a tm e n t, th e  b ird s’ clinical s ta tu s  te n d e d  to  im prove ; how ever, 
only  few  chickens w ere able to  s ta n d  an d  w alk . T he b ird s  ex cre ted  w a te ry  
faeces. A t  44 h, a b o u t h a lf  o f th e  chickens w ere ly in g  w ith  legs o u ts tre tc h e d  or 
d raw n u n d e r th em selv es . D esp ite  p ro n o u n ced  drow siness, th e  b ird s  a te  an d  
d ra n k  w hen p laced  w ith in  reach  of th e  feeders o r w a te re rs . A b o u t 20%  o f th e  
chickens w alked  n o rm a lly  b u t  sa t dow n read ily . T he o th e rs  h ad  a s taggering , 
u n s te a d y  ga it, w alked  w ith  flexed  jo in ts  an d  re s tin g  on  d roop ing  w ings. A t  
68 h, th e  g rea t m a jo r ity  o f th e  chickens could  s ta n d  up  b u t  soon san k  to  th e  
ground.

O nly  3 o u t o f th e  50 chickens died  (on th e  2nd  an d  3 rd  d a y  of tre a tm e n t) . 
No p a th o g n o stic  lesions w ere seen a t  necropsy .

Results

D uring  th e  68 -hour period  of s tu d y , no  m ark ed  differences were d em o n 
strab le  in  th e  G S H -P x  a c tiv ity  of th e  liver (F ig . 1) an d  b lood  p lasm a betw een  
b ird s  w ith  e x p e rim e n ta lly  induced  acu te  m onensin  po isoning  an d  th e  co n tro l 
chickens.

M alond ia ldehyde (M DA) co n cen tra tio n  of th e  b lood  p lasm a  w as sim ilar 
in  th e  ex p e rim en ta l a n d  con tro l chickens (F ig . 2). I n  c o n tra s t, M DA (m ore 
ex ac tly : th io b a rb itu r ic  ac id  reac tive  com pound) co n c e n tra tio n  of th e  liv er 
hom ogenate  o f e x p e rim e n ta l b irds m o d e ra te ly  exceeded  th a t  o f th e  co n tro l 
b ird s a lread y  in  th e  4 th  h o u r, and  su b seq u en tly  th is  difference becam e h ig h ly  
s ign ifican t (F ig . 3).
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F ig . 1. Changes in g lu ta th io n e  perox idase  (G S H -P x ) a c tiv ity  o f th e  liver. B ro k en  line: con tro l 
g ro u p ; con tinuous line : g ro u p  tre a te d  w ith  150 m g  m onensin /kg  b o d y  m ass pe r os (* : P  <  0.05)

F ig . 2. Changes in m alo n d ia ld eh y d e  c o n ce n tra tio n  o f th e  blood p lasm a. B ro k en  line: con tro l 
g ro u p ; con tinuous line: g ro u p  tre a te d  w ith  m onensin

T he changes in  ca ta la se  a c t iv i ty  o f  th e  liver tissue  o f m o n en sin -in to x ica ted  
ch ick en s were sim ilar b o th  in  te n d e n c y  an d  degree to  th o se  in  M DA c o n c e n tra 
t io n  (F ig . 4).

MDA c o n c e n tra tio n  an d  G S H -P x  as well as ca ta la se  a c tiv ity  of b re a s t 
m uscle  hom ogenates show ed h igh  v a r ia tio n  as com pared  to  re sp ec tiv e  values of 
th e  liv er in  b o th  th e  e x p e rim e n ta l a n d  th e  con tro l g roup . D isreg ard in g  differ
ences of low sign ificance (P  <  0.05) fo u n d  in  a few  cases, no ch a rac te ris tic  
d ifferences were d em o n strab le . B y  co m p arin g  th e  m ean  values (an d  d isregard ing  
c a ta la se  ac tiv ities m easu red  a t  44 h  because  of th e  ex trem e ly  h igh  s ta n d a rd  
d e v ia tio n ), all th re e  v a riab le s  (M DA, G S H -P x  an d  ca ta lase) w ere, even  i f  only  
s lig h tly  (by 5 -4 5 % ), low er in  th e  m uscle  tissue  o f th e  t re a te d  ch ickens.
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F ig . 3. Changes in m alo n d ia ld eh y d e  c o n cen tra tio n  of th e  liver ^tissue. B roken  line: co n tro l 
g roup ; con tin u o u s line; g roup  tre a te d  w ith  m o nensin  (*** : PcO .O O l)

F ig . 4. Changes in cata lase  a c tiv ity  o f th e  liver tissu e . B roken  line: co n tro l group; con tin u o u s 
line: group  tre a te d  w ith  m onensin  (* : P < 0 .0 5 ;  ** : P < 0 .0 1 ;  *** : PcO .O O l)
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D iscussion

In  th is  ex p e rim en t, m ark ed  e lev a tio n  o f  th e  ca ta lase  a c t iv i ty  an d  m alon- 
d ia ld eh y d e  c o n c e n tra tio n  o f th e  liver tis su e  in d ica ted  a s ig n ifican t en h an cem en t 
o f  lip id  p e ro x id a tio n  processes in  th e  liv e r. In  h a rm o n y  w ith  our find ings, 
D w o rsch ák  an d  P ro h á sz k a  (1986) re p o r te d  a sign ifican t rise  in  serum  an d  liv er 
m a lo n d ia ld eh y d e  co n c e n tra tio n  d u rin g  p ro longed  feeding o f  a d ie t co n ta in in g  
120 m g salinom ycin /kg  feed (i.e. doub le  o f th e  p rev en tiv e  dose).

F o r a b e tte r  u n d e rs ta n d in g  o f th e  m echanism  o f ac tio n  of ionophore  
p o iso n in g  i t  w ould  b e  im p o r ta n t to  d e te rm in e  w heth er th e  en h an cem en t of 
l ip id  p e ro x id a tio n  is a p r im a ry  or a se c o n d a ry  process. H e p a tic  M DA concen 
t r a t io n  begins to  ch an g e  ra th e r  qu ick ly  (in  less th a n  4 h ) .  D esp ite  th is  fa c t, th e  
in c rea se  of lip id  p e ro x id a tio n  is considered , a t  least fo r th e  tim e  being, a  sec
o n d a ry  process, especia lly  i f  th e  v e ry  ra p id  onset o f c lin ical signs is ta k e n  in to  
ac c o u n t. I t  is possib le  t h a t  com pounds fo rm ed  or re leased  d u rin g  m uscle fib re  
d a m a g e  are  tra n s p o r te d  b y  th e  c ircu la tio n  to  th e  liver w here  th e y  a c tiv a te  th e  
d e to x ify in g  m echan ism . T he a c tiv a te d  d e to x ifica tio n  processes, in  tu rn ,  m ay  
g ive rise  to  com pounds in d ica tiv e  o f lip id  p e ro x id a tio n  (e.g. m alond ia ldehyde) 
a n d  a c tiv a te  th e  a n tio x id a tiv e  defence m echan ism .

G S H -P x  enzym e a c tiv ity  of th e  liv e r  tissue u n d e rw e n t a m o d e ra te ly  
s ig n if ic a n t decrease a t  th e  beg inn ing  a n d  show ed a sim ilar rise  a t  th e  end  o f  th e  
ex p e rim e n t. T he p o te n tia l  im p o rtan ce  o f  th e se  changes in  th e  p a th o m ech an ism  
o f m onensin  po ison ing  is d ifficu lt to  assess. A lthough i t  c a n n o t he considered  
a  p ro v e n  fac t b ased  u p o n  th e  cu rve , i t  m a y  be supposed  th a t  th e  load  con
s t i tu te d  b y  en h an ced  lip id  p e ro x id a tio n  in d u ced  an  increase  in  liver G S H -P x  
a c tiv i ty . This, to g e th e r  w ith  th e  o b se rv a tio n  th a t  sheep fed  n u tr i t iv e  doses of 
m o n en sin  h ad  s ig n ifican tly  e lev a ted  b lo o d  G S H -P x  a c tiv ity  (A nderson  e t al., 
1983), in d ica tes  t h a t  a re la tio n sh ip  ex is ts  be tw een  m onensin  an d  ce rta in  v a r i
ab les re la te d  to  lip id  p e ro x id a tio n . O n th e  o th e r h an d , i t  is w o rth  m en tion ing  
t h a t  in  our ex p erim en t th e  chicks w ere a k in e tic  over a r a th e r  long  period  d u rin g  
w h ich  tim e  th e y  d id  n o t feed. F a s tin g  is k n o w n  to  su b s ta n tia lly  decrease th e  
re d u c e d  g lu ta th io n e  c o n te n t o f th e  liv e r in  th e  firs t p lace (C om porti, 1987). 
T h u s , i t  c an n o t be ru le d  o u t th a t  th e  d rop  in  G S H -P x  a c tiv ity  w as due to  l im it
ed  su b s tra te  av a ila b ility , i.e. decreased  g lu ta th io n e  c o n te n t o f  th e  liver, as 
g lu ta th io n e  is one o f th e  su b s tra te s  o f  G S H -P x . The e lev a tio n  of G S H -P x  
a c tiv ity , observed  p a ra lle l to  th e  im p ro v e m e n t in  th e  b ird s ’ clin ical s ta tu s , can  
be  associa ted  e ith e r  w ith  n o rm a liza tio n  o f  th e  g lu ta th io n e  level or w ith  su b 
s t r a te  av a ilab ility  en su red  b y  rad ica l-fo rm in g  m echanism s resu ltin g  from  sec
o n d a ry  processes.

A n in d irec t p ro o f of th e  role p lay ed  b y  lip id  p e ro x id a tio n  processes in  th e  
dev e lo p m en t of m onensin  poisoning  is t h a t  in  calves an d  pigs d irec tly  or in 
d ire c tly  a n tio x id a tiv e  selenium  an d  v ita m in  E  given p a re n te ra lly  p rio r to  th e

Acta Veterinaria Hungarica 38, 1990



L IP ID  P E R O X ID E  STATUS OF B R O IL E R S 269

a d m in is tra tio n  o f h ig h ly  to x ic  doses o f m onensin  re d u ced  th e  sev erity  o f  th e  
clinical sy m p to m s a n d  d im in ished  changes in  ce rta in  v a riab les  in d ica tiv e  of 
tissue  in ju ry , h e re b y  p ro long ing  th e  an im als’ su rv iv a l (V an V leet e t a l., 1983).

T he to x ic ity  o f io n o p h o re  an tib io tic s  in  an im als o f  a given species an d  
age group m ay  be  in flu en ced  b y  num ero u s fac to rs p r im a r ily  re la ted  to  feeding 
(B a rto v  an d  Jen sen , 1980; B a rto v , 1986; P arsons e t  a l., 1984) and  m ed ica tio n  
(von  D orn  e t a l., 1983; L aczay  e t al., 1987). To ou r p re se n t know ledge, a t  le a s t 
p a r t  o f th ese  effects m a y  m an ifest itse lf  as a p ositive  o r n eg a tiv e  in fluence  on 
h ep a tic  lip id  p e ro x id a tio n  s ta tu s  w hich is of p rim e im p o rta n c e  in  th e  m e ta b o l
ism  and  d e to x if ica tio n  o f ionophores. T h e  s ign ifican tly  e lev a ted  ca ta lase  a c tiv i
t y  found  th ro u g h o u t th is  ex p erim en t m a y  in d ica te  e n h an ced  de tox ify ing  fu n c 
tio n  of th e  liver. T he sole su b s tra te  of ca ta lase  is h y d ro g en  perox ide  (Mézes an d  
M atkovics, 1986) w hich  ap p ea rs  du ring  lip id  p e ro x id a tio n  a n d  as an  e n d -p ro d u c t 
o f o x id a tiv e  d e to x if ic a tio n  (C om porti, 1987).

W e can n o t give a sa tis fa c to ry  ex p lan a tio n  for th e  fa c t th a t  lip id  p e ro x id a 
tio n  p a ra m e te rs  w ere u n ch an g ed  in  th e  b rea s t m uscle  th ro u g h o u t an d  th a t  
th e y  even decreased  s lig h tly  in  th e  t re a te d  group. A s th e  dose app lied  com es 
close to  th e  single a c u te  L D 50 value o f m onensin  (200 m g/kg  bo d y  m ass), i t  
c an n o t acco u n t fo r th e  p ra c tic a lly  u n ch an g ed  lip id  p e ro x id a tio n  ind ices of 
m uscles (b reast m uscle). I n  ionophore an tib io tic  po ison ing  o f p o u ltry , a t  leas t 
a t  a y o ung  age, th e  b re a s t  m uscle suffers m uch less d am age th a n  d iffe ren t 
m uscle g roup  of th e  th ig h . T h u s , i t  is possible th a t  th e  m uscle  p o rtio n  exam ined  
in  th is  s tu d y  d id  n o t  su ffer o x id a tiv e  dam age. W ith o u t h istopath o lo g ica l 
ex am in a tio n  th is  p o ss ib ility  can  be n e ith e r  co rro b o ra ted  n o r excluded. I n t r a 
cellu lar calcium  a c c u m u la tio n  tak es  p lace  and  is kn o w n  to  p la y  an  im p o r ta n t  
ro le in  th e  pa th o g en esis  o f m onensin  poisoning. A fte r  in d u c in g  in tra c e llu la r  
calcium  accu m u la tio n  b y  o th e r m eth o d s, B elluk  e t al. (1988) rep o rted  enh an ced  
lip id  p e ro x id a tio n  processes an d  found  th a t  s im u ltan eo u s ad m in s tra tio n  of 
a n tio x id a n ts  fa iled  to  p re v e n t dam age o f th e  m uscle tis su e . This seem s to  con
firm  our o rig inal su p p o sitio n  th a t  lip id  p e ro x id a tio n  processes p lay  a role in  th e  
pa thogenesis  of m u scu la r dam age . H ow ever, fu r th e r  s tu d ie s  are needed to  shed  
lig h t on these  m a tte rs  a t  issue.

To sum  up  th e  f in d in g s  o f th is  w ork : overdosage o f  m onensin  re su lted  in  
m ark ed  en h an cem en t o f  lip id  p e ro x id a tio n  processes in  th e  liver, w hile in  th e  
given ex p erim en ta l design  th e  lip id  peroxide s ta tu s  o f th e  blood p lasm a an d  
b re a s t m uscle rem ain ed  p ra c tic a lly  unchanged .

References

A nderson , P . H ., B a r re t t ,  S ., C atchpo le, J . ,  G regory , M. W . a n d  B ro w n , D . C. (1983): E ffec t 
o f m onensin  on  th e  se len ium  s ta tu s  o f sheep. Y et. Rec. 113, 498.

B a rto v , I. an d  Je n se n , L. S. (1980): E ffec t o f d ie ta ry  ing red ien ts on  m o n en sin  to x ic ity  in  chicks. 
P o u ltry  Sei. 59, 1818—1823.

Acta Veterinaria Hungarica 38, 1990



270 SÁLYI e t a l.

B a r to v ,  I. (1986): E ffec t o f  d ie ta ry  f a t  an d  p ro te in  on  m onensin  to x ic i ty  in  b ro iler chicks. 
P o u ltry  Sei. 66, 1385—1391.

B e ers , B . F . and Sizer, I. W . (1952): S p e c tro p h o to m etric  m eth o d  fo r m easu rin g  th e  b re a k 
dow n of h y d rogen  p e ro x id e  b y  cata lase . J .  B iol. Chem. 195, 133—140.

B e llu k , B ., G upta , M. a n d  S ingal, P . K . (1988): C o n trac tu re  an d  cell d am ag e  in  calcium  p a ra 
dox  is n o t caused  b y  lip id  p e ro x id a tio n . Can. J .  Physio l. P h a rm aco l. 66, 1087—1091.

B e rg en , W . G. and  B a te s , D . B. (1984): Iono p h o res : th e ir  effect on  p ro d u c tio n  efficiency an d  
m ode of action . J .  A n im . Sei. 58, 1465-1483.

C o m p o rti, M. (1987): G lu ta th io n e  d ep le tin g  ag en ts  a n d  lip id  p e ro x id a tio n . Chem. Phys. L ip 
ids 45, 143-169.

D o n o h o , A. L. (1984): B io ch em ical s tu d ies  on  th e  fa te  o f m onensin  in  an im als  and  in  th e  
env ironm ent. J .  A n im . Sei. 58, 1528-1539.

D o rn , P . von  W eber, B ., W eikel, J .  an d  W essling, E . (1983): In to x ik a tio n  d u rc h  gleichzeitige 
V erabreichung  v o n  C h loram phenico l u n d  M onensin bei P u te n . P ra k t .  T ie ra rz t 64, 
240-243.

D w o rsch ák , E . and P ro h á sz k a , I. (1986): T he effec t o f  im p ro p e r feed ing  on  th e  lip id  p e ro x id a 
tio n  of m eat an im a ls . Z. E rn äh ru n g sw iss . 25, 96-102.

G rä fe , U ., Schlegel, R . a n d  B ergholz , M. (1984): P o ly e th e r-A n tib io tik a  P h a rm az ie  39, 661-670.
L a c z a y , P ., Bozzay, L . S im on , F .,  L ehel, J . ,  D obos-K ovács, M., M óra, Zs. a n d  R ibiczei, P . 

(1987): S tu d y  o f  th e  c o m p a tib ility  b e tw een  m onensin  an d  o th e r  c h em o th erap eu tics  in  
b ro iler chicks ( in  H u n g a ria n , w ith  E n g lish  a b s tra c t) . M agyar Á lla to rv o so k  L ap ja  42, 
109-114.

L o w ry , O. H ., R o senbrough , N . J . ,  F a r r ,  A. L. an d  R a n d a ll, R . J .  (1951): P ro te in  m easu rem en t 
w ith  th e  F o lin -p h en o l reag en t. J .  B iol. Chem. 193, 265-272.

M a tk o v ic s , B ., Szabó, L . a n d  Sz. V arg a, I .  (1988): D e te rm in a tio n  of en zy m e ac tiv itie s  in  lip id  
p erox ida tion  a n d  g lu ta th io n e  p a th w a y s  (in  H u n g a rian ). L ab o ra tó r iu m i D iagnosztika  
15, 248-249.

M ézes, M. and M atkovics, В . (1986): M olecular m echan ism  of lip id  p e ro x id a tio n  an d  its  q u a n 
tita tiv e  m easu rem en t (in  H u n g a rian ). In : C saba, G. (ed.) A B io lóg ia  A k tu á lis  P ro b lé 
m ái vol. 34, pp . 61—104. M edicina, B u d ap es t.

M ih a ra , M., U chiyam a, M. a n d  F u k u z a w a , K . (1980): T h io b a rb itu ric  acid  v a lu e  of fresh  hom o
genate  of r a t  as p a ra m e te r  o f lip id  p e ro x id a tio n  in  aging, CC14 in to x ic a tio n  and  v ita m in  
E  deficiency. B iochem . Med. 23, 302—311.

P a rso n s , C. M., E d m o n d s, M. S. an d  B ak er, D . H . (1984): In fluence  o f  d ie ta ry  e lectro ly te  b a l
ance, energy a n d  am in o  acid  su p p le m e n ta tio n  on  th e  m onensin  re sp o n se  in  chicks fed 
d ie ts vary ing  in  p ro te in  co n te n t. P o u ltry  Sei. 63, 2438-2443.

S á ly i, G ., M olnár, T ., G lá v its , R . an d  B agó Gy. (1988): Poisoning b y  io n o p h o ro u s an tib io tics 
in  sheep (in H u n g a ria n , w ith  E n g lish  a b s tra c t) . M agyar Á lla to rv o so k  L a p ja  43, 277—284.

V a n  V lee t, J . F ., A m stu tz , H . E . an d  W eirich , W . E . (1983): A cute m o n en sin  tox icosis in  sw ine. 
E ffec t of g rad ed  doses o f m o nensin  an d  p ro te c tio n  of sw ine b y  p re tre a tm e n t w ith  sele
n ium  — v ita m in  E . A m . J .  V et. R es. 44, 1460—1468.

Acta Veterinaria Hungarica 38, 1990



Acta Veterinaria Hungarica 38 (4 ) , pp . 271—279 (1990)

TOXICOLOGICAL AND BIOLOGICAL STUDIES 
ON JAPANESE QUAILS FED GRADED 

LEVELS OF FURAZOLIDONE

M. S. A r b i d , 1 M. M. E . E l - H a b b a k 2 and M. S. M. H a n a f y 3*

'P h a rm ac o lo g y  D e p a rtm en t, N a tio n a l R esearch  C entre , D o kk i, C airo, E g y p t;  d e p a r t m e n t  of 
A n im al P ro d u c tio n , K a fr  E l-S heikh  F a c u lty  of A gricu ltu re , T a n ta  U n iv e rsity , K a fr  E l-S heikh , 
E g y p t;  an d  d e p a r t m e n t  o f P harm aco lo g y , F a c u lty  of V e te rin a ry  M edicine, Cairo U n iv e rs ity ,

Cairo, G iza, E g y p t

(R eceived  M arch 7, 1990)

F urazo lid o n e  (F Z ) was adm in iste red  to  42 -day-o ld  fem ale Ja p a n ese  quails as a 
feed  a d d itiv e  a t  doses o f  0, 200, 400, 600 an d  800 p p m  fo r a  p eriod  o f 28 days. Dose- 
d e p en d e n t effects w ere observed . H igh  levels o f FZ  (600 an d  800 p p m ) sig n ifican tly  
a lte red  g ro w th , decreased  feed con su m p tio n , cau sed  m ark ed  a tro p h y  o f th e  ovaries an d  
o v id u c ts  lead ing  to  cessation  of egg lay in g , a n d  re su lte d  in  h ig h er m o rta lity . H ep a- 
to to x ic ity  w as ev idenced  b y  an  increase  in  se ru m  a sp a rta te  am in o tran sfe rase  (A ST), 
a lan ine  am in o tran sfe rase  (ALT) an d  a lkaline  p h o sp h a ta se  an d  a  decrease in  serum  to ta l  
p ro te in , in  ad d itio n  to  d eg enerative  changes o f th e  h e p a to cy te s  in  F Z -tre a te d  b ird s. 
A rise  in  serum  u re a  w as also observed . S y m p to m s lead in g  to  d e a th  in c lu d ed  a  loss o f 
a p p e tite  causing  em acia tio n  follow ed b y  n ervous d is tu rb an ces  (com pulsive  m o v em en ts  
an d  c ircling). No signs o f card io m y o p a th y  were o b served . Ja p a n ese  q u ails  d id  n o t  
to le ra te  FZ  a t  a  c o n cen tra tio n  (400 p p m ) reco m m en d ed  fo r th e  p re v en tio n  o f sa lm onel
losis in  p o u ltry .

Keywords: F u razo lidone, Ja p a n ese  qu a il, tox ico log ical and  b iological s tu d y

A lth o u g h  th e re  has been a grow ing in te re s t in  th e  in ten siv e  p ro d u c tio n  o f 
Ja p a n e se  q u a il (C o turn ix  coturnix ja p o n ic a ),  l i t tle  is know n ab o u t th e  efficacy  
an d  sa fe ty  o f a n tib a c te r ia l d rugs in  th is  a v ia n  species. I n  th is  w ork  we ev a lu a te  
sa fe ty  of fu razo lidone  (FZ ), an  a n tib a c te r ia l d ru g  w idely  used  as a feed  ad d itiv e  
in  p o u ltry  fo r th e  p re v e n tio n  an d  t re a tm e n t o f  salm onellosis (B y w ate r, 1982) 
w hich  h as  b een  re p o rte d  to  cause n a tu ra l  o u tb re a k s  in  th e  q u a il (P om eroy , 
1979). F ie ld  cases o f  F Z  to x ic ity  have  been  re p o rte d  to  occur as a re su lt o f 
m ix ing  erro rs (Sályi e t  a l., 1986) an d  in  flocks o f ducklings g iven  th e ra p e u tic  
co n cen tra tio n s  o f th e  d ru g  (R eed  e t ah, 1987). T he h e a r t  w as th e  m a jo r o rgan  
in v o lv ed  in  F Z  to x ic ity  in  th e  a v ia n  species in v e s tig a te d  (chicken, tu rk e y s  an d  
ducks). I f  ad d ed  to  th e  feed a t  levels of 700 p p m  or m ore, FZ  w as found  to  
p ro d u ce  ca rd io m y o p a th y , card iom egaly  an d  asc ites (C zarnecki, 1980; Ali an d  
B a r tle t , 1982; C zarnecki e t ah , 1983; V an  V leet an d  F e rran s , 19836). C ard io
m y o p a th y  in d u ced  b y  F Z  is v e ry  sim ilar to  t h a t  in  ro u n d  h e a r t  disease, a 
sp o n tan eo u sly  occu rring  ca rd io m y o p a th y  affec ting  tu rk e y s  an d  ch icken  (C zar
n eck i e t ah , 1975). T h u s, F Z -induced  ca rd io m y o p a th y  in  tu rk e y s  an d  ducks h as  
been  used  as a m odel to  in v es tig a te  o th e r  d ru g -in d u ced  ca rd io m y o p a th ies ,

* to  w hom  re p r in t  re q u es ts  should  he  addressed
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esp ec ia lly  those in  w h ich  sym p to m s o f congestive h e a r t  fa ilu re  occur (Czar- 
n eck i, 1980; C zam ecki a n d  E v an so n , 1980; C zarnecki e t al., 1983; P ow ers e t al., 
1983; V an  Vleet and  F e rra n s , 1983a, b a n d  c).

To our know ledge, no  re p o rts  are  av a ilab le  a b o u t th e  response  o f  Ja p a n e se  
q u a ils  to  FZ . So, th e  p re se n t s tu d y  w as ca rried  o u t to  in v es tig a te  som e biological 
a n d  toxicological effec ts o f  various levels o f  FZ  on Ja p a n e se  quails to  d e te rm in e  
th e  su ita b le  safety  level, i f  any , to  be ap p lied  to  th is  species. M oreover, i f  p roved  
to  b e  susceptib le to  F Z  ca rd io m y o p a th y , th e  qu a il w ould  p ro v id e  a m uch  
c h e a p e r  disease m odel.

Materials and m ethods
D rug

Furazo lidone (F Z ), a v e te r in a ry  p re p a ra tio n  p ro d u ced  b y  V E T W IC  
(V e te rin a ry  D ivision, E l-N asr P h a rm a c e u tic a l C hem icals Co., E g y p t)  w as 
a d m in is te red  o rally  as a feed a d d itiv e  in  g raded  levels from  200 to  800 p p m  
(2 0 0 -8 0 0  mg/kg).

B ird s

O ne hu n d red  42 -d ay -o ld  fem ale  Ja p a n e se  quails w ith  a n  average  b o d y  
m ass  o f 135.3 +  1.79 g (x  +  SEM) w ere  ta k e n  a t  ra n d o m  from  th e  flo ck  b red  
a t  th e  P o u ltry  R esea rch  F a rm  o f K a fr-E l-S h e ik h , F a c u lty  o f  A g ricu ltu re , 
T a n ta  U niversity , E g y p t. B irds w ere d iv id ed  in to  fiv e  e x p e rim e n ta l g roups o f 
20 q u a ils  each and  w ere  k e p t  b y  g roup  in  m e ta l b a tte r ie s  w here fresh  w a te r  and  
a d e q u a te  diet (acco rd ing  to  N RC, 1984) w ere p ro v id ed  ad  lib itu m .

E xperim en ta l design

T he five e x p e rim e n ta l g roups w ere  ra n d o m ly  assigned  to  one of th e  fo l
lo w in g  tre a tm e n ts :

G roup I :  fed  a d ie t c o n ta in in g  200 p p m  F Z ;
G roup I I :  fed  a d ie t c o n ta in in g  400 p p m  F Z ;
G roup I I I :  fed  a d ie t c o n ta in in g  600 p p m  F Z ;
G roup IV : fed  a d iet co n ta in in g  800 p p m  F Z ;
G roup V : se rv ed  as co n tro l an d  fed  th e  b asa l d ie t w ith o u t an y  

ad d itiv e s .

T he experim en t la s te d  for 28 d ay s . T he b ird s  w ere w eighed in d iv id u a lly  
a t  0 , 7, 14, 21 an d  28 d ay s of tr e a tm e n t .  G roup feed co n su m p tio n  d a ta  w ere 
reco rd ed  a t th e  sam e in te rv a ls . G roup  egg p ro d u c tio n  w as reco rd ed  da ily  an d  
egg p ro d u c tio n  w as ca lcu la ted  on a h en  p er d a y  basis. B irds w ere fre q u e n tly  
o b se rv ed  to  de tec t a n y  clin ical a lte ra tio n s  th a t  m igh t occur an d  th o se  th a t  died 
d u rin g  th e  exp erim en t w ere su b jec ted  to  p o stm o rtem  ex am in a tio n .
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H istopathological and  biochemical studies

T hese w ere p e rfo rm ed  tw ice th ro u g h o u t th e  ex p erim en t. O n th e  14 th  an d  
28 th  d a y  of FZ  a d m in is tra tio n  five b ird s  w ere ta k e n  ran d o m ly  from  each g ro u p , 
slau g h te red , th e  b lood  w as collected , cen trifu g ed  and th e  serum  w as frozen  
and  k e p t for la te r  an a ly ses . The liver, o v a ry  an d  h e a r t o f each  b ird  w ere m o r
phologically  ex am in ed  fo r an y  a b n o rm a litie s , th e n  carefu lly  rem oved , w eighed 
an d  k e p t in  10%  fo rm a l saline. T h in  sec tions (6 m icrons) w ere p rep ared  fro m  
livers an d  ovaries a n d  s ta in ed  w ith  h a e m a to x y lin  and  eosin as described  b y  
H um ason  (1979). C ross-sections w ere ta k e n  a t  d ifferen t levels in  th e  h e a r t  
v e n ticu la r  lu m in a  a n d  exam ined  fo r d ila ta tio n .

Serum  sam ples w ere analysed  fo r th e  a c tiv itie s  of a lkaline  p h o sp h a ta se , 
a sp a r ta te  a m in o tran sfe rase  (AST), a lan in e  am in o tran sfe rase  (A LT), for to ta l  
p ro te in  c o n te n t a n d  b lood  u rea  c o n c e n tra tio n  using  com m ercial d iagnostic  
k its  (Bio M erieux, F ran ce ).

Statistical analysis

D a ta  o b ta in ed  w ere s ta tis tic a lly  an a ly sed  according to  Snedecor an d  
C ochran (1973).

Results

Effect o f  furazo lidone (  F Z  )  on growth, fe ed  consum ption and m ortality

A verage live  b o d y  m ass w as s ig n if ican tly  reduced  b y  inc lud ing  FZ in  th e  
d ie t a t doses h ig h er th a n  400 ppm  (T able I) . A fte r 14 days o f a d m in is tra tio n  
b ird s o f th e  co n tro l (g roup  V) w ere s ig n if ic a n tly  heav ier (P  <  0.05) th a n  th o se  
of g roups receiv ing  600 or 800 ppm  of th e  d ru g  (groups I I I  an d  IV ), b u t  s lig h tly  
(nonsign ifican tly ) h e a v ie r  th a n  dose o f  g ro u p s receiv ing  200 or 400 p p m  F Z  
(g ro u p sl an d  I I ,  P  <  0.05). B ody  m ass gain s  in  p ro p o rtio n  to  in itia l b o d y  m ass 
were 24.3 % ,1 2 .1 % , — 3 .1 % , — 18.9%  an d  2 8 .8%  for groups I ,  I I ,  I I I ,  IV  an d  У , 
respective ly . B y  th e  end  o f th e  ex p e rim en ta l p e rio d  (28days) th e  f in a l bo d y  m ass 
o f th e  fou r t r e a te d  g roups (I, I I ,  I I I ,  IV) w as ab o u t 95 .5% , 92 .1% , 83.2%  an d  
70.3%  o f th a t  of th e  co n tro l group, re sp ec tiv e ly .

In c reasin g  th e  dose o f FZ in  th e  d ie t up  to  800 ppm  m ark ed ly  reduced  th e  
am o u n t of food consum ed  especially  d u rin g  th e  f irs t  tw o w eeks of a d m in is tra 
tio n  (Table I).

E ffec t of F Z  on ra te  o f lay ing  exp ressed  as th e  percen tag e  of egg p ro d u c 
tio n  on a h e n /d a y  basis  is given in  T ab le  I I .  A dd in g  FZ a t  doses over 200 p p m  
sig n ifican tly  depressed  egg p ro d u c tio n  ( P <  0.05). The effect becam e m ore  
expressed as th e  dose in creased . 800 p p m  F Z  in  ra tio n s  of quails caused com plete  
cessation  o f egg la y in g  w ith in  a few  d ay s.
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Table I

B iw eekly reco rds o f live body m ass (x  ±  SEM) and a m o u n t o f feed 
consum ed (g /b ird /day) as in fluenced  b y  furazolidone adm in istra tio n

Experim ental groups T raits
D uration  of furazolidone adm inistra tion  (weeks)

0 2 4

G roup  I B ody  m ass (g) 1 3 5 .6 ± 3 .6 8 168.5 ±4.01»* 181 .9±2.79»b
(200 p p m  FZ) Feed consum ption 21.8 25.2

G roup  I I B ody  m ass (g) 139.5 ± 3 .3 5 1 5 6 .4 ± 3 .2 0 a 1 7 5 .4 ± 4 .0 8 b
(400 p p m  FZ) Feed consum ption 22.3 24.7

G roup  I I I B ody  m ass (g) 1 4 1 .4 ± 4 .1 3 137.0 ± 6 .7 8 b 158.5 ±7.51«
(600 p p m  FZ) Feed  consum ption 20.3 23.6

G roup  IV B ody m ass (g) 132.7 ± 4 .4 9 107.6±6.41° 134.0 ± 7 .8 4 d
(800 p p m  FZ) Feed  consum ption 13.8 20.9

G roup  V B ody  m ass (g) 1 3 2 .5 ± 4 .0 1 170.7 ±4.59» 190.5 ±2 .93»
(con tro l) Feed consum ption 24.4 26.7

* M eans w ith in  colum n h av ing  d ifferen t a lp h ab etica l superscrip ts are significantly  d iffe ren t 
a t  P  < ; 0.05

Table I I

W eekly  m o rta lity  records a n d  r a te  o f lay ing as influenced 
b y  furazolidone ad m in istra tio n

Experim ental groups Traits
D uration of furazolidone adm inistration 

1 2  3 4

G roup I D eath s — — — —
(200 p p m  FZ) R a te  o f lay ing 55.7»* 60.1» 60.8» 63.5»

G roup I I D eath s — — — —
(400 ppm  FZ) R a te  o f laying 30.5b 28.8b 31.l b 29.2»

G roup  I I I D eaths — 2 2 1
(600 ppm  FZ) R a te  o f lay ing 10.2« 6.7 2.2 2.6«

G roup IV D eath s 2 5 3 —
(800 p p m  FZ) R a te  o f lay ing 4.3 0.0° 0.0« 0.0°

G roup  V D eaths — — — —
(co n tro l) R a te  o f lay ing 58.2» 62.3» 62.5» 63.3»

R a te  o f lay ing  is expressed  as th e  p e rcen tag e  of egg p roduction  calcula ted  on  a  h e n /d a y  
b asis; »M eans w ith in  colum ns hav ing  d ifferen t a lph ab etica l superscrip ts are sign ifican tly  d if
fe re n t a t  P  ^  0.05

D eath s o ccu rred  on ly  in  groups rece iv in g  FZ a t  doses of 600 p p m  (g roup  
I I I )  an d  800 p p m  (g roup  IV ). B y  th e  1 4 th  d a y  of ad m in is tra tio n  th e  m o r ta l i ty  
r a te  w as 10%  an d  35%  fo r th e  tw o g ro u p s, respective ly . T o ta l m o r ta li ty  ra te  
fo r th e  w hole ex p e rim en t reached  2 0 %  fo r group I I I  an d  50%  for g ro u p  IV . 
S y m p to m s lead ing  to  d e a th  were loss o f a p p e tite  lead ing  to  em acia tion  fo llow ed 
b y  nervous d is tu rb an ces  (com pulsive m o v em en ts  an d  circling). Signs o f severe
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s ta rv a tio n  (em p ty  a n d  m ark ed ly  a tro p h ied  a lim e n ta ry  canal) were observed  
in  m ost cases th a t  occu rred  in  th e  f irs t tw o  w eeks. E x a m in a tio n  o f quails  th a t  
died  n a tu ra lly  an d  o f ex p e rim en ta lly  s lau g h te red  b ird s d id  n o t  reveal a n y  signs 
of ascites, oedem a, ro u n d  h e a r t  or h y d ro p erica rd iu m . T h e  surface of th e  liv er 
an d  h e a r t  w as sm o o th  an d  glistening.

Effect o f  furazo lidone (  F Z )  on heart, liver and ovary

T he resu lts  p re sen ted  in  T ab le  I I I  c learly  show  th a t  F Z  given a t  doses up  
to  800 p p m  did  n o t a ffec t re la tiv e  h e a r t w eigh t. D ifferences observed  in  th e  
ab so lu te  v a lues (m g) are  due  to  th e  sign ifican t v a ria tio n s  in  live b o d y  m ass. 
W hen  d issec ted , th e  h e a r t  ap p eared  n o rm al w ith o u t a n y  signs o f card iom egaly  
or ca rd io m y o p a th y  (F ig . 16 an d  c).

L iv e r w e igh t, exp ressed  e ith e r  in  m g or as a p e rcen tag e  o f live b o d y  m ass 
w as s ig n ifican tly  ( P <  0.05) decreased b y  FZ  tre a tm e n t. B y  th e  14 th  d a y  of
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Fig. 1. T h e  o v a ry  an d  h e a r t  o f  q u a ils  fed a d ie t co n ta in in g  800 p p m  fu razo lidone (rig h t) as 
co m p ared  to  those of contro l b ird s (left)
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Table III

Mass o f h e a r t ,  liv e r an d  ov ary  (m ean  ±  SEM ) as in fluenced  by  
furazo lidone (FZ ) a d m in is tra tio n  +

Experim ental
groups

Live H eart Liver Ovary

(g) (mg) (%)* (“ g) (%) (mg) (%)

Average values after 14 days o f  adm inistration

G ro u p  I 157.2 ± 1728±»* 1.08a 4141 ± » 2.62ab 2545 ± “» 1.54“
(200 p p m  FZ) 7.57 101 402 1284

G ro u p  I I 150.6 ± 1400 ±»° 0.94a 3772 ± b 2.51» 339 ±»° 0.22»
(400 p p m  FZ) 6.19 84 135 69

G ro u p  I I I 107.4 ± 1034 ± cd 0.98a 2530 ± c 2.35b 108 ± ° 0.10»
(600 p p m  FZ) 9.04 55 238 16

G ro u p  IY 82.2 ± 828 ± d 1.01a 1847 ± ° 2.23b 104± ° 0.13»
(800 p p m  FZ) 8.65 43 175 16

G ro u p  У 176.4 ± 1 9 6 8 ± “ 1.11“ 5303 ± “ 3.02a 3 3 1 0 ± “

rtОCOr—(

(co n tro l) 5.52 259 272 1257

Average values after 28 days o f  adm inistration

G ro u p  I 180.6 ± 13 4 6 ± » 0.80a 5850 ± “ 3.23“ 5017 ± “ 2.74“
6.00 49 369 714

G ro u p  I I 159.4 ± 1 4 2 1 ± b 0.88a 3492 ± b 2.20b 1 0 9 8 ± b 0.64»
12.04 154 312 450

G ro u p  I I I 154.0 ± 14 1 4 ± » 0.91a 3780 ± b 2.39b 780 ± » 0.46»
11.33 144 609 478

G ro u p  IV 133.8 ± 1 2 3 3 ± b 0.90* 2834 ± b 2.10b 55 ± b 0.04°
8.87 172 288 9

G ro u p  V 200.4 ± 1 7 0 3 ± a 0.85 7435 ± “ 3.74“ 4424 ± “ 2.20“
4.43 135 538 466

+n  =  5; * %  ca lcu la ted  in  p ro p o rtio n  to  live bod y  m ass; *For each  period , m eans w ith in  
co lu m n  having d ifferen t a lp h ab etica l superscrip ts a re  significantly  d iffe ren t a t  P  ^  0.05

a d m in is tra tio n  average  liv e r  w eigh t (in  mg) fo r b irds rece iv ing  800 p p m  com 
p r is e d  only ab o u t 35%  o f th a t  fo r co n tro l b ird s  and  b y  th e  end  o f th e  experi
m e n t i t  did n o t exceed  3 8 % . I f  a d ju s te d  to  live b o d y  m ass th e  tw o  ra tio s  
re a c h e d  74%  an d  5 6 % , resp ec tiv e ly . H isto p a th o lo g ica l ex a m in a tio n  o f  livers 
f ro m  F Z -trea ted  b ird s  (receiv ing  800 p p m ) show ed severe d egenera tive  
changes.

Ovaries o f b ird s  g iven  d ie ts  co n ta in in g  600 p p m  o r 800 p p m  FZ  were 
d ra s tic a lly  a tro p h ied  b y  th e  second w eek o f tre a tm e n t an d  ap p ea red  as if  b irds 
w ere  im m atu re  (F ig . l a ) ,  b e ing  co m p ac t, tr ia n g u la r , f la t te n e d  w ith  sm all 
follicles giving th e  su rface  a g ran u la r  ap p earan ce . A verage o v a rian  w eight for 
th o se  tw o groups w as o n ly  a b o u t 3 .27%  an d  3 .14% , resp ec tiv e ly , of th a t  fo r th e  
c o n tro l group. H isto lo g ica l ex am in a tio n  o f o v arian  sec tions confirm ed  th e  
re su lts  of organ w eigh ts. T he o v arian  c o rtex  o f F Z -tre a te d  b ird s (800 ppm )
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Table IV

E ffec t o f  furazolidone ad m in istra tio n  on  serum  alkaline  ph o sp h a tase  (AP), 
a sp a rta te  am inotransferase  (AST), alanine am ino transferase  (ALT) ac tiv ity , 

a n d  to ta l  p ro te in  (T P) and  u re a  co n cen tra tio n  (x  ±  SEM )

Experim ental groups + AP
(K.A/dl)

AST
(IU/dl)

ALT
(IU /dl)

T P
(g/dl)

U rea
(™g A)

Average values after 14 days o f  adm inistration

G roup I 36.7 ± d* 119.0 ± d 15.3 ± ° * 5.0 ± a 8.8 ± d
(200 p pm  FZ) 2.55 2.06 0.68 0.39 0.35

G roup II 42.6 138.4 ± * b 15.7 d z04 4.4 ± ab 10.6 i “
(400 p p m  FZ) 2.11 7.22 1.51 0.14 0.77

G roup III 46.6 i 1* 148.6 ± * 24.2 ± ab 3.2 i “1 13.6 ± b°

(600 ppm  FZ) 2.32 3.76 1.0 0.24 1.47

G roup IV 50.3 ± ab 148.0 ± a 26.7 ± a 3.9 ± b 1 5 .5 ± b
(800 ppm  FZ) 2.48 2.73 1.21 0.34 1.27

G roup V 37.4 ± d 121.5 ± od 12.9 ± b 5.1 ± a 7.6 ± d
(contro l) 2.44 2.05 0.42 0.42 0.83

Average values after 28 days o f  adm inistration

G roup I 38.4 ± d 111.6 ± d 13.4 i “1 3.8 i 1*0 9.2 ± ' d

2.12 5.29 0.55 0.24 1.10
G roup II 47.6 i 1» 130.1 i * 16.1 ± ° 3.6 ± bod 11.3 i 1**1

2.45 1.53 0.96 0.19 2.24
G roup I I I 49.3 ± b 138.4 ± ab 22.2 ± b 3.3 i « 1 13.6 ± » «

2.39 3.83 1.59 0.23 2.59
G roup IV 55.8 ± a 147.7 ± * 27.5 ± a 2.9 ± d 28.5 ± a

2.61 1.73 1.08 0.24 4.15
G roup V 40.6 ± b 112.3 ± d 13.3 ± ° d 4.6 ± a 7.9 ± d

2.19 2.06 0.30 0.25 0.46

+ n  =  5; * M eans w ith in  colum n hav ing  d iffe ren t a lp h ab etica l superscrip ts are  significantly  
d ifferen t a t  P  0.05

consisted  o f a m ass o f im m a tu re  follicles w ith  a less v ascu la rized  m edulla . Also 
o v id u c ta l le n g th  a n d  d iam e te r w ere m ark ed ly  red u ced  in  th e  t re a te d  b irds.

E ffec t o f  furazo lidone ( F Z )  on serum  alka line phosphatase, A S T ,  A L T , total 
protein  and urea

B iochem ical b lood  analyses (Table IV ) c learly  show ed th a t  FZ  a d m in is tra 
tio n  sig n ifican tly  in h ib ite d  liv e r fu n c tio n a l a c tiv ity . Serum  alkaline  p h o sp h a ta se , 
A ST an d  A L T  w ere sig n ifican tly  increased  (P  <  0.05) b y  F Z  a d m in is tra tio n  
in  a d o se -d ep en d en t m an n er. T h is w as accom pan ied  b y  a p a ra lle l decrease in  
serum  to ta l  p ro te in  co n cen tra tio n . A t th e  sam e tim e , b lood  u rea  co n cen tra tio n  
w as s ig n ifican tly  e lev a ted , suggesting  th a t  also th e  k idneys m a y  be affec ted  b y  
h igh  levels o f th e  d rug .
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D iscussion

V arious av ian  species show in te re s tin g  d ifferences in  th e ir  su scep tib ility  
to  F Z  ca rd io m y o p a th y . P rev ious in v e s tig a tio n s  show ed th a t  FZ  possesses a 
se lec tive  m y o card io to x ic  action  in  tu rk e y s  an d  ducks co n sis ten tly  causing  
c a rd ia c  en la rg em en t, v e n tr ic u la r  d ila ta tio n , h y d ro p e rica rd iu m  an d  s tru c tu ra l 
a n d  biochem ical changes in  th e  m y o ca rd iu m  (C zarnecki, 1980; C zarnecki an d  
E v a n so n , 1980; C zarneck i e t ah , 1983; Pow ers e t ah , 1983; V an  V leet an d  
F e rra n s , 1983a, b, c). I n  chickens, F Z  in co n sis ten tly  caused  c a rd io m y o p a th y  
(Je n se n  e t ah , 1975; S á ly i e t ah , 1986). I n  th e  p resen t s tu d y , F Z  given a t  a dose 
o f 200-800  p p m  fa iled  to  increase h e a r t  w eigh t or cause v e n tr ic u la r  d ila ta tio n  
o r a n y  histo log ical changes in  th e  m y o card iu m . These fin d in g s show  th a t  th e  
q u a il c an n o t be u sed  as a disease m odel fo r F Z -ca rd io m y o p a th y .

T he doses re la te d  to  a decrease in  feed con su m p tio n  an d  b o d y  m ass o b 
se rv ed  in  th is  s tu d y  a re  consisten t w ith  p rev ious re p o rts  on th e  g ro w th -re ta rd 
in g  effect of FZ  in  ch ickens and  tu rk e y s  (Jen sen  e t ah , 1975) an d  in  duck lings 
(V an V leet and  F e rra n s , 1983c).

D ose-dependen t a tro p h y  of th e  ovaries and  o v id u c ts  lead ing  to  a sh a rp  
decrease  in  egg p ro d u c tio n  was o bserved  in  FZ -fed  b ird s . T h is agrees w ith  th e  
re su lts  o b ta ined  b y  H ern an d ez  an d  M artin n ez  (1984) an d  Q uesada e t ah  (1986) 
w ho rep o rted  th a t  F Z  exerts  adverse  effects on te s tis  m orpho logy  a n d  sem en 
ch a rac te ris tic s . T h u s , F Z  seems to  h a v e  an  in h ib ito ry  effect on th e  re p ro d u c 
tiv e  system  in b o th  m ale  and  fem ale b ird s . T herefo re, i t  is p re fe rab le  to  avo id  
a p p ly in g  it  in  b reed in g  flocks, especially  w hen  high doses (400 ppm ) a re  needed .

FZ  was fo u n d  to  h av e  h e p a to to x ic  effect in  th e  q u a il as i t  caused  a decrease 
in  liv e r  w eight (T able  I I I ) ,  d eg en era tiv e  changes in  h e p a to c y te s , an  e lev a tio n  
in  A ST, A LT, a lk a lin e  p h o sp h a tase  ac tiv itie s  an d  a decrease in  se ru m  to ta l  
p ro te in  co n cen tra tio n  (Table IV ). T h e  p rogressive fall in  th e  co n c e n tra tio n  of 
se ru m  p ro te in  is in  ag reem en t w ith  th e  resu lts  o b ta in ed  b y  K hom enko  an d  
K h o m en k o  (1987) w ho show ed th a t  F Z  causes a decrease in  b lood  an d  liver 
am ino  acid co n ten t. T h e  observed rise  in  u rea  co n cen tra tio n  (T able IV) m a y  be 
a t t r ib u te d  to  a n ep h ro to x ic  effect a n d /o r  an  excessive b reak d o w n  of tissu es .

Toxicological effects of FZ  h a v e  b een  th o u g h t to  be caused  b y  in h ib itio n  
o f m onoam ine ox idase  (Ali and  B e r tle t , 1982) or fa ilu re  of energy  m etab o lism  
b y  in h ib itio n  of glycogenolysis (C zarnecki an d  E v an so n , 1980). R ecen t ev id en ce  
in d ic a te s  th a t  FZ  is m etabo lized  in to  a chem ically  reac tiv e  in te rm e d ia te  w h ich  
becom es co v a len tly  b o u n d  to  ce llu lar m acrom olecules (V room en e t ah , 1987). 
I t  is know n th a t  re a c tiv e  m e tab o lite s  can  m ed ia te  a w ide v a r ie ty  o f to x i 
cological effects (G ille tte  et ah, 1974) such  as h e p a to to x ic ity  observed  in  th is  
s tu d y .

The resu lts  o f th is  s tu d y  show  t h a t  th e  Jap a n e se  q u a il d id  n o t to le ra te  th e  
co n cen tra tio n  of F Z  recom m ended fo r th e  p rev en tio n  o f salm onellosis (400 ppm )
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in  p o u ltry  (B y w a te r , 1982). W hen  its  u se  can n o t be avo ided , it  w ould  n o t  be 
enough to  choose th e  r ig h t dose: good m ix in g  w ould also h av e  to  be en su red  to  
avo id  serious tox ico log ica l effects an d  m o rta lity .
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RESTRICTION SITE MAPPING OF BOVINE 
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(R eceived M arch  22, 1990)

Physica l m ap s o f th e  D N A  of b o v ine  adenovirus (B A V ) ty p e  1 were e s tab lish ed  
u s in g  A p a i,  B a m H I, B s tE I I ,  R coR I a n d  K p n l  enzym es. T h e  size o f th e  v ira l genom e 
w as fo u n d  to  be a ro u n d  35,000 base p a irs . The o rien ta tio n  o f  th e  m aps was de te rm in ed  
by  hy b rid iz in g  S o u th e rn  b lo ts  o f BAV-1 D N A  w ith  th e  c loned  hexon gene reg ion  of 
BAV-3.

K eyw ords: B o v in e  ad en o v iru s, D N A , re s tr ic tio n  en zy m es, physical m ap

B ovine  adenov iruses causing  u sua lly  m ild re s p ira to ry  and /o r en te ric  
diseases in  calves are w ide ly  d is tr ib u te d  all over th e  w orld  (B iirk i, 1990). W ith  
n ine p re se n tly  accep ted  sero ty p es, th e  group o f BAVs is, r ig h t  a fte r th e  h u m a n  
an d  sim ian  ad enov iruses, th e  th ird  m ost num erous g ro u p  o f M astadenov iruses 
(for rev iew  see M au tn e r, 1989). T he possible e v o lu tio n a ry  p a th w a y  an d  th e  
re la tio n sh ip  betw een  ad en o v iru ses  of d iffe ren t host o rig in  is a puzzling  questio n  
o f to d a y ’s v iru s  ta x o n o m y . B esides sim ian  (W igand e t  a l., 1989), m urine  (B all 
e t al., 1989) an d  can ine (S h ib a ta  e t ah , 1989; Spibey e t ah , 1989) adenoviruses, 
BAVs h av e  also been in c lu d ed  in to  D N A  co m p ara tiv e  s tu d ie s  (T akács e t ah , 
1983; B élák  e t ah , 1983; B é lák  e t ah , 1986; H u  e t ah , 1984a and  b; Toogood 
an d  H ay , 1988; B enkő e t  ah , 1990).

A ccord ing  to  th e  su ggestion  o f B a r th a  (1969), BA V s a re  d iv ided  in to  tw o 
su bgroups. S ubgroup  1 co n ta in s  sero types 1, 2, 3 a n d  9, while subgroup  2 
com prehends sero types 4 , 5, 6, 7 an d  8. D N A  re s tr ic tio n  en zy m e (R E ) analysis  o f 
th e  reference s tra in s  d id  n o t  rev ea l obv ious genetic re la te d n e ss  b e tw een  th e  
d iffe ren t bov ine, or b e tw een  th e  bov ine  an d  h u m an  ty p e s  (B enkő  e t ah , 1988). 
B y  D N A  h y b rid iz a tio n  ex p e rim en ts  (B enkő  e t ah , 1990), how ever, a v e ry  close 
genetic  re la tio n sh ip  w as d e m o n s tra te d  am ong th e  su b g ro u p  2 BAVs, w hile no 
c ross-reaction  could be o b served  b e tw een  subgroup  1 a n d  su b g ro u p  2 BAVs, or 
be tw een  subgroup  2 BAVs an d  h u m an  adenoviruses (H A V s). T he D N A  hom ol
ogy d e tec tab le  b e tw een  th e  exam ined  HAVs and  th e  su b g ro u p  1 BAVs was 
variab le , b u t  in  genera l r a th e r  w eak. C orrect loca liza tio n  o f  th e  h y b rid iz ing  
sequences w as n o t possib le  in  th e  case o f BAV-1, as no  p h y sica l m aps were 
av ailab le . R e stric tio n  s ite  m ap s o f BAV-1 were also n e ed ed  for genetic  com 
parisons am ong  subgroup  1 BAVs.

In  th is  w ork p h y sica l m aps of BAV-1 co n stru c ted  b y  th e  use of fiv e  R E s 
are  described.
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M aterials an d  m ethods

T he p ro to ty p e  s tr a in  o f BAY-1 d esig n a ted  N o. 10 (K le in  e t  al., 1959) w as 
p ro p a g a te d  on te r t ia r y  ca lf  k id n e y  cells. T h e  v iru s  c o n c e n tra tio n  and  pu rifica 
t io n  m ethods as w ell as th e  te ch n iq u es  o f D N A  e x tra c tio n  a n d  agarose gel 
e lec trophoresis  w ere describ ed  earlie r (B enkő  e t al., 1988). T h e  v ira l D N A  w as 
d ig es ted  w ith  R E s p u rc h a se d  from  A m ersh am  accord ing  to  th e  s ta n d a rd  p ro 
to c o ls  of th e  m a n u fa c tu re r . T he size o f  th e  D N A  frag m en ts  g e n e ra te d  b y  A p a  I , 
B a m î l l ,  B s tE II , E c o R I, an d  K p n l  enzym es w as d e te rm in ed  g rap h ica lly  using  
ag a ro se  gels of d iffe ren t co n cen tra tio n s  (0.4—1.8% ) an d  d iffe re n t m olecule m ass 
s ta n d a rd s  (B s tE II  o r H i n d l l l  c u t À p h ag e  D N A ) depend ing  u p o n  th e  size of th e  
fra g m e n ts  to  be m easu red .

Sou thern  b lo tt in g  an d  D N A  h y b rid iz a tio n  were c a rr ie d  o u t basically  as 
d esc rib ed  by  M ania tis e t  al. (1982). H y b rid iz a tio n  was done w ith o u t form am ide 
a n d  u n d er “ less s tr in g e n t”  cond itio n s, i.e. annealing  a t  55 °C overn igh t an d  
w ash in g  a t  55 °C in  6 x S S C  an d  0 .1 %  SD S. The cloned E coR I/C  frag m en t 
(covering  th e  hexon  gene region) o f BAV-3 (H arrach , u n p u b lish e d  resu lts) was 
u se d  as h y b rid iza tio n  p ro b e . T he p robe labe llin g  was done u s in g  an  A m ersham  
ra n d o m  prim ing k it  w ith  32P  co n ta in in g  dC T P.

R esults

The five ap p lied  R E s , A p a  I , B a m B I ,  B s tE II , E c o R I a n d  K p n l  h ad , 
re sp ec tiv e ly , 1, 6, 2, 7 a n d  1 reco g n itio n  sites on th e  genom e o f BAY-1 (Figs l a  
a n d  2). The e s tim a ted  size of th e  D N A  frag m en ts  g en era ted  b y  each  enzym e is 
sh o w n  in  Table I . S im ila rly , th e  size o f th e  frag m en ts  re su ltin g  from  double or

Table I

The size o f D N A  frag m en ts g enera ted  by  th e  cleavage o f th e  
BAY-1 genom e w ith  d ifferen t R E s

A p a i B am U l B síE II jEcoR I K p n l

A 18,250 13,060 20,190 11,990 18,630
В 16,750 6,600 12,910 6,860 16,370
C 4,950 1,900 4,740
D 3,710 4,230
E 3,250 2,830
F 2,550 2,600
G 800 1,030
H 720

T otal 35,000 35,000 35,000 35,000 35,000

The size is given in  base  p a irs  (bp)
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Fig. 1. BAV-1 D N A  reso lved  b y  e lectrophoresis th ro u g h  1%  agarose gel. (a): L ane  1: P s tl  
d ig es t o f  X phage D N A ; lanes 2 to  7: BAY-1 D N A  digested  w ith  iïc o R I (2), £ c o R I +  K p n l  
(3), B a m H I +  L co R I +  K p n l  (4), B a m  H I  +  K p n l  (5), R a m H I (6) a n d  R o m H I +  L coR I 
(7). (6) A u to rad io g ram  of th e  sam e gel a f te r  b e in g  b lo tte d  and  h y b rid ized  w ith  th e  EcoR I/C

frag m e n t o f BAV-3 DN A



1 2 3 4 5 6 7 8 9  10

F ig . 2. BAV-1 D N A  re so lv ed  b y  e lectrophoresis th ro u g h  1%  agarose gel. (a): L anes 1, 2 and 
10: A p hage  DNA d ig ested  w ith  H p a l, H in d l l l  an d  R s tE II  respec tive ly . L an es 3 to  9: BAY-1 
D N A  digested  w ith  B a m H I -}- E coR I (3), E co R I (4), JfcoR I R s iE II(5 ), R a m H I -f- EcoR IJ +  

R s /E II  (6), R am H I +  R sfE II  (7), R am H I (8), R s tE II  (9)

M a p  u n i t s

F ig . 3. R estric tion  site  m ap s  o f BAV-1 DN A. T he lo ca tio n  of th e  p a r ticu la r  re s tr ic tio n  sites is 
g iv en  in  m ap un its . T he m ap s  are d iv ided in to  100 u n its  an d  1 m ap  u n it  is equal to  ap p ro x i

m ate ly  350 bp
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tr ip le  d igestions w as also es tim a ted , a n d  th e  loca tio n  of th e  p a r tic u la r  c leavage 
sites on th e  ВАУ-1 genom e w as d e te rm in ed  b y  overlap p in g  these  frag m en ts .

A  S o u th e rn  b lo t m ade from  th e  gel show n in  F ig . l a  w as h y b rid ized  w ith  
th e  cloned  JEcoRI/C frag m en t o f ВА У-3. T he au to rad io g ram  is p re se n te d  in  
Fig. lb .

T h e physica l m ap s o f BAV-1 D N A  are show n in  F ig . 3.

D iscussion

S ubgroup  1 BAVs includ ing  BAV-1 have been  found  to  be re la te d  to  
HAVs a n d  o th e r M astadenov iruses in  th e ir  biological and  serological p ro p e rtie s  
(W igand  e t al., 1982). D N A  h y b rid iz a tio n  ex p erim en ts  revealed , how ever, t h a t  
th e  e x te n t  o f th e  genetic  re la ted n ess  o f  th e  d iffe ren t subgroup  1 BAV ty p e s  to  
HAV-2 w as va riab le , an d  v e ry  low  in  th e  case of BAV-2 (B élák  e t a l., 1983) an d  
BAV-1 (В епкб  e t a l., 1990). In  th e  w o rk  p resen ted  in  th is  p ap er, p h y sica l m ap s 
o f th e  BAV-1 genom e w ere c o n s tru c te d  w ith  several R E s to  fa c ilita te  a m ore 
co rrec t genetic  com parison  an d  gene m ap p in g  of BAV-1.

D N A  frag m en ts  re su ltin g  from  doub le  or tr ip le  R E  digests w ere o v e r
lap p ed  b y  th e ir  sizes th ro u g h  th e  single d igested  frag m en ts . T he genom e size of 
BAV-1 ca lcu la ted  fro m  th e  size o f th e  specific  re s tr ic tio n  frag m en ts  w as 35,000 
b p , an d  th is  v a lue  is s im ilar to  th a t  fo u n d  for BAV-3. W e supposed , th e re fo re , 
th a t  th e  gene o rg an iza tio n  of th e  tw o  BAV genom es is also sim ilar. T he re su lt of 
th e  S o u th e rn  b lo t h y b rid iz a tio n  gave a good s ta r tin g  p o in t in  o rien tin g  th e  
m aps. T h e  cloned Eco  R I/C  frag m en t of BAV-3 rep resen tin g  a p a r t  of th e  genom e 
(inc lud ing  th e  hexon  gene region) from  m ap  u n it 44.7 to  63.3 w as used  as h y b r id i
za tio n  p ro b e . W ith  th e  less s tr in g en t h y b rid iz a tio n  cond itions, all f rag m en ts  b e 
cam e v isib le , b u t  unam b ig u o u s po sitiv e  h y b rid iza tio n  occurred  w ith  th e  E coR I/B  
an d  E  a n d  w ith  th e  B am H I/D  an d  E  frag m en ts . T he m aps w ere c o n s tru c te d  
supposing  th a t  th e se  frag m en ts  co rrespond  ap p ro x im a te ly  to  th e  sam e re 
gion (i.e. be tw een  m ap  u n its  44 an d  64) o f th e  BAV-1 genom e.

T h e  presence o f deletions up  to  13%  o f th e  to ta l  len g th  a t  th e  r ig h t en d  of 
th e  D N A  h as been  re p o rte d  for BAV-3 b y  K u ro k aw a  e t al. (1978). T he BAV-1 
v irions app lied  for th is  s tu d y  h a d  n o t b een  p u rified  th ro u g h  CsCl g ra d ie n t, th u s  
th e  D N A  w as e x tra c te d  from  a m ix tu re  o f b o th  th e  com plete  and  in co m p le te  
v irions. A ccord ingly , as i t  can  be  seen in  F igs 1 an d  2, th e  occurrence o f D N A  
frag m en ts  p re sen t in  su b m o lar q u a n titie s  w as observed . B esides th e  co m p le te  
В а т Ш /F  an d  EcoR I /F  frag m en ts , a t  le a s t tw o  a d d itio n a l m inor p o p u la tio n s  o f 
de le ted  (b y  a p p ro x im a te ly  100 an d  200 bp ) D N A  frag m en ts  were d e tec ted .

F u r th e r  ex p erim en ts , in c lu d in g  a d d itio n a l m ap p in g  an d  m o lecu la r 
cloning o f BAV-1 are  p lan n ed  to  fa c ilita te  gene m ap p in g  an d  d e ta iled  genetic  
an d  c o m p ara tiv e  s tu d ies  of th is  v iru s.
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ALTERNATING ONE-LETTER SYMROLS 
FOR THE REPRESENTATION OF CODON 
VARIATIONS AT THE LEVEL OF AMINO 

ACID SEQUENCES

B .  H A R B A C H  a n d  M Á R IA  B e NKŐ

V eterin ary  M edical R esearch  In s t i tu te ,  H u n g a ria n  A cad em y  of Sciences, 
H -1581 B u d ap est, P . O. B ox  18, H u n g a ry

(R eceived M arch  13, 1990)

A n id ea  is p re sen te d  to  use d ifferen t le t te r  ty p es  (e. g. L . 1, L , 1, L, l) fo r th e  a l
te rn a tin g  tr ip le ts  cod in g  th e  sam e am ino acids. Such co m p ac t a n d  d em o n s tra tiv e  am ino  
acid  sequence com p ariso n s can  m ake easy  th e  id en tif ic a tio n  o f differences a t  th e  D N A  
level if  n o t  seen in  am ino  acid  sequences (e. g. fo r choosing specific or non-specific  
p rim ers fo r p o ly m erase  chain  reac tion ).

K eyw ords: D N A  sequences, am ino  acid  sequences, sequence hom ology, P C R

C om paring am in o  ac id  sequences o f re la te d  genes to  s tu d y  th e ir  hom ology  
an d  to  get h in ts  a b o u t th e ir  ev o lu tio n ary  d is tan ce  is a w ide ly  used an d  v e ry  
d em o n stra tiv e  m e th o d  (A lb rech t an d  F leck en ste in , 1990; F itz p a tr ic k  e t  ah , 
1989; H oness e t ah , 1989). H ow ever, th e  occurrence o f am ino  acids (possible 
m u ta tio n s) a t  c e r ta in  p o in ts  is u n d er selective p ressu re  because  of th e  im p o r
ta n c e  o f  h y d ro p h o b ic ity  va lu es  (signal sequence, tra n sm e m b ra n e  and  c y to p la s 
m ic dom ains, e tc .), th e  p resence o f special am ino  acids, like Cys residues (d i
su lph ide  links) or m o tifs , like A la-X -T hr/S er, w here X  is n o t P ro  (jV-linked 
g lycosy la tion  site), A la -X -A la -tu rn  (signal p ep tid a se  c leavage site), e tc . to  
re su lt in  th e  r ig h t seco n d ary  an d  te r t ia ry  s tru c tu re  (enzym e a c tiv ity  or a 
fo rm  to  f i t  in to  a co m p lex  s tru c tu re  like a v ira l envelope). T here  is a b igger 
freedom  on th e  D N A  lev e l as long as th e  am ino acids do n o t  change (or a t  le a s t 
n o t to  ones causing  f a ta l  s tru c tu ra l change). T h u s D N A  sequences give m ore  
in fo rm a tio n  on d ifferences betw een  tw o genes an d  a m ore ex ac t p red ic tio n  o f 
th e  degree of re la tio n sh ip .

Show ing b o th  th e  easily  com parab le  on e-le tte r-sy m b o l am ino ac id  
sequence and  th e  th re e  tim es longer D N A  sequence above th a t  needs 6 tim es  
m ore space in to le rab le  in  to d a y ’s len g th y  sequence com parisons (A lbrech t an d  
F leck en ste in , 1990; F itz p a tr ic k  e t ah , 1989; H oness e t ah , 1989). As a so lu tion , 
we suggest ap p ly in g  d iffe ren t le t te r  ty p e s  w hich  re fer to  th e  coding tr ip le ts , 
e.g. as show n in  F ig . 1. (W hen a ty p e w rite r  is used , one can  ap p ly  u n d erlin in g  
in s te a d  of italics.) I n  th is  w ay , one can  “ ov erlay ”  fu r th e r  in fo rm a tio n  on th e
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A GCT a GCC A GCA a GCG Ala
C T G T c TGC Cys
D GAT d GAC Asp
E GAA e GAG Glu
F TXT f TTC P he
G GGT g GGC G GGA g GG G Gly
H CAT h CAC H is
I A TT i АТС I ATA Ile
К AA A к AAG L ys
L T T A 1 T TG L CTT l CTC L CTA 1 CTG Leu
M A TG M et
N AAT n AAC A sn
P CCT P CCC P CCA P CCG P ro
Q CAA q CAG Gin
R CGT r CGC R CGA r CGG R AGA r AGG Arg
S TCT s TCC S TCA s TCG S AGT s AGC Ser
T ACT t ACC T АСА t ACG T h r
Y T A T y TAC Тут
V GTT V GTC V GTA V GTG V al
w T G G T rp
— T A A \ TAG I TGA Stop

F ig . 1. L e tte r  ty p es suggested  fo r th e  d iffe re n t cod ing  tr ip le ts . T he la s t  co lum n show s th e
th re e - le tte r  sym bols

c o m p a c t and  d em o n s tra tiv e  am ino ac id  sequence, m ak ing  “ in  situ  hom ology 
co m p ariso n s”  m ore e x a c t.

Such sequence com parisons m ak e  easy  e.g. th e  lo ca tio n  o f sequences 
su ffic ien tly  specific (or hom ologous i f  desired) to  serve as p rim ers in  po lym erase  
c h a in  reac tion  (Saiki e t  a l., 1985).
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Two agen ts n o t  a g g lu tin a tin g  ch icken  e ry th ro cy te s  w ere iso la ted , one in  each  of 
tw o flocks, fro m  organ  sam ples and  trac h ea l sw abs tak en  fro m  4- to  7-w eek-old chicks 
o f 8 b ro ile r flocks ex p erien c in g  re sp ira to ry  signs. V irus iso lation  w as done in  em bryo- 
n a te d  S P F  h e n ’s eggs. M orphological changes o f th e  em bryos, a p p ea rin g  as d w arfing  
or curling  in to  a spherica l fo rm , u su a lly  occu rred  in th e  3rd or 4 th  passage on p o stin o 
cu la tion  (P I)  days 5—9. Som e em b ry o s h a d  sw ollen k idneys covered  w ith  u ra te . E lec tro n  
m icroscopy of u l tr a th in  sec tions o f these k id n ey s revealed  th e  p resence  of v irions r e 
m in iscen t o f coronav iruses. S im ilar v ira l p a rtic le s  were seen in  re su sp en d ed  pelle ts of 
iso lates c o n ce n tra ted  b y  u ltra c e n tr ifu g a tio n . B ased  on em bryo ch anges, c ro ss-n eu tra l
iza tio n  te s ts  w ith  type-spec ific  an tise ra , physicochem ical te s ts , re su lts  o b ta in ed  in cell 
cu ltu res , and  e lec tro n  m icroscopic  fin d in g s th e  tw o isolates w ere id en tif ie d  as in fectious 
b ro n ch itis  v iru s (IB V ).

B y c ro ss-n eu tra liza tio n  te s ts  th e  iso lates differed from  IB V  reference s tra in s  
M41 and H 52 and  can  be considered  d is tin c t v a rian ts . E lu c id a tio n  o f th e ir  epizootiolog- 
ica l role requ ires fu r th e r  in v estig a tio n s.

K eyw ords: In fe c tio u s  b ro n c h itis  v iru s, iso lation , ch ara c te riz a tio n , new  v a ria n ts

In fec tio u s b ro n ch itis  (IB ) o f chickens occurs w herever in ten s iv e  p o u ltry  
q ro d u c tio n  is p rac tised . R esea rch  co n d u c ted  since its  f irs t d esc rip tio n  (Schalk  
a n d  H aw n , 1931) has solved m a n y  p rob lem s in  b o th  ep izootio logy  an d  con tro l. 
IB  h as , how ever, rem ain ed  a su b je c t o f in te re s t , p a r tly  because  o f  th e  fa c t th a t  
th e  cau sa tiv e  v iru s is im m unob io log ica lly  heterogeneous. T h e  pu rpose  o f th e  
w o rk  p resen ted  here  w as to  s tu d y  th is  p rob lem  in  H u n g a ry  b y  v iru s  iso la tion  
a t te m p ts  from  bro iler flocks experiencing  re sp ira to ry  signs a n d  b y  c h a rac te ris 
in g  th e  iso lates b y  la b o ra to ry  m ethods.

T he f irs t  re p o rt o f th e  occurrence  o f IB  in  H u n g ary  based  u p o n  serological 
te s ts  w as b y  D erzsy  an d  L om niczi (1966). I n  H u n g a ry  IB V  w as f ir s t  iso la ted  
b y  L om niczi an d  S tip k o v its  (1968) from  tra c h e a l an d  lu n g  sam ples o f chicks 
show ing  re sp ira to ry  signs a n d  o f lay in g  hens w ith  depressed  egg p ro d u c tio n . 
S u b seq u en tly , C serm elyi an d  M uncz (1986) an d  Csontos e t al. (1987) succeeded 
in  iso la tin g  th e  v irus.

A u tho rs w ork ing  on IB  in v a ria b ly  agree th a t  iso la tion  o f IB V  is n o t an  
e a sy  ta sk . One o f  th e  p reco n d itio n s  of i ts  success is th a t  th e  te s t  m a te ria l is 
p laced  in to  a su itab le  g ro w th  m ed ium  as soon as possible. A lso, researchers
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agree th a t  so-called b lin d  passages are  o ften  needed  fo r  th e  developm ent of 
ch a rac te ris tic  em b ry o  changes (dw arfing , cu rling  in to  a spherica l form , e tc .).

T he tra c h e a  (C serm ely i and  M uncz, 1986), th e  lu n g s an d  th e  tra c h e a  
(A rnaldo  e t ah , 1965; L om niczi an d  S tip k o v its , 1968; P ic a u lt e t ah, 1986), th e  
lu n g s, trach ea  an d  k id n e y  (A hm ad e t ah , 1985), th e  lu n g s, tra c h e a  and  tra c h e a l 
sw abs (E l H o u d a fi e t  a h , 1986), tra c h e a l an d  cloacal sw abs (Cook, 1984), an d  
th e  ovary , o v id u c t a n d  cloacal sw abs (M aiti e t ah , 1985) m a y  serve as m a te ria l 
fo r v iru s  iso la tion . T h e  classic m eth o d  of v iru s  iso la tion  is in o cu la tio n  of su ita b ly  
tr e a te d  organ  h o m o g en a tes  or sw ab sam ples in to  th e  a llan to ic  cav ity  o f 9- to  
11-day-old  e m b ry o n a tin g  eggs. IB V  h as also been  iso la ted  in  trach ea l cu ltu re  
(Cook, 1984) an d  b y  in tra tra c h e a l in o cu la tio n  o f su scep tib le  chicks (A rnaldo  
e t ah , 1965).

The success r a te  o f  v iru s iso la tion  varies w idely . A frer th ree  passages, 5 
(3 cloacal sw abs a n d  2 o v ary -o v id u c t sam ples) o u t o f 52 sam ples (30 ovary - 
o v id u c t sam ples a n d  22 cloacal sw abs) (19 .5% ) ta k e n  fro m  30 flocks experienc
in g  d ropped  egg p ro d u c tio n  y ielded  v iru s  (M aiti e t ah , 1985). In  an o th e r s tu d y , 
12 IB Y  stra in s w ere iso la ted  from  249 sam ples co llected  from  83 diseased b ird s 
in  an  in fected  f lo ck : 9 .6 % , 3 .6%  an d  1 .2%  of th e  lu n g , trach ea l and  k id n e y  
sam ples, re sp ec tiv e ly , y ie lded  v iru s (A hm ad  e t ah , 1985). T he success ra te  of 
v iru s  iso lation  m a y  re a c h  80%  (Y add in  an d  Chai, 1984).

The iso lates c a n  be  id en tified  on  th e  basis o f  em b ry o  changes, v irion  
m orphology  (H o fs tad , 1978), im m unofluorescence  ( IF )  te s t  (Cserm elyi e t ah , 
1988), c ro ss -n eu tra liza tio n  w ith  ty p e-spec ific  a n tise ra  (Cook, 1984), p laq u e  
red u c tio n  (H opkins, 1978), ag ar gel p re c ip ita tio n  te s t  (L ohr, 1980), haem agglu - 
tin a tio n  in h ib itio n  (K in g  and  H o p k in s, 1984), an d  physicochem ical te s ts  
(L om niczi and  S tip k o v its , 1968).

M aterials an d  m ethods

Organ samples

Pieces ta k e n  fro m  th e  tra c h e a , lungs, k idneys a n d  caecal ly m p h  follicles 
w ere hom ogenized (U ltra tu ra x ) , c larified  b y  c e n tr ifu g a tio n  a t low rp m , an d  to  
each  m l of th e  s u p e rn a ta n t  200 gg  g en tam ic in  w as ad d ed .

Tracheal swabs

Sterile c o tto n  sw abs in tro d u ced  in to  th e  tra c h e a  w ere w ashed in  M E M -H  
so lu tion  co n ta in in g  200 gg  g en tam icin  p er m l. To 2 m l volum es of b o th  th e  
o rg an  hom ogenate  a n d  th e  sw ab w ashings 0.5 m l o f a m onospecific an ti-N ew 
castle  disease v iru s  (N D V ) im m une se rum  w as ad d ed  a n d  k ep t a t room  tern -
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p e ra tu re  fo r 30 m in b efo re  in o cu la tio n  in to  e m b ry o n a te d h e n ’s eggs.T he  haem ag- 
g lu tin a tio n  in h ib itio n  (H I) t i t re  o f th e  an ti-N D V  im m une  serum  w as 1 : 128.

M onospecific  a n ti-N D V  im m une serum

A  com m ercia lly  av ailab le , lyoph ilized  serum  (P H Y L A X IA , B u d ap est)  
in h ib itin g  h aem ag g lu tin a tio n  b y  N D Y  w as used.

Egg inoculation

F iv e  e m b ry o n a tin g  eggs w ere in o cu la ted  in to  th e  a llan to ic  c a v ity  w ith  
each  sam p le  (0.2 m l p er egg) an d  k e p t a t  37 °C. E m bryos t h a t  d ied  w ith in  
24 h  w ere d iscarded  an d  th e  o th ers  w ere cand led  tw ice daily .

In  th e  in itia l (1st, 2nd  an d  3rd) passages th e  a llan to -am nion ic  f lu id  was 
co llected  from  p a r t  o f th e  eggs b e tw een  p o stin o cu la tio n  (P I) h o u r 72 an d  120. 
In  th e  4 th  an d  la te r  passages th e  a llan to -am n io n ic  flu id  w as co llec ted  betw een  
P I  h o u r 48 an d  96. N o n -h aem ag g lu tin a tin g  m a te ria ls  were s to red  a t  — 20 °C 
u n til  p assag ed  fu rth e r .

T h e  rem ain ing  w ere opened  on d a y  6 -9  o f incu b a tio n . T he a lla n to -a m 
nionic f lu id  o f em bryos suspected  of IB Y  in fec tio n  (dw arfed em b ry o s, em bryos 
cu rled  in to  a spherica l fo rm , th ick en ed  am nion  closely ad h eren t to  th e  em bryo , 
p e rs is ten ce  o f th e  m esonephros co n ta in in g  u ra te s , e tc .) w as co llected  se p a ra te ly  
an d  s to re d  a t  — 20 °C. A given te s t  m a te r ia l w as passaged  m ax im u m  6 tim es.

H em agglutianation ( H A )  and haem ogglutination inhibition  ( H I )  test

T h e H A  te s t  w as carried  o u t on slides using  20%  chicken e ry th ro c y te s  to  
d e te c t N D V . The H I  te s t  was done on m ic ro titre  p la te s  aga in st 4 H A  u n its  of 
th e  a g e n t te s te d , using  doub ling  d ilu tio n s o f an  im m une serum  to  N D V  of 
know n t i t r e  an d  1%  chicken  e ry th ro c y te s .

V irus stra ins

T he follow ing v iru s  s tra in s  w ere used : IB V  s tra in  d esig n a ted  H 52 (the  
s tra in  c o n ta in e d  in  IB  vaccine B ronchovac I I ,  P H Y L A X IA , B u d a p e s t) , th e  
B e a u d e tte  s tra in , th e  v iru le n t M41 s tra in  (8 th  passage, k ind ly  p ro v id ed  b y  th e  
V e te rin a ry  M edical R esearch  In s t i tu te  o f th e  H u n g a ria n  A cadem y o f Sciences), 
iso la te  В (7 th  passage) an  iso la te  SZ (7 th  passage).

V irus propagation

T h ir ty  10-day-old S P F  em b ry o n a tin g  eggs w ere in o cu la ted  in to  th e  a l
lan to ic  c a v ity  w ith  1000-3000 E I D 50 o f each  v iru s  s tra in . E m b ry o s th a t  died 
w ith in  24 h  w ere d iscarded . F ro m  th e  rem ain in g  em bryos th e  a llan to -am n io n ic  
flu id  w as co llected  betw een  P I  h o u r 30 an d  36, an d  sto red  e ith e r in  liq u id  n itro 
gen or a t  — 70 °C.
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E I D 50 determ ination

T hree to  five  e m b ry o n a tin g  eggs w ere in o c u la te d  in to  th e  a llan to ic  cav ity  
w ith  0.1 m l of each  d ilu tio n . E v a lu a tio n  w as b ased  on  em bryo  changes re su lt
in g  from  virus g ro w th . T he t i t r e  w as ca lcu la ted  b y  th e  m eth o d  o f R eed  an d  
M uench  (1938).

P reparation  o f typ e -sp ec ific  antisera

T hree to  fiv e  5-w eek-o ld  S P F  cockerels w ere seria lly  im m unized  w ith  th e  
v iru se s  grown as d esc rib ed  above. T h e  t i t r e  ( E I D so/0.1 ml) of th e  v iru s  inocu la  
w as as follows: H 52 : 107'5, M41; 106'5, iso la te  B : 107'5, iso la te  SZ: 107' 5. O n f irs t 
im m u n iza tio n , 2 d ro p s  o f  th e  v iru s  suspension  w ere d ro p p ed  on to  th e  co n ju n c 
t iv e , 0.25 m l w as in o c u la te d  in tra tra c h e a lly  a n d  1 m l su b cu tan eo u sly . T he 
second  im m u n iza tio n  to o k  place 3 w eeks la te r  w hen  1 m l of th e  v irus suspensions 
w as in jec ted  in tra v e n o u s ly . T he th ird  im m u n iza tio n  w as carried  o u t 2 w eeks 
la te r  w hen 1 m l in a c tiv a te d , o il-ad ju v a ted  vaccine  w as in jec ted  su b cu tan eo u sly . 
T h e  b ird s  were b led  on  d a y  10-14 a f te r  th e  la s t v acc in a tio n . V irus in a c tiv a tio n  
w as done w ith  a co m b in a tio n  o f e th y len e  im ine a n d  fo rm aldehyde.

Cross-neutralization tests using I B V  antisera

T he b e ta  v a r ie ty  o f th e  m e th o d  described  b y  P ic a u lt e t al. (1986) w as 
em ployed , using th e  B e a u d e tte  s tra in . T he t i t r e  w as th e  h ighest d ilu tio n  w hich 
s till  neu tra lized .

Physicochem ical tests

T he isolates w ere  te s te d  for res is tan ce  to  h e a t, chloroform  an d  try p s in  
(C ow en e t ah, 1971; L om niczi an d  S tip k o v its , 1968) as well as ca tion ic  s tab iliz a 
t io n  an d  s tab ility  to  p H  (P lum m er, 1963; W allis a n d  M elnick, 1962).

L ig h t and electron microscopic exam ination

O rgan sam ples w ere  fixed  in  5%  g lu ta ra ld e h y d e  solution , em b ed d ed  in  
D u rc u p a n  ACM re s in , a n d  sem ith in  as w ell as u l t r a th in  sections w ere c u t w ith  a 
U M T P-4  u ltram ic ro to m e . T he sec tions w ere ex am in ed  in  a T E S L A  BS 613 
e lec tro n  m icroscope. P h o to m ic ro g rap h s  w ere ta k e n  a t  an  accelera ting  v o ltag e  
o f  50 kV.

T he v iru s-co n ta in in g  a llan to -am nion ic  f lu id  poo l w as f irs t  c larified  b y  
cen trifu g a tio n  a t  1000 g  for 45 m in  a t  4 °C, th e n  sed im en ted  b y  u ltra c e n tr if 
u g a tio n  a t 30,000 g  fo r  60 m in  a t 4 °C. T he o b ta in e d  sed im en t w as resuspended  
in  H E P E S -b u ffe red  sla ine  (H B S, 5.96 g H E P E S , 8.19 g NaCl an d  0.15 g CaCl2, 
m ad e  up  to  1 1 w ith  d istilled  w a te r  an d  a d ju s te d  to  p H  6.5 b y  ad d in g  1 N
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N aO H ) to  give 1%  of th e  o rig inal vo lum e of a llan to -am n io n ic  flu id . T he co n 
c e n tra te d  pelle t suspension  w as c o u n te rs ta in ed  w ith  1%  p h o sp h o tu n g stic  acid 
(p H  7.0) on fo rm v ar-co a ted  grids o f 200 m esh. The p re p a ra tio n s  w ere ex am in ed  
in  a T E S L A  BS 613 e lec tron  m icroscope, a t  an  acce lera tin g  voltage  o f 56 kV.

Cell culture

Chick em bryo  k id n ey  (C E K ) cell cu ltu res  p rep ared  fro m  18- to  20-day-o ld  
S P F  em bryos in  G reiner’s p las tic  fla sk s  or L inbro  m ic ro titre  p la te s  w ere used . 
T h e  cu ltu res w ere in o cu la ted  w ith  a llan to -am nion ic  f lu id  co n ta in in g  IB V , in 
c u b a te d  a t  37 °C an d  checked  d a ily  in  a  m icroscope. T h e  cell cu ltu res  w ere 
passaged  on d a y  3 or 4. A  to ta l  o f 4 passages w ere done. T h e  pooled m a te r ia l 
w as sto red  a t  —70 °C u n til  u sed  fo r fu r th e r  s tu d y .

V iru s  titration in  cell culture

The v iru s  t i t r e  (T C ID 50/0.1 ml) w as de te rm ined  on th e  basis o f th e  cy to - 
p a th ic  effect (C PE ) b y  th e  m e th o d  o f R eed  and  M uench (1938).

Results

V iru s isolation

M aterial from  8 flocks o f  6 fa rm s w as used for v iru s  iso la tion . T h is  m a 
te r ia l  inc luded  sam ples ta k e n  from  affec ted  b ird s and  o rg an s  su b m itte d  to  th e  
la b o ra to ry  an d  tra c h e a l sw abs ta k e n  a t  th e  farm s. T he d e ta ils  and  re su lts  o f 
v iru s  iso la tion  are  show n in  T ab le  I .

A gents causing  em bryo  changes suggestive of IB V  w ere iso la ted  from  
2 o u t o f th e  8 flocks exam ined . T hese changes ap p eared  d is tin c tly  in  th e  3rd  
(iso la te  SZ -II) an d  fo u rth  (iso late  B -IV ) passage (F ig . 1). F u r th e r  passages 
w ere needed  to  check w h e th e r em bryo  changes considered  ty p ic a l  occurred  con
s is te n tly  in  all in o cu la ted  em bryos. T hese changes ap p e a re d  a fte r  fu r th e r  tw o  
p assages o f B -IV  an d  one p assage  o f S Z -II. The iso la tes  w ere desig n a ted  В 
(6 th  passage) and  SZ (4 th  passage) an d  used  for fu r th e r  s tu d y .

V irus iso la tion  w as unsuccessfu l from  sam ples ta k e n  fro m  b irds th a t  w ere 
a t  a su b acu te  or la te r  s tage  o f th e  disease (flocks D , SZ -I a n d  BA).

V irus iso la tio n  from  o rgan  a n d  tra c h e a l sw ab sam p les  ta k e n  from  flock  
S Z -II , in  w hich  th e  clin ical signs a n d  n ecro p sy  find ings w ere in d ica tiv e  o f acu te  
IB , succeeded in  th e  3rd  passage.

T itra tion  o f  the isolates

The resu lts  o f re p e a te d  t i t r a t io n  o f iso la tes В an d  SZ in  em b ry o n a ted  
h e n ’s eggs are  show n in  T ab le  I I .
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Table I

In fectious b ronchitis v irus (IB V ) iso lata ion  a tte m p ts  and th e ir  resu lts

Farm
Age of chicks 

examined 
(weeks)

N um ber of 
chicks 

examined

Imm unization Organ
sample

Swab
sample

Passage
number

R esult

organ swab
-  Cross pathological finding Rem arks

IB ND

0 4 -6 6 — + 6 — 3 neg. — Serous-fibrinous
airsacculitis

A gent agg lu tinating  
chicken e ry th ro 
cytes isolated. 
A gent was in h ib it
ed by  anti-N D V  
serum

D 4 -6 6 — + 6 — 6 neg. F ibrinous pseudo
m em branes on the  
airsacs. adhesions

B -III 5 4 + + 4 4 3 neg. N o t know n. Only
B -IV 5 4 + 4 4 4 pos. — trach ea  an d  lung 

sam ples su b m itted

SZ-I 7 6 — + 6 6 4 neg. neg. Serous airsacculitis

SZ -II 4 26 + 6 20 3 pos. pos. Serous nasal dis
charge, serous 
ex u d ate  in th e  
trach ea

All b irds affected  in 
th e  chicken house 
a t  sam pling

BA 4 6 + + 6 — 4 neg. — Serous-fibrinous
airsacculitis

-

Bo 4 9 + + 9 — 4 neg. N ot know n. Only 
trach ea l sam ples 
subm itted
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Table II

T itra tio n  o f isolates В and  SZ

Serial number 
of titration

Passage
num ber Iso late  B Isolate SZ

l 6 _ 107-1*

2 7 — 1 0 75

3 8 107-9

4 9 107-5

5 1 0 1 0 '  5

i.l ml

Table III

Cross-neutralization tests of isolates В and SZ 
in embryonated lien’s eggs

Virus
Type-specific antiserum

В SZ M41 H52

в 1 : 640* 0 * * 1 : 5 0

SZ < 1  : 5 ^ 1  : 80 < 1  : 5 0

M41 1 : 10 0 1 : 640 1 : 5
H 5 2 1 : 10 1 : 5 1 : 10 1 : 80

* d ilu tion  w hich n eu tra lizes 100 E I D 50 v irus 
** even th e  u n d ilu ted  serum  fails to  neu tra lize

I dentification  o f  isolates w ith type-specific  antisera

R esu lts  o f th e  o v o n eu tra liza tio n  te s ts  o f iso la tes В a n d  SZ w ith  type- 
specific an tise ra  are su m m arized  in  T ab le  I I I .  Iso la te  В w as n eu tra liz e d  b y  its  
hom ologous an tise ru m  an d  b y  a n tise ru m  to  s tra in  M 4l in  a d ilu tio n  of 1 : 640 
a n d  1 : 5, re spec tive ly . A n tise ra  to  SZ an d  H 52 did n o t n e u tra liz e  iso late  B . 
Iso la te  SZ w as n eu tra lized  b y  its  hom ologous an tise ru m  in a d ilu tio n  of 1 : 80, 
b y  a n tise ra  to  В an d  M41 in  d ilu tio n s  low er th a n  1 : 5, an d  w as n o t n eu trah zed  
b y  an tise ru m  to  H 52. T h e  la b o ra to ry  s tra in  M41 w as n e u tra liz e d  b y  an tise ru m  
to  iso la te  В in  a d ilu tio n  o f 1 : 10, w hile i t  w as n o t n eu tra lized  ev en  b y  u n d ilu ted  
a n tise ru m  to  iso late  SZ. T he hom ologous se ru m  n eu tra lized  i t  in  a h igh  (1 : 640) 
d ilu tio n  w hile an tise ru m  to  H 52 in  a d ilu tio n  o f 1 : 5. S tra in  H 52 w as n e u tra l
ized  b y  an tise ra  to  В a n d  SZ in  a d ilu tio n  o f 1 : 10 and  1 : 5, resp ec tiv e ly . T he 
se ru m  ra ised  ag a in s t s tra in  M41 n eu tra liz e d  s tra in  H 52 in  a d ilu tio n  of 1 : 10 
a n d  th e  hom ologous se ru m  in  a d ilu tio n  of 1 : 80.

Physicochem ical tests

T he resu lts  o f th e  p hysicochem ical te s ts  o f iso la tes В a n d  SZ are  given in  
T ab le  IV . T he tw o  iso la tes p ro v ed  to  he lab ile  in  th e  h e a t a n d  ch loroform  sen-
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Table IV

Physicochem ical tes ts  o f isolates B an d  SZ

Physicochemical te st

Viruses and titres

В SZ M41

treated control treated control treated control

H e a t (56 °C) 0 7.8* 0 7.1 0 6.8
p H  3 5.1 7.5 4.5 6.5 5.8 6.2
T rypsin , 0.25% 6.8 7.2 6.1 6.1 6.5 7.2
Chloroform, 20% 0 6.5 0 6.5 0 7.2
Cationic s tab iliza tion 0 6.5 0 6.5 NT NT

* E ID jo/0.1 m l, log 10 
N T: n o t tes ted

Table V

C ytopath ic  e ffec t caused by , an d  t it ra tio n  of, iso la tes В and  SZ 
as well as IB V  s tra in s  B eau d e tte , M41 and H52 in  cell cu ltu res

Strains
Passage
num ber В SZ B eaudette M41 H52

CPE t c i d 5„ CPE t c i d 50 CPE t c i d 50 CPE T C ID „ CPE T C ID „

l 0 0 0 0 +  NT 0 0 0 0

2 0 0 0 0 +  2.5* 0 0 0 0

3 + N T + NT — — + NT + NT
4 + 5.5 + 4.5 -  — + 6.5 + 6.5

О : no cy to p a th ic  effec t dem onstrable 
+  : cy topath ic  effec t
* :T C ID 5O/0.1 m l, log 10
N T : n o t tested

s i t iv ity  an d  ca tion ic  s ta b iliz a tio n  te s ts . E xpo su re  to  p H  3 reduced  th e ir  t i t re  
b y  a b o u t 2 log. T ry p s in  t re a tm e n t h a d  p rac tica lly  no  effect on th e  v iru s  t i t r e .  
S tra in  M41 used as c o n tro l gave th e  sam e resu lts  in  th e  physicochem ical te s ts .

Cytopathic effect and  titra tion  in  cell culture

T he c y to p a th ic  e ffec t (C PE) an d  t i t r a t io n  in  cell c u ltu re  o f iso lates В and  
SZ an d  3 la b o ra to ry  IB V  s tra in s  are p re sen ted  in  T ab le  V.

T he tw o iso la te s  a n d  s tra in s  M41 an d  H52 re q u ire d  th re e  passages to  
e x e r t C PE . C PE w as ch a rac te rized  b y  round ing -o ff o f  th e  cells, ap p earan ce  of 
d ro p le t-sh ap ed , sh a rp ly  de linea ted  fo rm s an d  fo rm a tio n  o f so-called sy n cy tia .

T itra tio n  of iso la te s  В and  SZ in  th e  4 th  passage rev ea led  1 log difference 
b e tw een  th e ir  t itre s . S tra in s  M41 an d  H 52 h ad  th e  sam e t i t r e  w hich was h igher 
th a n  th a t  o f th e  iso la te s . T he B e a u d e tte  s tra in  w as c y to p a th ic  a lread y  in  th e  
f i r s t  passage; its  2nd  p assag e  h ad  re la tiv e ly  low ti tre .
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F ig . 1. C hicken em bryos in o cu la ted  w ith  isolate В (to p  left), iso late SZ (b o tto m  left) and  IB V  
s tra in  M41 (m iddle) on  postin o cu la tio n  d ay  5. On th e  r ig h t: u n in o cu la ted  con tro l em bryo



F ig . 2. In te rce llu la r oedem a an d  vacuo lar d eg en era tio n  in  th e  k id n ey  from  an em bryo  in o cu 
la te d  w ith  iso late B, on  p o stin o cu la tio n  day  3. X 3,400



F ig . 3. K idney  from  an  em bryo  in ocu la ted  w ith isolate B, on p o stin o cu la tio n  day  3. N ote  d e 
g en era tio n  and  necrosis in  th e  wall of th e  d is ta l tu b u le . X 3,400



F ig , 4. K id n ey  from  an em b ry o  ino cu la ted  w ith  iso la te  B , on postin o cu la tio n  d ay  3. B udd ing  
v irio n s . E lec tro n  m icrograph , X  45,270



F ig . 5. K id n ey  from  an  em bryo  in ocu la ted  w ith  iso la te  B, on p o stin o cu la tio n  d ay  7. N o te  f a t ty  
degen era tio n  o f th e  tu b u la r  ep ithe lia l cells an d  presence of u ra te  c ry sta ls  inside an d  ou tside

th e  tu b u la r  u m en . X 7,880



F ig . 6. E lectron  m ic ro g rap h  of the  co n cen tra ted  (30,000 g) pe lle t suspension of isolate B. Vi
rio n s  w ith  crown-like surface p ro jec tio n s . X 108,916

F ig . 7. E lectron  m ic ro g rap h  of the  co n cen tra ted  (30,000 g) pellet suspension  of isolate SZ. 
V irio n s w ith  crown-like surface p ro jec tio n s . X 108,916
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E m bryo changes resulting fro m  virus infection. L igh t and  electron microscopic 
studies

D uring  v iru s  iso la tio n , several days a fte r  in o cu la tio n  th e  em bryo  becom es 
fix ed  a t  one p lace a n d  appears as an  im m obile, spherica l fo rm atio n . In  such 
cases v e ry  l i ttle  a llan to ic  flu id  can  be collected  a fte r  open ing  th e  egg. T he a m 
n ion  is closely a d h e re n t to  th e  em bryo  w hich “ rolls o u t”  o f  th e  egg like a ball. 
T he  u n reso rbed  y o lk  sac follows th e  em bryo  as a green saccule.

In  th e  in itia l (1st an d  2nd) passages these  changes a p p e a r in  a few  em bryos 
on ly  an d  develop in  5—9 days. T here is no , or l ittle , change in  th e  m a jo rity  
of em bryos w hich  w ill h a tc h  as h e a lth y  chicks a t  te rm . In  fu r th e r  passages em 
b ry o  changes w ill develop  sooner an d  in  an  increasing  n u m b e r o f  em bryos. In  
th is  s tu d y , 4 -6  passages w ere needed  fo r th e  ap p earan ce  o f ty p ic a l IB V -re la ted  
changes in  all em bryos.

T hree days a f te r  in o cu la tio n  th e  k id n ey  of th e  em bryos w as sw ollen and  
pale . H isto log ica lly  in te rs ti t ia l  and  in te rce llu la r oedem a an d  haem orrhages 
w ere seen, to g e th e r  w ith  necrosis in th e  ep ith e liu m  o f th e  p ro x im al an d  d is ta l 
tu b u le s . Some cells show ed vacuo la r d egenera tion  w hile o th ers  fell in to  th e  
lu m en  o f tu b u le s  like  a m ass of in d is tin c t s tru c tu re , in  som e p laces filling  th e  
lu m en  com plete ly  (F igs 2 and  3).

E lec tro n  m icroscopic ex am in a tio n  o f th e  k id n ey  rev ea led  th e  presence of 
spherica l v ira l p a rtic le s , 100 to  110 n m  in  d iam ete r, o f C oronavirus m orphology  
(F ig . 4).

One w eek a fte r  in o cu la tio n  th e  em bryos’ k id n e y  w as sw ollen and  pale, 
w ith  a fin g e rp rin t-lik e  p a tte rn  on its  surface. T he ren a l tu b u le s  an d  th e  u re te r  
w ere filled  b y  u ra te  c ry s ta ls  and  th e  ep ithe lia l cells show ed f a t ty  degenera
tio n . U ra te  c ry s ta ls  w ere seen in  th e  lu m en  of tu b u les  an d  in  in te r tu b u la r  areas
(F ig . 5).

E lec tro n  m icroscopy  of th e  pelle t suspension o b ta in e d  b y  u ltra c e n tr ifu 
g a tio n  (30,000 g) o f th e  a llan to -am nion ic  flu id  of e m b ry o n a te d  eggs in o cu la ted  
w ith  iso lates В an d  SZ (Figs 6 and  7) revealed  th e  presence of p leom orphic 
v irions of C oronavirus m orphology , 95 to  120 nm  in  d ia m e te r  an d  hav in g  20 to  
25 n m  long su rface p ro jec tio n s.

D iscussion

V irus iso la tio n  is o f p a r tic u la r  im p o rtan ce  in  IB , as d em o n stra tio n  o f th e  
cau sa tiv e  v iru s is th e  m o st im p o rta n t evidence needed  fo r d iagnosing  a disease 
show ing itse lf  in  re sp ira to ry  signs as IB . Iso la tio n  of IB V  is know n to  be a ra th e r  
d ifficu lt ta sk . T h is is su p p o rted  b y  th e  p re se n t s tu d y  in  w hich  on ly  2 (B , SZ) 
o u t o f 8 v iru s  iso la tio n  a t te m p ts  in  8 flocks succeeded.
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T he chances o f v iru s  iso la tion  a re  th e  best a t  th e  in itia l, a cu te  stage  o f IB , 
B o th  iso lates В an d  SZ w ere o b ta in ed  fro m  such cases. V irus iso la tio n  a tte m p ts  
fro m  b ird s  w ith  n ec ro p sy  fin d in g s suggestive  of ch ron ic  p a th o lo g ica l a l te ra 
tio n s  (b lu rred  serous m em branes, f ib r in , adhesions) co n sis ten tly  failed . R ap id  
sam p le  processing is especially  im p o r ta n t  as IB V  is sensitive  to  h ea t.

T h e  te s t m a te r ia l m u st be tr e a te d  w ith  N D V  an tise ru m  w hich  m u st n o t 
c o n ta in  IB V  an tib o d ies . In  one case ev en  th is  t re a tm e n t fa iled  to  e lim inate  
N D V . F o r such cases Lom niczi an d  S tip k o v its  (1968) recom m ended  to  collect 
th e  a llan to -am nion ic  f lu id  early , a t  P I  h o u r 24, w hen  th e  t i t r e  o f N D V  is still 
low  a n d  th a t  o f IB V  h as  a lread y  com e close to  th e  peak .

P rim arily  th e  a llan to -am n io n ic  f lu id  collected from  eggs show ing em bryo  
changes (even if  co llec ted  on P I  d a y  5 -9 ) y ielded  v iru s  on fu r th e r  passage.

Besides th e  m orpho log ical changes of th e  em bryos, th e ir  gross pa tho log ica l 
lesions m ay  also be p a th o g n o stic . Sw ollen an d  u ra te -co v ered  k id n e y  are  in d i
c a tiv e  o f IB  as ev idenced  by  th e  p resence  of v irions b y  e lec tro n  m icroscopy 
(F ig . 4).

A ccording to  th e  c ro ss-n eu tra liza tio n  te s ts  iso la tes В a n d  SZ were n e u 
tra liz e d  in  nearly  id e n tic a l d ilu tions b y  an tise ru m  to  s tra in  M41 b u t  n o t b y  
a n tise ru m  to  s tra in  H 52 . A n tise ra  to  b o th  iso lates n eu tra lized  s tra in s  H 52 in  
n e a r ly  iden tica l d ilu tio n s . No close re la tio n sh ip  w as d em o n strab le  betw een  th e  
tw o  s tra in s  by  v iru s  n e u tra liz a tio n  te s t .  A difference b e tw een  th e  tw o  iso lates 
is t h a t  iso late В has h ig h er a n tig e n ic ity  (its  an tise ru m  h ad  a t i t r e  o f 1 : 640 
w hile  th a t  o f iso la te  SZ a t i t r e  o f 1 : 80) an d  b ro a d e r an tig en ic  k in sh ip  
(T ab le  I I I ) .

T hese resu lts  in d ic a te  th a t  th e  tw o  iso lates are IB  v iruses b u t  differ from  
IB V  reference s tra in s  M41 and  H 52 . T his w as show n b y  th e  c ro ss-n eu tra liza 
tio n  te s ts  in  w hich ev en  u n d ilu te d  a n tise ra  to  th e  reference s tra in s  failed  to  
n e u tra liz e  th e  tw o  iso la tes , or n e u tra liz a tio n  to o k  place only  in  low  d ilu tions. 
S im ila r resu lts  w ere o b ta in ed  w hen a n tise ra  p roduced  ag a in st th e  iso lates w ere 
te s te d  ag a in st th e  re ference  s tra in s .

T he tw o iso la tes can  be considered  d is tin c t IB V  v a r ia n ts . T h is is th e  f irs t 
re p o r t  on th e  occurrence  of such  v a r ia n ts  in  H u n g a ry . F u r th e r  stud ies are 
n eed ed  to  determ ine  w h e th e r th e y  shou ld  be reckoned  w ith  in  IB  con tro l 
p rog ram m es.

In  th e  physicochem ical te s ts  iso la te s  В an d  SZ gave id e n tic a l re su lts  w ith  
s tr a in  M41. T heir physiochem ical p ro p e rtie s  are th e  sam e as th o se  rep o rted  fo r 
IB V  b y  Lom niczi an d  S tip k o v its  (1968), Cowen e t al. (1971) an d  H o fs tad  (1978). 
T h is is y e t an o th er ev idence  th a t  th e  tw o  agen ts are IB  v iruses.

T hree passages o f  th e  tw o iso la tes an d  of th e  co n tro l s tra in s  M41 and  H52 
in  ch ick  em bryo k id n e y  cell cu ltu res  w ere needed  for ap p ea ran ce  of th e  ty p ic a l 
C P E  (rounded-off cells, fo rm atio n  o f sy n cy tia ). S im ilar resu lts  w ere o b ta in ed  b y  
C hurch ill (1965), O tsu k i e t al. (1979) an d  Toro  e t al. (1987). T he B eau d e tte
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s tra in  caused  C PE  a lread y  in  th e  f irs t  passage. T h is w as re p o rte d  also b y  C h u r
chill (1965). I n  cell cu ltu re s  th e  iso la tes grew to  a low er t i t r e  (b y  a b o u t 2 log) 
th a n  in  e m b ry o n a te d  h e n ’s eggs. T h e  fa c t th a t  seria l passages w ere needed  fo r 
a d a p ta tio n  o f th e  iso la tes to  cell cu ltu res , to g e th e r  w ith  th e  p roduced  C P E , 
allow s us to  id e n tify  th e  tw o  iso la tes as IB V .

T he tw o  agen ts iso la ted  from  4- to  7-w eek-old b ro iler flocks experiencing  
re sp ira to ry  signs were id e n tif ie d  as IB Y  on th e  basis  o f m orpho log ical changes 
o f  th e  in o cu la ted  ch icken  em bryos, th e  m orpho logy  of v irions d em o n stra ted  
in  th e  k id n e y  an d  in  p e lle ts  co n c e n tra ted  b y  u ltra c e n tr ifu g a tio n , th e  cross
n e u tra liz a tio n  an d  th e  p hysicochem ical te s ts  as w ell as th e  C PE  p roduced  in  
cell cu ltu res.

C ro ss-neu tra liza tion  te s ts  w ith  chicken sera  show ed th a t  th e  iso la tes 
differ from  th e  tw o reference s tra in s  (M41, H 52) o f  IB V  an d  can  be considered  
d is tin c t IB V  v a ria n ts . T h e ir epizootio logical role shou ld  be clarified  b y  fu r th e r  
stud ies.
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SANDWICH ENZYME-LINKED IMMUNOSORBENT 
ASSAY (ELISA) FOR MEASURING THE 

CONCENTRATION OF, AND DETECTION OF 
ANTIBODIES TO, AUJESZKY’S DISEASE VIRUS

Vera  K a r d i, E dit  Szegletes, T . P e r é n y i, I ldikó  P ergel 
and Zsuzsanna  Smal

D e p a r tm e n t o f B iochem istry  and  F e rm e n ta tio n  P la n t, P H Y L A X IA  
V e te r in a ry  B iologicals Co., H-1107 B u d a p es t, Szállás u . 5, H u n g ary

(R eceived  D ecem ber 20, 1989)

A  d o ub le  an tib o d y  sandw ich  enzym e-linked  im m u n o so rb en t assay (E L IS A ) w as 
developed fo r m easu rin g  A u jeszky’s disease v iru s  (AD V) a n tig en  co n cen tra tio n  a n d  an  
in h ib itio n  tec h n iq u e  based  on  th e  fo rm er w as developed  fo r d e tec tio n  of an tib o d ies  to  
ADV. T he re su lts  w ere checked b y  d e te rm in in g  th e  c y to p a th ic  and  serum  n e u tra liz a 
tio n  titre s . T he co rre la tio n  w as sa tis fac to ry  in  b o th  cases, w ith  co rre la tion  co effic ien ts 
above 0.8. W h en  m easu ring  AD V  an tig en  c o n cen tra tio n , th e  low er lim it o f d e te c tio n  
was 103 T C ID SO/0.2 ml. The se n s itiv ity  o f  E L IS A  in  d e tec tin g  an tib o d ies  to  A D V  w as 
found  to  be su p e rio r to  th a t  o f th e  se ru m  n e u tra liz a tio n  te s t  an d , th u s , en ab led  th e  
te s tin g  o f r a b b i t  a n d  gu inea-pig  sera.

K eyw ords: A ujeszky’s disease v iru s , d e tec tio n , a n tig e n  c o n cen tra tio n , a n tib o d y , 
sandw ich  E L IS A , in h ib itio n  E L IS A

Owing to  th e  o u ts ta n d in g  econom ic im p o rtan ce  o f  A ujeszky’s d isease 
(AD) to  th e  p ig  in d u s try , its  cau sa tiv e  ag en t is o ften  d e a lt w ith  in  th e  specia l 
li te ra tu re . N u m ero u s m ethods are  know n  fo r th e  d e tec tio n  of A u je szk y ’s 
disease v iru s (ADY) an d  for m easu ring  its  an tig en  co n cen tra tio n : d e te rm in a tio n  
of th e  c y to p a th ic  t i t r e  in  d iffe ren t cell c u ltu re  system s (P e te rso n  an d  G oyal, 
1988), d e tec tio n  o f  A D Y  in  in fec ted  organs an d  cell cu ltu re s  b y  im m u n o flu o 
rescence (N a rita  e t ah , 1983; M ocsári an d  Süveges, 1985), p laque t i t r a t io n  
(M cG regor e t ah , 1985), im m unodiffusion  an d  coun terim m u n o elec tro p h o resis  
(W illiam s e t ah , 1984), nucleic acid  h y b rid iza tio n  (B élák  e t  ah , 1987), e tc . T hese 
tech n iq u es u su a lly  h av e  v a ria tie s  capab le  o f d e tec tin g  an tibod ies to  A D V  
(B anks and  C a rtw rig h t, 1983; Jo o  e t ah , 1984; G u tek u n st e t ah , 1978; P ap p -V id  
an d  D ulac, 1979). V accine p ro d u c tio n , p rim a rily  th e  p ro d u c tio n  of in a c tiv a te d  
vaccines, req u ires  a n  an tig en  co n cen tra tio n  m easu ring  m e th o d  w hich is su ita b le  
fo r d e tec tin g  b o th  live and  in a c tiv a te d  v iru s , is ra p id , rep roducib le , an d  p ro 
v ides d a ta  th a t  a re  in  lin ear co rre la tio n  w ith  an tig en  co n cen tra tio n . The doub le  
a n tib o d y  sandw ich  E L IS A  m eets th ese  req u irem en ts . No re p o rt on its  use fo r 
d e tec tio n  of A D V  can  be found  in  th e  li te ra tu re , th o u g h  th e  techn ique  is w idely
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u sed  fo r th e  d e tec tio n  o f  o th e r  v ira l a n tig en s  (E devag  a n d  G ran strö m , 1986; 
W a rfo rd  e t ah, 1986; Schorlem er e t  al., 1986).

In d ire c t E L IS A  a n d  do t-enzym e im m u n o assay  h av e  long  been used  for 
q u a n t i ta t io n  of a n tib o d ie s  to  ADY (S y n d e r an d  E rikson , 1981; E rde i, 1985; 
A fsh a r e t al., 1986). I n  sp ite  of its  s im p lic ity  a n d  h igh sen s itiv ity , these  m eth o d s 
a re  n o t  reliable enough . N onspecific  re a c tio n s  due to  d ifferen t causes can n o t be 
e lim in a te d  com plete ly ; th e y  can  a t  m o st be  d im in ished  b y  th e  use o f h igh ly  
p u r if ie d  v irus and  in te rp re te d  using  a c o n tro l an tigen  (E rd e i e t  al., 1985). T he 
so -called  b locking E L IS A  (Sorensen a n d  L ei, 1986) e lim inates these  prob lem s 
•when done w ith  an  im m u n e  serum  o f s a tis fa c to ry  q u a lity ; how ever, i ts  sen 
s i t iv i ty  is poorer. E n z y m e  im m u n o assay s u s in g  m onoclonal an tib o d ies  h av e  been 
also described  (V an O irsch o t e t al., 1986); such  an tibod ies, how ever, are n o t 
av a ila b le  in  all la b o ra to r ie s . D ev e lo p m en t o f  th e  sandw ich  E L IS A  h as p e r
m itte d  th e  use o f an  in h ib itio n  enzym e im m u n o assay  w hich , th o u g h  is m ore 
d iff ic u lt to  ca rry  o u t th a n  th e  in d irec t E L IS A , gives m uch m ore  reliab le  re su lts . 
T h is  is w h y  such te c h n iq u e s  h av e  gained  g ro u n d  rep id ly  in  re c e n t y ea rs  (Tor- 
fa so n  e t al., 1988; N ielsen  e t al., 1987).

Materials and methods

P u rifica tio n  o f  virus fo r  antiserum  production

A  5-1 suspension  o f  ADY s tra in  P H Y L A X IA  (s tra in  co llection  o f th e  
N a tio n a l In s ti tu te  o f  H ygiene , B u d a p e s t, C at. No. 00236/82; in fec tive  t i t r e :  
106 T C ID 5o/0.2) grow n on  P K -15 cells (The A m erican  T ype C u ltu re  C ollection, 
R e g is try  of A nim al Cell L ines, 1972: CCL 33) was used as s ta r tin g  m a te ria l. 
T h e  suspension  w as fro zen  an d  th a w e d  once, filte red  th ro u g h  W h a tm a n  p ap er, 
th e n  co n cen tra ted  to  0.5 1 in  an  A m icon u ltra f il tra tio n  in s tru m e n t. T he v iru s 
w as p e lle ted  by  u ltra c e n tr ifu g a tio n  in  a H ita c h i SCP 85H  u ltra c e n tr ifu g e  a t
95,000 X g  for 2 h , th e n  resu sp en d ed  in  9.2 m l N T E  buffer (1 mM  E D T A , 50 mM 
T R IS , 0.15 M HC1, p H  7.4). F rom  th is  m a te r ia l  th e  v irus w as sed im en ted  u n d e r 
a 3 0 %  (w/w) saccharose lay e r b y  u ltra c e n tr ifu g a tio n  as above, for 16 h . T he 
p e lle t w as resuspended  in  N T E  bu ffe r: 2.5 m l of virus suspension  w as o b ta in ed  
w h ich  con ta ined  10.7 m g  p ro te in  p er m l as de te rm in ed  b y  F o lin ’s reac tio n . T he 
su sp en sio n  was checked  fo r p u r ity  b y  SD S -po lyacry lam ide  gel e lectrophoresis 
(L aem m li, 1970). I t  w as ascerta in ed  th a t  th e  m a te ria l w orked  well as in d irec t 
E L IS A  an tigen . A n u n in o cu la ted  P K -15  cell suspension w as frozen  an d  th a w e d  
se v e ra l tim es to  d e s tro y  cell m em b ran es an d  to  release in to  th e  m edium  
c o n ta m in a tin g  p ro te in s  o f  cellu lar o rig in . T h e  m a te ria l th u s  o b ta in ed  w as used  
fo r p ro d u c in g  th e  c o n tro l an tigen  in  th e  sam e w ay  as described  fo r th e  te s t  
a n tig e n .
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P roduction o f  im m une sera

T he p u rif ied  v iru s  w as d ilu ted  w ith  P B S  (0.14 M N aC l, 2.7 mM KC1, 6.4 
m M  N a 2H P 0 4; p H  7.2) to  a c o n cen tra tio n  o f  100 pg/m l, in a c tiv a te d  w ith  0 .2%  
e th y le n e  im ine a t  37 °C fo r 24 h , an d  m ixed  to  F re u n d ’s in co m p le te  a d ju v a n t 
a t  a ra tio  of 1 : 1. F ive C aliforn ian  W h ite  ra b b its  w eighing 2.5 kg w ere in o cu 
la te d  in tra m u sc u la r ly  w ith  1 m l, and  2 sheep in tra d e rm a lly , a t  8 d ifferen t in je c 
t io n  sites, a t  each  site  w ith  0.1 m l o f th e  inoculum . T he an im als  were rev acc i
n a te d  four tim e s  a t  2-w eek in te rv a ls . T he v iru s-n eu tra liz in g  t i t r e  of th e  o b ta in ed  
r a b b i t  serum  an d  sheep serum  w as 210 an d  82, respective ly .

Iso la tion  o f  IgG frac tion  fro m  the rabbit serum

T his w as done b y  th e  s ta n d a rd  procedure  (H arb o e  a n d  Ing ild , 1973), 
b y  am m o n iu m  su lp h a te  p re c ip ita tio n  an d  ion-exchange c h ro m a to g ra p h y  on 
D E A E -S e p h a d e x  A-50.

P u rifica tio n  o f  an ti-A D V  rabbit serum  by a ffin ity  chromatography

T he gel fo r a ff in ity  ch ro m a to g ra p h y  was p rep ared  fro m  3 g o f C N B r- 
a c tiv a te d  S epharose 4B an d  200 m g o f A D Y -negative r a b b i t  IgG  as described  
p rev io u sly  (K a rd i e t al., 1988). Gel vo lum e w as 10 m l a n d  b o u n d  p ro te in  con
c e n tra tio n  w as 10.3 m g/m l. F iv e  m l o f sheep  serum  w as ap p lied  on th e  co lum n 
in  one cycle an d  w as w ashed  dow n w ith  40 m l PB T  (P B S  su p p lem en ted  w ith  
0 .0 5 %  Tw een-20).

In d irec t E L I S A  fo r  checking the success o f  a ffin ity  chromatography

A nti-A D V  ra b b it  Ig G  w as d ilu ted  1000-fold in  c a rb o n a te  buffer (15 mM 
N a 2C 0 3, 35 m M  N a H C 0 3, p H  9.6). One h u n d red  pi vo lu m es w ere m easu red  
in to  th e  wells o f E L IS A  m ic ro titre  p la te s  (D ynatech  M 129A , G erm any). T he 
p la te s  were in c u b a te d  a t  37 °C fo r 60 m in , th e n  w ashed  w ith  200pl P B T  p er 
w ell fo r  3x3 m in . F ro m  th e  pu rified  a n d  th e  u n tre a te d  an ti-A D Y  sheep se rum  
d ilu tio n  series from  10 to  80 w ere m ade in  P B T -N  c o n ta in in g  1%  bovine serum  
a lb u m in  (BSA ). T he co n d itions o f dosage, in cu b a tio n  an d  w ash in g  were as descri
b e d  fo r th e  f ir s t  s tep . T h e  an ti-sh eep  perox idase  co n ju g a te  ( In s t i tu t  P a s te u r , 
P a ris )  w as d ilu te d  8000-fold in  P B T -N . One hu n d red  pi vo lu m es of th is  d ilu tio n  
w ere  added  to  th e  wells, in c u b a te d  fo r 30 m in  and w ashed  as described  above. 
O rth o p h en y len e  d iam ine  (O PD ) - H 20 2 so lu tion  (34 m g O P D  -)- 20 p i 33%  H 20 2 
in  100 m l of b u ffe r c o n ta in in g  50 mM N a2H P 0 4 and  25 m M  c itric  acid, p H  5.4) 
w as used  as su b s tra te . Tw o h u n d re d  p i vo lum es were m easu red  in to  th e  wells an d  
k e p t  in  d a rk  room , a t  ro o m  te m p e ra tu re  fo r 15 m in. T he re a c tio n  was s to p p ed  
b y  ad d in g  50 p l 2M su lp h u ric  acid  to  each  well. E x tin c tio n s  w ere re a d  in  a 
T ite r te k  M ultiscan  p h o to m e te r  a t  492 nm .
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Sandw ich  E L I S A  procedure

T he cond itions (dose o f reag en ts , in c u b a tio n , bu ffe rs, su b stra te )  o f th e  
re a c tio n  were as describ ed  above. T he o p tim a l d ilu tions o f re a g e n ts  were d e te r
m ined  by  th e  u su a l ch eck erb o ard  t i t r a t io n . A nti-A D V  ra b b i t  IgG  used as 
ca tc h in g  an tib o d y  w as app lied  in  its  1 : 4000 d ilu tion . T h e  te s t  sam ples w ere 
v iru s-co n ta in in g  cell c u ltu re  su p e rn a ta n ts  ta k e n  d u ring  th e  process of vaccine 
p ro d u c tio n  and  its  o p tim iz a tio n  p rocedures. F ro m  th ese  sam ples a tre b lin g  
d ilu tio n  series consisting  o f  4 steps w as m ad e  in  P B T -N . T h e  f ir s t  step  o f th e  
series was p rep ared  b y  ad d in g  to  0.9 m l o f  th e  sam ples 0.1 m l bu ffer o f ten fo ld  
N aC l an d  d e te rg en t c o n c e n tra tio n . T he sheep  serum  p u rif ied  b y  a ffin ity  ch ro 
m a to g ra p h y  and  used  as de tec tin g  a n tib o d y  w as used  in  a 2.5-fold d ilu tio n  
(i.e. 20-fold d ilu tio n  o f  th e  s ta r tin g  m ate ria l) .

B y  in te rp o la tin g  th e  o b ta in ed  e x tin c tio n s  we ca lcu la ted  th a t  d ilu tio n  of 
th e  v iru s-co n ta in in g  sam p le  w hich gives an  o p tica l d en sity  (O D ) value of 1. T h is 
w as te rm ed  D r

In h ib itio n  E L I S A  procedure

F ro m  th e  te s t  sera  4-fold or 3-fold d ilu tio n  series o f 4 s te p s  w ere p rep ared  
in  P B T -N . The s ta r t in g  d ilu tio n  was 1 : 5 fo r th e  r a b b it  an d  guinea-pig , 1 : 10 
fo r th e  sheep and  1 : 20 fo r th e  p ig  serum . To th ese  sam ples th e  1 : 10 d ilu tio n  
o f a non -pu rified  suspen sio n  o f ADV grow n on  P K -15 cells a n d  co n cen tra ted  to  
a v a lue  of 45 w as ad d e d  a t  a ra tio  (v /v) o f  1 : 1. In  th e  case o f pig sera a n t i 
gen-free, so-called “ b lin d ”  d ilu tions w ere also m ade. T he m ix tu re s  were in c u 
b a te d  a t  37 °C for 3 h , th e n  a t  4 °C o v ern ig h t. T he follow ing d a y  th e  co n cen tra 
tio n  o f  non reac ted  a n tig e n  w as m easured  w ith o u t d ilu tio n  b y  sandw ich  E L IS A .

B y  in te rp o la tin g  th e  d ilu tio n -e x tin c tio n  co rre la tions fo u n d  for th e  te s t  
se ra , we determ ined  th e  d ilu tio n  (D y2) w hich  gave an  o p tic a l d ensity  co rre 
sp o n d in g  to  50%  o f th a t  o b ta in ed  for th e  sam ple co n ta in in g  th e  negative  serum .

D eterm ination o f  the cytopathic and v irus-neutra lizing  titres

T he T C ID jq w as d e te rm in ed  in  p r im a ry  ca lf te s tic le  cell cu ltures in  th e  
u su a l w ay. For a n tib o d y  level d e te rm in a tio n s  Vero cells (ATCC, CCL 81) w ere 
used . E v a lu a tio n  w as done b y  K a rb e r’s m e th o d  (D öm ök a n d  R uzicska, 1865; 
K u cse ra , 1966).

R esults

Sheep an ti-A D V  im m u n e  serum  used  in  th e  sandw ich  E L IS A  as detec tin g  
a n tib o d y  gave a d is tu rb in g  b ackground  reac tio n  w ith  an ti-A D Y  ra b b it IgG  
used as “ ca tch in g ”  a n tib o d y . T his b ack g ro u n d  reac tio n  w as e lim in a ted  th ro u g h
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Fig. 1. In d irec t E L IS A  fo r check ing  th e  success o f a ffin ity -c h ro m ato g rap h ic  p u rif ic a tio n  of
a n ti-AD V  sheep serum

p u rifica tio n  b y  a ff in ity  ch ro m a to g ra p h y . T he success o f  th e  p u rif ic a tio n  p rocess 
w as checked  b y  in d ire c t E L IS A  w hich  w as in te rp re te d  as show n in  F ig . 1. I t  can  
be seen th a t  in  th e  20-fold d ilu tio n  used  by  us th e  e x tin c tio n  in d ica tin g  n o n 
specific reac tio n  decreased  from  0.45 to  0.15. All m ed ia  (cell cu ltu re  su p e rn a ta n ts  
of d iffe ren t origin an d  h is to ry ) used  fo r d e te rm in in g  A D Y  co n cen tra tio n  w ere 
checked for an y  possible positive  reac tions of th e ir  co m p o n en ts  in  our system  
(D i >  0 ) .  N o such  po sitiv e  reac tio n s  w ere found .

T he m easu red  va lues, exp ressed  in  D l5 w ere co m p ared  w ith  th e  in fec tive  
v irus t i tre s  of a to ta l  o f 170 v iru s suspensions. T h e  sam ples w ere grouped  b y  
T C ID 50 values an d  from  th e  values m eans +  s ta n d a rd  dev ia tio n s w ere 
ca lcu la ted . T he o b ta in ed  co rre la tions are  show n in  F ig . 2.

T he sam e d a ta  w ere g rouped  b y  cell cu ltu re  in  w hich  th e  te s t  v iru s  sus
pensions w as grow n (P K -15 , B H K -21  (ATCC, CCL 10) or Yero). F ro m  in fec tive  
v irus t i tre s  an d  E L IS A  re su lts  o b ta in ed  for th e  3 g roups, d a ta  o f th e  reg res
sion line w ere d e te rm in ed  (F ig . 3).

F igu re  4 show s th e  ty p ic a l tim e-course  o f v iru s  g row th  on P K -15 cells 
(m icrocarrier). B y  E L IS A  p eak  an tig en  co n cen tra tio n  occurred  20 h  la te r  th a n  
b y  in fec tive  t i t r e  d e te rm in a tio n .

A n tib o d y  levels to  A D V  w ere m easu red  f irs t o f  a ll in  p ig  sera, b u t  ra b b it, 
gu inea-pig  an d  sheep sera  w ere also used . The lo g 4 d ilu tio n -e x tin c tio n  co rre la 
tio n  o b ta in ed  is p re sen ted  in  F ig . 5. T he anom alous course o b ta in ed  for som e 
pig  sera  w as due  to  th e  fa c t in  th e  th e  sandw ich  E L IS A  th ese  sam ples give 
positive reac tio n  even  w ith o u t th e  ad d itio n  of an tig en . T h e  resu ltin g  ex tin c tio n
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F ig . 2. D e term in a tio n  o f  th e  co n cen tra tio n  o f A u jeszk y ’s disease v iru s: co m p ariso n  of infec
tiv e  t i t r e  d e te rm in a tio n  an d  E L IS A

F ig . 3. C orrelation o f  th e  in fec tive  t i t r e  a n d  th e  E L IS A  re su lt  o f  A u jeszk y ’s disease v irus 
suspensions grown on d iffe ren t cells. B H K -2 1 : m  = 2 .2 1 ; r  =  0.96; PIC-15: m  =  6.71; r  =

0.97; V ero: m  =  8.55; r  =  0.93
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F ig . 4. G row th of A u jeszky’s disease v iru s  in  m icrocarrier cu ltu res  o f PK -15  cells

in c rem en t declines w ith  th e  d ilu tio n  o f  serum , while th e  co n c e n tra tio n  of non- 
re a c te d  an tigen  rem ain in g  a fte r th e  in h ib itio n  increases. T h is is how  th e  m in i
m u m  cu rve  show n in  th e  figure em erges. Such a phenom enon  w as n o t observed  
fo r se ra  from  o th e r species of an im als  an d  i t  occurred  in  o n ly  a few  pig sera, 
u su a lly  in  those  co n ta in in g  th e  h ig h est a n tib o d y  levels. T h e  p ro b lem  was e lim 
in a te d  b y  th e  para lle l use of an tigen -free , so-called “ b lin d ”  d ilu tio n s.

T he v iru s-n eu ra liza tio n  an d  E L IS A  resu lts  are  co m p ared  in  F ig . 6. F o rty -  
f iv e  p ig , 10 sheep, 10 ra b b it  an d  5 gu inea-p ig  sera w ere te s te d  ( to ta l: 70 serum  
sam ples). P ig  an d  sheep  sera  h a d  com e fro m  n a tu ra lly  in fec ted  an d  v acc in a ted  
h e rd s  o f flocks of d iffe ren t farm s. R a b b it  a n d  guinea-pig  sera  w ere ob ta in ed  d u r
in g  th e  te s tin g  o f ex p erim en ta l vaccines.
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S e r u m  d i l u t i o n

F ig . 5. T esting  of p ig  se ra  b y  in h ib itio n  E L IS A , (a ) N orm al course; (b ) A b norm al (anom alous) 
course. Solid line: d ilu tio n  series w ith  an tig en  a d d ed ; b roken  line : d ilu tio n  series w ith o u t a n 
tig en ; d o tte d  line: d ifference  of th e  tw o. N eg ativ e  va lue  used fo r c a lcu la tin g  D 192: OD =  1.8
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Fig. 6. C om parison o f in h ib itio n  E L IS A  re su lts  a n d  v iru s-n e u tra liz in g  titre s  in  d e te c tio n  o f 
an tibod ies to  A u je szk y ’s disease v iru s

D iscussion

T he re su lts  of th e  sandw ich  E L IS A  an d  in fec tiv e  t i t r e  d e te rm in a tio n s  a re  
com pared  in  F ig . 2. T he co rre la tion  can  be well a p p ro x im a te d  w ith  a line : u p  to  
105 T C ID 5o/0.2 m l, how ever, th e  ex p o n e n tia l c h a ra c te r  is e v id en t. This is d u e  to  
th e  fa c t t h a t  th e  sandw ich  E L IS A  show s a lin ea r w hereas th e  cy to p a th ic  t i t r e  
shows a lo g a rith m ic  co rre la tion  w ith  th e  an tig en  co n c e n tra tio n . The E L IS A  is 
less sen sitiv e : i ts  low er lim it of d e tec tio n  is a ro u n d  103 T C ID so/0.2 m l. H ig h ly  
rep roduc ib le  re su lts  w ere o b ta in ed  ab o v e  103'5 T C ID so/0 .2  m l. This does n o t  
pose a p ro b lem  in  th e  p rac tice , as in  vacc in e  p ro d u c tio n  alw ays h igher v iru s  
ac tiv ities  are  used . A t th e  sam e tim e , th e  lim ita tio n s  o f com paring  th e  tw o  
m ethods are  ev id en t, too . S ta n d a rd  d e v ia tio n  is r a th e r  h ig h , th o u g h  th e  E L IS A  
resu lts  show  fa ir ly  good rep ro d u c ib ility . T estin g  th e  sam e sam ple  several tim e s , 
>  20%  differences b e tw een  th e  D : d a ta  w ere ra re .

T he differences found  betw een  th e  E L IS A  re su lts  an d  th e  c y to p a th ic  
titre s  p r im a rily  arise  from  th e  d issim ilar p rinc ip le  of th e  tw o  m ethods, i.e. fro m  
th e  fa c t t h a t  th e  c y to p a th ic  t i t re  on ly  in c ludes live v iru s  con cen tra tio n s w hile  
th e  E L IS A  re su lt refers to  to ta l  a n tig e n  co n te n t. T h e  h ig h er sen s itiv ity  o f  
infective t i t r e  d e te rm in a tio n , a fin d in g  w h ich  is in  v ir tu a l  co n trad ic tio n  to  th e  
above s ta te m e n t, m ay  be exp la ined  as fo llow s: w hile in  a su itab le  cell c u ltu re  
system  even  a single v iab le  v ira l p a r tic le  can  grow  to  h ig h  t i t re  an d  cause
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v is ib le  changes, fo r th e  colour reac tio n  d e te c ta b le  by  E L IS A  a h igher v iru s  
a n tig e n  c o n cen tra tio n  is needed .

A m ore d e ta iled  analy sis  of th e  a b o v e  d a ta  is show n in  F ig . 3. T he te s t  
sam p les  w ere v iru s  suspensions grow n in  3 d iffe ren t cell cu ltu re s . T itra tio n  w as 
co n s is ten tly  done o n  p r im a ry  calf te s tic le  cells. The c y to p a th ic  t i t r e  an d  to ta l  
a n tig e n  co n cen tra tio n  m easu red  b y  E L IS A  w ere in  a fa irly  h ig h  lin ea r co rre la 
t io n  fo r all th re e  cell cu ltu re s . The lines in te rse c t th e  T C ID 50 ax is  a ro u n d  3 .5; 
h ow ever, th e y  m a rk e d ly  differ in  steep n ess . To a given in fec tiv e  t i t r e  r a th e r  
d issim ilar D x v a lu es  belong  on th e  d iffe re n t cell ty p es, as th e  p ro p o rtio n  of 
v ia b le  v irions w ith in  to ta l  v iru s  c o n c e n tra tio n  is d ifferen t. F ig u re  4 can  be  
in te rp re te d  in  th e  sam e w ay : w ith in  a g ro w th  cycle th e  a n tig e n  c o n cen tra tio n  
s ti l l  rises while chan g es o f th e  m edium  a lre a d y  cause a re d u c tio n  in  live v iru s  
t i t r e .  As th e  im m u n o g en ic ity  of an  in a c tiv a te d  vaccine dep en d s on  th e  con
c e n tra tio n  of v iru s  a n tig e n  co n ta ined  in  i t  r a th e r  th a n  on v ia b ili ty  o f th e  v iru s , 
th e  cond itions o f v acc in e  p ro d u c tio n  sh o u ld  be  chosen on th e  basis  of th e  E L IS A  
re su lts  ra th e r  th a n  th e  in fec tive  v iru s  t i t r e s .  The in h ib itio n  E L IS A  is b y  all 
m ean s  m ore su itab le  fo r specific d e tec tio n  o f  an tibod ies to  A D Y  th a n  th e  gen er
a lly  accep ted  in d ire c t E L IS A . As ou r san d w ich  E L IS A  sy s tem  does n o t d e te c t 
c o n ta m in a tio n  p re se n t in  th e  v iru s su spension , th e  m easu red  red u c tio n  in  
e x tin c tio n  is ex c lu siv e ly  due  to  th e  re a c tio n  betw een  v iru s  a n d  a n tiv ira l a n t i 
b o d y . C onsequen tly , p u rif ie d  an tigen  is n o t  needed  for th is  te s t .  A fu r th e r  a d 
v a n ta g e  of th e  in h ib itio n  m eth o d  is t h a t  se ra  from  d ifferen t species o f an im als 
c a n  be te s ted  u n d e r  id e n tic a l cond itions, in  th e  sam e sy s tem : th is  is especia lly  
im p o r ta n t  in  th e  e v a lu a tio n  o f e x p e rim e n ta l vaccines. Such o p tim iz a tio n  o f an  
in d ire c t E L IS A  w o u ld  be  d ifficu lt to  c a r ry  o u t because o f th e  w idely  v a ry in g  
a n tib o d y  levels a n d , f i r s t  of all, th e  v e ry  d issim ilar nonspecific  reac tions.

A com parison  o f  o u r resu lts  w ith  th e  v iru s-n eu tra liz in g  t i t r e s  is p re sen ted  
in  F ig . 6. The coeffic ien t o f co rre la tion  is 0.83 w hich m eets th e  req u irem en ts  o f 
l in e a r ity . The E L IS A  is m ore sensitive. T h e  ax is  in te rcep t is 125, in d ica tin g  t h a t  
n e u tra liz a tio n  gives n eg a tiv e  resu lts  u p  to  D ^ 2 =  125. T he fig u re  show s th a t  
th e  difference in  se n s itiv ity  betw een  th e  tw o  m ethods is n o t  in  th e  le a s t so 
la rg e ; how ever, in  th e  low  an tib o d y  level ra n g e  th e  co rre la tion  s tro n g ly  d ev ia tes  
fro m  linear. A t D ^ 2 <  15 v irus n e u tra liz a tio n  does n o t w o rk . A lthough  th a t  
ra n g e  has low  sign ificance  w hen te s tin g  p ig  se ra , i t  is im p o r ta n t  in  v acc in a tio n  
tr ia ls  using  ra b b its  a n d  guinea-pigs.
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IN S T R U C T IO N S  TO  A U T H O R S

M an u sc rip ts  are  accep ted  on  th e  basis o f sc ien tific  sign ificance a n d  su itab ility  fo r p u b li
ca tio n  on th e  u n d e rs ta n d in g  th a t  th e y  h av e  n o t  b een  p u b lish ed , su b m itte d  o r accep ted  fo r p u b li
ca tio n  elsew here. A ccep tance  depends on  th e  o p in io n  o f tw o  referees a n d  th e  decision o f th e  
E d ito ria l B o ard . P a p e rs  accep ted  fo r p u b lica tio n  a re  su b je c t to  e d ito ria l revision .

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

M an u sc rip ts  m u s t be in  E n g lish  o r  H u n g a ria n  a n d  c learly  a n d  concisely w ritte n . T h ey  
shou ld  be  ty p e d  d o ub le  spaced w ith  w ide m arg in s. T w o copies o f th e  m an u sc rip t sh o u ld  be 
su b m itted .

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

T itle. T h e  t i t le  should  he  a c lear a n d  concise s ta te m e n t o f th e  co n te n ts  in  n o t  m ore  th a n  
14 w ords. A  sh o r t  ru n n in g  t i t le  o f n o t  m ore th a n  40 le t te rs  sho u ld  also  he  supplied . T his is 
follow ed b y  th e  a u th o rs ’ in itia ls  (full f i r s t  n am e  o f  w om en) an d  su rn a m e , a n d  th e  n am e o f  th e  
in s titu tio n  w here  th e  w ork  w as done. T he m ailing  a d d re ss  o f th e  a u th o rs  m u s t also be in d ic a te d  
here.

A b strac t. T h is  should  n o t  exceed 200 w ords a n d  sh o u ld  o u tlin e  b rie fly  th e  p u rpose  o f th e  
s tu d y  an d  d e ta il im p o r ta n t  find ings an d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t p h rases , 
gen era lly  k n o w n  in fo rm a tio n  a n d  re p e titio n  sho u ld  b e  avo ided .

In tro d u c tio n . T h is p a r t  should  s ta te  b rie fly  th e  n a tu re  an d  p u rp o se  of th e  w ork  a n d  cite  
re ce n t im p o r ta n t  w o rk  b y  o thers .

M ateria ls an d  m ethods. D escribe  m ate ria ls , m e th o d s , a p p a ra tu s , ex p erim en ta l proce
d u re  an d  s ta tis t ic a l  m eth o d s in  su ffic ien t d e ta il to  a llow  o th e r  a u th o rs  to  rep ro d u ce  th e  resu lts . 
T h is p a r t  m ay  h a v e  subheadings.

R esu lts . T h e  ex p erim en ta l d a ta  shou ld  he  p re sen te d  c learly  a n d  concisely. A v o id  r e 
p e a tin g  in fo rm a tio n  p resen ted  in  tab le s  a n d  figures.

D iscussion  sh o u ld  be focussed on th e  in te rp re ta tio n  o f ex p e rim e n ta l fin d in g s . Do n o t 
re p e a t l ite ra ry  d a ta  p resen ted  in  th e  In tro d u c tio n  o r in fo rm a tio n  g iv en  in  R esu lts . R eferences 
sh o u ld  be c ited  as follow s: e.g. . . .  as o bserved  b y  F a i th  a n d  T ru m p  (1976); o r  in  p a ren th eses : 
. . . w ere fo u n d  ( S ta r r  e t  ah , 1978; M anson a n d  S ta r r ,  1979).

A cknow ledgem ent o f  g ra n ts  a n d  tech n ica l he lp .

R eferences. C ite on ly  essen tia l references. T h e y  shou ld  be a rra n g e d  in  a lp h ab etica l o rd e r 
o f th e  a u th o rs ’ su rn am es, w ith o u t serial nu m b ers . T h e  reference l is t  a t  th e  end  of th e  p a p e r 
should  con tain

— fo r jo u rn a ls :  n am es an d  in it ia ls  o f a ll a u th o rs , y e a r  o f  p u b lica tio n  (in  pa ren th eses), co lon , 
E n g lish  t i t l e  o f th e  p a p e r (if  th e  o rig ina l t i t le  is n o t E ng lish , in d ic a te  in  p a ren th eses , 
e.g. [in F re n c h ]) , jo u rn a l t it le  a b b rev ia te d  acco rd in g  to  th e  s ty le  used  in  In d e x  V eteri-  
n a riu s , v o lu m e  n u m b er, issue n u m b er in  p a ren th ese s , f i r s t  a n d  la s t  pages;

— fo r books: n am es and  in itia ls  o f  au th o rs /e d ito rs , y e a r (in  p a ren th eses) , t it le , p u b lish e r, 
p lace o f p u b lica tio n , page n u m b er.

Tables. T h ey  shou ld  be  ty p e d  on se p a ra te  sh ee ts  a n d  hav e  a concise h ead in g  each . 
T ab les  a re  to  be n u m b ere d  seq u en tia lly  b y  R o m an  n u m b ers .

F igu res. G o o d -q u a lity  glossy p r in ts  o f  h a lf- to n e  illu s tra tio n s  a n d  clear line  d raw in g s in  
In d ia n  in k  are  a ccep ted . T he n u m b er o f th e  fig u re , th e  a u th o r’s n am e  a n d  th e  to p  of th e  figu re  
sh o u ld  be in d ic a te d  l ig h tly  in  so ft pencil on  th e  b a c k . T h e  figures a re  to  he  n u m b ered  seq u en 
tia lly  b y  A rab ic  n u m b ers . C aptions should  be p ro v id ed  on a  sep a ra te  sh ee t. All figu res should  
be  re fe rred  to  in  th e  t e x t  and  th e ir  a p p ro x im ate  p lace  in d ic a te d  on th e  m arg in .

A bbrev iations an d  sym bols. Q u an tities  sho u ld  he  expressed  in  S I  u n its . All ab b rev ia tio n s  
sho u ld  be  spelled  o u t  w hen f irs t  used  in  th e  te x t .  P lease  id en tify  u n u su a l sym bols in  th e  m arg in .

Proofs a n d  rep rin ts . Two se ts o f  proofs w ill he p rov ided , w h ich  are  req u ested  to  he 
re tu rn e d  w ith in  48 h o u rs  o f rece ip t to  th e  E d ito r . A lte ra tio n s  in  th e  t e x t  an d  especially  in  th e  
illu s tra tio n s  a re  expensive  and  should  he  avo ided . O ne h u n d re d  re p rin ts  o f each  p a p e r a re  su p 
p lied  free o f charge . A d d itio n a l re p rin ts  can  be o rd e re d  a t  cost price  a t  th e  tim e th e  page  p ro o f 
is re tu rn e d .
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