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TRADITIONAL AND NEW CONCEPTS IN PROTEIN 
EVALUATION OF FEEDS: A REVIEW

M. H e g e d ű s

D e p a rtm e n t o f  Anim al N u tr i t io n ,  U n iv e rs ity  of V e te rin a ry  
Science, H-1400 B u d a p e s t, P . O. B ox  2, H u n g ary

(R eceived J u n e  2, 1988)

T he purpose o f p ro te in  ev a lu a tio n  o f  a  d ie t  is to  determ ine i ts  v a lu e  for m eeting  
am in o  acid  req u irem en ts  o f anim als. T h e  e a r ly  recognition  th a t  p ro te in s  can  he  u tilized  
b y  d iffe ren t efficiency ra te s  has p ro m o te d  e x te n d ed  research  to  revea l q u a lity  d ifferences 
a n d  th e ir  reasons. A  b r ie f  h istorical o v e rv ie w  is given in th is  rev iew  a b o u t th e  devel
o p m e n t o f concepts a n d  theories in p ro te in  ev a lu a tio n .

R ecen t d ev elo p m en ts  have fo c u sed  a tte n tio n  on d e te rm in a tio n  of av ailab le  
q u a n ti t ie s  of e ssen tia l am ino  acids. I n  v itro  chem ica l assays and  d y e-b in d in g  p ro ced u res 
a re  re la tiv e ly  fa s t  a n d  prov ide d a ta  w i th o u t  access to  anim als, h o w ever th e y  do n o t  
a lw ay s  correlate  w ell w ith  biological e s t im a te s . E nzym ic d igestion  m eth o d s an d  m icro 
b io log ical assays fo r p red ic tio n  of a v a ila b ili ty  o f e ssen tia l am ino acids h av e  th e  p o te n tia l  
fo r  seria l d e te rm in a tio n  in  q u ality  c o n tro l,  how ever th ey  are co n stra in ed  b y  a  lack  of 
in fo rm a tio n  a b o u t th e  av a ilab ility  o f p e p tid e s  lib e ra ted  an d  u tilized  du rin g  in  vivo  
d ig es tio n  of p ro teins.

A nim al g ro w th  assays and b a lan ce  ex p erim e n ts  can prov ide v a lu ab le  estim a tes  o f 
a v a ilab le  q u an titie s  o f  essential am ino  acid s. H ow ever, th e  in te rp re ta tio n  of d a ta  is 
co m p lica ted  by  th e  m a n y  factors a ffec tin g  in  vivo  p ro te in  u tiliza tio n , b y  th e  endogenous 
am in o  acid excre tion  a n d  th e  effects o f  m ic ro flo ra  o f th e  a lim en ta ry  tra c t.

T he search  fo r re liab le  assays re m a in s  a  w orthw hile  ob jec tiv e  also in  th e  fu tu re .

Keywords! P ro te in  quality , a ssa y  m eth o d o lo g y , availab ility , feedstu ffs, rev iew

T h e  n u tr itiv e  v a lu e  of a feed p ro te in  depends p rim arily  on i ts  c a p ac ity  
to  sa tis fy  th e  needs fo r am ino  acids o f  an im a ls . D ifferen t p ro te in  sources m ay  
have d iffe re n t n u tr i t iv e  values d ep en d in g  on  th e ir  ab ility  to  p ro v id e  essen tia l 
am ino ac id s  for various biochem ical fu n c tio n s  o f th e  organism . As th e  essential 
am ino acid  requirements m ay vary a cco rd in g  to  age (young or g row n-up  an im al), 
physio log ica l s ta te  (m ain ten an ce , g ro w th , rep le tio n , p reg n an cy , la c ta tio n  etc .) 
an d  ty p e  o f  p ro d u c tio n  (m ea t, m ilk, egg  e tc .) , th e  sam e p ro te in  co n seq u en tly  
m ay  h a v e  d ifferen t n u tr i t iv e  values, d e p e n d in g  on th e  c rite rio n  used  fo r its  
e v a lu a tio n .

A  b rie f historical overview

T h e  recogn ition  t h a t  n itro g en -co n ta in in g  com pounds a re  essen tia l in  
n u tr i t io n  da tes  back  to  th e  firs t decades o f  th e  n in e teen th  c e n tu ry  (M agendie, 
1816). L ieb ig  (1846), in  o rd er to  d is tin g u ish  p ro te in s from  en erg y -su p p o rtin g  
fa ts  a n d  ca rb o h y d ra tes , called th em  “ p la s t ic “  elem ents. H ow ever, he believed

1 * Acta Veterinaria Hungarica 37, 1989 
Akadémiai Kiadó, Budapest



4 HEGEDŰS

t h a t  an y  k ind  o f p ro te in  h ad  th e  sam e n u tr i t iv e  v a lu e , an d  th is  w ay  th e  m ere  
d e te rm in a tio n  o f  n itro g e n  con ten t w as assum ed  to  be sa tisfac to ry  fo r th e  
ev a lu a tio n  of p ro te in s  in  foods or feeds.

In  th e  early  s ta g e  of n u tr itio n  sciences th e  v iew  w as m ain ly  q u a n ti ta t iv e .  
T h is  m ay be i l lu s tr a te d  by  R u b n e r’s “ law  of iso d y n am ics”  w hich assu m ed  
t h a t  n u tr ien ts  can  e q u iv a le n tly  s u b s ti tu te  each  o th e r b y  th e ir  energy c o n te n ts . 
B y  th e  tu rn  of th e  l a s t  cen tu ry , know ledge has con sid erab ly  expanded  on  th e  
d iverse  q u a lity  o f d ie ta ry  pro teins. B efore id en tify in g  all am ino acids co m 
m o n ly  found in  p ro te in s , resu lts o f n u tr i t io n a l ex p erim en ts  suggested  t h a t  
p ro te in s  of d iffe ren t o rig in  m ay d iffer in  n u tr itiv e  v a lue .

V o it’s (1872) re sea rch  on th e  w id esp read  use o f  gelatine in  n u tr i t io n  
show ed th a t  glue c a n n o t  replace m ea t p ro te in s  in  dogs. As p ro teins of d iffe re n t 
o rig in  could n o t s u b s t i tu te  each o th e r  b y  w eigh t, R u b n e r  (1897) cam e to  th e  
conclusion  th a t  d if fe re n t k inds of p ro te in s  m u st h av e  d iffe ren t biological v a lu e s
i.e . th e y  are of d if fe re n t quality . T he reason  fo r th e se  differences w as n o t  
u n d e rs to o d  u n til  W illcock  and H o p k in s  (1906) fo u n d  th a t  lack  of c e r ta in  
am ino  acids was resp o n sib le  for such  in ad eq u ac ies . I t  becam e m ore an d  m ore  
lik e ly  th a t  th e  n u tr i t io n a l  q u a lity  o f p ro te in s  dep en d ed  on am ino acid  co m 
positio n .

The d iscovery  o f  am ino acids com m only  found  in  pro te ins s ta r te d  w ith  
th e  id en tifica tio n  o f  g lycine in  1890, a n d  fin ish ed  w ith  th e  iso lation  o f m e th io 
n in e  in  1922 an d  th re o n in e  in  1935 (M itchell, 1952).

The q u a n ti ta t iv e  ch a rac te riza tio n  o f p ro te in s  in v o lved  firs t th e  p re p a ra 
t io n  of pure iso la tes fro m  biologic m a te r ia ls  to  rem ove in te rfe ring  su b stan ces . 
A  s ign ifican t d e v e lo p m en t in  these  te ch n iq u es  has b een  achieved as ea rly  as 
in  th e  f irs t decades o f  th is  cen tu ry .

The ap p lica tio n  o f  m icrobiologie m e th o d s, deve loped  originally  for a s sa y 
in g  v itam ins, fo r th e  q u a n tita tiv e  e s tim a tio n  o f am ino  acids in  th e  ‘fo rtie s  
a n d  ‘fifties has g re a tly  p rom oted  th e  accu m u la tio n  o f d a ta  on am ino ac id  
com position  of m a n y  d ifferen t p ro te in s .

E vidences o f m a n y  experim en ts h av e  show n th a t  th e  n u tr itiv e  v a lu e  
o f  p ro te in s was la rg e ly  dependen t on th e  p ro p o rtio n s o f am ino acids re su ltin g  
fro m  th e ir  h y d ro ly sis . Some am ino ac ids p roved  to  be essential to  s u p p o r t 
g ro w th  (lysine, m e th io n in e , try p to p h a n , th reo n in e , phen y la lan in e , v a line , le u 
cine and  isoleucine), w hile others d id  n o t. T he re la tio n sh ip s  betw een ty ro s in e  
a n d  pheny la lan ine , as well as cystine  a n d  m eth ion ine , w ere soon recogn ized . 
C ystine and  ty ro s in e  ap p eared  to  be essen tia l only i f  th e  d ie t con ta ined  in a d e 
q u a te ly  low levels o f  m eth ionine an d  p h en y la lan in e , respective ly . H is tid in e , 
a rg in ine  and g lyc ine  w ere found “ sem i-essen tia l” , because th e y  could  be  
syn thesized  by  th e  an im a l a t ra tes n o t a d e q u a te  for m ax im um  grow th.

This c la ss ifica tio n  enabled a u th o rs  to  focus a t te n tio n  on essential am in o  
acids. The essen tia l am in o  acid c o n te n t o f th e  w hole egg proved  to  be n e a r ly
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co m ple te ly  av a ilab le  for ra ts . B y  co m p arin g  th e  essen tia l am ino  acid c o n ten ts  
o f a p ro te in  w ith  th o se  of w hole egg, M itchell an d  B lock  (1946) com p u ted  th e  
p ercen tag e  dev ia tio n s for each am in o  acid .

S y stem atic  biological e v a lu a tio n  o f p ro te in s  m ay  be sa id  to  have  b eg u n  
in  th e  f ir s t  decade o f th is  c en tu ry .

F o lin  (1905) in tro d u ced  th e  te rm  o f “ d icho tom y  o f p ro te in  m e tab o lism ” 
in  1905. A ccording to  th is  co n cep t p ro te in  m etabo lism  m a y  be d iv ided  in to  
tw o  in d ep en d en t p h ases: th e  endogenous phase  is c o n s ta n t an d  p e rta in s  to  th e  
irrev ers ib le  erosion o f tissues; th e  exogenous phase  is v a ria b le , being  d ep en d en t 
in  ra te  on th e  p ro te in  in tak e . T h e  te rm  “ d ich o to m y ”  la te r  p ro v ed  to  be v e ry  
fru itfu l in  ev a lu a tin g  p ro te in s. T h is th e o ry  o f p ro te in  m e tab o lism  is th e  fu n d a 
m en ta l base o f th e  m ethods m easu rin g  n itro g en  ba lan ce  even  to d ay .

R u b n e r’s v iew  concerning m in im u m  h u m an  p ro te in  req u irem en t arose 
T h o m as’s in te re s t. U sing h im self as a n  ex p erim en ta l su b je c t, in  1909 T hom as 
w orked  o u t a m e th o d  based  on m easu rin g  th e  n itro g en  b a lan ce  o f th e  b o d y . 
This m e th o d  w as based  on th e  o b se rv a tio n  th a t  th e  n itro g e n  balance o f th e  
organ ism  can  be se t b y  d iffe ren t q u a n tit ie s  o f p ro te in s , depend ing  on th e ir  
origin. In  his w ork , considered to  be  a classic to d a y , th e  biological v a lue  o f 
p ro te in s  was defined  as th e  re ta in e d  p o rtio n  of ab so rbed  n itro g en  expressed  
in  p er cen t. H is fo rm ula , w hich in c lu d ed  th e  co rrec tion  fo r “ endogenous”  an d  
“ m etab o lic”  faeces n itro g en  losses as w ell, has s tim u la te d  w orldw ide scien tific  
in te re s t.

C lassical te rm s o f ev a lu a tin g  d ie ta ry  p ro te in s  w hich  are  used even to d a y  
w ere estab lish ed  on  th e  basis o f T h o m a s’s w ork.

T h o m as’s re su lts  had  a g re a t im pression  on M itchell. T he m ethod  fo r 
a ssay ing  biological v a lue  of p ro te in s  in  hu m an s w as a d a p te d  b y  h im  for grow ing 
ra ts . R esearch  in  M itchell’s A m erican  la b o ra to ry  an d  in  num ero u s E u ro p ean  
in s titu tio n s  has m ade th e  m e th o d  p o p u la r  an d  i t  has becom e know n as th e  
“ T h o m as—M itchell m e th o d ”  fo r assessing  th e  bio logical v a lu e  of p ro te in s. In  
a m od ified  form  (M itchell, 1924) i t  is s till th e  basis o f m easu rin g  th e  biological 
v a lue  o f  p ro teins.

S y stem atic  ex perim en ts w ith  T h o m a s’s m eth o d  show ed th a t  th e  b io logi
cal v a lu e  of each p ro te in  is d iffe re n t an d  an im al p ro te in s  are  usually  m ore 
v a lu ab le  th a n  th o se  o f p la n t o rig in . E x p la n a tio n  fo r th e se  d ifferences becam e 
possible only  m uch la te r , a fte r th e  d iscovery  an d  iso la tio n  o f all am ino acids.

O sborne’s a n d  M endel’s fu n d a m e n ta l s tud ies also led  to  th e  recogn ition  
th a t  th e  n u tr i t iv e  v a lu e  of p ro te in s  depends on th e ir  am ino  acid  co n ten t an d  
on re la tiv e  ra te s  o f  am ino acids.

T he f irs t d e ta iled  stud ies on th e  q u a lity  of p ro te in s  w ere also co n d u c ted  
b y  O sborne and  M endel betw een  1911 an d  1920 (M itchell, 1952). O sborne an d  
M endel, iso la ting  an d  analysing  p la n t  p ro te in s , exam ined  how  these  p ro te in s  
w ere ab le  to  su p p o rt th e  g row th  o f  r a ts .  O n th e  basis o f th e ir  effect on g row th ,
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th e y  d iv ided  p ro te in s  in to  tw o groups: “ com p le te”  an d  “ in co m p le te”  p ro te in s. 
L a te r  on a m ore so p h is tic a te d  ex p e rim en ta l m ethod  fo r exp ressing  num erica lly  
th e  g ro w th -p ro m o tin g  v alue  of p ro te in s  w as developed. W eig h t gain  was 
r e la te d  to  th e  q u a n t i ty  o f  p ro te in  in ta k e , an d  th u s  th e  effic iency  o f d ifferen t 
p ro te in  sources w as m easu red  (O sborne e t  al., 1919).

McCollum (1914), ta k in g  in to  ac c o u n t dem ands o f liv esto ck  p ro d u c tio n , 
co n d u c te d  p rac tica l n itro g e n  balance  ex p erim en ts  on  g row ing  pigs. H e ex 
p re ssed  th e  resu lts  as percen tages o f th e  in g ested  n itro g en  abso rbed  (corrected  
fo r  m etabo lic  faecal n itro g en ) and  p e rcen tag es  of ab so rbed  n itro g en  recovered  
in  th e  n itrogen  b a la n c e .

T he princip le  o f th e  Thom as m e th o d  h as  been ap p lied  n o t only  to  grow ing 
r a ts ,  b u t  also to  p igs, sheep , p o u ltry  a n d  to  m an . The biologic values o f  d ie ta ry  
p ro te in , expressed  as th e  re ta in ed  p a r t  o f ingested  p ro te in , m ay  v a ry  th e o 
re tic a lly  from  0 to  100. H ow ever, v a lu es  less th a n  a b o u t 40 seem ed to  be in 
co m p a tib le  w ith  g ro w th  in  ra ts . T he n u tr i t iv e  values o f p ro te in s  fo r m a in te 
n a n c e  of n itrogen  b a la n c e  have  been show n  to  be d iffe ren t from  th o se  fo r g row th . 
T h e  low  q u a lity  p ro te in s  proved  to  be m ore  e ffic ien t fo r rep lacem en t o f endog
enous losses of n itro g e n  th a n  for su p p o rtin g  grow th .

The so-called “ reg en e ra tio n ”  m e th o d s  rep resen t an  in d e p e n d e n t b ran ch  
o f  d ie ta ry  p ro te in  e v a lu a tio n . I t  has b een  em phasized  th a t  d iffe ren t p ro te in  
sources and  p ro te in  frac tio n s  m ay  c o n tr ib u te  to  th e  reg en e ra tio n  o f various 
tis su es  to  a d iffe ren t degree. A ccord ingly , th e  re la tiv e  sequence of p ro te in s 
m a y  be d ivergen t, th e re fo re  these m e th o d s  can  answ er on ly  specific  questions 
(M elnick e t al., 1936; Chow et al., 1948; D avis and  W hipp le , 1921; H arriso n  
a n d  Long, 1945; H e n ry  e t al., 1953).

E x am in a tio n  o f  tis su e  enzym es is considered  to  be a logical s tep  following 
th e  sp read  of m e th o d s  b ased  on re g e n e ra tio n  of tissue p ro te in s . T hese m ethods 
ex am in ed  how th e  a c t iv i ty  of an  enzym e changes d ep en d in g  on th e  q u a lity  
o f  d ie ta ry  p ro te in s . A n  exam ple o f th e  m ethods is te s tin g  th e  a c tiv ity  of 
x a n th in e  oxidase o f  th e  liver: a d efic iency  of essen tia l am ino  acids of th e  
d ie ta ry  p ro te in  red u ces  th e  ra te  of o x id a tio n  of x a n th in e  in to  u ric  acid (B a v e tta  
a n d  N arrod , 1957).

I t  is know n to d a y  th a t  n a tiv e  p ro te in s  u sua lly  consist o f ab o u t 20 am ino 
ac id s . E ig h t to  12 o f  th e m  is regarded  to  be “ essen tia l”  d ep en d in g  on th e  species 
a n d  physiological s ta te  of th e  an im al. T hese can n o t be sy n th e tiz e d  b y  th e  
o rg an ism  in  p ro p e r q u a n titie s , th e re fo re  th e y  m u st be in c lu d ed  in  th e  
d ie t .

As it  is c o n firm ed  by  num erous experim en ts, th e  n u tr i t iv e  value of 
p ro te in s  is re la ted  to  th e ir  essen tia l am ino  acid co n te n t. T hese experiences 
h a v e  estab lished  a new  a tti tu d e  in  n u tr i t io n  sciences. P r io r ity  has been  given 
to  req u ired  values o f  am ino  acids in s te a d  o f  p ro te in  req u irem en ts . T he e x p a n d 
in g  know ledge o f am in o  acid com position  o f feeds an d  o f essen tia l am ino acid
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req u irem en ts  of fa rm  anim als led to  th e  p o ssib ility  of fu lfilling  th e  n u tr i t io n a l 
req u irem en ts  by  lea s t-co s t linear p ro g ram m in g .

T h e  new  liqu id  ch ro m ato g rap h ic  m e th o d  developed b y  S te in  an d  M oore 
has p ro m o ted  co llecting  d a ta  on am in o  acid  com position  of feed p ro te in s . T h e  
m e th o d  w as au to m a tized  in  1958. T o d a y  a u to m a tic  am ino acid  an a ly sers  are  
w idely  u sed  in  m an y  labora to ries (S p a c k m a n  e t ah , 1958).

T h e  “ lim iting  essen tia l am ino a c id ”  concep t of B lock and  M itchell (1946) 
rep re sen ted  g rea t p rogress in  p re d ic tio n  o f biological q u a lity  b y  am ino  acid 
scores. T h e  values o f  each essential am in o  acid of a te s t  p ro te in  w ere in d i
v id u a lly  expressed in  percentage of th e  c o n te n t of a corresponding  am ino  acid  
in  a su ita b le  reference am ino acid p a t te r n .  T he low est p ro p o rtio n  w as c la im ed  
to  lim it th e  p ro te in  u tiliza tio n , and  is ca lled  “ chem ical score”  or “ score” . L a te r , 
d iffe ren t m u ltip le  regression  equ a tio n s a n d  v a rious m a th em a tica l m odels w ere 
developed  to  p red ic t biological ind ices  o f p ro te in  q u a lity  from  am ino  acid  
d a ta , as review ed re c e n tly  by H id v ég i a n d  B ékés (1985).

T h e  experiences o f K ofrányi a n d  M üller-W ecker (1961) suggested  th a t  
th e  u tiliz a tio n  of d ie ta ry  p ro tein  is a lso  a ffec ted  b y  nonessen tia l am ino  acids 
w hich  alw ays occur in  proteins. T h e  n o n essen tia l am ino acids m ig h t h a v e  a 
sp a rin g  effect on essen tia l am ino ac id s . Im pressed  b y  th e  re su lts  o f  m a n y  
ex p erim en ts  w ith  p ro te in  m ix tures o n  a d u lt  h u m an s, K o frán y i (1970) a t  la s t 
seriously  questioned  th e  overall v a l id i ty  o f th e  concept of “ lim itin g  essen tia l 
am ino ac id s” . H ow ever, th e  su p p le m e n ta tio n  of feed p ro te in s w ith  th e ir  f ir s t  
lim itin g  essen tia l am ino  acids genera lly  re su lts  in  a sign ifican tly  b e t te r  u tiliz a 
tio n  o f d ie ta ry  p ro te in  in  growing an im a ls .

T h e  in te rn a tio n a l n u tritio n  p ro g ram m es of th e  U N , W H O  an d  FA O  h a d  
a g re a t s tim u la tin g  e ffec t on research  o f  p ro te in  ev a lu a tio n . To m eet th e  energy- 
p ro te in  req u irem en ts  o f th e  u n d ern o u rish ed  p o p u la tio n  of developing  co u n trie s  
an d  fo r a  m ore econom ical and e ff ic ien t feed ing  of fa rm  an im als, th e re  w as an  
u rg e n t need  for exp lo ring  and q u a lify in g  un co n v en tio n a l p ro te in  sources.

In  th e  la s t tw o  decades there  h a s  b e e n  considerab le in te re s t in  m o n ito rin g  
p ro te in  q u a lity  in  feeds, no t only to  d efine  nutritional requirements o f fa rm  
an im als b u t  to  p ro v id e  standards o f  q u a lity  for com m ercial food an d  feed 
p ro d u c ts . G reat in te re s t  has also a rise n  in  screening  for p ro te in  q u a lity  in  th e  
p ro d u c tio n  of food o r feed crops, to  p ro d u ce  im proved  v a rie tie s  o f cereals 
(corn , w h e a t etc.), legum es (beans, p e a s  etc .) an d  roo ts (p o ta to es  e tc .).

T h e  n u tr itio n a l va lu e  of d ie ta ry  p ro te in , as exp la ined  earlie r, depends 
p rim a rily  upon  th e  am ount and pa tterns  o f its  essential am ino acids. T herefo re  
th e  com prehensive ev a lu a tio n  of p ro te in  q u a lity  m u st consist, f i r s t  o f all, o f 
th e  d e te rm in a tio n  o f nitrogen  co n ten t, am ino  acid  com position , an d  digestib ility . 
F in a lly , th e  capacity  o f proteins to  fu lf il  n u tr i t io n a l needs is to  be p re d ic te d .

T h e  concepts o f  evaluating  p ro te in  q u a lity  a re  closely re la te d  to  th e  
th eo ries  o f  p ro te in  m etabolism . P a ra lle l  w ith  th e  progress in  m eth o d o lo g y
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— especially in  b a la n c e  studies — d iffe ren t m odels w ere pub lished  (M iller an d  
P a y n e , 1963; G e b h a rd t, 1966; R ufeger, 1972; M ercer e t al., 1985; K raw ie litzk i 
a n d  Bock, 1976). T hese  have been su b je c ts  o f sc ien tific  debates.

D uring th e  p a s t  decades considerab le  e ffo rts  h av e  been devo ted  to develop 
fa s t  and relatively sim ple  in  vitro and  in  vivo methods w hich are  usefu l in  
screening  large n u m b e rs  of sam ples an d  a re  ab le  to  m o n ito r, explore or p re d ic t 
th e  n u tr itiv e  v a lu e  o f  d ie ta ry  p ro te in s . T he m eth o d s for assessing available 
q u a n titie s  of e ssen tia l am ino acids a re  th e  m o st p rom ising  from  th is  re sp ec t.

D eterm ination o f  available quantities o f  essential am ino  acids

The n u tr it iv e  v a lu e  of p ro te in s  m a y  be  e s tim a ted  by  th e  to ta l  am ino  
ac id  co n ten t d e te rm in e d  by  chem ical or m icrobio logical m ethods. H ow ever, 
in  th e  case of h ea t-p ro cessed  p ro te in s  th e  n u tr i t iv e  v alue  of p ro te in s m ay  be  
m u ch  lower th a n  t h a t  expected  from  th e  to ta l  am ino  acid co n ten t. T his in d i
c a te s  th a t  th e  to ta l  q u a n tity  of am ino  acids is n o t fu lly  “ av a ilab le”  fo r th e  
an im al for m e tab o lic  purposes.

A vailab ility  is an  a b s tra c t co n cep t. T he av a ilab le  am ino acid c o n te n t o f 
th e  d ie ta ry  p ro te in  m ain ly  depends on th e  q u a n t i ty  o f am ino acids abso rbed  
in  th e  course o f d ig estio n . The a b so rp tio n  is a p re req u is ite  for, b u t  n o t p ro o f 
of, ava ilab ility . T h e  abso rp tio n  ra te  o f am ino  acids m ay  be affec ted  b y  th e  
com position  of th e  d ie t  (fibre, ta n n in s  e tc .), an d  physio logical ch a rac te ris tic s  
o f  th e  anim al (e.g. th e  passage ra te  o f  n u tr ie n ts  in  th e  lum en  of th e  d igestive  
t r a c t) .  Only ab so rb ed  (digested) am ino  acids m ay  be availab le , how ever ce rta in  
am ino  acid d e r iv a tiv e s  are excre ted  v ia  th e  u rin e  w ith o u t being u tilized  fo r 
p ro te in  syn thesis (e .g . fructosy l-lysine).

The am ino ac id  q u a n tity  w hich  serves fo r m eeting  th e  energy re q u ire 
m e n ts  of th e  a n im a l is m ostly  lo st fo r p ro te in  sy n thesis . T herefore  only  t h a t  
q u a n ti ty  of am in o  acids m ay be reg a rd ed  as av a ilab le  w hich tak es  p a r t  in  
p ro te in  anabolism . T h is q u a n tity  c a n n o t be m easu red  d irec tly  b u t  i t  can  be 
estim a ted  by  m a n y  d ifferen t m ethods.

From  a p ra c tic a l p o in t of v iew , th e  true digestible am ino acid content 
determined by fa eca l method is o ften  considered  to  be analogous w ith  th e  a v a il
ab le  am ino acid c o n te n t. S ignificant d ifference b e tw een  d igestib le an d  av a ilab le  
am ino  acid c o n te n t m a in ly  occurs w hen  h ea t-p ro cessed  p ro te in  is used for feed ing .

In  feeding p ra c tic e , in fo rm atio n  on th e  ava ilab le  q u an titie s  of lysine, 
methionine  (m e th io n in e  -f- cystine), tryp tophan  an d  threonine is o f g rea t im p o r
ta n c e  as usually  th e se  four am ino acids occur in  th e  low est p ro p o rtio n  in  in 
d u s tr ia l feed m ix tu re s , as com pared  to  th e  req u irem en ts  of anim als.

For e s tim a tin g  availab le am ino  acid  c o n te n t o f feeds ideally  an im al 
assays should be a p p lied . H ow ever, in  vitro  m e th o d s hav in g  a close co rre la tio n  
w ith  values of a n im a l experim ents m a y  also be ap p ro p ria te .
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Chemical methods

Chem ical m e th o d s  w hich are  w id e ly  used a t  p re sen t w ere developed  o n ly  
fo r m easuring  av a ilab le  lysine an d  m eth io n in e .

L ysin e  h av in g  free and th u s  re a c tiv e  epsilon am ino  group is considered  
to  be availab le  to  th e  anim al. S evera l assays have  been  developed to  m easu re  
re ac tiv e  and  u n reac tiv e  lysine in  p ro te in s . These depend  on th e  reac tio n  o f 
chem ically  accessible epsilon am in o  groups w ith  l-fluoro-2,4-dinitrobenzene  
(F D N B ; C arpen ter, 1960); 2,4,6-trinitrobenzene-sulfonic acid (T N B S; K a k a d e  
an d  L iener, 1969); O-methyl-isourea  (O M I; M auron , 1966); conjugated v in y l  
com pounds, such as methyl acrylate (M A), m ethyl-vinyl-sulfone (MVS), ethyl- 
vinyl-su lfone  (EV S), phenyl-v inyl-su lfone  (PV S; F ried m an  and  F in ley , 1975); 
S-ethyl-trifluoro-thioacetate  (R am irez e t  ah , 1975); acid dyes (H u rre l e t al., 1979) 
and n in hydrin  (F ried m an  and W illiam s, 1972). T hese m ethods h av e  b een  
ex ten siv e ly  review ed recen tly  b y  F r ie d m a n  (1982).

M ethionine  a n d  methionine su lfox ide  are eq u a lly  availab le  to  r a t  an d  
ch icken , b u t th e  m ore  oxidized m eth ion ine sulfone w as show n to  he co m p le te ly  
u n av a ilab le . A n e a rly  colorim etric m e th o d  for d iffe ren tia tin g  betw een  m e th io 
n ine  an d  its  ox idized form s was dev e lo p ed  by  M cC arthy  an d  S ullivan  (1941). 
A m ore  recen t m e th o d  (L ip ton  a n d  B odw ell, 1977) depends on th e  red u c in g  
effect o f  unoxid ized  m eth ionine on d im ethyl sulfoxide  co n v ertin g  i t  to  dim ethyl 
su lfide . T he la tte r  c an  be m easured b y  GLC techn iques. U noxid ized  m eth io n in e  
c o n te n t of an  in ta c t  p ro te in  is ab le  to  reac t w ith  C N B r  to  fo rm  m ethyl th io
cyanate  (MeSCN), w h ich  can be m easu red  b y  gas ch ro m a to g rap h y  (S m ith , 
1972; D évényi e t a l., 1974; V árad i e t  a l., 1976).

A n au to m a te d  co lorim etric m e th o d  for d e te rm in a tio n  of unoxid ized  
m ethionine  using iodoplatinate  re a g e n t w as described b y  N ja a  (1980). M eth io 
n ine  sulfoxide does n o t  reac t u n d e r  th e  chosen cond itions. T he m eth o d  m a y  
be  u sed  to  d istin g u ish  betw een u n o x id ized  and  to ta l  m e th ion ine  w ith o u t a n d  
w ith  prev ious re d u c tio n  of th e  sa m p le  w ith  t i ta n iu m  trich lo rid e . M eth ion ine  
su lfox ide  is th e n  o b ta in e d  by  th e  d ifference.

T he b io av a ilab ility  of L-cystine  depends on th e  degree of its  o x id a tio n . 
D e te rm in ed  b y  ch ick en  bioassay (C raw fo rd  e t ah , 1984) cystine m onoxide and  
sym m etrical cystine d isulfoxide  w ere sh o w n  to  be n ea rly  as availab le  as L -cy stin e . 
H ow ever, unsym m etrical cystine d io x id e  was found  to  be only  ab o u t h a lf  as 
av a ilab le  as L -cystine. L-cystine su lfona te  (cystein  sulfonic acid  or cysteic  acid) 
w as com plete ly  u n av a ilab le  for th e  g ro w th  of chicks.

F o r  m easuring  available cy s te in e  in processed feeds (e.g. fe a th e r  m eal) 
dithiothreitol (D T T ; C lelands reagen t) w as used to  co n v e rt all cystine  to  cy ste in e  
an d  th e  q u a n tity  o f cyste ine  was m e a su re d  by  a co lo rim etric  m ethod  (P ien jazek  
e t ah , 1975). C ysteic acid does n o t  y ie ld  colour u n d e r th e  cond itions u sed , 
th e re fo re  only th e  av a ilab le  cyste ine  is  m easured.
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In  an im al g ro w th  assays to  d e te rm in e  b ioavailab le  cy stin e  chicks are 
p re fe rred , as rats a n d  p ig s  have  a v e ry  low  specific re q u irem en t for cystine 
(E g g u m  and  P ed e rsen , 1983).

D ye-b inding  procedures

Azo dyes re a c t  w ith  th e  free epsilon -am ino  groups o f  ly sine , h istid ine  
a n d  arg in ine, as well as w ith  th e  te rm in a l am ino  groups of th e  p ep tid e  chain . 
M easuring  dye-binding capacity  (DBC) o f  sam ples w ith  A cid  O range 12 before 
a n d  a f te r  tre a tm e n t w ith  propionic ac id  a n h y d rid e  or acetic  acid  anhydride  
th e  reac tiv e  lysine (d y e-b ind ing  ly sin e , D B L ) co n ten t m ay  be d e te rm ined  
(H u rre ll e t al., 1979).

Chemical assays  a n d  dye-binding  p ro ced u re  d a ta  do n o t alw ays co rre la te  
w ith  biological e s tim a te s  of ava ilab le  ly sin e . H ow ever, th e se  assays m ay  be 
u se fu l in  q u a lity  c o n tro l, to  m ake co m p ariso n s am ong sam ples w ith in  in 
g red ien ts . D y e-b in d in g  capacities o f h e a t- tr e a te d  p ro te in s  m ay  also be used  
fo r m on ito rin g  e a r ly  M aillard  re ac tio n s  to g e th e r  w ith  th e  m easu rem en t o f 
so lub le  saccharides h a v in g  free oxo g ro u p s (M olnár-P eri an d  P in té r-S zak ács,
1986).

I n  vitro enzym atic methods

M easuring th e  c o n te n t of each  am in o  acid  before an d  a fte r  in  vitro 
en z y m a tic  hyd ro ly sis  o f  a p ro te in  offers th e  p o ssib ility  to  ev a lu a te  th e ir  
d ig es tib ility  and  a v a ila b ility . M ethods o f  th is  ty p e  m ay  be used  in  com bina
t io n  w ith  dialysis (S avo ie  and  G au th ie r, 1986) or u l tra f il tra tio n  (F lo rid i an d  
F id a n z a , 1975). I n  vitro  enzym atic  m e th o d s  h av e  been rev iew ed  com prehen 
s iv e ly  b y  several a u th o rs  (M auron, 1970; S ta h m a n n  an d  W oldegiorgis, 1975; 
H egedűs e t al., 1981).

Microbiological methods

Streptococcus zym ogenes (F o rd , 1962) an d  Tetrahym ena p yr ifo rm is  W  
(S horrock , 1976) w ere in tro d u c e d  as te s t  o rgan ism s fo r m easu ring  th e  availab le  
q u a n tit ie s  of e ssen tia l am ino acids. G ro w th  o f th e  te s t  m icroorganism s in  
a p p ro p ria te  n u tr i t iv e  m ed ia  is lim ited  b y  th e  availab le  q u a n ti ty  of th e  am ino 
ac id  to  be d e te rm in ed . T h e  p rincip le  o f  th e  m e th o d  is s im ila r to  th a t  of th e  
a ssay s based  on an im a l grow th.

T he ab so lu te  v a lu e s  of m icrobio logical assays are  affec ted  b y  several 
v a ria b le s , and  th e re fo re  th e y  can  serve  p r im a rily  fo r ra n k in g  p ro te in s , or for 
q u a li ty  con tro l o f d iffe re n t ba tches o f  feed  in g red ien ts.
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T h e  accu ra te  m easu rem en t o f p ro to z o a n  g row th  is co m plica ted  (H egedűs,
1973), th erefo re  b a c te r ia l assays m a y  be p referab le.

M onogastric  an im als m ay u tiliz e  p ep tid es  as sources of am ino acids b e t te r  
th a n  do m icrobes.

A n im a l growth assays

T h e g row th  o f experim en ta l a n im a ls  (ra ts , chicks) is p ro p o rtio n a l to  th e  
av a ilab le  q u a n tity  o f  th e  lim iting  e sse n tia l am ino acid o f th e  p ro te in  te s te d . 
T he b a sa l d iet, w h ich  can  be of s y n th e tic , sem isy n th e tic  or n a tu ra l  o rig in  m u st 
be  d e fic ien t in  th e  am ino  acid to  b e  assayed .

T o o b ta in  a s ta n d a rd  dose-response  re la tio n sh ip , th e  b asa l d ie t is su p p le 
m e n te d  w ith  g rad ed  am ounts of th e  la ck in g  am ino acid. I f  a p ro te in  is m ixed  
w ith  th e  basal d ie t th e  grow th re sp o n se  of th e  an im al, co m p ared  to  th e  s ta n d 
a rd , in d ica tes  th e  availab le  q u a n t i ty  o f th e  lim itin g  am ino acid . T h is v a lu e  
ex p ressed  in  p e rcen tag e  of the  to ta l  c o n te n t  o f th e  sam e am ino acid  d e te rm in ed  
b y  chem ical an a lysis  yields th e  f ig u re  o f ava ilab ility .

As th e  g ro w th  o f th e  an im al d e p e n d s  also on th e  p ro te in  level in  th e  d ie t, 
isonitrogenous levels m u st be used  o r  th e  values are to  be e x tra p o la te d  to  zero 
p ro te in  level using  g raded  am o u n ts  o f  te s t  p ro te ins.

T hese m eth o d s are  based on th e  p rinc ip le  of th e  d e te rm in a tio n  o f  essen tia l 
g ro w th  factors (e.g. assessm ent o f В  v ita m in s  b y  m icrobiological assays), th e r e 
fore  a re  only app licab le  to  e v a lu a te  av a ilab ility  of am ino  acids w h ich  are  
e ssen tia l.

V arious m e th o d s based on th e  g ro w th  o f young  an im als ( ra t, ch ick , pig) 
h av e  b een  developed  for the  e v a lu a tio n  o f av a ilab ility  o f lysine an d  m e th io n in e  
(e.g. C alhoun e t ah , 1960; de M uelenaere  e t ah , 1967; H ill e t ah , 1966; C a rp e n te r  
e t a h , 1963; O p s tv e d t and  M undheim , 1977; Combs e t ah , 1968; G u ttr id g e  et 
ah , 1961; Miller e t ah , 1965; Sasse a n d  B ak er, 1973; A bbey  e t ah, 1980; D o nnelly  
an d  R a ttr a y , 1983).

C oncepts, c r ite r ia  used for e v a lu a tio n , an d  tech n iq u es o f m e th o d s h av e  
b een  com prehensively  review ed b y  severa l au th o rs  (e.g. G u ttr id g e , 1962; 
E rb e rsd o b le r, 1976; P e lle tt and  Y o u n g , 1980; S ibbald , 1987).

T h e  p re fe rred  in d ep en d en t v a r ia b le  in  an im al g row th  assay  is am ino  
acid in take, w hereas body weight g a in  is m ost com m only  used  as response  
c rite rio n .

M ethods fo r  determ ination o f in  vivo  d igestib ility  o f  am ino acids

I n  vivo d ig e s tib ility  (a p p a re n t o r  tru e )  o f th e  in d iv id u a l am ino  ac ids can  
be m easu red  b y  in d ire c t balance m e th o d s . T he faecal analysis method dev e lo p ed  
o rig in a lly  b y  K u ik e n  and  L ym an  (1948) m easures th e  difference b e tw een  th e
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a m o u n t of each of th e  a m in o  acids consum ed  a n d  ex cre ted  in  th e  faeces. These 
a p p a re n t d igestib ility  v a lu e s  m ay  be co rrec ted  w ith  th e  endogenous excre tion  
o f am ino  acids, u su a lly  de te rm ined  b y  an a ly s in g  th e  am ino acid levels in  
faeces o f fasting  an im als  o r fed p ro te in -free  d ie t, to  o b ta in  tru e  d igestib ility  
va lues.

T he lim ita tio n  o f  th e  faecal d ig es tib ility  m eth o d  is th a t  endogenous 
am ino  acid losses are  d ep e n d e n t on m an y  fa c to rs  (in tak e  of d ry  m a tte r  and  
p ro te in , level of c ru d e  f ib re , possible p resence  o f a n tin u tr itiv e  fac to rs e tc .). 
M oreover th e  am ino ac id  com position o f  th e  faeces is largely  unaffec ted  b y  
th e  am ino  acid p a t te rn  o f  th e  p ro te in  co nsum ed  (B ergner e t al., 1980). T he 
reaso n  for th is  is th e  in tense ferm entation  t h a t  occurs in  th e  large in tes tin e  of 
ra ts  an d  pigs. T hus a p p ro x im a te ly  60 to  70 p e r  cen t o f th e  to ta l  n itrogen  of 
th e  faeces is of b a c te r ia l  origin.

T he ileal d ig estib ility  of am ino acids can  be m easu red  w ith  surg ically  
m od ified  anim als in  w h ich  th e  in tak e  an d  th e  am o u n t of each am ino acid 
passin g  th ro u g h  th e  d is ta l  p a r t  of th e  ileum  is de te rm in ed . T he ad v an tag e  of 
th is  m eth o d  is th a t  th e  confusing effect o f  m icro flo ra  in  th e  large in tes tin e  
can  be  avoided (Z ebrow ska , 1973; V arn ish  a n d  C arpen ter, 1971).

T he digestible a m in o  acid content of th e  m ain  ing red ien ts o f feeds of farm  
an im a ls  has ex ten siv e ly  been  stud ied  (e.g. H e rm an n , 1970) and  u tilized  for 
d ie t fo rm u la tio n  (W ü n sch e  e t al., 1977).

A dvan tages an d  lim ita tio n s  of m ethods a n d  th e  fac to rs  in fluencing  am ino 
ac id  d igestib ilities h a v e  been  discussed b y  severa l au th o rs  (E ggum , 1977; 
E g g u m  and  Jaco b sen , 1976; Z ebrow ska, 1978; S auer and  O zim ek, 1986; 
T an k s ley  and  K n ab e , 1984).

T he tru e  d ig e s tib ility  of am ino acids is considered  to  be synonym ous 
w ith  b io av a ilab ility  (S ib b a ld , 1987).

N ylo n  bag assays

D igestib ility  of p ro te in s  can be m easu red  d irec tly  b y  p u ttin g  feed sam ples 
in  perm eab le  ny lon  b ag s  a n d  placing th e m  in  th e  lum en  of th e  duodenum  v ia  
a ca n n u la  (P e try  a n d  H an d lo s , 1978; S au er e t  a l., 1983). T he sm all sam ple 
size a n d  independence fro m  correction  fo r endogenous n itro g en  has recen tly  
focused  a tte n tio n  to  th e se  techn iques (e.g. T a v e rn e r  an d  C am pbell, 1985).

Possible trends in  the fu tu r e

T he m ain p u rp o se  o f  p ro te in  ev a lu a tio n  is to  reveal p ro te in  dam ages in  
feedstu ffs  or to  fo rm u la te  p rac tica l diets w hich  are  ad eq u a te  to  m eet th e  am ino 
acid  req u irem en ts  o f an im a ls . The ex p an d in g  know ledge on availab le  am ino
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acid  c o n te n t o f feed  ingred ien ts w ill lead  to  b e tte r  e s tim a tes  of q u a lity  of 
feedstu ffs  for th e  feed in d u s try . H ow ever, a change from  to ta l  to  av a ilab le  
am ino  acids in  p rac tica l d ie t fo rm u la tio n  needs a d d itio n a l efforts to  co llect 
re liab le  an d  co n sis ten t d a ta . D evelop ing  and  te s tin g  fa s t and  inexpensive  in  
vitro  tech n iq u es to  p red ic t in  vivo  am ino acid  a v a ila b ility  of feedstu ffs fo r 
d iffe ren t an im al species are ex p ec ted  to  con tinue  also in  th e  n ear fu tu re .
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CHEMICAL COMPOSITION AND VITAMIN В CONTENT 
OF ABATTOIR BY-PRODUCT MEALS

M. H e g e d ű s , J .  B o k o r i , G y . T ö l g y e s i  and E m e s e  A n d r á s o f s z k y

D e p artm en t o f A n im al N u tr itio n , U n iv ersity  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 a ry  

(R eceived  Ju n e  2, 1988)

C hem ical co m position  of m ea t-an d -b o n e  m eals (n  =  22), p o u ltry  b y -p ro d u c t 
m eals (n  =  12), b lood  m eals (n  =  6), bone m eals (n  =  4) a n d  fe a th e r  m eals (n  =  8) 
in d ica ted  a sligh t degree of o v erd ry in g . Crude fa t  an d  ash  c o n te n ts  w ere w ith in  th e  
accep tab le  lim its . M ineral e lem en ts  o f bones w ere d e te rm in a tiv e  in  th e  e lem en t p a t te rn  
o f m ea t-an d -b o n e  m eals as in d ic a te d  b y  th e  sign ifican t co rre la tio n s be tw een  Ca, P  
an d  Mg.

Crude p ro te in  w as in  n e g a tiv e  regression  and co rre la tio n  w ith  crude  ash  c o n te n t 
(r  =  —0.81; P  <  0.001). T h is w as m ore p ronounced  w hen  th e  d a ta  w ere expressed  in  
fa tless d ry  m a tte r  ( r  =  —0.94; P  <  0.001). C rude p ro te in  also show ed sig n ifican t 
n eg ative  co rre la tions w ith  Ca, P  a n d  Mg co n ten ts, offering th e  poss ib ility  to  p re d ic t  
th e ir  levels from  n itro g en  co n te n t.

M eat-and-bone  m eals a n d  p o u ltry  b y -p ro d u c t m eals w ere re la tiv e ly  rich  sources 
of riboflav in , n iac in , p a n to th e n ic  acid  an d  b io tin , w hereas th e ir  p y rid o x in e  an d  th ia m in e  
con ten ts were low.

B lood m eals, bone  m eals a n d  fe a th e r  m eals w ere fo und  to  be  negligible v ita m in  В 
sources. V itam in  В a n d  cru d e  p ro te in  c o n ten t of a b a tto ir  b y -p ro d u c t m eals show ed 
u n certa in  corre lations.

K eyw ords: C hem ical com position , a b a tto ir  b y -p ro d u c t m eals, m ea t-an d -b o n e  
m eal, p o u ltry  b y -p ro d u c t m eal, b lood m eal, fe a th e r  m eal, v ita m in s  B , m ineral e lem en ts .

A b a tto ir  b y -p ro d u c t m eals (m eat-and -bone  m eal, ta n k a g e , p o u ltry  b y 
p ro d u c t m eal, bone m eal, b lood  m eal, fe a th e r  m eal) are  w idely  used as in g re 
d ien ts  in  m ixed feeds a lth o u g h  th e ir  n u tr itiv e  value show s sign ifican t v a r ia 
tio n s. T he g rea t v a rian ce  in  th e  chem ical com position  an d  g ro w th  p ro m o tin g  
a b ility  of such p ro d u c ts  is a t t r ib u te d  to  th e  differences in  th e  n a tu re  of th e  
raw  m ateria ls  (con fisca ted  o rgans, b lood, fea th e r, p o u ltry  legs an d  heads, g u ts , 
bones etc.) an d  to  th e  co n d itions used  in  th e ir  processing (A tk in so n  an d  C ar
p e n te r , 1970a an d  b; E g gum , 1970; K ondos and  M cC lym ont, 1972; S k u rray , 
1973; M cN aughton  e t a l., 1976).

S tan d a rd iza tio n  o f th e  n u tr i t iv e  value of a b a tto ir  b y -p ro d u c t m eals is 
d ifficu lt, because th e ir  raw  m ate ria ls  v a ry  in  p ro te in  an d  ash  co n ten t an d  th e  
q u a lity  of soft and  h a rd  offals used  is also d ifferen t. O n th e  o th e r h an d , th e  
p ro d u c tio n  and  use o f th e se  p ro d u c ts  in  an im al feeds affo rd  possib ility  fo r th e  
o p tim a l recycling  o f s la u g h te r  losses, w hich explains th e  fre q u e n t discussions 
on th e  n u tr itiv e  v alue  o f b y -p ro d u c t m eals (e.g. S a the  e t ah , 1964; M oran an d  
S um m ers, 1968; B rü g g em an n  e t ah , 1969 or, m ore recen tly , F r itz p a tr ic k  a n d

2 Acta Veterinaria Hungarica 37, 1989 
Akadém iai Kiadó, Budapest
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B ay ley , 1977; F e rra n d o  an d  H en ry , 1977; S k u rray , 1982; H egedűs e t al., 1983; 
S te in e r e t al., 1983).

To collect d a ta  on  th e  com position  an d  n u tr i t iv e  v a lu e  of a b a tto ir  b y 
p ro d u c t m eals, a com plex  s tu d y  w as su p p o rte d  b y  th e  M in is try  of A gricu ltu re  
a n d  F ood  in  H u n g a ry . I n  th is  p ap er, th e  chem ical co m position  (crude p ro te in , 
fa t ,  ash , fib re , m inerals) an d  th e  c o n te n t o f ce rta in  В v ita m in s  (th iam ine , rib o 
f la v in , n iacin , p a n th o th e n ic  acid, b io tin , pyridox ine) are  d iscussed.

Materials and methods

O rigin o f  samples

T he sam ples o f  a b a tto ir  b y -p ro d u c t m eals w ere ta k e n  from  b a tch es 
p ro d u ced  on in d u s tr ia l scale in  9 d iffe re n t d ry  ren d erin g  p la n ts . The raw  b y 
p ro d u c ts  ob ta in ed  fro m  slau g h te rh o u ses  w ere h e a t t r e a te d  (130 °C, 30 m in), 
w h ich  w'as followed b y  th e  red u c tio n  o f  m o istu re  b y  d ry in g  (100 °C, 4 hours) 
a n d  low ering th e  f a t  c o n te n t by  p ressin g  (Szél an d  G ál, 1980).

R aw  m ateria ls  o f  meat-and-bone m eals consisted  o f  so ft offals of v a ry in g  
com position  (co n fisca ted  organs, b lood , ru m en  an d  g u t w ith  th e ir  co n ten ts, 
b y -p ro d u c ts  of fa t  ren d e rin g , ined ib le  p a r ts  o f sw ine an d  c a ttle ) , ap p ro x im ate ly  
60 %  (w/w), an d  of h a rd  offals (bones, hooves, h a ir, fe a th e r) , 40%  (w/w).

P oultry by-product meals consisted  o f all s lau g h te r offals includ ing  also 
fe a th e r  and  in te s tin a l co n ten t. T h e  a p p ro x im a te  ra tio s  o f ing red ien ts were: 
10%  w/w h a tch in g  resid u es, 50%  w /w  g u ts , heads an d  sh an k s , an d  40%  w/w 
fea th e rs . The m eals w ere p ro d u ced  in  4 d iffe ren t d ry  ren d e rin g  p lan ts  according 
to  D e V ita ’s te ch n o lo g y  (D e V ita , 1977).

Bone meals w ere p roduced  from  in d u s tr ia l  raw  bones. Blood meals were 
p ro d u ced  from  s lau g h te rh o u se  flow -off b lood  in  b a tc h  ren d erin g  cookers. The 
ra w  m a te ria l o f fe a th e r  m eals consisted  o f  w et fea th e rs  o b ta in e d  from  p o u ltry  
slaugh te rhouses. T he processing  of fe a th e rs  w as carried  o u t w ith o u t a chem ical 
tr e a tm e n t,  only  s te a m  p ressu re  (hea ting ) w as used.

T he com m ercially  availab le  sam ples w ere ta k e n  from  th e  rendering  p lan ts  
a f te r  th e ir  m icrobiological contro l.

M ethods

Crude p ro te in , c ru d e  fa t  (e th e r e x tra c t) , ash a n d  c rude  fib re  co n ten ts  
w ere de term ined  acco rd ing  to  th e  H u n g a ria n  S ta n d a rd  MSZ 6830. M ineral 
levels including  su lp h u r w ere analysed  p a r t ly  b y  co lo rim e try  or tu rb id im e try , 
p a r t ly  b y  atom ic a b so rp tio n  sp ec tro p h o to m e try  using  a P e rk in -E lm er ty p e  
5000 a p p a ra tu s , as described  b y  T ölgyesi (1970).
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V itam in  В  c o n ten ts  (th iam ine , r ib o flav in , n iac in , b io tin , p a n to th en ic  
acid , py rid o x in e) w ere d e te rm in ed  b y  m icrobio logical assay  w ith  th e  follow ing 
te s t  o rgan ism s: Lactobacillus ferm en ti ATCC 9338 (th iam in e); L . casei ATCC 
7469 (rib o flav in ); L . pa lan ta ru m  ATCC 8014 (n iac in , b io tin  an d  p an to th en ic  
acid ); Saccharomyces carlsbergensis ATCC 9080 (py ridox ine). D ifco A ssay M edia 
an d  M erck v ita m in  s ta n d a rd s  w ere used. A ssay  p rocedures are described in  
D ifco S u p p le m e n ta ry  L ite ra tu re  (1968).

Results and discussion

Chemical com position

In  th e  H u n g a ria n  S ta n d a rd  for an im al p ro te in  m eals (MSZ 21340-86) 
fo u r Sortiments o f m ea t-an d -b o n e  m eals a re  reco m m en d ed  according to  th e ir  
p ro te in  levels (T able  I) . P o u ltry  b y -p ro d u c t m eals, b lood  m eals, bone m eals 
a n d  fea th e r m eals a re  considered  to  h av e  a re la tiv e ly  c o n s ta n t raw  m a te ria l 
com position , th e re fo re  less d iffe ren tia tio n  w as n ecessary  w ith in  th e  sam e ty p e  
o f m eals.

Table I

R ecom m ended  chem ical com position of a b a tto ir  b y -p ro d u ct meals*

M oisture 
(% . w/w) 

m ax.

Crude 
protein 
(% , w/w) 

min.

Crude
fat

(% . w/w) 
max.

Crude
ash

(% , w/w) 
m ax.

Calcium 
(% . w/w) 

m in.

Phosphorus 
(% , w/w) 

min.

In  vitro 
pepsin 

digestibility 
of crude 

protein 
(% , m in.)

M eat-and-bone m eal, 
Sortim ent 1 10 62 15 22 80

M eat-and-bone m eal, 
Sortim ent 2 10 58 15 28 80

M eat-and-bone m eal, 
Sortim ent 3 10 54 15 28 80

M eat-and-bone m eal, 
Sortim ent 4 10 50 15 30 80

P o u ltry  b y -p ro d u ct 
m eal, Sortim ent 1 10 55 10 13 80

P o u ltry  b y -p ro d u ct 
m eai, Sortim ent 2 10 70 7 11 73

B lood meal,
conventionally  d ried 10 82 2 6 _ _ 80

B lood m eal, sp ray  
dried 10 86 2 6 90

B one m eal, from  
deprotein ized  bone 10 5 3 _ 30 14 _

B one m eal, from  raw  
bone 10 20 12 18 9 80

F e a th e r  m eal, 
Sortim ent 1 10 75 6 80

F e a th e r  m eal, 
Sortim ent 2 10 75 8 — — - 70

* =  S ta n d a rd  for feeding stu ffs of anim al orig in , MSZ 21340 86, H u ngary
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Table U

P ro x im ate  analysis o f a b a tto ir  b y -p ro d u c t m eal sam ples

Dry m a tte r 
(g/100 g)

Crude pro te in  
(g/100 g)

Crude fat 
(g/100 g)

Crude ash 
(g/100 g)

Crude fibre 
(g/100 g)

M eat-and-bone  m ealsa 
(n  =  22) 9 4 .4 + 2 .8 5 4 .9 + 4 .0 11.3 ± 3 .2 1 8 .2 + 4 .6 1 .5 + 0 .6

P o u ltry  b y -p ro d u c t m ealsb 
(n  =  22) 94 .6 + 3 .1 6 5 .7 + 7 .2 8 .9 + 3 .4 9 .3 + 3 .7 1 .2 + 0 .4

B lood m eals0 (n  =  6) 9 4 .1 + 3 .7 7 1 .8 + 8 .2 3.7 +  1.1 4.0 +  1.2 0.0 +  0.0
B one m ealsd (n  =  4) 97 .6 + 4 .1 2 4 .6 + 4 .1 10 .3+ 3 .3 5 9 .3 + 4 .7 0 .0 + 0 .0
F e a th e r  m ea ls ' (n =  8) 95.1 +  2.8 8 1 .4 + 4 .5 3 .9 + 1 .7 3 .8 + 2 .2 0 .0 + 0 .0

a =  Sam ples w ere produced  in a  d ry  ren d erin g  p lan t. Cooking: 130 °C, 30 m in ; d ry ing: 
100 °C, 4 h . F a t  c o n te n t w as p a r tly  rem oved  b y  pressing . R aw  m ate ria ls  m ay  co n ta in  feathers 
a n d  g u t co n ten t;

b =  Sam ples w ere produced  from  all b y -p ro d u c ts  of p o u ltry  slaugh tering  in  a D E  V ITA  
d ry  rendering  p lan t. Cooking: 130 °C, 30 m in ; d ry in g : 100 °C, 4 h

0 =  B lood w as cooked (130 °C, 15 m in) a n d  dried  a t  100 °C for 6 h  in  a  d isin fector (a u to 
clave);

d =  Sam ples were produced  from  in d u s tr ia l raw  bones. Cooking: 130 °C, 30 m in ; dry ing 
a t  100 °C fo r 4 h;

c =  P o u ltry  fea th ers  were cooked (130 °C, 45 m in) and dried (100 °C, 5 h) in  an  au toc lave

T he an a ly sed  chem ical co m p o sitio n  (d ry  m a tte r , c rude  p ro te in , e th e r 
e x tra c t ,  c rude  ash , crude fib re  a n d  m in e ra l elem ents) of d iffe ren t com m ercial 
a b a t to ir  b y -p ro d u c t m eals is show n in  T ab le  I I . As co m p ared  to  th e  recom 
m en d ed  p a ra m e te rs , d ry  m a tte r  c o n te n ts  of all ty p es  o f m eals w ere h igher 
in d ic a tin g  a ce rta in  degree o f o v e rd ry in g . Excessive d ry in g  m ay  d im in ish  
d ig es tib ility  an d  n u tr itiv e  va lue . A s d ry in g  tim e proceeds, w a te r  ev ap o ra te s  
a n d  th e  decrease in  th e  la te n t  h e a t  o f  ev ap o ra tio n  allows th e  te m p e ra tu re  of 
th e  m eal to  increase  rap id ly  (S k u rra y , 1982). O verdry ing  to  a m o istu re  co n te n t 
o f less th a n  5 p e r cen t enhances th e  h y d ro p h o b ic  c h a ra c te r  o f th e  m eals and , 
as a consequence, th e ir  d ig es tib ility  becom es lower an d  p ro te in  d am ag e  m ay  
occur. T h e  c rude  fa t  (e th e r e x tra c t)  c o n te n t of sam ples w as w ith in  th e  ac c e p t
ab le  ran g e  in  all ty p es  of m eals. As m o is tu re  and  fa t  c o n te n t o f m eals can  be 
s ta n d a rd iz e d  b y  processing (d ry ing , f a t  e x trac tio n ), th e  m o istu re  an d  f a t  levels 
re f le c t th e  preciseness of th e  tech n o lo g y . O n th e  o th e r h a n d , p ro te in  an d  ash 
c o n te n t o f th e  m eals is th e  consequence  o f th e  com position  of raw  m a te ria ls .

T he crude pro tein  co n ten t o f m eat-an d -b o n e  m eal sam ples (av erag e  =  
=  54.9 +  4.0 g/100 g; n  =  22) w as w ith in  th e  range o f recom m ended  values. 
T h is applies also to  th e  p o u ltry  b y -p ro d u c t m eals (average =  65.7 +  7.2 g/100 
g). A t th e  sam e tim e , how ever, th e  av e rag e  crude p ro te in  level of b lood  m eals 
w as low er (71.8 + 8 .2  g/100 g; n  =  6) th a n  th e  recom m ended  values.

Crude ash c o n te n t o f all th e  sam ples was low er th a n  th e  recom m ended  
m ax im u m  levels. T he p a tte rn  o f m in e ra l elem ents excluded  th e  presence  of 
a sh  fo rm ing  co n tam in a tio n . F o r  th e  m inera l elem ent com position  o f m eat-
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Table Ш

M ineral elem ent com position o f  a b a tto ir  by -product m eal sam ples

M eat-and-bone 
mealsa 

(n =  22)

P oultry  by 
product mealsb 

(n =  12)
Blood meals0 

(n =  6)
Bone mealsd

(n =  4)
F eather mealse 

(n =  8)

M acro
elem ents mole/kg cv (% ) mole/kg cv (% ) mole/kg cv (%) mole/kg cv (%) mole/kg cv (% )

к 0.13 40 0.08 33 0.13 20 0.03 10 0.03 10
N a 0.35 25 0.17 25 0.22 4 0.35 13 0.03 14
Ca 1.86 30 0.88 31 0.17 29 7.60 32 0.17 29
P 1.07 27 0.61 21 0.19 33 3.29 40 0.06 5
Mg 0.08 50 0.04 10 0.02 20 0.20 20 0.02 25
S 0.19 17 0.37 17 0.22 14 0.06 5 0.56 22

Micro
elem ents mmole/kg cv (% ) mmole/kg cv (% ) mm ole/kg cv (%) mmole/kg cv (% ) mmole/kg cv (%>

Al 4.63 39 1.63 27 3.08 45 1.04 29 9.12 40
F e 26.21 44 32.09 39 46.52 26 4.49 31 24.32 44
M n 0.49 44 0.58 47 0.18 50 0.11 33 0.47 12
Zn 1.76 17 2.81 27 0.56 51 1.94 6 2.69 29
в 0.18 50 0.28 33 1.02 36 0.09 10 0.18 5
Cu 0.38 38 0.11 43 0.06 25 0.13 13 0.16 1
Mo 0.004 25 0.003 33 0.003 33 0.001 100 0.002 50

cv  =  coefficient o f va ria tio n
F o r foo tno tes a, b , c, d  and e see T ab le  I I

a n d -b o n e  m eals (T able  I I I )  th e  e lem en t p a tte rn  of bone w as d e te rm in a tiv e . 
T h e  su lp h u r c o n te n t o f p o u ltry  b y -p ro d u c t m eals (0.37 m ole/kg; n  =  12) an d  
fe a th e r  m eals (0.56 m ole/kg; n  =  8) w as h igher th a n  th a t  o f m eat-an d -b o n e  
m eals (0.19 m ole/kg; n  =  22).

T h e  average  calcium  c o n te n t o f  m eat-and -bone  m eals w as 1.86 m ole/kg 
(n  =  22). W h en  h ig h  levels o f m ea t-an d -b o n e  m eals are  used  to  su p p lem en t 
p ro te in s  in  cereal d ie ts , th e  excess o f  d ie ta ry  calcium  m ay  depress th e  w eigh t 
g a in  in  grow ing ch icks (S athe e t a l., 1965). H ow ever, A tk in so n  an d  C arp en te r 
(1970a) rep o rted  t h a t  calcium  up  to  th e  level of 0.3 m ole/kg d id  n o t suppress 
th e  g ro w th  of ra ts . W hen  su p p le m e n ta tio n  is used as recom m ended  (m ax im um  
10 p e r  cen t m eat-an d -b o n e  m eal in  th e  feed), calcium  c o n te n t of m ea t-an d - 
b one  m eals does n o t re su lt in  ad v erse  perform ance.

C rude p ro te in  o f m ea t-an d -b o n e  m eals show ed a s ig n ifican t n eg a tiv e  
c o rre la tio n  w ith  cru d e  ash c o n te n t, w h ich  was m ore p ro n o u n ced  w hen th e  
d a ta  w ere ca lcu la ted  in  d ry  fatless m a tte r . This is i llu s tra te d  b y  th e  follow ing 
eq u a tio n s :

y x =  67.84—0.71x i; r  =  — 0.81, (P  <  0.001); S yx  =  2.47
y 2 =  75.95 — 0.92x 2; r  =  — 0.90, (P  <  0.001); Syx  =  2.20
y 3 =  93.51 — 1.25x3; r  =  — 0.94, (P  <  0.001); S yx  =  2.48

w here  у  =  cru d e  p ro te in ; x  =  c ru d e  ash ; 1 =  g/ЮО g sam p le ; 2 =  g/100 g
d ry  m a tte r ;  3 =  g/100 g fatless d ry  m a tte r .
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Table IV

V itam in  В co n ten t o f a b a tto ir  by -p ro d u ct m eals com pared w ith  th a t  o f som e raw  m ateria ls

M eat-and-bone m eals (n =  12)

T hiam ine
//m ole/kg

0.18

1-HC1
c v ( % )

17

R ib o fla ’ 
// m ole/kg

11.96

vin
c v (% )

47

N iac in
//m ole /kg

290.82

c v (% )

53

C a-pan tho t
//m ole/kg

9.02

:enate 
°V (%)

58

B io ti
//m ole /kg

1.23

n
e v ( % )

33

Pyridoxin«
//m ole/kg

4.86

!-HCl
° v ( % )

40
P o u ltry  by -p ro d u ct m eals (n =  12) 0.12 25 10.63 18 329.81 16 17.84 15 0.82 35 2.92 33
Blood m eals (u  =  12) 0.24 75 8.77 67 161.66 38 7.97 82 0.12 67 1.95 50
B one m eals (n  — 4) 0.12 25 0.80 66 60.93 21 1.89 44 0.08 50 0.97 50
F e a th e r m eals (n =  12) 0.12 25 3.99 33 106.42 46 5.25 60 0.12 50 0.97 50

P ork , lean  m ea t, raw* 73.11 29.65 1952.07 73.47 0.74 54.72
L iver, pig, raw * 28.28 168.81 3576.60 246.86 22.47 263.08
K idney , pig, raw* 33.89 101.86 1866.53 257.25 5.53 74.42
L ung, pig, raw* 11.21 30.37 1851.18 79.71 1.11 3.94
Blood, beef, raw* 0.27 6.46 27.05 0.38 1.47 3.50
Tendon, beef, raw* 4.54 > 0 .0 1 443.78 — 0.37 —

’ V alues calcu la ted  from  pub lica tion  o f H egedűs e t  al. (1984)
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The c o n s titu tin g  elem ents o f bones also show ed a n eg a tiv e  co rre la tion  
w ith  crude p ro te in , offering th e  p o ss ib ility  to  p red ic t Ca, P  a n d  Mg co n ten t 
from  crude p ro te in  values.

C rude p ro te in  — Ca: г =  — 0.82; (P  <  0.001)
C rude p ro te in  — P : r  =  — 0.81; (P  <  0.001)
Crude p ro te in  — Mg: г =  — 0.86; (P  <  0.001)

V ita m in  В  content

P rin c ip a lly , a b a tto ir  b y -p ro d u c t m eals are rich  in  p ro te in  a n d  m inerals, 
b u t  th e ir  co n tr ib u tio n  to  th e  v ita m in  В  supp ly  of fa rm  an im als  m a y  also be 
im p o r ta n t. H ow ever, p u b lished  d a ta  a re  re la tive ly  scarce an d  som etim es con
f lic tin g  (P ritc h a rd  an d  S m ith , 1957; N R C , 1969; Je ro ch , 1972; S chem er and  
D e R itte r , 1975; R oche, 1979).

T hiam ine , rib o flav in , n iac in , p a n to th e n ic  acid, b io tin  an d  py rid o x in e  
c o n ten ts  o f d iffe ren t a b a tto ir  b y -p ro d u c t m eals de te rm in ed  b y  m icrobiological 
assays are sum m arized  in  T ab le  IV . As w as to  be ex p ec ted , th e  th ia m in e  con
te n t  o f all m eals w as v e ry  low (0 .12-0 .24  jumole/kg) ow ing to  th e  h e a t sen s itiv ity  
o f  th iam in e . M eat-and-bone m eals a n d  p o u ltry  b y -p ro d u c t m eals w ere a richer 
source of rib o flav in , n iacin , p a n to th e n ic  acid , b io tin  an d  p y rid o x in e  th a n  blood 
m eals, bone m eals an d  fe a th e r  m eals.

T he v ita m in  В levels of d iffe ren t a b a tto ir  b y -p ro d u c t m eal sam ples were 
s ig n ifican tly  low er th a n  tho se  o f th e  sam e raw  m ateria ls  (m ea t, liv er, k idney , 
lu n g ). O n th e  o th e r h an d , te n d o n  a n d  b lood  were show n to  be  po o r v ita m in  В 
sources. T he low er v ita m in  В levels in  th e  b y -p ro d u c t m eal sam ples m a y  origi
n a te  from  th e  d ilu tin g  effect of low  q u a lity  raw  m ate ria ls  (connec tive  tissues, 
g u t co n ten t, k era tin o u s raw  m a te ria ls  etc .) as well as from  th e  h e a t-  and  
o x id a tiv e  d e te rio ra tio n  o f v itam in s  d u rin g  cooking and  d ry in g . T he possib ility  
o f  a lim ited  w a te r  e x tra c tio n  o f  th e se  w ater-so luble  v ita m in s  c a n n o t be 
excluded  e ither.

Table V

R ecom m ended* v ita m in  В levels in p o u ltry  a n d  p ig  feeds

Thiamine-
HC1

pimole/kg)
R iboflavin
(iimole/kg)

Niacin
(iUmolc/kg)

Ca-
panto thenate

panole/kg)
Biotin

(,umole/kg)
Pyridoxine-HCl 

(/miole/kg)

B roilers, s ta rtin g 8.89 21.25 406.17 41.97 0.61 34.05
B roilers, growing 8.89 15.94 324.94 25.18 0.61 24.32
Pig lets, s ta rtin g 8.89 15.94 203.08 41.97 1.02 29.18
Pigs, growing 7.41 13.28 162.47 31.48 0.61 24.32

* Values are calcu la ted  from  V itam in  C om pendium , Roche, B asel, 1976, p . 34.
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The p y rid o x in e  c o n te n t o f all a b a tto ir  b y -p ro d u c t m eal sam ples w as 
re la tiv e ly  low (0 .97-4 .86  m ole/kg). This m ay  be th e  consequence  of th e  low er 
h e a t  s ta b ility  of p y rid o x in e  (B okori and  H egedűs, 1976) th a n  th a t  of r ib o 
f la v in , niacin  an d  b io tin .

C om paring th e  v ita m in  В p o ten cy  of m ea t-an d -b o n e  m eals and  p o u ltry  
b y -p ro d u c t m eals w ith  th e  recom m ended  levels in  m ixed  feeds for p o u ltry  
a n d  pigs (Table У ), th e ir  c o n tr ib u tio n  to  m ee tin g  th e  req u irem en ts  of fa rm  
an im als  is s ig n ifican t. H ow ever, s ta n d a rd  d ev ia tio n s o f th e  average values 
w ere also high.

Blood m eals, b one  m eals an d  fea th e r m eals p ro v ed  to  be negligible 
sources of group В v ita m in s .

The rib o flav in  (r =  0.73; P  <  0.01), n iac in  (r =  0.73; P  <  0.01) an d  
v ita m in  B 6 (0.73; P  <  0.01) co n ten ts  of m eat-an d -b o n e  m eals show ed sign ifi
c a n t  positive co rre la tio n s w ith  th e  crude p ro te in  c o n te n t. N o corre la tion  w as 
fo u n d , how ever, b e tw een  v ita m in  В and  c rude  p ro te in  c o n te n ts  of p o u ltry  
b y -p ro d u c t m eals. T h e  co rre la tions offered no p o ssib ility  fo r p red ic tion  of 
v i ta m in  В levels fro m  ra w  p ro te in  co n ten t o f th e  sam ples.
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THE VALUE OF CRUDE PROTEIN CONTENT AND  
I N  V IT R O  PEPSIN DIGESTIBILITY OF ARATTOIR 

BY-PRODUCT MEALS IN THE PREDICTION OF THEIR  
AVAILABLE PROTEIN CONTENT

M. H e g e d ű s , J .  B o k o r i and E m e s e  A n d r á s o f s z k y

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

(R eceived Ju n e  2, 1988)

A m ino acid com position  of m ea t-an d -b o n e  m eals, p o u ltry  b y -p ro d u c t m eals, 
b lood  m eals, bone m eals an d  fe a th e r m eals show ed ch a ra c te ris tic  differences. M eat- 
an d -b o n e  m eals an d  b lood  m eals h a d  su rp lu s in  lysine, w hereas p o u ltry  b y -p ro d u c t 
m eals a n d  fe a th e r m eals w ere re la tiv e ly  r ich  in  cystine . B lood  m eals h ad  h ig h  lev e ls o f 
b ra n ch e d -ch a in  am ino acids as com pared  to  isoleucine.

I n  vitro pep sin  d ig es tib ility  o f m ea t-an d -b o n e  m eals (79.9 ±  17.7% ; n  =  24) a n d  
b lo o d  m eals (95.8 ±  4 .2 % ; n  =  11) w as fo u n d  to  be  h ig h er th a n  th a t  o f p o u ltry  b y 
p ro d u c t  m eals (65.3 ±  7 .7 % ; n  =  14) or fe a th e r  m eals (44.7 ±  9 .2% ; n  =  16). P ep sin  
d ig es tib ility  o f p o u ltry  b y -p ro d u c t m eals show ed a  s ig n ifican t n egative  co rre la tio n  w ith  
c ru d e  p ro te in  co n te n t ( r  =  —0.73; P  <  0.05; n  =  14). H ow ev er, in  vitro pep sin  d ig es t
ib il i ty  o f  p o u ltry  b y -p ro d u c t m eals as well as m ea t-an d -b o n e  m eals, blood m ea ls a n d  
fe a th e r  m eals, show ed in sig n ifican t co rre la tio n s w ith  N P U  indices as well as w ith  
av a ilab le  crude p ro te in  co n ten ts  of th e  m eals.

T h e  N P U  v a lu es o f  m ea t-an d -b o n e  m eals fo r r a ts  (29.9 ±  11.7; n  =  100) w ere 
low er th a n  those  of p o u ltry  b y -p ro d u c t m eals (52.1 ±  7.1 ; n  =  14). The N P U  v a lu e s  o f 
b lood  m eals (6.4 ±  5.6; n  =  11) an d  fe a th e r  m eals (23.5 ±  10.0; n  =  16), d e te rm in e d  
as sole sources o f p ro te in , w ere low  an d  th e y  d id  n o t e lic it w e ig h t gain in  ra ts .

T h e  availab le  c ru d e  p ro te in  c o n te n t o f  p o u ltry  b y -p ro d u c t m eals (34.3 g/100 g ±  
±  3.6; n  =  14) w as h ig h er th a n  t h a t  o f m ea t-an d -b o n e  m eals (17.0 g/100 g ±  7-3; 
n  =  100). T he av a ilab le  p ro te in  c o n te n t o f m ea t-an d -b o n e  m eals show ed a  m o d e ra te  
p o sitiv e  co rre la tio n  w ith  crude  p ro te in  c o n te n t (r =  0.39; P  <  0.05; n  =  100).

T he crude p ro te in  as well as in  vitro  pepsin  d ig es tib ility  values were in a d e q u a te  
fo r p re d ic tio n  of av a ilab le  p ro te in  c o n te n t o f  th e  m eals e v a lu a te d  in these  e x p erim en ts .

Keywords: M eat-and-bone  m eal, p o u ltry  b y -p ro d u c t m eal, blood m eal, fe a th e r  
m eal, p ro te in  q u a lity .

A b a tto ir  b y -p ro d u c t m eals are  p rim arily  used  as sources of p ro te in  in  
m ixed  feeds, th u s  m o st a t te n tio n  is p a id  to  th e ir  am ino  acid c o n te n t an d  
p ro te in  q u a lity .

I t  h as  genera lly  been  accep ted  th a t  th e  p ro te in  q u a lity  of a b a t to ir  
b y -p ro d u c t m eals can  be  ch a rac te rized  b y  d ig estib ility , am ino acid com posi
t io n  an d  av a ilab le  am ino  acid co n te n t o f th e  p ro te in , as well as b y  v a rio u s  
in  vivo  ind ices inc lud ing  ВУ (biological va lue), N P U  (n e t p ro te in  u tiliz a tio n ) , 
N P R  (n e t p ro te in  ra tio ) , e tc . (P e lle tt an d  Y oung, 1980; H egedűs e t a l., 1981). 
A b a tto ir  b y -p ro d u c t m eals can  be te s te d  as sole p ro te in  sources in  feed ing  
ex p erim en ts  (e.g. B u n y a n  an d  P rice, 1960; L ynch  e t al., 1970) or in  m ix tu re s
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(e.g . Ja c k so n , 1972; J o h r i  e t al., 1980; H egedűs e t  al., 1983a, b, c). T h e  ev a lu a 
t io n  o f  p ro te in  q u a lity  of b y -p ro d u c t m eals as sole p ro te in  sources is used  to  
c o n tro l d ifferen t b a tch es , w hereas th e ir  te s tin g  in  m ix tu res gives in fo rm atio n  
on  th e  su p p le m e n ta ry  p o ten cy  of p ro te in  m eals fo r cereal g ra in s or o th e r 
feed  in g red ien ts .

T he g re a t v a rian ce  in  th e  n u tr i t iv e  v alue  of a b a tto ir  b y -p ro d u c t 
m eals is w idely  re p o rte d  an d  is considered  as a  consequence o f  th e  d ifferences 
fo u n d  in  th e ir  chem ical com position  an d  p ro te in  qua lity .

T h e  p resen t w ork  w as perfo rm ed  to  s tu d y  th e  ty p ica l differences in  th e  
p ro te in  q u a lity  o f m eat-an d -b o n e  m eals, p o u ltry  b y -p ro d u c t m eals, b lood 
m eals a n d  fea th e r m eals, as well as to  f in d  co rre la tions am ong th e  p a ram e te rs  
g e n e ra lly  used as in d ica to rs  o f p ro te in  q u a li ty  in  order to  e v a lu a te  th e ir  
u sefu ln ess  to  p re d ic t av a ilab le  p ro te in  c o n te n t o f th e  m eals.

Materials and m ethods

O rig in  o f  samples

T h e sam ples o f a b a tto ir  b y -p ro d u c t m eals were ta k e n  from  b a tch es 
p ro d u c e d  on an  in d u s tr ia l scale in  9 d iffe ren t d ry  rendering  p la n ts . T he raw  
b y -p ro d u c ts  o b ta in ed  from  slaugh te rhouses w ere h e a t tre a te d  (130 °C, 30 m in), 
w h ich  w as follow ed b y  th e  red u c tio n  o f m o is tu re  b y  d ry ing  (100 °C, 4 h) and  
lo w erin g  th e  fa t  c o n te n t b y  pressing  (Szél a n d  Gál, 1980).

R aw  m ate ria ls  o f meat-and-bone meals consisted  of soft offals of v a ry in g  
co m p o sitio n  (con fisca ted  o rgans, b lood, ru m e n  an d  gu t o f sw ine an d  ca ttle ) 
a p p ro x im a te ly  60%  (w/w), an d  of b a rd  offals (bones, hooves, h a ir , fea th er) 
4 0 %  (w/w).

T h e  p o u ltry  by-product meals consisted  o f all s lau g h te r offals inc lud ing  
a lso  fe a th e r  and  in te s tin a l c o n ten t.T h e  a p p ro x im a te  ra tios o f in g red ien ts  w ere: 
10%  w /w  h a tch in g  residues, 50%  w/w g u ts , h ead s and  shanks, a n d  40%  w /w  
fe a th e rs . T he m eals w ere p ro d u ced  in  4 d iffe re n t d ry  rendering  p la n ts  accord ing  
to  th e  D e V ita  techno logy .

Bone meals w ere p roduced  from  in d u s tr ia l  raw  bones. B lood meals w ere 
p ro d u c e d  from  slau g h te rh o u se  flow -off b lood  in  b a tc h  ren d erin g  cookers. T he 
ra w  m a te ria l of fea ther meals consisted  o f w e t fea th ers  o b ta in ed  from  p o u ltry  
s lau g h te rh o u ses . T h e  processing of fea th e rs  w as carried  o u t w ith o u t chem ical 
t r e a tm e n t ,  only s team  p ressu re  (heating) w as used.

T h e  com m ercially  availab le  sam ples w ere ta k e n  from  th e  ren d erin g  p la n ts  
a f te r  th e ir  m icrobiological contro l.
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M ethods

C rude p ro te in  c o n te n t  and  in  vitro  pepsin  d ig e s tib ility  of p ro te in  m eals 
w ere dete rm in ed  acco rd in g  to  th e  H u n g a rian  s ta n d a rd  MSZ 6830*.

A m ino acid  an a ly ses  were perfo rm ed  b y  io n -ex ch an g e  colum n ch ro m a to 
g ra p h y  accord ing  to  th e  m eth o d  of M ason e t al. (1980), using a D u rru m  
D -500 ty p e  am ino ac id  analyser.

T he d e te rm in a tio n  o f n e t p ro te in  u tiliz a tio n  (N P U ) h y  r a t  experim en ts 
w as carried  o u t as d esc rib ed  in  a previous p a p e r (H eg ed ű s e t ah , 1983a). The 
S P F  r a t  s tra in  L A T I C FY  was used in  th e  ex p e rim e n ts . A vailable p ro te in  
c o n te n t of th e  sam ples w as ca lcu la ted  b y  m u ltip ly in g  th e  crude p ro te in  con
te n t  b y  N PU .

R esults and  discussion
A m in o  acid content

The am ino ac id  d a ta  p resen ted  in  T ab le  I  show' ch a rac te ris tic  differences 
am ong typ es o f b y -p ro d u c t m eals used to  su p p le m e n t feeds based  on cereal 
g rains. The b ro ad  ra n g e  o f co n cen tra tions of in d iv id u a l am ino acids in  th e

Table I

Low est and  h ig h est levels o f am ino acids found in  a b a tto ir  b y -p roduct m eals

M eat-and-bone
meals

(n = 5)

Poultry- 
by-product 

meals 
(n = 5)

Blood meals 
(n = 5)

Bone meals 
(2)

(n =  5)

Feather meals 
(n = 5)

A lanine (g/16 g N) 7.4 —8.4 5.3—6.0 7 .2 - 7 .3 8 .0—8.4 4 .0 —5.0
A rginine (g/16 g N) 5 .2 —6.8 6.7 —8.4 4 .6 —5.2 7.1 —7.4 6.1 —6.8
A spartic  acid (g/16 g N) 7 .3 —9.6 7 .0—7.8 8 .5 -1 0 .5 6 .8—7.0 6 .4—6.6
C ystine (g/16 g N) 0 .4 —1.1 2.6 —5.9 0.8 —0.9 0.1 —0.2 4 .4 —5.2
G lutam ic acid (g/16 g N) 1 0 .5 -1 2 .4 1 1 .1 -1 2 .8 9 .6 -1 0 .3 1 1 .0 -1 2 .5 1 0 .1 -1 1 .5
Glycine (g/16 g N) 8 .3 -1 6 .3 8 .0 -1 0 .4 5.3 —5.6 1 6 .7 -1 7 .6 8.6 —9.6
H istid ine  (g/16 g N) 1 .5 -4 .5 0 .8 -1 .2 4.0 —5.2 1 .0 -1 .2 0.5 —0.7
Isoleucine (g/16 g N) 1 .6 —3.4 4 .4—5.7 1.4—3.9 1 .9 -2 .1 4 .1—4.6
Leucine (g/16 g N) 5.4 —9.6 7.8—9.4 9 .1 -1 1 .5 4 .6—4.7 7 .5—7.7
L ysine (g/16 g N) 4 .8 —6.9 2.6—3.4 7.1 —7.4 4 .0—4.4 2.0—2.3
M ethionine (g/16 g N) 1 .1 -1 .5 0 .9 -1 .3 0 .9 - 1 .4 1 .0 -1 .2 0.6 —0.7
O rnith ine  (g/16 g N) 0 .0 - 0 .1 0.2—0.3 0 .0 - 0 .0 0 .0 -0 .0 0.2 —0.3
P henylalan ine (g/16 g N) 2 .6 —4.5 3.4—4.8 5.0 —5.1 2 .3—2.6 4.1 —4.3
Proline  (g/16 g N) 5.6 —9.4 8 .3 -1 1 .4 4.3 —4.4 9.1—9.9 9.0 —9.7
Serine (g/16 g N) 3.5 —4.9 9 .0 -1 3 .8 3.9 —4.6 3 .3—3.5 1 0 .1 -1 1 .0
T hreonine (g/16 g N ) 2 .7 —3.3 4.3—5.1 3 .4 —4.2 2 .4—2.5 4 .2—4.3
Valine (g/16 g N) 4 .3 —7.3 7 .5—9.2 6 .4 —8.8 3.2 —3.7 7.4—7.8

N H 3 (g/16 g N) 0 .9 - 1 .1 1 .4 -1 .5 1 .6 - 1 .7 О C
O 1 О 4
0 1.5—1.7

A m ino acid-protein  
(g/16 g N)i 7 6 .0 -7 8 .5 8 0 .4 -1 0 0 .0 7 7 .0 -7 8 .9

lOC"1оt-* 8 1 .0 -8 2 .0

1 =  P ro te in  ca lcu la ted  fro m  m easured am ino acids, exclud ing  try p to p h a n
2 =  Bone m eal is reg ard ed  as a source of m inerals in stead  o f am ino acids

* MSZ 6830 (1981): D e te rm in a tio n  of th e  n u tr it iv e  v a lu e  of feeds (in H un g arian ). 
H u n g a rian  S ta n d a rd , B u d a p e s t
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m ea ls  is associated w ith  th e  v a ria n c e  in  raw  m a te ria l com po sitio n  an d  d raw  
a t te n t io n  to  th e  u n c e r ta in ty  w hen  s ta n d a rd  figures are  used  fro m  feed com 
p o s itio n  tables.

Meat-and-bone meals and  blood meals h ad  surp lus in  ly sin e , w hich  is th e  
m a in  lim iting  essen tia l am ino acid  in  cereal g rains. On th e  o th e r  h a n d , poultry- 
by-product meals an d  fea ther meals w ere re la tiv e ly  poor in  ly sin e  b u t  rich  in  
c y s tin e . This is in  acco rd an ce  w ith  th e  find ings o f Jack so n  (1971) an d  o th e r 
a u th o r s  (e.g. B urgos e t  ah , 1974; B a k e r  e t al., 1981).

E ggum  (1970) p o in te d  o u t t h a t  in  sp ite  of a g rea t loss o f  cy stin e  p re 
s u m a b ly  due to  la n th io n in e  fo rm a tio n , feather meals are r ich  in  cystine , as 
w ell as in  th reon ine  a n d  arg in ine , b u t  th e y  are  defic ien t in  m e th io n in e , lysine, 
h is tid in e , and t ry p to p h a n . T he o rd e r of lim iting  am ino acids in  fe a th e r  m eals, 
as p rop o sed  by  W essels (1972), is m eth io n in e , lysine, h is tid in e  a n d  ty ro sin e . 
T h ese  resu lts were o b ta in e d  in  ch ickens in  n itro g en  re te n tio n  tr ia ls  com bined  
w ith  su p p lem en ta tio n  o f fe a th e r  m eal w ith  d iffe ren t in d iv id u a l am ino  acids.

Blood meals h a d  h igh  levels o f b ran ch ed -ch a in  am ino ac ids (leucine and  
v a lin e )  as com pared to  isoleucine. T h e  gross lysine co n ten t o f  b lood  m eals is 
re la t iv e ly  high, how ever th e  a v a ila b ility  of lysine m ay  be  low  due to  th e  
sev e re  h e a t processing freq u en tly  used .

T h e  im balance am ong  am ino  acids in  blood m eals re su lts  in  suppressed  
g ro w th  of anim als w h en  h igher levels of b lood  m eal are u sed  in  m ixed  feeds 
(F r i tz p a tr ic k  and  B ay ley , 1977). H ig h er am o u n ts  of b lood  am o n g  th e  raw  
m a te r ia ls  of m eat-an d -b o n e  m eals m ay  adverse ly  affect th e  p ro te in  q u a lity  of 
th e  m eals (H egedűs e t  a l., 1983a).

Collagen is th e  m ain  p ro te in  c o n s titu e n t o f bone meals. T h e  am ino  acid 
p a t t e r n  of bone m eals co rresponded  to  th a t  of collagen, w h ich  is d efic ien t in  
h is tid in e , th reon ine , iso leucine, v a lin e  an d  ty ro sin e  (S k u rray , 1982). As colla
g en  does no t co n ta in  cystine , th e  cy stin e  co n ten ts  of bone m eals w ere v e ry  
low . H ydro x y p ro lin e  occurs on ly  in  collagen, th u s  its  c o n c e n tra tio n  can  be 
re g a rd e d  as an  in d ic a to r  of th e  n u tr i t iv e  v alue  of m ea t-a n d -b o n e  m eals 
(H eg ed ű s  and B okori, 1983). T ry p to p h a n  co n ten t was no t m easu red .

P red ic tion  o f available pro tein  content

T he d igestib ility  o f  crude p ro te in , n e t p ro te in  u tiliz a tio n , a n d  availab le  
p ro te in  con ten t of d iffe ren t b y -p ro d u c t m eals are  sum m arized  in  T ab le  I I .

I n  vitro d igestib ility  o f p ro te in  m eals b y  pepsin  has b een  p roposed  as 
a n  in d ic a to r  of p ro te in  q u a lity . H ow ever, i t  has long been  recogn ized  th a t  
p e p s in  d igestib ility  show s poor co rre la tio n  w ith  in  vivo d a ta  (B oyne e t ah, 
1961). T hus, in  vitro  pepsin  d ig es tib ility  d a ta  m ay  be used  o n ly  to  con tro l 
th e  s ta te d  p a ram ete rs  o f th e  b a tch es  an d  p ro duc ts.
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Table II

P ro te in  q u a lity  o f a b a tto ir  b y -p ro d u ct m eals

M eat-and-bone 
meals 

(n =  100)

P oultry  by-product 
meals 

(n =  14)
Blood m eals 

(n  =  11)
Feather meals 

(n =  16)

C rude p ro te in  (g/100 g) 
D igestib ility  o f crude pro tein

5 6 .7 ± 7 .1 6 6 .6 ± 8 .2 7 2 .9 ± 1 0 .1 8 3 .4 ± 5 .5

(% ) (1) 7 9 .9 ± 1 7 .7  (5) 6 5 .3 ± 7 .7 9 5 .8 ± 4 .2 4 4 .7 ± 9 .2
N P U  (% ) (2)
A vailab le  crude p ro te in

2 9 .9 ± 1 1 .7 5 2 .1 ± 7 .1 6 .4 ± 5 .6 2 3 .5 ± 1 0 .0

(g/100 g) (3) 1 7 .0 ± 7 .3 3 4 .3 ± 3 .6 4.1 ± 2 .6 2 0 .0 ± 9 .1
R e la tiv e  w eigh t change (% ) (4) 9 9 .7 ± 9 .6 10 4 .8 ± 8 .9 8 3 .3 ± 5 .5 8 8 .9 ± 4 .3

1 — I n  vitro pepsin d igestib ility
2 =  N e t p ro te in  u tiliza tio n  d e term ined  on  ra ts
3 =  Crude p ro te in  m ultip lied  b y  N PU /100
4 =  F ina l body  w eight of ra ts  expressed in  pe r cen t of s ta rtin g  w eight
5 =  n  =  24

Table III

C orrela tion  coefficients betw een crude p ro te in  and p a ram ete rs used fo r in d ica tin g  p ro te in  
q u a lity  o f a b a tto ir  by -p ro d u ct m eals

M eat-and-bone 
meals 

(n =  100)

P oultry  by-product 
meals 

(n =  14)
Blood meals 

(n  =  11)
F eather meals 

(n =  16)

D igestib ility 0.30 (1) —0.73* 0.12 - 0 .3 1
N P U  index 0.08 - 0 .6 6 * —0.80* 0.16
A vailab le  crude p ro te in 0.39* 0.18 - 0 .7 9 * 0.29
R e la tiv e  w eight change 0.06 - 0 .8 3 * —0.57 0.02

* =  C orrelation coefficient dev ia tes significantly  from  zero (P  <  0.05) 
1 =  n  =  24

I n  vitro pepsin  d ig estib ility  va lues of m eat-an d -b o n e  m eals (79 .9%  +  17.7; 
n  =  24) an d  blood m eals (95 .8%  +  4 .2; n  =  11) w ere fo u n d  to  be h igher th a n  
th o se  o f  p o u ltry  b y -p ro d u c t m eals (65.3%  +  7.7; n =  14) fo r fe a th e r  m eals 
(44 .7%  + 9 .2 ;  n  =  16). T he p ro te in  ev a lu a tio n  o f bone m eals w as o m itted , 
since bone m eals are  regarded  p rim arily  as m ineral sources.

T h e  pepsin  d igestib ility  o f p o u ltry  b y -p ro d u c t m eals show ed a sign ifican t 
n eg a tiv e  co rre la tion  w ith  c rude  p ro te in  c o n te n t (r =  —0.73; P  <  0.05; 
n  =  14) as seen in  T ab le  I I I .  T his could be th e  consequence o f th e  v a ry in g  
p ro p o rtio n  of fe a th e r  in  p o u ltry  b y -p ro d u c t m eals. H ow ever, in  vitro p ep sin  
d ig es tib ility  of p o u ltry  b y -p ro d u c t m eals as well as m ea t-an d -b o n e  m eals, 
b lood  m eals an d  fea th e r m eals show ed in sig n ifican t co rre la tions w ith  N P U  
ind ices, as well as w ith  availab le  c rude  p ro te in  co n ten ts  o f th e  m eals.

T h e  average  N P U  value  o f th e  large n u m b er o f m eat-an d -b o n e  m eal 
sam ples (29.9 +  11.7; n  =  100) w as low er th a n  th a t  o f p o u ltry  b y -p ro d u c t
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m eals (52.1 ^  7.1; n  =  14). The v a ria n c e  o f N P U  va lu es  in  p o u ltry  b y -p ro d u c t 
m eals w as lower (CV =  13.6% ) th a n  in  m ea t-an d -b o n e  m eals (CV =  39.1% ). 
T h is show s th e  m ore u n ifo rm  raw  m a te r ia l  com position  o f p o u ltry  b y -p ro d u c t 
m eals.

T he N P U  v a lu es  o f  blood m eals (6.4 ^  6.6; n  =  11) an d  fe a th e r  m eals 
(23.5 i  10.0; n  =  16) fo r  ra ts  d e te rm in ed  as sole p ro te in  source w ere low. 
H ow ever, i t  is im p o r ta n t  to  draw  a t te n tio n  th a t  th e se  figures can  he m islead
ing , because in  p ra c tic e  blood m eals a re  n o t fed as a sole source of p ro te in  
a n d  th e y  are m ore v a lu a b le  in g red ien ts , reg a rd in g  th e ir  com plem enting  p o te n 
t ia l  fo r cereal g rains, th a n  are fe a th e r  m eals. Ju d g in g  th e  p ro te in  q u a lity  of 
b y -p ro d u c t m eals, a c lea r  d istin c tio n  shou ld  be m ade b e tw een  N P U  va lu e  or 
available protein content an d  com plem enting potentia l.

The available p ro te in  content o f p o u ltry  b y -p ro d u c t m eals (34.3 g /100 g 
^ 3 .6 ;  n  =  14) w as ro u g h ly  tw ice as h ig h  as th a t  o f m eat-an d -b o n e  m eals 
(17.0 g/100 g ^ 7 .3 ;  n  =  100), in d ic a tin g  th e  su p erio r q u a lity  of p o u ltry  
s lau g h te r  b y -p ro d u c ts  (g u t, head , sh an k s). R aw  m ate ria ls  o f m eat-and -bone  
m eals are m ore d iverse  in  th e ir  n a tu re  (m ore g u t c o n te n t an d  less m ea t tissues).

T he figures o f relative weight change o f ra ts  d u rin g  th e  feeding period 
(T able  I I )  show th a t  b lo o d  m eals an d  fe a th e r m eals do n o t su p p o rt w eight 
ga in  w hen fed as sole sources of p ro te in  in  th e  te s t  d ie ts . S im ilarly , m ore th a n  
50 p e r cen t of th e  e x a m in e d  m ea t-an d -b o n e  m eal sam ples (54 o u t of 100 sam 
ples) d id  n o t su p p o rt w e ig h t gain in  r a ts .  P o u ltry  b y -p ro d u c t m eals p ro v ed  to  
be th e  b est in  p ro m o tin g  w eight gain  ow ing to  th e ir  h ig h er availab le  p ro te in  
c o n te n t.

Crude p ro te in  c o n te n t  of m ea t-an d -b o n e  m eals show ed m odera te  co rrela
tio n  (Table I I I )  w ith  av a ilab le  p ro te in  c o n te n t (r =  0.39; P  <  0.05: n  =  100).

H ow ever, th e re  w ere no s ig n ifican t co rre la tions betw een  c rude  p ro te in  
level and  availab le p ro te in  co n ten t o f p o u ltry  b y -p ro d u c t m eals and  fea th e r 
m eals (r =  0.18 a n d  0 .29 respec tive ly ; P  >  0.05). T he n eg a tiv e  co rre la tion  
b e tw een  crude p ro te in  level and  av a ilab le  p ro te in  c o n te n t o f th e  b lood m eal 
sam ples m ay be e x p la in e d  by  th e  d ilu tin g  effect o f o th e r  raw  m ate ria ls  acci
d e n ta lly  cooked to g e th e r  w ith  blood d u rin g  th e  m a n u fac tu rin g  of blood m eals, 
w h ich  have low ered c ru d e  p ro te in  level an d  im p ro v ed  N P U  v alue  of th e  
f in a l m eal.

I t  can  be co n c lu d ed  th a t  c rude  p ro te in  levels an d  in  vitro  p epsin  d igest
ib ility  values are in a d e q u a te  m easures for p red ic tio n  of availab le  p ro te in  
c o n te n t o f the  a b a t to ir  b y -p ro d u c t m eal sam ples e v a lu a te d  in  these  experim en ts.
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CHARACTERIZATION OF 
P A S T E U R E L L A  H A E M O L Y T I C A  

STRAINS ISOLATED FROM GOATS IN HUNGARY

L. F o d o r 1, J .  V a r g a 1 and I . H a jt ó s2

d e p a r t m e n t  o f E pizootio logy , U n iv e rs ity  o f V e te rin a ry  Science,
H -1581 B u d ap es t, P . O. B ox 22; a n d  2In s t i tu te  o f A n im al H ealth ,

H-3501 M iskolc, P . O. B o x  170, H u n g ary

(R eceived M ay 17, 1988)

T h irty -fiv e  Pasteurella haemolytica s tra in s  w ere iso la ted  in  H u n g a ry  from  g o a t 
carcasses se n t fo r p o stm o rte m  ex am in atio n  fro m  tw o fa rm s w ith  large g oat flocks. 
AH s tra in s  belonged  to  b io ty p e  A and  w ith  th e  excep tion  of one s tra in  of se ro type  A8 
th e y  be longed  to  se ro ty p e  A2. No u n ty p ab le  s tra in s  w ere fo u n d  b y  th e  in d irect h aem ag - 
g lu tin a tio n  te s t.

Keywords! Pasteurella haemolytica, g o a t, pneum onia .

R ecen tly  in  H u n g a ry  som e goat flocks com prising  a few  h u n d red  an im als 
h a v e  heen  e stab lish ed  to  m eet th e  increased  dem and  fo r g o a t m ea t and  m ilk  
p ro d u c ts . B reed in g  goats in  such  flocks in c reased  th e  risk  o f various in fectious 
diseases. O f th e se , pneum on ic  diseases are  considered  to  h a v e  special econom ic 
im p o rtan ce .

T he ro le o f Pasteurella haemolytica  in  th e  diseases o f sheep  (G ilm our, 1978) 
a n d  c a ttle  (F ra n k  an d  S m ith , 1983; Y a tes , 1982) is well k n o w n . Less a t te n tio n  
h as  been  p a id  to  its  p a th o g en ic ity  in  goats.

B ased  on th e ir  b iochem ical fea tu res  P . haemolytica  s tra in s  can be desig
n a te d  as A an d  T  b io ty p es an d  b y  m eans o f an  in d irec t h aem ag g lu tin a tio n  
(IH A ) te s t  th e y  can  be g rouped  in to  16 sero ty p es (B iberste in , 1978; F o d o r 
e t a l., 1987; F ra se r  e t al., 1982; P egram  e t  a l., 1979). B io ty p e  A s tra in s  a re  
responsib le  fo r p n eu m o n ia  o f sheep of all ages, sep ticaem ia  o f lam bs and  m a s ti
tis  of ewes, w hile s tra in s  o f b io ty p e  T  cause  system ic pasteurellosis of feed lo t 
lam bs (B ib erste in , 1978; G ilm our, 1978; D yson  e t ah , 1981).

P . haem olytica  can  be  iso la ted  from  th e  n asa l passages o f h ea lth y  goats 
(O jo, 1976) an d  from  sheep (B iberste in  e t  ah , 1970). I n  th e  presence of p re 
disposing  fac to rs  i t  can  cause fa ta l p n eu m o n ia  in  goats  o f d ifferen t ages 
(G ourlay  a n d  B a rb e r, 1960; M w angota e t ah , 1978; O jo, 1976; Ojo, 1977), 
u n ila te ra l m as titis  (B agad i an d  R azig, 1976), an d  som etim es th e  organism  can  
be iso la ted  from  subclin ical m astitis  (M anser, 1986).

C hallenge ex p erim en ts  in  goats show ed th a t  P . haemolytica  b io ty p e  A, 
w hen  a d m in is te red  in tra p e rito n e a lly  or in trav en o u sly , k illed  one-day-old  k id s ,
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w hile  live or h e a t- in a c tiv a te d  P . haem olytica  o f b io ty p e  T  p ro d u ced  p n eu m o n ia  
(G o u rlay  and  B a rb e r, 1960; N g a tia  e t  a l., 1986).

W e have  l i t t le  in fo rm a tio n  on g o a t diseases caused  b y  P . haemolytica  in  
E u ro p e  so th is  s tu d y  w as carried  o u t to  d e te rm in e  th e  p revalence  of th e  d iffe ren t 
b io ty p es  and  se ro ty p es o f P . haem olytica  am ong  goats in  H u n g a ry .

Materials and methods

A ltogether 35 P . haemolytica  s tra in s  were iso la ted  from  29 carcasses of 
g o a ts  o f d ifferen t ages, m ain ly  k ids se n t fo r p o stm o rtem  ex am in a tio n  from  tw o  
fa rm s  w ith  large flocks. T w en ty -e ig h t s tra in s  o rig inated  from  pneum onic lungs, 
2 w ere iso lated  from  th e  nose an d  m id d le  ea r respective ly  an d  one each  from  
b ra in , liver an d  m ilk . Sam ples were c u ltu re d  on n u tr ie n t a g a r con ta in in g  y e a s t 
e x tra c t  and  c ry sta l v io le t- la c to se -b ro m o th y m o l blue agar. T h ey  were in c u b a te d  
a t  37 °C for 24-48 h .

S tra in s resem bling  p asteu re lla  o n  th e  basis of c u ltu ra l fea tu res , colony 
m orpho logy  and  G ram  sta in in g  w ere e x a m in e d  b iochem ically  an d  serologically  
b y  IH A  according to  B ib erste in  (1978).

R esults

B ased  on b iochem ical ch a rac te ris tic s  all th e  s tra in s  exam ined  belonged  
to  b io ty p e  A.

W ith  th e  ex cep tio n  of one s tra in  o f se ro type  A8 iso la ted  from  th e  lu n g  
o f  a n a n n y  goat all s tra in s  were assigned  to  se ro type  A2 (97 .1% ). No u n ty p a b le  
s tra in s  were found . T h e  sam e se ro ty p e  w as iso la ted  from  b o th  lungs an d  som e
tim es  from  th e  m idd le  ea r o f th e  sam e an im al.

D iscussion

T he resu lts su g g est th a t  P . haem olytica  is in  p a r t  responsib le  for pneu» 
m onic  diseases am ong  goats in  H u n g a ry , how ever th e  n u m b er of th e  cases 
ex am in ed  was re la tiv e ly  low.

M ost rep o rts  on  goat pasteu re llo sis  are  from  tro p ica l coun tries p e rh ap s  
d u e  to  th e ir  la rg e r g o a t p opu la tions (G ourlay  and  B arb er, 1960; M w angota 
e t  a l., 1978; Ojo, 1975; Ojo, 1976; O jo , 1977). L ittle  w ork  has been done in  
E u ro p e  on goat diseases caused b y  P . haemolytica  th o u g h  experience in  N ew  
Z ea lan d  shows th a t  th e y  have im p o rta n c e  in  tem p era te  zones as well (M idw in ter 
e t  a l., 1986).
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M w angota e t  al. (1978) iso la ted  from  h e a lth y  an d  diseased  anim als all 
th e  12 sero types w hich  w ere know n  a t th a t  tim e  an d  th e y  found  th e  sam e 
v a r ia b ility  am ong th e m  as am ong th e  s tra in s  iso la ted  from  sheep. A ccording 
to  th e ir  resu lts  se ro ty p e  A l l  w as p red o m in an t; i t  com prised  nearly  20%  o f 
th e ir  s tra in s .

T he m a jo rity  o f  th e  s tra in s  iso lated  b y  O jo  (1975) in  N igeria  belonged 
to  se ro ty p e  A2 as d id  ours, b u t  sero types A6, A 7, A8 an d  A l l  w ere also im p o r
t a n t  an d  som e o f h is s tra in s  w ere u n ty p ab le .

M idw inter e t  al. (1986) iso la ted  m ain ly  s tra in s  o f se ro ty p e  A2 in  N ew  
Z ea land  an d  th e  th re e  g o a t s tra in s  iso la ted  b y  P e g ra m  (1974) w ere sim ilarly  A2.

I t  is o f in te re s t  t h a t  w ith  th e  exception  o f  one A8 s tra in  on ly  P. haemo- 
lytica Â 2  s tra in s  w ere iso la ted  from  goats in  H u n g a ry , w hile in  diseased sheep 
all P .  haemolytica  sero ty p es b u t  A14 w ere d e tec ted  (H a jtó s  e t a l., 1985). This 
can  p ro b a b ly  he ex p la in ed  by  iso la ted  keeping  o f goats  from  sheep flocks on 
th e  tw o  farm s exam ined .
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PREVALENCE OF S A L M O N E L L A  SEROTYPES IN PIGS 
AND EVALUATION OF A RAPID, PRESUMPTIVE TEST 
FOR DETECTION OF SALMONELLA IN PIG FAECES

B . M. J a y a r a o 1, G. B í r ó 2, S. K o v á c s 1, H a j n a l k a  D ó m j á n 1 and Á. F á b i á n 1

'F o o d  C o n tro l In s t i tu te  o f th e  V e te r in a ry  a n d  Food C on tro l Service,
H-1581 B u d a p e s t 146, P . 0 .  B ox  2; a n d  2D e p a rtm en t o f F o o d  H ygiene,

U n iv e rs ity  o f  V e te rin a ry  Science, H -1078 B u d a p e s t, L an d ler J .  u . 2, H ungary

(R eceived M arch  10, 1988)

Tw o h u n d re d  faecal sam ples, co llected  from  pigs a t  a  B u d a p es t a b a tto ir , w ere  
exam in ed  fo r th e  presence of salm onellae. N in e ty -s ix  iso lates, belonging to  7 d iffe re n t 
se ro ty p es , w ere  ob ta in ed . Salmonella derby (7 0 .8 % ) was th e  m o st p rev a len t se ro ty p e . 
T h e  o th e r  se ro ty p es  iso lated  were S. typh im urium  (8 .33% ), S. bredeney (4 .16% ), S . agona 
(2 .08% ), S. infantis (9 .22% ), S. london (3 .1 2 % ), and  S. panam a  (2 .08% ). A  m o d ified  
ra p id  p re su m p tiv e  te s t  to  d e tec t sa lm onellae  in  food and  food in g red ien ts  was d esc rib ed  
b y  H o b en  e t  al. (1973). T his te s t  m ed iu m  w as ev a lu a ted  to  d e te rm in e  its e fficacy  in  
d e tec tin g  sa lm onellae  in  pig faecal sam ples. T h e  te s t  gave a n  efficiency of 8 8 .6 7 % . 
H ow ever, th e  incidence of false po sitiv e  re su lts  was ra th e r  h ig h  (9.43% ). T he p u b lic  
h e a lth  im p o rta n ce  of th e  isolates o b ta in ed  a n d  th e  app lication  o f  th e  rap id  p re su m p tiv e  
te s t  a t  th e  fa rm  level are discussed.

Keywords: Salm onella, pig, se ro ty p es , ra p id  tes t.

S alm onellae  are  w idely d is tr ib u te d  in  n a tu re  and  th e ir  im p o rtan ce  as 
p a th o g en s  in  an im als  and  m an  is well e s tab lish ed  (G hosh, 1972). The p u b lic  
h e a lth  im p o rta n c e  o f swine as a m a jo r re se rv o ir  of salm onellae  has been  w ell 
d o cu m en ted  (K e te ra n  et al., 1982). S tu d ies  h av e  show n th a t  salm onellae a re  
genera lly  p re se n t in  a sm all percen tag e  o f  no rm al h e a lth y  hogs (E del a n d  
K am p e lm ach er, 1976) and  th a t  tr a n s p o r t  tim e , feeding, en v iro n m en ta l c o n 
ta m in a tio n , a n d  th e  leng th  of tim e sp e n t in  th e  lairage m a y  affect th e  sa lm o 
nella  iso la tio n  r a te  (W illiam s and  N ew ell, 1968; Childers e t  a l., 1977; M organ  
e t a l., 1987). T h e  p resen t p ap er in v e s tig a te s  th e  possib ility  o f using a ra p id , 
p re su m p tiv e  te s t  fo r de tec tion  of sa lm onellae  in  pig faeces. This te s t  w as 
in itia lly  deve loped  b y  H argrove et al. (1971), an d  was m od ified  b y  H oben e t  al. 
(1973) fo r d e te c tio n  of salm onellae in  food  a n d  food in g red ien ts . The o b jec tiv e  
o f th is  w ork  w as to  ev a lu a te  th e  effic iency  o f  th e  te s t in  d e tec tin g  salm onellae  
in  p ig  faeces a n d  to  determ ine  w h e th e r i t  could  be recom m ended  for u se  a t  
th e  fa rm  level fo r de tec tin g  salm onella ex c re to rs . S ep ara tio n  of such ex c re to rs  
p rio r to  t r a n s p o r t  to  th e  a b a tto ir  cou ld , in  all p ro b a b ility , g reatly  re d u c e  
salm onella  cross co n tam in a tio n  d u rin g  t r a n s p o r t ,  in  th e  la irage  and  a t  th e  
s lau g h te rh o u se . T h e  s tu d y  also envisages to  n o te  th e  p revalence  of salm onellae  
se ro ty p es ex is tin g  in  th e  faeces of h e a lth y  pigs o b ta in ed  fo r slaugh ter a t  a n  
a b a tto ir  in  B u d a p e s t.
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Materials and methods

Two h u n d re d  faecal sam ples w ere co llected  from  pigs a t  a B u d a p e s t 
sw ine  a b a tto ir  b e tw een  S ep tem ber an d  N o v em b er 1987. D u rin g  th is  perio d  th e  
slau g h te rh o u se  w as v is ited  every  w eek a n d  20 faecal sam ples were co llec ted  
fro m  pigs w hich rep re se n te d  a single lo t fro m  one farm . T h e  200 faecal sam p les  
th u s  rep resen ted  10 d iffe ren t farm s.

Faeces w as co llec ted  from  th e  caecu m  b y  aseptic tech n iq u es, an d  a b o u t 
1—2 gram s of th e  faeces w as tra n sfe rre d  in to  a te s t tu b e  con ta in in g  10 m l o f 
te t r a th io n a te  (TT) b ro th . T he sam ples w ere  tran sfe rred  to  th e  la b o ra to ry  
w ith in  1 h  of co llection  an d  were in c u b a te d  a t  43 °C for 24 h . A second e n ric h 
m e n t w as m ade in  a n o th e r  10 ml of T T  b ro th ,  b y  tra n sfe rr in g  1 ml of th e  T T  
b r o th  enriched  fo r 24 h . T h is second en rich ed  TT b ro th  w as in c u b a te d  fo r 
a n o th e r  24 h . S u b cu ltu res  w ere m ade on  D rigalsk i’s ag a r (DA) and  b r illia n t 
g reen -p h en o l red  a g a r (BG A ), a t  th e  en d  o f  th e  24- and  48-h  in cu b a tio n  o f th e  
en rich ed  T T  b ro th s . A t le a s t th ree  su sp e c te d  salm onella colonies w ere p ick ed  
a n d  su b jec ted  to  sh o rt b iochem ical te s ts . Colonies show ing ch a rac te ris tic  b io 
chem ica l reac tions a n d  p o sitive  on e x a m in a tio n  w ith  p o ly v a le n t “ 0 ”  an tise ra , 
w ere  th e n  s tu d ied  fo r th e ir  sero types (species). The b iochem ical te s ts  w ere 
p e rfo rm ed  as described  b y  E dw ards a n d  E w in g  (1972). S ero typ ing  w as done 
as described  b y  K a u ffm a n  (1972).

T he rap id  p re su m p tiv e  te s t m ed iu m , i.e. lysine iron  cystine  n e u tra l red  
b r o th  (L IC N B ) w as p re p a re d  as described  b y  H oben e t al. (1973) excep t t h a t  
n o v o b io c in  w as n o t in co rp o ra ted  in to  th e  m ed ium . One m l o f th e  24 h en riched  
T T  b ro th  was in o cu la ted  in to  10 ml of L IC N R  b ro th , w hich w as th e n  in c u b a te d  
a t  37 °C for 42 h . T u b es show ing a ch an g e  from  red  to  s tra w  colour, w ith  a 
b la c k  p rec ip ita te  o f hyd rogen  sulfide, w ere  separa ted . To th ese  tub es 0.1 m l 
o f  b ro m o th y m o l b lue  (0 .3% ) so lu tion  w as ad d ed . Tubes show ing  green o r b lu e  
co lo u r on ad d itio n  o f th e  b ro m o th y m o l in d ic a to r  w ere en u m era ted  as p re 
su m p tiv e  positive fo r salm onella. One loop  fu ll of L IC N R  m ed ium  (p resu m p tiv e  
p o s itiv e  or neg a tiv e  fo r salm onella) w as p la te d  onto DA a n d  BGA m edium  to  
iso la te  th e  salm onella  organism s for c o n firm a tio n  by ro u tin e  diagnostic  p ro c e 
d u re s , in  order to  e v a lu a te  th e  efficacy o f  th e  L IC N R  b ro th .

Results

A to ta l  o f 96 salm onella  iso lates w ere  ob tained  fro m  th e  200 faeca l 
sam p les  analysed . T hese 96 isolates be longed  to  7 d ifferen t sero types. E ig h ty -  
tw o  iso lates w ere id e n tif ie d  as belonging to  G roup B, 9 iso la tes to  G roup C, 
2 iso la tes  to  G roup D , an d  3 iso lates to  G ro u p  E .O n ly  one Salm onella  se ro ty p e  
w as o b ta in ed  from  each  o f th e  positive sam p les . The m ost p rev a len t se ro ty p e
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w as S . derby (70 .83% ), follow ed b y  S . in fa n tis  (9 .37% ), S . typ h im u riu m  
(8 .33% ), S. bredeney (4 .16% ), S. london  (3 .12% ), S . agona (2 .08% ), an d  
S . p a n a m a  (2 .08% ) (Table I). T he effect o f a 24-h en rich m en t in  T T  b ro th , 
w hen  su b cu ltu red  on D A  an d  B G A  m edium , show ed an  iso la tio n  ra te  of 
88 .54%  an d  90 .62% , respective ly , w hile th e  effect of a 48-h  en rich m en t in  
T T  b ro th , w hen  su b cu ltu red  on D A  an d  BG A  m edium , w as 93 .75%  an d  
95 .90% , respective ly .

Table I

Salm onella sero types iso lated  from  pig faeces

No. Serotype
N o. and % 
o f isolates Farm  no.

l S . agona 2 (2.08% ) 2
2 S . bredeney 4 (4.16% ) 5
3 S . derby 68 (70.83% ) 1, 5, 6, 7, 9, 10
4 S . in fantis 9 (9.27% ) 2, 4
5 S . london 3 (3.12% ) 1 .6
6 S. panam a 2 (2.08% ) 4 ,7
7 S . typh im urium 8 (8.33% ) 2, 3, 5, 7, 8

T he rap id , p re su m p tiv e  te s t  (L IC N R ) gave a to ta l  of 106 sam ples positive 
fo r salm onella , o f w hich  94 (88.67% ) w ere positive  for th e  p resence o f salm o
nella  as confirm ed b y  p la tin g  th e  L IC N R  m edium  en u m era ted  as p ositive  on to  
D A  a n d  BG A  m edium  an d  ex am in ed  fu r th e r  b y  ro u tin e  d iagnostic  te s ts . T en  
sam ples (9 .43% ) gave false po sitiv e  re su lts  in  L IC N R  m edium : no salm onella  
could  be iso la ted  from  these  sam ples. T h e  organism s responsib le  fo r false 
p o sitiv e  resu lts  w ere E . coli an d  Proteus species (in  9 o u t of th e  10 sam ples). 
I n  one sam ple th e  organism (s) cou ld  n o t be id en tified . Tw o sam ples (1 .88% ) 
gave false neg a tiv e  re su lts . I t  w as o bserved  th a t  an  excessive g ro w th  of Proteus 
species resu lted  in  false n egative  re su lts : su b seq u en tly  salm onella w as iso la ted  
from  th ese  sam ples. T he false p o sitiv e  tu b e s  w ere id en tified  b y  ro u tin e  co n v en 
tio n a l iso lation  p rocedures w hen th e  sam ples were found  positive fo r salm onella.

Discussion

D uring  th e  ten -w eek  period  o f s tu d y  seven sero types w ere id en tified . 
T hese sero types h a v e  also been re p o rte d  to  have  been  iso la ted  from  pig  faeces, 
p o rk  p ro d u c ts  an d  pig  feed in  H u n g a ry  b y  T akács an d  P a p p  (1974), B án d y  
an d  Á koshegyi (1976) an d  P ap p  (1981). Iso la tio n  of sim ilar se ro ty p es has also 
been  rep o rted  b y  H a rv e y  e t al. (1977) from  th e  faeces an d  ly m p h  nodes of pigs 
in  G rea t B rita in  an d  b y  M organ e t al. (1987) in  A u stra lia .
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K elte rb o rn  (1967) listed  47 se ro ty p es as th e  m ost freq u en tly  iso la ted  
salm onellae  all o v e r th e  w orld. T he iso lates o b ta in e d  in  th e  p re sen t s tu d y  
belong  to  th e  m ost f re q u e n tly  iso la ted  se ro types. S . derby was th e  p red o m in an t 
iso la te  in  th e  p re se n t s tu d y . S im ilar f in d in g s w ere also rep o rted  b y  C hau e t al. 
(1977) w ho iso la ted  S . derby m ost fre q u e n tly  from  pigs s lau g h te red  in  H ong
kong . T he sam e w as fo u n d  by M organ e t al. (1987) in  A u stra lia  an d  b y  E l- 
N aw aw i e t al. (1986) in  Cairo (E g y p t) . K ovács an d  D óm ján  (1986) rep o rted  
th a t  in  1981 th ro u g h  1985 S. typ h im u riu m , S . derby an d  S . p a n a m a  were th e  
com m onest se ro types in  H ungary . A ll these  se ro ty p es h ad  reg u la rly  been 
iso la ted  in  these y e a rs  from  s lau g h te red  an im als, raw  m ateria ls , raw  processed 
m ea ts , an d  from  h u m a n s . S. in fa n tis  w as th e  on ly  sero ty p e  observed  to  h av e  
co n sis ten tly  occu rred  in  an im al feeds.

T h e  public h e a l th  im p o rtan ce  o f  th e  se ro ty p es iso la ted  in  th e  p resen t 
s tu d y  has been h ig h lig h te d  b y  a n u m b e r of a u th o rs  from  o th e r coun tries 
(K reu sch e r and  S y lv e s te r , 1951; B u x to n , 1957; S m ith , 1964; B asu  e t al., 1975; 
G uineé an d  V a lk en b u rg , 1975; H obbs an d  G ilbert, 1978).

S . agona w as k n o w n  to  have cau sed  a s ig n ifican t public h e a lth  p roblem  
in  th e  F edera l R ep u b lic  of G erm any, in  th e  U n ited  K ingdom , Israe l, an d  in  
th e  N e th e rlan d s d u rin g  th e  years 1969-1970 (C lark  e t al., 1973). F o x  (1974) 
re p o rte d  a d ram a tic  increase  of S. agona in  h u m a n  an d  n o n -h u m an  m a te ria l 
in  th e  U n ited  S ta te s  a t  th e  beg inning  of th e  y e a r  1971. McCoy (1962) an d  
H a rv e y  and  Price (1967) found th a t  secondary  en rich m en t procedures w ere 
v a lu ab le  in  th e  iso la tio n  of salm onellae, especially  w hen  th e  num bers o f th e  
co m p e tin g  b ac te ria  w ere  very  h igh  o r th e  in itia l salm onella  co u n t was v e ry  
low . In  th e  p re sen t s tu d y  a m arg in a l im p ro v em en t was observed  in  th e  
seco n d ary  en rich m en t p la tin g  as co m p ared  to  p r im a ry  en rich m en t in  T T  b ro th .

T h e  rap id  p re su m p tiv e  te s t m ed iu m  (L IC N R ) gave a p resu m p tiv e  posi
tiv e  te s t  in  94 sam p les  (88.67% ) as co m p ared  to  th e  co n ven tiona l iso la tion  
p rocedures, in  w hich 96 isolates w ere o b ta in ed . T h ere  are  no d a ta  in  th e  l i te ra 
tu re  to  su p p o rt th e  f in d in g s observed  in  th e  p re se n t s tu d y . A h igh  incidence 
o f false positives (10 sam ples, 9 .43% ) w as observed . H oben  e t al. (1973) s ta te d  
th a t  th e  false p o sitive  resu lts  o b ta in ed  fo r food sam ples w ere due to  a com bina
tio n  o f coliform s a n d  Proteus species. S im ilar fin d in g s have  been o b ta in ed  in  
th e  p re se n t s tu d y . H o b e n  et al. (1973) in co rp o ra ted  novobiocin  a t  th e  ra te  of 
10 to  15 jitg/ml of L IC N R  b ro th . N o false po sitiv e  resu lts  w ere o b ta in ed  for 
th e  food  and  feed in g red ien ts  exam ined  b y  th em , th o u g h  94%  of th e ir  sam ples 
w ere positive . All th e  p resu m p tiv e  te s ts  p erfo rm ed  w ere co rro b o ra ted  b y  con
v e n tio n a l iso lation  p rocedures. In  2 sam ples (1 .88% ) false neg a tiv e  resu lts  
w ere ob ta in ed . T h is w as a ttr ib u te d  to  th e  excessive g ro w th  of Proteus, re su lt
ing  in  th e  su ppression  of salm onellae w hich p ro b a b ly  were p re sen t in  th e  
faecal sam ple in  a v e ry  sm all n u m b er. T he p erfo rm ance  of th e  rap id  p re 
su m p tiv e  te s t m ed iu m  in  detec ting  salm onellae in  p ig  faeces was found  to  be
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good. T he on ly  d raw b ack  was th e  h igh  incidence o f false positive re su lts  
(9 .43% ). I t  is sugg ested  th a t  tria ls  shou ld  be carried  o u t  w ith  in co rp o ra tio n  
o f novobiocin  in  th e  L IC N R  b ro th  to  de te rm ine  i ts  e ffect in  reducing  th e  
n u m b er of false p o sitiv e  reactions o b ta in ed  in  th is  s tu d y . T he te s t is sim ple 
to  perform , req u ire s  no special e q u ip m en t or a n tise ra , an d  could easily  be  
ad ap ted  to  te s tin g  p ig  faecal sam ples a t  th e  fa rm  level, w ith  m inim um  b a c 
terio logical la b o ra to ry  facilities. I f  th e  novob io c in -co n ta in in g  m edium  p ro v es 
effic ien t, th is  cou ld  prove th e  f irs t s tep  in  reduc ing  su b seq u en t salm onella  
co n tam in a tio n  o ccu rrin g  d u ring  tra n s p o r t ,  while be ing  in  th e  lairage, an d  also 
th a t  of th e  s la u g h te r  equ ipm en t.
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ECONOMIC LOSSES CAUSED BY PARATUBERCULOSIS 
IN A DAIRY HERD: CASE REPORT

B .  K Ö R M E N D Y 1,  T. K O P Á L 2,  T. B Á L I N T 3, M. S Z I L Á G Y I 4 and L. B É K I 2

1C entra l V e te rin a ry  In s t i tu te ,  H-1581 B u d ap est, P . O. B o x  2, H u n g a ry ;
2“ R ed  O ctober“  A g ricu ltu ra l C o-operative, Ócsa, H u n g a ry ;

3M in istry  o f A g ricu ltu re  and  Food, B u d ap est, H u n g a ry ; 
a n d  4R esearch  C en tre  fo r A nim al P ro d u c tio n  an d  N u tritio n , H -2053 H erceghalom , H u n g a ry

(R eceived  A pril 29, 1988)

T h e  im p a c t o f clinical p a ra tu b ercu lo sis  in  a  500 cow Je rse y  x  H o lste in  d a iry  
herd  of loose housing  sy s tem  w as follow ed up  for th ree  y ears. T h ere  w as an  increasing  
fall in a n n u a l m ilk  p ro d u c tio n , n am ely  49, 474, and  1030 litre s  p e r  cow, a decrease in  th e  
average age fro m  63.9 to  57.0 m o n th s , and  of feed conversion fro m  60 to  39% . T he effect 
of certa in  m an ag em en t deficiencies, ex is ting  th ro u g h o u t th e  s tu d y , is discussed.

Keywords: P ara tu b e rcu lo s is , c a ttle , econom ic losses, c lin ical p ic tu re .

E conom ic losses due to  bov ine  para tu b ercu lo s is  h a v e  y e t  to  be p recisely  
assessed. R ecen t e stim ates in  th e  U n ited  S ta tes  were US $ 1.5 b illion  fo r th e  
n a tio n a l d a iry  in d u s try  (M erkal e t a l., 1975; A m stu tz , 1984) an d  US $ 75.00 
p e r  head  of in fec ted  c a ttle  in  W isconsin  (Chiodini e t al., 1984). In  th e  N e th e r
la n d s , th e  loss w as e s tim a ted  a t  D fl 1800-2250 p er h ead , depend ing  on th e  
sev e rity  o f sy m p to m s (B ened ic tu s e t al., 1985). The re p o rte d  losses v a ry  w ith  
p ro d u c tio n  a n d  m an ag em en t sy stem , im m unological s ta tu s  o f th e  h e rd  an d , 
p resu m ab ly , m e th o d s of es tim a tio n .

Losses from  bovine p a ra tu b e rcu lo s is  w ere form erly  assessed only in  te rm s 
o f  th e  sh o rten in g  o f p ro d u c tiv e  lifespan  an d  th e  red u c tio n  o f m ilk  p ro d u c tio n  
o f  la c ta tin g  cows (B uergelt a n d  D uncan , 1978). T h is s tu d y  a tte m p te d  to  
m o n ito r a d d itio n a l p a ram e te rs  in  a d a iry  h e rd  u n d er a loose housing  m an ag e 
m e n t system .

Materials and methods

D airy herd. T he  herd  w as estab lished  in  1974. I t  consisted  of 500 Je rse y  X 
H o lste in -F riesian  cows k e p t on deep litte r , w ith  a floo r space of 10.2 m 2 p er 
cow  in  th e  open  y a rd  an d  4 m 2 p e r cow in  th e  covered y a rd . C alving house 
c a p ac ity  w as 36 te th e re d  cows. T h e  p re-calv ing  m a te rn ity  house could hold  
60 cows an d  th e  q u a ra n tin e  house 25 an im als. T he ca lf-rearing  house p ro v id ed  
facilities for single caging o f th e  new born  calves an d  g roup  rearing  o f th e  
o lder calves.
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Clinical p a ra tu b e rcu lo s is  w as f irs t  n o te d  in  1981. T h e  diagnosis was con
firm ed  b y  positive bac te rio log ical ex am in a tio n  o f th e  faeces an d  presence of 
pa thognom on ic  gross a n d  m icroscopic lesions p o st m o rtem .

M ethods. R eco rd s on herd  h e a lth  an d  perfo rm ance  h a d  precisely been 
k e p t from  th e  fo u n d a tio n  of th e  d a iry  fa rm  in  1974 u n ti l  its  liq u id a tio n  in  
1985. A ssessm ent o f losses was based  on rep ro d u c tio n , perfo rm an ce  and  h ea lth  
p a ram e te rs . T he fo llow ing  p a ram e te rs  w ere ca lcu la ted :

1. Total annua l m ilk  production  w as de te rm in ed  fo r each  y ea r from  1974 
to  1984 as p ercen tag e  o f  th e  n a tio n a l average  m ilk  p ro d u c tio n  (H o rtobágy i 
an d  Sebestyén , 1981-1984). I t  inc luded  th e  co lostrum  fed to  calves or d iscarded .

2. Total a n nua l fe e d  consum ption  w as dete rm in ed  fo r each  y ea r from  1977 
to  1984 and  expressed  in  s ta rc h  eq u iv a len ts . F eed  u tiliz a tio n , in  te rm s of feed 
conversion  to  litre s  o f  m ilk , was expressed  in  abso lu te  va lues and  percentages 
of a theo re tica l 100%  conversion .

3. M ean age o f  cows w as ca lcu la ted  in  m o n th s fo r each  y e a r and  p lo tted  
g raph ica lly  for com parison .

4. Total losses through culling, emergency slaughter and  death were ex 
pressed  as th e  p e rc e n ta g e  of th e  ac tu a l h e rd  size in  each  yea r.

5. Age group size  w as de te rm ined  fo r all th e  cows 2 to  9 years of age, in  
percen tages of th e  to ta l  h e rd  size fo r each  y e a r from  1981.

6. Total losses. A ll losses due to  p a ra tu b e rcu lo s is  an d  o th e r causes were 
ca lcu la ted  for each age g roup  in  p e rcen tages re la tiv e  to  th e  h e rd  size for each 
y e a r  from  1981 to  1984, an d  p lo tte d  g rap h ica lly  fo r com parison .

7. M ean in terval fro m  the last calving to death or slaughter was ca lcu la ted  
in  day s for each y e a r  from  1981 to  1984. T he affected  cows w ere a llocated  to  
tw o  categories, befo re  o r a fte r  th e  200 th  p o s tp a r tu m  d ay , in  o rd er to  estim a te  
th e  im p a c t o f p a r tu r i t io n  on clinical disease.

8. Conception in d ex  and calving rate w ere ca lcu la ted  fo r th e  years 1981 
th ro u g h  1984.

9. Fetal and p o stp a rtu m  ca lf losses w ere ca lcu la ted  from  th e  farm  records 
fo r each  y ea r be tw een  1981 and  1984 fo r to ta l  loss an d  fo r abortions, s till
b ir th s , p o s tp a rtu m  d e a th s , and  em ergency  s lau g h te r sep a ra te ly . T he losses 
w ere expressed in  p e rcen tag es of th e  to ta l  an n u a l ca lf  n u m b er, including  
a b o rte d  and  s tillb o rn  calves.

10. A n im a l d en sity  and available flo o r  space w ere ca lcu la ted  for each 
y e a r, using b o th  th e  to ta l  num ber of an im als ro ta te d  th ro u g h  th e  u n it each 
y e a r  from  1981 to  1984 an d  th e  average h e rd  size for th e  sam e year. The cows 
w ere confined to  a 2000 m 2 covered y a rd  d u rin g  m ost of th e  y e a r  as th e  5100 m 2 
open  y a rd  could o n ly  be used in  d ry  or fro s ty  w eather.

11. Tuberculosis prevalence rates w ere dete rm in ed  on th e  basis of a positive 
reac tio n  to  m am m alian  and /o r av ian  tu b e rc u lin  te s ts . Paratuberculosis p re 
valence rates were d e te rm in ed  in  re la tio n  to  positive co m p lem en t fix a tio n  an d
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doub le  rad ia l im m unodiffusion  te s ts  a n d  a positive m icroscopic e x a m in a tio n  
o f faecal sam ples.

12. Costs o f  treatment. T he  d a ta  on cost o f ch em o th erap eu tic s  an d  fees 
ch arg ed  w ere ta k e n  from  th e  v e te r in a ry  records.

13. Incidence o f  paratuberculosis was assessed b y  exam in ing  o rg an s 
(ileum  an d  ly m p h  nodes) from  a to ta l  of 347 cows b y  h isto log ical an d  b a c 
terio log ica l m ethods.

R esults

T h e an n u a l m ilk  yield decreased  b y  49 litre s  p er cow in  1981, w h en  
p a ra tu b ercu lo s is  w as f irs t d iagnosed , an d  by  474 an d  1030 litres  in  th e  fo l
low ing tw o y ears , respectively . T h e re  h ad  been no sign ifican t v a r ia tio n  in  
a n n u a l m ilk  p ro d u c tio n  in  p rev ious y ea rs  an d  i t  w as a b o u t th e  n a tio n a l av e rag e  
a fte r  1978 (Fig. 1A).

E conom ic losses were fu r th e r  increased  by  poor feed u tiliz a tio n  an d  feed  
conversion  (Fig. IB ) . In  1977 61%  o f th e  ra tio n  w as co n v erted  to  m ilk  re la tiv e  
to  th e  th eo re tica l 100%  conversion . T he herd  perfo rm ance increased  fro m  
1977 to  1981 an d  w as a t  th e  n a tio n a l average d u rin g  1979 an d  1981. I n  th e  
th re e  y ea rs  follow ing diagnosis (1982 th ro u g h  1984) only  45, 44 an d  39%  o f 
th e  feed , re spec tive ly , was u tilized  fo r  m ilk  p ro d u c tio n . T he low  p erfo rm an ce  
re flec ts  th e  poor d igestion  and  ab so rp tio n .

T h e  m ean  age o f th e  cows decreased  from  63.9 to  57.0 m o n th s  a f te r  
p a ra tu b ercu lo s is  h a d  becom e estab lish ed  (Table IV ). A lthough  th e  causes o f  
culling , d e a th  an d  em ergency s la u g h te r  varied , th e  to ta l  losses rose from  2 3 .3%  
in  1979 to  28.5%  in  1981. In  th e  su b se q u e n t th ree  y ea rs , losses from  p a ra tu b e r 
culosis alone a m o u n ted  to  8.5, 10.5 a n d  15.6% , respective ly .

T h e  age g roup  d is trib u tio n  o f th e  p roducing  h e rd  (Table I) in d ic a te d  a 
decreasing  p ro d u c tiv e  lifespan fro m  1981 onw ard. M ost cows lo st because  o f  
p a ra tu b ercu lo s is  w ere five years o ld, w hile those  lo st because o f o th e r  causes 
w ere u su a lly  in  th e  range  of th ree  to  s ix  years (F ig . 3). D uring  th e  perio d  1981 
th ro u g h  1984 cow losses from  d e a th  or em ergency s lau g h te r rose from  3.9 to  
13.0%  in  th e  im m ed ia te  p o s tp a r tu m  period , from  2.1 to  9 .3%  for th e  p e rio d  
u p  to  p o s tp a r tu m  d a y  200, and  fro m  1.8 to  3 .7%  fo r th e  su b seq u en t p e rio d . 
W ith in  200 days o f calving, th e  m ean  tim e  of d e a th  or em ergency  s la u g h te r  
w as th e  100th  d a y  in  1981 and  th e  81st d ay  in  1984. O verall, th e  av e rag e  
in te rv a l betw een  th e  la s t calving a n d  d e a th  decreased from  382 days in  1981 
to  314 days in  1984 (Table II) .

T h e  p reg n an cy  an d  calving ra te s  w ere a t  th e  u su a l level d u ring  th e  y e a rs  
of th e  s tu d y  (Table I I I ) .

T o ta l calf losses increased fro m  9 to  16%  d u rin g  th e  fiv e-y ear p e rio d  
betw een  1980 an d  1984 (Figs 2 a n d  4) and  w ere over th e  n a tio n a l av e rag e
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Table I
P ercen tag e  d is trib u tio n  of cows b y  age be tw een  1981 a n d  1984

Y ear
Age o f cows in  years

2 3 4 5 6 7 8 9 and more

1981 15.4 21.3 18.0 15.0 8.6 5.4 3.8 12.5
1982 17.8 20.5 20.3 14.0 10.6 5.7 3.3 7.6
1983 22.3 19.0 22.5 14.3 7.9 5.9 3.0 5.1
1984 23.4 20.7 19.2 13.0 10.0 5.6 3.8 4.3

Table II
D a ta  o f  p o stp a rta l em ergency slau g h te rs an d  deaths

1981 1982 1983 1984

Period Cows
lost

Average
day

Cows
lost

Average
day

CoW8
lost

Average
day

Cows
lost

Average
day

B efore p o stp a rtu m  d a y  
200 10 100 14 77 16 84 38 81

B eyond  p o stp a rtu m  d ay  
200 8 382 6 311 8 364 15 314

T o ta l 18 148 20 147 24 171 53 147

Table III
R e p ro d u c tiv e  efficiency of th e  h e rd  betw een  1981 and  1984

Conception index
Calving rate 

(%)
Y ear (insem inations per con

ception)

1981 1.9 88
1982 2.0 86
1983 2.2 84
1984 2.1 85

Table IV
Size of th e  dairy herd  b e tw een  1974 an d  1984

Year
M ean

Herd size (cows)

Minimum M axim um

T otal no. of 
cows ro tated  
in  the herd

Mean age 
(months)

1974 366 342 375 391 29.1
1975 518 419 498 617 40.5
1976 536 427 617 647 49.8
1977 549 444 619 655 54.9
1978 570 449 642 692 58.5
1979 595 442 702 749 61.9
1980 626 426 756 827 60.1
1981 462 357 534 773 63.9
1982 394 384 478 671 60.6
1983 426 406 497 731 58.0
1984 467 405 574 669 57.0
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d u rin g  th e  la s t th re e  y ears . T h e  increase was th e  s teep es t from  1981 to  1982. 
W hile ca lf losses due  to  d e a th  increased  from  0.6 to  7 .3 % , th e  p ercen tage  
of losses due to  a b o rtio n  a n d  s tillb ir th  d id  n o t change d u rin g  th e  s tu d y . T he 
losses am ong th e  calves of th e  53 cows th a t  died  or w ere s lau g h te red  before 
p o s tp a r tu m  d ay  200 on ly  a m o u n te d  to  12%  (6 calves) w h ich  is less th a n  th e  
herd  level. R eg u lar tu b e rc u lin  te s tin g , perfo rm ed  an n u a lly  from  1974 to  1980 
an d  tw ice a y e a r th e re a f te r , as w ell as la b o ra to ry  ex am in a tio n s  of dead  an d  
slau g h te red  an im als d e m o n s tra te d  th a t  th e  herd  w as free o f tubercu losis  d u ring  
th e  s tu d y . T he p ro p o rtio n  o f m am m alian  tu b e rc u lin  re a c to rs  v a ried  b e tw een  
0 an d  1.3%  (Fig. 2). Cows w ith  a su spec t or positive re a c tio n  w ere culled im m e
d ia te ly . F o r th is  reason , a n n u a l cu lling  ra te  was alw ays less th a n  1% .

P a ra tu b e rcu lo s is  losses d u e  to  culling an d  em ergency  s lau g h te r a m o u n t
ed to  8 .5%  p er a n n u m  b e tw een  1981 an d  1983, an d  rose to  15.6%  in  1984. 
A com prehensive co m p lem en t f ix a tio n  te s t  an d  gel p re c ip ita tio n  screening 
of th e  herd  in  1983 id en tif ied  6 .3%  as p o sitive  re a c to rs ; 4 .8%  w ere id e n ti
fied  by  faecal ex am in a tio n s . T hese p ro portions rose to  15 an d  12%  respec
tiv e ly , in  1984. T h e  in itia l a v ian  tu b e rcu lin  te s tin g  in  1982 in d ica ted  no 
h e rd  in fection  w ith  M . paratuberculosis. B u t in  1983 an d  1985 10.5 and  
29 .7%  of th e  cows, re sp ec tiv e ly , reac ted  p ositive ly  to  th is  te s t  (F ig. 2). T he 
serological an d  faecal ex am in a tio n s  w ere positive  on ly  w hen  th e  anim als were 
clin ically  ill.

1974 75 76 77 78 79 80 81 82 83 84 Year

Fig. 1 A . A n n u a l m ilk  p ro d u c tio n  (rela tive  to  th e  n a tio n a l average)
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Appearance of clinical paratuberculosis

Ш

40-
35-

1974 75 76 77 78 79 80 81 82 83 84 Year

Fig. I B .  F eed  co n su m p tio n  in  te rm s  of s ta rch  eq u iv a len t an d  m ilk  p ro d u c tio n
(litres)

Appearance of clinical paratuberculosis

-Positive reactors to 
tuberculin (%)

-Total cow losses |%]

-Total calf losses (%)

Prevalence of para
tuberculosis a sse s 
sed serologically (%)

“Prevalence of para
tuberculosis a sse s 
sed by microscopic 
faecal examination (%)

- Cow losses from 
paratuberculosis {%)

1974 7 5 7 6 7 7 78 7 9 8 0 81 82 83 8 4 8 5 Year

Fig. 2. R esu lts  o f p a ra tu b ercu lo s is  screening betw een  1974 a n d  1985
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F ig. 3. P e rc e n tu a l cow  losses acco rd ing  to  age group  be tw een  1981 an d  1984

Appearance of clinical paratuberculosis

F ig. 4. P e rcen tu a l calf losses be tw een  1980 an d  1984
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T he cost w as increased  b y  th e  costs  o f these  d iag n o stic  te s ts  an d  tho se  
o f  th e  unsuccessful t re a tm e n t of 80 a ffec ted  cows. T hese costs  w ere eq u iv a len t 
to  th e  value  of 80 litre s  of m ilk  p er cow.

A nim al d e n s ity  (availab le  flo o r space  per cow) show ed large v a ria tio n  
d u rin g  th e  s tu d y . T herefo re, th e  covered  y a rd  was f re q u e n tly  overcrow ded. 
B e tw een  1981 a n d  1984 th e  av erag e  av a ilab le  space w as 5.6, 5.2, 4.6 an d  
4 .2  m 2, resp ec tiv e ly , an d  w hen th e  cow  num bers w ere h ig h es t th e  space w as 
3.7 , 4.2, 4.02 an d  4.5 m 2, re sp ec tiv e ly  (T able IV).

C harac te ristic  h is to p a th o lo g ica l changes were observed  in  th e  ileum  an d  
th e  associated  m esen te ric  ly m p h  nodes o f  91 cows o u t o f 347 an im als s lau g h 
te re d . M yco b ac tin -d ep en d en t M . paratuberculosis  was iso la ted  from  23 cows 
o f th e  36 anim als ran d o m ly  selected  fro m  th e  91 cows.

D iscussion

As fa r as possib le , th e  losses occu rrin g  in  th e  h e rd  w ere seg regated  b y  
ae tio logy  to  o b ta in  m ore precise in fo rm a tio n  on th e  p a ra tu b e rcu lo s is  s itu a tio n . 
T h e  in v o lv em en t of som e u n id e n tif ia b le  fac to rs  can n o t be excluded . H ow ever, 
a p a r t  from  th e  12 to  15%  m a s titis  r a te ,  th e re  w ere no im p o r ta n t  in fectious 
diseases in  th e  h e rd , n o r d id  th e  q u a lity  o f feed change ap p rec iab ly  d u rin g  
th e  s tu d y .

I t  appears th a t  large h e rd  size a n d  d raw backs o f loose housing  such  as 
overcrow ding  an d  po o r hygiene m ig h t p ro m o te  th e  clin ical m an ifes ta tio n  of 
th is  disease. In  th e  overcrow ded loose house  th e  in itia l signs m ay  pass u n n o 
tic e d . The la te r  increase  in  clinical p ro b lem s was associa ted  w ith  considerab le  
econom ic losses, con fro n tin g  th e  fa rm  m an ag er and  th e  an im a l h e a lth  service 
w ith  alm ost u n so lvab le  problem s.

O vercrow ding u ltim a te ly  leads to  a sh o rte r la c ta tio n , u d d er diseases, 
re d u c tio n  in  re s tin g  an d  feeding space , d is tu rb an ces o f th e  no rm al d iu rn a l 
r h y th m  of feed ing  an d  m ilk ing, accu m u la tio n  of sludge an d  m an u re  in  th e  
y a rd , and  to  a g enera l d e te rio ra tio n  o f m an ag em en t an d  hygiene (A m stu tz , 
1984; Chiodini e t al., 1984). W hile we w ere able to  assess th e  d isad v an tag es of 
overcrow ding , th e  econom ic e v a lu a tio n  of th e  im p ac t o f overcrow ding an d  
o th e r  aspects o f poor m an ag em en t p rac tices  such as u n d eru tilized  housing  
a n d  m ach inery  w as ignored . O ur o b se rv a tio n s  failed to  d e m o n s tra te  an y  effect 
o f  th is  disease on rep ro d u c tio n  as described  by  o th e r a u th o rs  (G ilm our, 1985; 
M erkal, 1984; C hiodini e t al., 1984). T h e  p regnancy  ra te s  o f th e  herd  affec ted  
b y  p a ra tu b ercu lo s is  d id  n o t d iffer fro m  th e  n a tio n a l average . I t  is possible 
t h a t  culling and  s lau g h te r  could h av e  am elio ra ted  such effects.

This s tu d y  could  n o t assess w h a t p ercen tage  of ca lf  losses was due 
d irec tly  or in d irec tly  to  m a te rn a l p a ra tu b e rcu lo s is . M o rta lity  ra te s  fo r calves
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o f  severely  a ffec ted  cows w ere low er th a n  th e  herd  av e rag e . T here  w as no 
ev idence  for, or ag a in st, specific depressive effects of m a te rn a l disease on ca lf  
v ia b ility .

B ecause o f th e  ever chang ing  econom ic conditions o f c a tt le  p ro d u c tio n , 
w e believe th a t  disease losses shou ld  be assessed in  h e a lth  a n d  rep ro d u c tio n  
p a ra m e te rs  r a th e r  th a n  in  m o n e ta ry  te rm s. T he m on ito ring  sy s tem  described  
in  th is  rep o rt ap p ears  to  be su itab le  fo r assessing losses due to  p a ra tu b ercu lo s is  
a n d  fo r p lan n in g  p rev en tiv e  m easures n o t only  in  dairy  h e rd s  b u t  also in  beef 
a n d  d u a l pu rpose  herds u n d e r d iffe ren t m anagem en t co n d itio n s.
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BONE FORMATION AND BODY COMPOSITION OF 
EUROPEAN ELK: AN ONTOGENETIC MODEL

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

In s t i tu te  o f A rchaeo logy , H u n g arian  A cadem y o f Sciences, 1250 B u d a p es t, Ú ri u tc a  49,
H u n g a ry

(R eceived A pril 1, 1988)

M etap o d ia l and  fem ur m easu rem en ts  w ere g a th e red  on  8 fem ale and 12 m ale  
w este rn  E u ro p ea n  elk ( Alces alces [L. 1758] alces) skeletons in  fo u r osteological collec
tio n s in  S can d in av ia . A dditional va riab les  su ch  as carcass a n d  bone w eight as w ell as 
m e ta ca rp a l m easu rem en ts  recorded on  43 fem ales an d  47 m ales h u n ted  in  C en tra l 
Sw eden w ere com ple ted  b y  m e ta ta rsa l m easu rem en ts  av ailab le  fo r 28 fem ale a n d  29 
m ale in d iv id u a ls  o f  th e  sam e sam ple. T hese bones w ere d iv ided  in to  tw o  gross age g ro u p s 
on  th e  basis o f  ep iphysea l fusion. S ex -d ep en d en t dev elo p m en t o f  th e  m etapod ia l bo n es 
w as s tu d ied  in  te rm s  of lo n g itud inal g ro w th  an d  in  re la tio n  to  carcass w eight a n d  a 
n u m b er o f im p o r ta n t  carcass charac te ris tics . W hile m etaca rp a ls  in  b o th  sexes grow  a t  a  
slower ra te  re la tiv e  to  carcass w eigh t th a n  do m e ta ta rsa ls , sk e le ta l dev elo p m en t is 
m ore in ten siv e  in  young  fem ales re su ltin g  in  m a tu re  fo rm s a t  a  sm aller abso lu te  size. 
A nalysis o f th e  tw o  sets of d a ta  w as co m p le ted  w ith  p a ram e te rs  o f d issection s ta tis t ic s  
from  th e  l ite ra tu re  and  in teg ra ted  in to  an  o n to g en e tic  m odel. A  100 to  140 kg  carcass  
w e igh t in te rv a l  w as found  c ritica l b o th  in  te rm s  of w eaning  a n d  th e  onset o f sex u a l 
m a tu ra tio n .

K eyw ords: O ntogeny , skeletal g ro w th , carcass com position , E u ro p ean  elk, fa c to r , 
analysis.

E u ro p ean  e lk  is h u n te d  th ro u g h o u t Sw eden an d  th e  an n u a l h a rv e s t o f 
th is  la rge  gam e h as  exceeded 100,000 in d iv id u a ls  since 1979 (H aw ley, 1985) 
th u s  c o n tr ib u tin g  a sign ifican t p o rtio n  to  m ea t supplies in  th a t  co u n try  (H o rn ,
1982). Such e x p lo ita tio n  of th e  p o p u la tio n , especially  in  areas w ith  re la tiv e ly  
dense h u m an  se ttle m e n t, offers a com prom ise b e tw een  en v iro n m en ta l a n d  
sh o rt te rm  econom ic considerations, since k ill-o ff p a tte rn s  h a v e  recen tly  sh if te d  
to w ard  a g re a te r  p ro p o rtio n  of younger in d iv id u a ls  (L u n d m ark , 1983). Y e a r 
lings h av e  p ro v id ed  a m ajo r p a r t  (40% ) o f h a rv e s t since th e  in ten s ifica tio n  o f  
elk h u n tin g  d u rin g  th e  la te  seventies (S tä lfe lt, 1983; F ig . 1). A b e tte r  u n d e r 
s tan d in g  of g ro w th  of elk is becom ing in c reasing ly  im p o r ta n t. On th e  level o f 
basic research , e v a lu a tio n  of th e  p o s tn a ta l  o n togeny  of elk  m ay  give in s ig h t 
in to  p h en o m en a  w hich  have long been  m odified  b y  in c reased  v a riab ility  in  
dom estic ru m in a n ts  due to  selective b reed in g  (W ilson e t a l., 1982).
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F ig . 1. T he n u m b er o f e lk  k illed  during  th e  la s t  tw o  decades in  Sw eden. T he co n trib u tio n  of 
young  in d iv id u a ls to  th e  gross increase  o f  h a rv e s t is in d ica ted  b y  a h eav y  line

H ypothesis and  te s t im plications

P re lim in ary  s tu d ies  o f th e  bone m easu rem en ts  show ed sexual d im orph ism  
in  th e  grow th  o f ca rcass w eight re la tiv e  to  m e ta ta rsa l m ed ian  len g th . T he 
fu n c tio n s  show n in  F ig . 2 m ay  be describ ed  by  th e  follow ing a llom etric  
(H u x ley , 1932) eq u a tio n s:

F em ales: log CW =  3.938  log ML —7.811 
M ales: log CW =  4.359  log ML —8.834
w here  CW  stan d s fo r carcass w eight (kg) an d  

M L s tan d s  fo r th e  m edian  len g th  of 
m e ta ta rsa l b one  (mm)

B o th  of these  eq u a tio n s  are  su p p o rted  b y  h ig h  linear co rre la tio n s (P  0.001). 
D ifference show n b y  th e  a llom etric  coeffic ien ts  (italics) is obviously  on ly  a 
sy m p to m  of age d ep e n d e n t global changes in  th e  an im a l’s body . A ccord ing  
to  th e  H am m o n d ian  p rincip les of d iffe ren tia l grow th (H am m o n d , 1952), th ese  
are  m an ifested  b o th  in  th e  skeletal fe a tu re s  and  in  a v a r ie ty  of la te r  m a tu rin g  
tissu es  of w hich m uscle (“ lean  m ea t” ) a n d  fa t  are th e  m ost im p o r ta n t from  an  
econom ic p o in t of v iew . In  th e  p re sen t p a p e r  a m ore co n cre te  descrip tio n  of 
th e se  changes w as a tte m p te d  on th e  b as is  of p a ram e te rs  o b ta in ed  from  a 
v a r ie ty  of d a ta  sets.

I t  is n o te w o rth y  th a t  all m a jo r changes in  th e  b o d y  con fo rm atio n  of 
e lk  occur a t  a ro u n d  75 to  125 kg carcass w eight. This w eig h t for m ales an d  
fem ales is equal a t  th e  low er end of th e  in te rv a l w hich corresponds to  4.5 
m o n th s  of age (S kuncke, 1949). D issection  d a ta  in  th e  l i te ra tu re  show  th a t  
decreasing  bone c o n te n t o f th e  carcass also  s ta r ts  d isp lay ing  sexual d im orph ism  
a t  th is  p o in t. In  ad d itio n , th is  age m a y  also  be associated  w ith  w eaning  (V an
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METATARSAL MEDIAN LENGTH, mm
F ig. 2. Sexual d im orphism  of carcass w eigh t (CW ) as p red ic ted  fro m  th e  m edian  le n g th  o f 
m e ta ta rsa ls  (M L). T his a llo m etric  re la tio n sh ip  served  as a s ta r tin g  p o in t to  hypo theses te s te d

b y  th e  o n to g en e tic  m odel

den B rin k , 1957). T h e  n a tu ra l  age of w ean ing  m ay be co rre la ted  w ith  a n u m b er 
o f  m orphological t r a i ts  in  c a ttle  as w ell (B artosiew icz, 1980).

M etacarp al ep ip h y sea l fusion w as observed  b e tw een  1 and  2 y ea rs  of 
age in  th e  H ällefors p o p u la tio n  (Ireg ren , 1985), before fu ll m a tu ra tio n . T o ta l 
ossifica tion  of th e  d is ta l ep iphyseal p la te s  in  these  bones m a y  be ex p ec ted  by  
a ro u n d  th e  th ird  y e a r o f th e  an im al’s life (H aberm eh l, 1985).

Since high co rre la tio n s betw een  ske le ta l m easu rem en ts an d  carcass w eigh t 
p ro v id ed  sex -d ep en d en t tre n d s  th e  follow ing research  h y p o th eses  w ere fo r
m u la ted :

(1) T he sources o f skele ta l v a r ia b ility  should be sep arab le  in  te rm s  of 
a few b a ck g ro u n d  variab les w h ich  include sex u a l d im orphism .

(2) S ta tis tic a lly  s ig n ifican t s to ch as tic  re la tio n sh ip s  shou ld  ju s t ify  th e  
in te g ra te d  e v a lu a tio n  of v a rious d a ta  from  d iverse  sources.

(3) T h e  resu lts  shou ld  unam b ig u o u sly  correspond to  o th e r  deve lopm en ta l 
p henom ena d iscussed  in  th is  ch ap te r .

S hould  all these  h y p o th eses  prove accep tab le  during  an a ly ses , diverse p a r a 
m eters could  be in te rp re te d  w ith in  th e  fram ew ork  of a genera l m odel. S uch  a 
m odel w ould ou tline  gross tendencies o f sex dep en d en t g ro w th  in  a n u m b e r of 
b o d y  dim ensions inc lu d in g  skeletal m easu rem en ts an d  b o d y  com position  d a ta .

D ue to  th e  n o n -ex p erim en ta l n a tu re  of th e  sam p le , te s t  resu lts  w ere 
re jec ted  unless s ig n ifican t on th e  P  <7 0.001 level of p ro b a b ility . In  th e  fa c to r  
analyses used  in  th e  d iscussion of resu lts  а А 1 th re sh o ld  w as set for la te n t  
roo ts. T he significance o f fac to r  loadings w as in te rp re ted  follow ing Sváb (1979). 
In  th e  ap p ra isa l of coefficien ts of co rre la tio n , as well as fa c to r  loadings d e fin i
tions by  G uilford (1956) served  as guidelines.
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Materials and methods

O steom etrie d a ta  w ere g a th ered  on com plete  elk  ske le tons (8 fem ales 
a n d  12 males) in  th e  th re e  Sw edish and  a N orw egian  osteo logical collections. 
T h e  com position of th e  sam p le  as well as th e  lis t o f in s ti tu tio n s  are show n in  
T ab le  I .  In  th e  S ta te  H is to rica l M useum  o f S tockholm  a n  ad d itio n a l se t of 
m e ta c a rp a l and  m e ta ta rs a l m easu rem en ts w ere ta k e n  fro m  th e  1971 an n u a l 
h a rv e s t o f th e  H ällefo rs S p o rtin g  Club. T h ey  are  show n in  T ab les I I  an d  I I I .  
A ssocia ted  m e taca rp a l m easu rem en ts  an d  th eo re tica l d en sities of those bones 
w ere  published b y  B arto siew icz  (1986a). A d e ta iled  d esc rip tio n  of th e  orig in  
o f  th e se  d a ta  was g iven  b y  Ire g re n  (1975).

M ost bone m easu rem en ts  were ta k e n  as defined  b y  D u e rs t (1926) an d  
v o n  den  Driesch (1976). I n  a d d itio n  to  g re a te s t m e tap o d ia l len g th s , how ever, 
m ed ian  leng th  (ML) w as also in tro d u ced . I t  is m easured  be tw een  th e  m ost 
p ro x im a l end of th e  bone  an d  th e  fusion line o f th e  d is ta l ep iphysis. T hus, it

Table I

M easurem ents ta k e n  on com plete skeletons (righ t side)

Inv. Fem ur
M etatarsus

no. GL GL PB SB DB PD SD DD ML

F em ales

O F L 478.2 387.2 50.2 31.4 64.5 52.6 32.1 41.2 358.5
ZMO 6465 326.3 45.5 21.6 57.4 47.2 26.2 40.7 290.9
ZMO 16668 428.6 375.2 51.8 29.1 64.8 54.1 31.2 45.7 348.1
O F L KO -242 458.2 394.9 52.5 34.8 63.1 51.6 30.8 41.1 368.2
N H M G 8792 449.7 388.0 51.7 32.5 66.2 54.2 32.1 44.1 359.5
N H M G 9957 478.8 407.0 52.4 31.9 65.7 54.8 31.1 43.2 372.5
N H M G 11857 299.9 310.1 41.2 20.7 51.8 41.6 23.6 36.1 277.0
N H M G 10853 343.5 332.9 43.2 23.5 61.7 48.5 23.1 44.1 293.5

M ales

O F L KO -240 447.2 404.2 50.2 33.1 62.8 51.7 32.8 39.5 370.2
L U N D 5865 457.5 408.2 57.1 36.9 68.7 60.6 33.6 44.2 380.8
O F L 487.2 407.8 54.8 33.2 70.2 56.3 34.1 47.1 375.1
ZMO 584 498.4 406.9 56.5 34.1 69.3 58.3 34.6 47.1 384.2
N H M G 2574 226.1 262.1 37.2 16.6 44.9 37.1 15.6 32.1 234.3
N H M G 8793 476.8 386.3 48.9 32.9 63.4 53.1 29.9 40.3 360.7
N H M G 4645 457.8 403.9 49.2 31.0 64.2 55.5 32.9 41.2 376.0
N H M G 10636 364.5 361.0 51.8 28.9 69.5 52.7 31.2 45.8 334.2
N H M G 11518 445.2 386.5 52.8 34.9 67.8 54.1 33.4 46.2 357.3
N H M G 12062 462.2 400.0 53.9 34.8 67.2 54.1 31.2 43.6 370.0
N H M G 10588 433.6 401.8 50.8 30.5 61.1 54.0 29.8 41.2 377.7
N H M G 3407 498.2 412.1 56.9 34.0 69.2 57.1 33.5 45.0 389.2

A bbreviations: GL =  g re a te s t leng th ; ML =  m edian  leng th ; P B  =  proxim al b re ad th ; 
SB =  sm allest d ep th ; D B  =  d is ta l b re ad th ; P D  =  prox im al d e p th ; D D  =  distal d e p th ; 
N H M G  =  Museum of N a tu ra l H isto ry , Göteborg; O F L  =  Osteological R esearch  L ab o ra to ry , 
So lna ; ZMO =  Zoological M useum , Oslo; LU N D  =  Zoological M useum , L u n d ; In v . no. =  in 
v e n to ry  num ber. All m easu rem en ts  in m m
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becam e possib le to  include a g rea t n u m b e r of im m a tu re  in d iv idua ls in  th e  
o n togene tic  series in  sp ite  of th e  fa c t  t h a t  th e ir  d is ta l ep iphyseal p la te s  h a d  
n o t y e t  ossified  a t  th e  tim e of th e  kill. G rea test le n g th  an d  m ed ian  le n g th  
to g e th e r w ith  th e  tran sv ersa l m easu rem en ts  lis ted  in  th e  tab les  w ere a l te r 
n a tiv e ly  used  in  es tim a tin g  th e  th e o re tic a l d en sity  o f m etapod ia ls  on th e  basis 
o f a ir  d ried  bone w eight (B artosiew icz, 1986a). T he ro b u stn ess  of m e tap o d ia ls  
w as expressed  in  th e  p ropo rtio n  of sm alle s t b re a d th  o f th e  d iaphysis to  m ed ian  
len g th . T h e  p ro p o rtio n  of fem ur to  g re a te s t  m e ta ta rsa l len g th  w as u sed  as an  
in d ex  (I) o f th e  ad v an cem en t of g ro w th  (K le in , 1964).

U sing carcass w eight as a com m on d en o m in a to r, p a ram ete rs  fro m  o th e r  
in v es tig a tio n s  w ere included  in to  th e  on togene tic  m odel developed in  th is  
s tu d y  (H an sso n  an d  M alm fors, 1978; H aw ley  e t a l., 1983). B ody  com p o sitio n  
d a ta  of an im als  from  largely  th e  sam e b ro a d e r geograph ical reg ion  (C en tra l 
Sw eden) sh o t d u rin g  th e  regu lar fa ll h u n tin g  season w ere deem ed co m p a tib le  
w ith  th e  osteological m ateria l from  th e  H ällefors area.

Table II

M etatarsa l m easu rem en ts and carcass w eigh ts (CW ) of fem ale elk killed b y  th e  H ällefors 
Sporting  Club (S ta te  H istorical M useum , S tockholm ). F o r abbrev ia tions see T ab le  I

Inv .
no. GL PB SB DB PD SD DD ML

CW
bg S ID E

5 376.9 46.9 30.0 59.9 50.8 28.3 38.1 346.9 488 S in iste r
17 385.7 47.4 30.8 59.1 52.3 28.9 41.1 353.2 493 S in is te r
19 397.7 49.9 29.9 59.9 51.0 30.0 40.2 356.8 525 D e x te r
21 48.2 32.1 63.2 49.9 33.1 43.1 329.6 402 S in iste r
24 399.6 57.1 37.8 68.2 57.2 31.6 35.2 370.8 733 D e x te r
29 41.9 21.9 52.0 44.1 25.4 40.2 271.3 220 S in iste r
46 327.0 48.6 26.9 64.2 50.4 28.2 44.1 297.5 341 D e x te r
50 41.1 23.2 59.2 47.0 26.1 41.3 282.9 225 D e x te r
51 45.4 24.3 58.4 47.1 27.6 42.2 278.2 233 S in ister
55 46.1 24.1 59.7 46.1 26.3 43.1 273.2 235 D e x te r
59 361.0 51.6 30.6 61.9 53.1 29.1 40.9 333.9 463 D e x te r
60 384.1 48.4 32.1 64.2 52.9 31.4 43.2 343.2 550 D e x te r
64 48.2 29.9 58.3 50.0 29.9 43.8 328.2 417 S in iste r
66 385.8 49.7 30.3 62.3 53.5 30.0 42.9 356.8 520 D e x te r
68 389.8 49.4 30.1 62.1 53.2 29.5 42.9 362.2 516 D e x te r
74 379.6 50.9 30.8 60.2 52.9 31.1 42.5 346.0 529 D e x te r
82 351.2 42.5 27.1 57.5 46.3 28.3 39.4 327.1 402 D e x te r
85 51.2 26.2 66.3 50.2 29.9 47.9 319.0 279 D e x te r
86 46.1 26.7 61.1 49.5 28.9 45.1 282.0 290 S in ister
94 389.2 51.9 31.1 65.2 55.4 33.2 46.4 357.9 539 S in ister
95 46.8 26.0 61.9 46.1 28.1 42.1 274.1 234 S in ister
98 46.0 22.5 56.9 46.9 26.5 44.0 278.1 236 D e x te r
99 46.9 25.8 63.2 48.2 27.7 44.1 279.8 243 D e x te r

103 42.9 23.0 57.2 44.5 26.2 41.5 275.6 234 Sinisser
116 46.9 25.9 63.5 47.9 28.7 42.2 279.5 242 D e x te r
118 374.9 47.9 31.1 60.4 53.2 30.8 40.8 348.2 460 S in ister
121 50.9 28.2 65.4 51.5 30.7 40.9 289.6 296 S in ister
123 372.1 49.1 34.6 60.9 53.0 31.2 40.2 344.4 578 S in ister
124 43.4 23.5 53.0 45.6 26.1 39.7 276.5 218 S in iste r
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Cold carcass w eig h ts  served as in d e p e n d e n t variab les in  regression  a n a 
lyses a im ed a t e s tim a tin g  m issing values in  all th e  d a ta  sets u n d e r  d iscussion 
in  th is  s tu d y  (F ran e , 1976, 1981). U sing th is  m e th o d , carcass t r a i ts  for 20 m ale 
an d  16 fem ale in d iv id u a ls  were s im u la ted  fo r  th e  purposes o f th e  on togene tic  
m odel. As opposed to  ab so lu te  age, th e  size c rite rio n  m inim izes e n v iro n m en ta l 
b ias  in  th e  resu lts  (F á b iá n , 1969; P rice  an d  W h ite , 1987). T his is p a r tic u la r ly  
im p o r ta n t  w hen a sam p le  of w ild an im als is s tu d ied . T he ab so lu te  size o f elk  
is k n o w n  to  be v a ria b le  even  w ith in  th e  sam e reg ion  an d  is s tro n g ly  in flu en ced  
b y  n u tr itio n  an d  ev en  w ea th e r co n d itio n s in  a d d itio n  to  in h e rite d  fac to rs  
(S tâ lfe lt, 1983). C arcass w eight is also to  be  p re fe rred  to  to ta l  b o d y  w eigh t as 
a t r a i t  less in flu en ced  b y  these  o sc illa ting  in d iv id u a l cond itions (v iscera , 
in te s tin a l fa t  dep o sits  e tc .; Pálsson  an d  V erges, 1952).

In  add itio n  to  u n iv a r ia te  s ta tis tic s , re la tio n sh ip s  betw een  th e  v a riab les  
w ere ev a lu a ted  b y  fa c to r  analyses. T h is m e th o d  inv estig a tes  th e  degree to  
w h ich  clusters o f in te rc o rre la te d  v a riab le s  m a y  rep resen t few er, underly in g , 
m ore  basic h y p o th e tic a l v ariab les (W illiam s, 1979). C alcu lations w ere ca rried

Table III

M etatarsal m easu rem en ts and  carcass w eights (CW ) of male elk killed b y  th e  H ällefors 
Sporting  Club (S ta te  H isto rica l M useum , S tockholm ). F o r abbrev ia tions see Table I

In v .
no. GL PB SB DB PD SD DD ML

CW
k 6 SID E

1 387.2 51.9 30.9 62.1 54.8 31.6 42.3 357.2 586 D ex ter
3 49.9 30.5 69.1 51.8 32.4 47.8 329.3 456 S in ister
5 368.9 52.4 32.3 63.2 57.1 29.9 42.9 339.0 579 S in ister
9 51.2 28.9 66.8 53.1 31.2 45.0 329.2 444 Sinister

16 50.4 28.3 67.1 52.0 29.5 46.1 286.1 295 Sinister
18 379.1 46.7 33.7 60.1 49.3 31.0 38.9 349.0 501 D ex ter
20 380.9 44.2 28.1 62.5 48.5 30.5 43.9 341.2 454 Sinister
22 48.1 29.6 62.9 48.9 29.4 44.1 324.2 400 Sin ister
28 384.8 51.1 32.8 55.4 56.1 32.1 43.8 369.1 641 S in ister
47 377.4 49.1 28.8 60.8 49.1 28.3 40.2 350.0 514 D ex ter
52 396.2 53.1 32.6 67.9 54.7 34.1 43.9 369.2 557 S in ister
56 48.5 25.1 63.1 48.1 27.5 45.5 284.1 279 D ex ter
58 50.7 25.8 63.2 50.8 28.9 47.1 290.9 279 Sinister
61 48.9 25.0 60.0 48.1 28.1 44.5 282.1 257 S in ister
62 376.4 52.0 33.9 66.9 59.9 33.1 42.5 346.0 627 D ex ter
67 45.9 24.3 57.4 47.1 27.1 44.1 283.2 226 D extei
83 47.9 26.6 62.5 51.1 31.0 45.9 295.0 262 D extei
84 50.1 27.3 66.5 53.7 30.1 47.9 294.2 307 Sinister
89 45.3 23.9 57.5 46.9 26.2 43.0 285.2 222 D ex ter
90 50.0 29.3 72.4 52.4 34.9 50.1 333.9 439 D ex ter

SM I 52.0 31.4 69.2 52.9 32.9 45.7 342.8 515 Sinister
1 0 0 47.2 25.5 64.6 48.3 29.2 46.0 307.2 329 D ex ter
1 0 1 46.5 25.4 61.5 47.9 28.0 44.0 274.2 2 1 1 Sinister
105 46.9 23.9 59.5 46.2 26.5 43.2 279.5 222 S in ister
106 389.4 51.5 30.0 69.1 51.7 32.4 46.0 335.2 573 Sinister
1 1 1 386.0 51.0 33.6 62.5 54.9 35.9 40.7 354.1 627 Sinister
119 365.0 51.6 30.7 66.8 56.2 33.1 44.9 340.2 555 Sinister
126 49.3 25.1 60.1 49.5 28.5 45.8 281.2 278 S in ister
148 46.0 24.4 59.1 48.7 28.0 43.2 283.1 236 S in ister
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o u t using a V arim ax  ro ta tio n  in  o rder to  o b ta in  b e t te r  defined  fac to r load ing  
p a tte rn s  and  m ore b a lan ced  la te n t  roo ts (F ran e  e t a l., 1981). O f th e  va riab les , 
sex an d  th e  s ta te  of d is ta l ep iphyseal fusion o f m e tap o d ia ls  were inc luded  as 
d icho tom ized  (“ d u m m y ” ) v ariab les (fem ales an d  calves w ith  sep a ra ted  ep i
physes: 0, m ales an d  in d iv idua ls w ith  a t  least p a r tia lly  fused ep iphyses: 1). 
T his was m ade possib le  b y  th e  sym m etric  d is tr ib u tio n  p a tte rn s  of th e  d a ta  
se t in  te rm s o f th e se  v ariab les (Sváb , 1979) w hich  is show n by  th e  re le v a n t 
m ean  values ( +  як; 0.5) in  T ables IV  an d  V I.

Results

As is show n b y  th e  correlations in  T ab le  IV , w ith  th e  exception  of sex 
m ost v ariab les o f th e  l ite ra tu re  analysed  in  re la tio n  w ith  th e  osteological d a ta  
from  H ällefors a re  s ig n ifican tly  co rre la ted  w ith  each  o th e r. N egative co rre la 
tions occur only  in  re la tio n s  to  th e  p ro p o rtio n  o f f ro n t to  h ind  m etapod ia ls  
f ir s t  p resen ted  in  th is  artic le  (MCML/MTML). O bv iously , re la tiv e  g ro w th  of 
m e taca rp a ls  is, in  genera l, less in tensive  since th e y  su p p o rt th e  g rea te r  p a r t  
of live w eight w hich  is n o t as evenly  d is tr ib u te d  as carcass fore- an d  h ind- 
q u a r te r  w eight. T h u s  h eav ie r f ro n t p a r ts  o f th e  b o d y  (head , an d  especially  
an tle rs  in  aging m ales) re su lt in  excess pressu re  e x e rte d  on th e  a rtic u la r  su r
faces. T his is know n  to  in ten sify  th e  ossifica tion  process of ep iphyseal p la te s  
w hich u ltim a te ly  re su lts  in  th e  cessation  of lo n g itu d in a l bone grow th  (H ert,
1964). A ccording to  B erg strö m  an d  W ijn g aa rd en -B ak k e r (1983), th e  d en sity  of 
m e ta ta rsa ls  increases s lig h tly  m ore in ten siv e ly  re la tiv e  to  to ta l  bone w eigh t 
in  carcass side in  y o u n g  c a ttle  (grow ing bulls), th a n  th e  d en sity  of m e taca rp a ls .

Table IV

U n iv aria te  sta tis tics  an d  coefficients o f correlation of th e  osteological d a ta  set. Ita lics:
P  ^  0.001

Sex CW
kg

TD
MCSB MTSB MCML

F  usion
g/cms MCML MTML MTML

X 0.520 136.341 0.382 0.107 0.088 0.874 0.545
S.E . 0.045 5.739 0.008 0.001 0.000 0.002 0.049
C.V. 0.964 0.467 0.223 0.073 0.058 0.019 0.917
Sex 1.000
c w 0.200 1.000
TD 0.085 0.813 1.000
MCML/MCSB 0.221 0.470 0.462 1.000
MTML/MTSB 0.229 0.339 0.267 0.728 1.000
MCML/MTML 0.173 - 0 .4 7 9 - 0.336 - 0 .2 8 6 0.023 1.000
Fusion 0.037 0.796 0.664 0.350 0.229 - 0 .4 5 3 1.000

A bbrev iations: TD  =  th eo re tical density ; MCSB =  m eta ca rp a l sm allest b read th ; 
MTSB =  m eta ta rsa l sm allest b read th ; MCML =  m etaca rp a l m ed ian  leng th ; MTML =  m e ta 
ta rsa l m edian  leng th ; x  =  m ean  value; S .E . =  s tan d ard  erro r; c .v . =  coefficient o f v a ria tio n
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Table V

R o ta te d  facto r m atrix  o f th e  osteological d a ta  se t rearran g ed  in th e  decreasing o rder o f loadings 
on the  f irs t fac to r. F o r ab b rev ia tio n s see Table IV . Italics: P  < / 0.001

FACTOR 1 
Age

FACTOR 2 
Sex

Communalities

h %
—

c w 0.881 0.294 0.863 12.328
F u sio n 0.862 0.114 0.756 10.800
T D 0.812 0.254 0.724 10.343
MCM L/MTML —0.728 0.233 0.584 8.343
M TSB/M TM L 0.167 0.847 0.745 10.643
MCSB/MCML 0.426 0.437 0.725 10.357
Sex — 0.111 0.640 0.421 6.014

L a te n t  roo ts A 2.930 1.889 4.818
0//о 41.851 26.977 68.828

T he fac to r an a ly sis , carried  o u t u sing  orig inal osteom etrica l d a ta  ga thered  
fo r  th is  s tu d y , re su lted  in  tw o sy n th e tic , “ b ack g ro u n d ”  v a riab les . These m ay 
be  id e n tif ie d  as age a n d  sex (Table У). T h e  f irs t  fac to r is b ip o la r  (H arm an , 
1967) an d  encom passes th e  m a jo rity  o f to ta l  variance . I t  m ay  well be recognized 
on  th e  basis of carcass w e ig h t’s defin itiv e  role an d  th e  a lready  d iscussed  decrease 
o f  th e  MCML/MTML p ro p o rtio n . A lm ost one th ird  of th e  to ta l  va rian ce  is 
re p re se n te d  by sex re la te d  com ponen ts o f th e  s tu d ied  ch a rac te ris tic s . O f these, 
th e  re la tiv e  robustn ess  o f  m e ta ta rsa ls  in  m ales is show n b y  th e  po sitiv e  lo ad 
in g  o f  th e  M TSB/M TM L ra tio . W hen  th eo re tica l hone d ensities are p lo tte d  
a g a in s t carcass w eigh t, tre n d s  ou tlin ed  b y  th e  o b ta in ed  lin ea r reg ression  eq u a 
tio n s  (B artosiew icz, unpub lish ed ) show  som e difference b e tw een  sexes. This 
is , how ever, d ifficu lt to  ev a lu a te  due to  th e  h e te ro sced astic ity  o f d a ta . A ctually , 
as opposed  to  th e  re la tiv e  ro b u stn ess  of m e ta ta rsa ls  th e  th e o re tic a l d ensity  
o f  th e se  bones seems to  be d irec tly  re la te d  to  th e  carcass w eight (and  th u s  age), 
m o re  o r less in d e p e n d e n tly  of th e  an im a l’s sex (Table V). L a rg e r m ales, n a tu 
ra lly , develop denser bones a lthough  ra te  o f increase is n o t s tro n g ly  m an ifested  
in  th e  load ing  on th e  second  fac to r assoc ia ted  w ith  sex.

S ign ifican t co rre la tio n s are even  m ore freq u en t w hen carcass c h a ra c te r
is tic s  from  th e  l i te ra tu re  are in c lu d ed  (T able V I), a lth o u g h  carcass w eight 
i ts e lf  w as no t d irec tly  ta k e n  in to  co n sid e ra tio n  in  th is  c a lcu la tio n . Sex, on 
th e  o th e r  hand , is a n  ex cep tion  in  th is  case as well. W hen  th e  co rre la tion  
m a tr ix  is sy n th e tized  b y  a fac to r  analysis , again  tw o fac to rs  a re  o b ta in ed . 
D u e  to  th e  high n u m b e r of in te rre la te d  v ariab les, how ever, age inc ludes a 
m u c h  g rea te r p ro p o rtio n  o f to ta l  va rian ce  (T able V II). (The inc lusion  o f carcass 
w e ig h t would have  w orsened  th is  effect due to  its  h igh co rre la tio n s). M eat/ 
b o n e  ra tio , increasing m e ta ta rsa l len g th s  an d  decreasing hone p ercen tag e  as
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Table VI

U n iv aria te  s ta tis tic s  and  coefficients o f corre lation  of th e  bo d y  com position d a ta  used in  th e  ontogenetic  m odel. Italics: P  < ; 0.001

Sex Fusion MTML
mm

Bone
%

M eat
%

F at
%

ADG
g

I Fore/Hind M eat/Bone

X 0.555 0.611 335.2 19.0 76.7 4.2 0.232 1.285 0.969 4.143
S.E. 0.085 0.084 7.375 0.566 0.402 0.197 0.019 0.613 0.132 0.116
c.v. 0.907 0.809 0.130 0.176 0.031 0.275 0.477 0.283 0.081 0.166

Sex 1.000
Fusion 0.204 1.000
MTML 0.150 0.787 1.000
Bone 0.156 - 0 .6 4 4 - 0 .8 7 4 1.000
M eat - 0 .0 7 5 0.674 0.909 — 0.974 1.000
F a t  . - 0 .2 9 6 0.473 0.656 - 0 .8 8 5 0.755 1.000
ADG - 0 .0 9 3 - 0 .7 4 8 - 0 .8 1 3 0.715 — 0.731 - 0 .5 8 3 1.000
I 0.075 0.788 0.983 — 0.881 0.923 0.648 - 0 .8 0 0 1.000
F o re /H ind 0.391 0.679 0.638 - 0 .5 6 6 0.642 0.317 - 0 .5 5 5 0.641 1.000
M eat/B one - 0 .1 5 5 0.674 0.904 — 0.975 0.966 0.828 - 0 .7 5 3 0.923 0.576 1.000

A bbrev iations: ADG =  average daily  gain; I  =  fem u r/m etata rsu s len g th  ra tio , Fore /H ind  
M eat/B one =  m eat/bone  ra tio

 ̂ fo req u arte r/h in d q u arte r ra tio ;
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Table VII

R o ta te d  facto r loading m a tr ix  o f the  body  com position  d a ta  se t rearran g ed  in  th e  decreasing 
o rd er o f loadings on  th e  f ir s t  factor. F o r abb rev ia tio n s see T ab le  V I. Italics: P  0.001

FACTOR 1 
Age

FACTOR 2
Sex

Communalities

h %

M eat/B one 0.984 — 0.047 0.971 9.710
B one - 0 .9 7 9 0.083 0.965 9.650
M eat 0.966 0.042 0.935 9.350
I 0.938 0.223 0.930 9.300
MTML 0.927 0.269 0.932 9.320
F a t 0.840 - 0 .3 2 5 0.811 8.110
AD G - 0 .8 0 9 — 0.261 0.723 7.230
Fusion 0.748 0.439 0.751 7.510
Sex - 0 .1 2 9 0.911 0.846 8.460
F o re /H in d 0.604 0.609 0.737 7.370

L a te n t roots A
%

6.901
69.010

1.700
17.000

8.601
86.010

w ell as carcass av e rag e  daily  gain (ADG) th ro u g h  life are  c learly  age d ep en d en t. 
S ex u a l d im orph ism , w hich  occurs in  carcass w eigh t, is som ew hat a p p a re n t 
in  th e  leng th  ra tio  o f fem u r/m e ta ta rsu s  proposed  by  K le in  (1964) as a sensitive 
in d e x  of the  co m p le tio n  of grow th . T h e  leng th  of fem o ra  increases re la tiv e  
to  th e  early  fusing m etap o d ia ls  a n d  th is  ten d en cy  is s tro n g e r in  bulls (B arto - 
siew icz, \9% la). T h e  p ro p o rtio n  of fo re q u a r te r  to  h in d q u a r te r  w eight is v isib ly  
h ig h e r in  bulls a lth o u g h  s ign ifican t d ifferences b e tw een  th e  m ean  v alues o f 
th e se  p a rts  were fo u n d  only in  m ale ca lves whose fo re q u a rte rs  were a c tu a lly  
less developed (H aw ley  e t al., 1983). In c rea sed  g row th  of th e  neck and  shou lder 
m u scu la tu re  is s tim u la te d  during  sex u a l m a tu ra tio n  b y  th e  increasing  level o f 
te s to s te ro n e  (G erra rd  e t ah, 1987). T h is sexual d im o rp h ism  is even m ore 
em phasized  d u rin g  th e  ru tt in g  season in  cerv ids due to  th e  increased  v ascu la r 
su p p ly  to  these  m uscles of th e  carcass in  m ales (F ie ld  e t ah , 1985). A t th e  
sam e tim e, fac to r  load in g s show th a t  th e  fo re /h in d q u a rte r  p ro p o rtio n  is th e  
m o st equally  c o rre la ted  w ith  th e  fa c to rs  o b ta in ed  b y  th is  ca lcu la tion : i t  is 
in flu en ced  by  b o th  age and  sex.

Discussion

O n th e  level o f  v ariab les, c lu ste rin g  o f b o th  orig inal bone m easu rem en ts 
a n d  b o d y  com position  tr a i ts  (u n iv a ria te  s ta tis tic s  of w hich  were p u b lished  in  
th e  lite ra tu re ) in  tw o  fac to rs  is p a r tic u la r ly  in te re s tin g . T h is in teg ra ted , m u lti
v a r ia te  approach  h a d  its  fo rerunners. S kele ta l d ev e lo p m en t an d  fa tte n in g
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resu lts  in  several b reed s  of c a ttle  form ed th ree  fac to rs  (B artosiew icz, 19866). 
In  th e  case of th a t  la rg e  ru m in a n t species too , age w as p red o m in an t, follow ed 
b y  sex. A th ird  fa c to r , how ever, in te rp re te d  as in tra sp ec ific  v a riab ility , could  
also he e x trac ted . T h is  was n o t possible in  th e  case of e lk  using  the  A >  1 
c ritica l value fo r l a te n t  roo ts. T he tw o  fac to rs (age an d  sex) were su ffic ien t 
to  describe m ost o f  th e  com m on varian ce  rep re sen ted  b y  th e  variab les as is 
show n b y  th e  h igh  p ercen tag e  of la te n t  roo ts in T a b le sV  a n d  V II.T h is  p h en o m 
enon is, to  som e e x te n t, in fluenced  by  th e  choice of v a riab le s , b u t i t  is also 
due to  th e  g rea te r  h om ogene ity  o f these  d a ta  sets re su ltin g  from  th e  b e tte r  
can a liza tio n  of g ro w th  in  wild an im als u n d e r n o rm al c ircum stances (R eeve 
an d  W ad d in g to n , 1952).

R esults of th e  o rig inal analysis suggest th a t  sex u a l d im orphism  of th e  
s tu d ied  skeletal c h a rac te ris tic s  is ch iefly  re la te d  to  sex -d ep en d en t differences 
in  carcass w eight. T h u s , one m ay  assum e th a t  th e  re la tiv e  bone co n ten t o f 
carcasses m ay  be  co m p ara tiv e ly  easily  e s tim a ted  using  m etap o d ia l m ed ian  
len g th s  as long as an im als  are h u n te d  d u ring  th e  sam e season  in  a defined  
a rea . As opposed to  th e se  tw o com ponen ts, carcass fa t  p ercen tag e  is v isib ly  
less in  m ales th a n  in  fem ales. Q u an tific a tio n , how ever, req u ires  th is  h y p o 
thesis  to  be te s te d  u s in g  m ore num erous d issection  d a ta . S exual d im orphism , 
on th e  o th e r h a n d , shou ld  be ta k e n  in to  consid era tio n  w hen  carcass w eigh t 
i tse lf  is being p re d ic te d  due to  th e  sex -re la ted  d iffe ren tia l g row th  of m ost 
tissues u n d er th e  in flu en ce  of sexual horm ones. T h is effect w as equally  d e tec ted  
in  th e  long bone g ro w th  of c a ttle  an d  elk (B artosiew icz, 1984; 1985; 1987a) 
as well as in  th e  c ra n ia l p roportions o f elk  from  S can d in av ia  (Saether, 1983; 
B artosiew icz, 1987c). T h is in fluence increases w ith  th e  a d v an cem en t of sexual 
m a tu ra tio n . W hile th e  endocrinological asp ec t of th is  p ro b lem  was ou tlin ed  
in  d e ta il p rev iously  (B ököny i an d  B artosiew icz, 1983) th is  m echanism  m ay  
be in te rp re te d  v e ry  m u ch  th e  sam e w ay  as is th e  case w ith  m a ln u tritio n  
(P álsson , 1955) or pa th o lo g ica l stress (S tam p , 1982). T issues d isplaying in 
ten s iv e  g row th  re p re se n t a locus m inoris resistentiae in  th e  b o d y  and  th u s  are  
m ore prone to  d is to rs io n  b y  b o th  ex te rn a l an d  in te rn a l effects.

T his critica l p e rio d  in  skeletal g row th  could  well be o bserved  in  th e  b o d y  
fo rm atio n  of fem ale c a tt le  betw een  120 an d  225 kg o f live w eigh t (B arto sie 
wicz, 1 9 S ld ). W h en  fa c to r  scores of th e  second fac to r  analysis  are p lo tte d  
ag a in s t each o th e r, a c lear divergence m ay  be seen b e tw een  th e  body co n 
fo rm a tio n  of fem ale  a n d  m ale elk along th e  axis rep re sen tin g  age (Fig. 3). 
In  sp ite  o f th e  re la tiv e ly  clear d icho tom y  b e tw een  sexes, how ever, th e  p a t 
te rn  of age is n o t v e ry  clear. S ex-related  effects in  th e  on togene tic  model p re 
sen ted  here m ay  be rem o v ed  b y  using  carcass w eigh t as in d ep en d en t variab le  
in s te a d  of F a c to r  1, age. This la t te r  also co n ta in s “ noise”  from  th e  overlap  
w ith  F a c to r  2 i.e . sex . T he resu lting  curves are  show n in  F ig . 4. T en d en 
cies ob ta in ed  for b o th  sexes are rem in iscen t o f th e  cosine function . T h e ir
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FACTOR SCORES : AGE

F ig . 3. D ivergen t tre n d s  o u tlin ed  b y  20 m ales (squares) and  16 fem ales (circles) s im u la ted  
in  th e  p lan e  of th e  tw o fa c to rs  describ ing  carcass  com position t r a i ts  (T able  V II) . T h e  n u m b er 
o f  d a ta  p o in ts  show n is red u ced  b y  overlaps b e tw een  cases. W hite  u n its  show  in d iv id u a ls  w ith  
u n fu se d  d is ta l m e tap o d ia l epiphyses. S h ad in g  in d ica tes  com plete fusion . T ran s itio n a l form s

are m ark e d  b y  b o th  colors

CARCASS WEIGHT, kg
F ig . 4. F a c to r  scores o f sex  p lo tte d  ag a in s t carcass w eight to  show  changes in  th e  sex -de
p e n d e n t  com ponents o f  th e  v ariab les lis ted  in  T ab le  V II. T he m in im u m  p o in t in  b o th  curves 
a n d  th e  divergence of ten d en cies  follow ing sex u a l m a tu ra tio n  are  o f  p a r tic u la r  in te res t. F o r

legend  see F ig . 3

e x a c t m a th em atica l defin ition , h o w ever, w ould edge on  th e  o v e rex p lo ita tio n  
o f  n o th in g  b u t s im u la ted  d a ta . I t  is m u ch  m ore im p o r ta n t th a t  b o th  curves 
h a v e  th e ir  deepest p o in t in  e x a c tly  th e  sam e carcass w eigh t in te rv a l w hich 
w as p in p o in ted  in  p rev ious exam ples (100 to  120 kg) b y  v a rious k inds of 
physio log ica l evidence in d ep en d en t o f  th e  results of th is  s tu d y  (ep iphyseal fu 
sion , in te rsec tio n  be tw een  fem ale an d  m ale  grow th curves, sexual m a tu ra tio n  
e tc .) . Increasing  sex u a l d im orph ism  b ey o n d  th is  period  show n by  th e  p ro 
g ressive  divergence o f sex -re la ted  t r a i t s  encom passed b y  F a c to r  2 (sex) m ay  
ev en  be m ore c learly  seen here th a n  in  F ig . 3.
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TUBULAR REABSORPTION OF PROTEIN BY PORCINE 
KIDNEYS DURING NEONATAL ALIMENTARY 

PROTEINURIA

K . B a in t n e r 1, T. K e r é n y i2 a n d  A. Cs é p l ő 3

U n iv e r s i ty  o f A g ricu ltu re , F a c u lty  o f A nim al Science, H-7401 K a p o sv á r, P .O .B ox 16;
22nd  In s t i tu te  o f P a th o lo g y , Sem m elw eis M edical School, B u d a p es t; 3D e p a rtm en t of 

P a th o lo g y , V e te rin a ry  In s ti tu te , K a p o sv á r, H u n g a ry

(R eceived  Ju n e  6, 1988)

T he a b ility  o f  re n a l p ro x im al tu b u la r  cells to  reab so rb  p ro te in  early  in  p o s tn a ta l 
life w as in v e s tig a te d  using  g o a t haem oglobin  as trac e r . T he haem oglob in  was in tra -  
card ia lly  a d m in is te red  to  n ew b o rn  piglets. T he k id n ey s  w ere fix ed  fo r  lig h t and  electron  
m icroscopy  4 h  la te r . P ig le ts k illed  im m ed ia te ly  a f te r  b ir th  an d  th o se  allowed to  suck 
co lostrum  fo r 4 h  w ere used  as controls.

T he p ro x im al tu b u la r  cells o f  new born , unsu ck led  p ig le ts  a lre ad y  co n ta in ed  ab so rp tive  
vacuoles. H aem oglob in  w as abso rbed  in  som e ab so rp tiv e  v acuo les o f th e  p rox im al 
tu b u le s . T he tra c e r  w as also dem onstrab le  in  th e  u rin e , m a in ly  in  th e  form  of m et- 
haem oglobin .

A lth o u g h  p ro x im al tu b u la r  cells o f new b o rn  p ig le ts a re  ab le  to  absorb  p ro te in , 
th is  a b so rp tio n  is o f lim ited  e x te n t  and  excess p ro te in  is vo ided  w ith  th e  urine.

K eyw ords: P ig , new born , p ro te in u ria , k id n ey s , p ro x im al tu b u le s .

U n g u la tes are  b o rn  a lm o st com pletely  agam m ag lobu linaem ic; passive 
im m u n ity  is a cq u ired  b y  th e  in te s tin a l ab so rp tio n  o f co lo stra l antibodies 
(B ram bell, 1970) w hich  m ain ly  belong to  th e  Ig G  class. I n  c o n tra s t to  ra ts  
a n d  m ice, th is  ab so rp tio n  is non-selective in  u n g u la tes , i.e. a p p a re n tly  every  
p ro te in  species of th e  co lostra l w hey  and  th e ir  p ro teo ly tic  frag m en ts  are a b 
so rbed  in to  th e  n e o n a ta l c ircu la tion  during  th e  f ir s t  one or tw o  days of life 
(review ed by  B a in tn e r , 1986). T he osm otic lo ad  o f la rge  q u a n tit ie s  of absorbed  
p ro te in  (M cCance an d  W iddow son, 1959; R am irez  e t al., 1963) is a llev ia ted  
b y  u r in a ry  ex c re tio n  of th e  sm aller colostral p ro te in s  an d  p ro te in  fragm ents 
passing  th ro u g h  th e  g lom eru lar f ilte r  o f th e  k id n ey s, w hile in ta c t  an tibodies 
rem ain  in  th e  c ircu la tio n . T he physiological, a lim e n ta ry  p ro te in u ria  (H ow e, 
1924; S m ith  an d  L ittle , 1924; M cD ougall, 1965; L oh e t a l., 1972; M artinsson, 
1973) ceases soon a f te r  closure o f in te s tin a l a b so rp tio n  o f m acrom olecules, 
u su a lly  d u rin g  th e  second d ay  of life. B e ta -lac to g lo b u lin  (P ierce, 1961a, b). 
co lostra l try p s in  in h ib ito r  (B a in tn e r, 1970) an d  IgG  frag m en ts  (K ickhöfen et 
a l., 1972; M artin sson , 1972) w ere iden tified  in  th e  u rine  o f  ungu la tes a fte r  
th e  f ir s t  suckling . E v e n  haem oglobin  was ex c re ted  b y  th e  k idneys, if  fed 
m ixed  w ith  co lostrum  (B a in tn e r, u n p u b lished  o b se rva tion ).

I t  is know n  th a t  in  a d u lt m am m als sm all am o u n ts  o f serum  p ro te in  
escape co n tin u o u sly  from  th e  c ircu la tion  in to  th e  p rim a ry  u rin e  and  are ta k e n
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u p  b y  th e  tu b u la r  ep ith e liu m , m a in ly  in  th e  p rox im al tu b u le s . A fte r  in tr a 
ce llu la r d igestion  th e  am ino  acids a re  reu tilized .

T he question  arises w h e th e r th e  p ro te in , w hich ap p ea rs  in  th e  p ig le t’s 
u r in e , is in  excess o f tu b u la r  a b so rp tiv e  cap ac ity  or w h e th e r re a b so rp tio n  of 
p ro te in  does n o t fu n c tio n  early  in  p o s tn a ta l  life. T h e  p re se n t s tu d y  su p p o rts  
th e  f i r s t  a lte rn a tiv e .

Materials and methods

A n im a l and experim ental design

Tw elve new born  K A H Y B  h y b r id  p ig lets of b o th  sexes, w eighing  1 .20- 
1.30 kg , o u t o f fo u r l itte rs , w ere used .

Im m ed ia te ly  a f te r  p a r tu r i t io n  th re e  piglets w ere m a rk e d  an d  selected  
fo r  th e  experim en t. O ne p ig le t w as k illed  a t  ab o u t one h o u r  a fte r  b ir th  (u n 
su ck led  contro l); a n o th e r p ig le t w as allow ed to  suck co lo stru m  from  th e  dam  
(su ck led  contro l), to g e th e r  w ith  l i t te rm a te s  n o t inc luded  in  th e  e x p e rim en t; a 
th i r d  p ig le t was n o t allow ed to  suck , b u t  was in jec ted  w ith  goat haem oglob in  
as tr a c e r  p ro te in  (h aem o g lo b in -trea ted  pig let). T he suck led  co n tro l a n d  th e  
h aem o g lo b in -trea ted  p ig lets w ere k illed  b y  bleeding a t  a b o u t 4 h  o f age, 3 to  
4 h  a f te r  th e  f irs t  suckle or th e  in jec tio n  of haem oglobin , to  allow  tim e  for 
th e  p ro te in s  to  reach  th e  ren a l tu b u le s  an d  to  be ab so rb ed . T he ex p erim en ts  
w ere  rep ea ted  w ith  p ig le ts o f th re e  o th e r  litte rs . B locks (ap p ro x im a te ly  one 
m m 3) w ere excised from  th e  su b c a p su la r  region of th e  k idneys fo r e lec tron  
m icroscopy  and  0.5 cm  th ic k  slices fo r lig h t m icroscopy.

P reparation and adm inistra tion  o f  haemoglobin

H eparin ized  g o a t b lood  w as cen trifu g ed  a t a b o u t 1000 g  fo r 10 m in  and  
th e  su p e rn a te  w as d iscarded . T h e  re d  b lood  cells w ere w ashed  th re e  tim es 
w ith  saline th e n  haem olysed  w ith  d istilled  w ater. T o n ic ity  w as re s to re d  to  
physio log ica l b y  ad d in g  a 9 : 1 m ix tu re  of co n cen tra ted  N aCl an d  KC1 solu
tio n s . T he haem oglobin  so lu tion  w as ad m in iste red  in tracardially  u n d e r e th e r 
an aes th es ia  because of d ifficu lties o f  in trav en o u s a d m in is tra tio n . T h e  h e a r t 
w as lo ca ted  b y  p a lp a tio n  on th e  le f t side of th e  th o ra x . A fte r in se rtin g  th e  
n eed le  in  th e  r ig h t angle be tw een  th e  ribs, 1 to  2 m l b lood  w as rem oved , 
th e n  0.5 g haem oglobin  was slow ly in jec ted  in  6 m l so lu tion . T h e  tre a te d  
p ig le ts  w ere k e p t u n d e r an  in fra red  lam p .
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Preparation o f  tissue samples

Specim ens f ix e d  in  8%  fo rm aldehyde (a d ju s te d  to  p H  7.4 w ith  p h o sp h a te  
buffer) w ere em b ed d ed  in  p a ra ff in  an d  s ta in e d  w ith  h aem a to x y lin  an d  eosin  
(H E ). H aem og lob in , as a trace r , was m ade v isib le  b y  th e  d iam inobenzid ine  
m eth o d  o f v a n  D u ijn  (1955).

One m m 3 b locks of renal tissue  w ere im m ersed  in  4 °C %  g lu ta ra ld eh y d e  
in  0.15 M N a-caco d y la te , p H  7.4 for 4 h , an d  w ashed  in  4 °C 0.1 M p h o sp h a te  
buffer, p H  7.4, fo r 2 h , th e n  po stfix ed  in  2%  0 s 0 4 (in  0.1 M, p H  7.4 p h o sp h a te  
buffer) fo r 1 h . F o llow ing  d eh y d ra tio n  in  e th an o l, th e  specim ens were em bedded  
in  D u rcu p an  ACM (F lu k a). T he perox idase re a c tio n  w as ca rried  ou t acco rd ing  
to  v a n  D u ijn  (1955) on 1 /jm  sections, th e n  s ta in ed  w ith  to lu id in e  blue. U ltra -  
th in  sections w ere s ta in ed  w ith  u ra n y l a c e ta te  an d  lead  c itra te  or t r e a te d  
w ith  d iam inobenz id ine  to  d e tec t perox idase  a c tiv ity  accord ing  to  R o b b in s  
e t al. (1971).

U rinary proteins

U rine w as ta k e n  from  th e  b lad d er o f th e  k illed  p ig le ts . The p resence  
of u r in a ry  p ro te in s  was checked b y  p re c ip ita tio n  w ith  trich lo roacetic  ac id . 
U rin a ry  sp ec tra  w ere de te rm ined  w ith  a B eck m an  U V  5260 sp ec tro p h o to 
m ete r in  visib le a n d  u ltrav io le t lig h t a t  th e  n a tu ra l  p H  (6.0 to  6.5) of th e  u rin e . 
I f  necessary , th e  sam ples w ere cleared  b y  cen trifu g a tio n . The sp ec tru m  o f 
go a t haem oglob in  so lu tion  w as dete rm in ed  fo r com parison .

Results

L ig h t m icroscopy  an d  transm issio n  e lec tro n  m icroscopy  showed g lom e
ru li o f fe ta l ty p e  (w ith o u t podocytes) an d  m a tu re  tu b u le s  w ith  open lu m in a . 
In  th e  e lec tron  m icroscope, th e  p rox im al tu b u le s  w ere id en tified  by  th e  p re s 
ence of cells w ith  lo n g  m icrovilli on th e  lu m in a l side. S m all vesicles and  tu b u le s  
( ~  0.1 ^m  in  d iam ete r) were seen in  th e  ap ica l p a r t  o f th e  proxim al tu b u la r  
cells (F ig . 1) a n d  re la tiv e ly  large vacuoles (1.0 to  2.5 p m )  in  o ther regions o f 
th e  cell (F ig . 1). M ost of th e  vacuoles co n ta in ed  fin e  g ra n u la r  m ateria l w ith  
h igher d en sity  th a n  th a t  of th e  basem en t m em b ran e . V acu o la r con ten ts show ed  
h e te ro g en e ity  w ith  clum ps of h igher e lec tron  d en sity  a t  th e  inner side o f th e  
lim iting  m em b ran e . S im ilar vacuoles w ere seen in  all g roups of piglets. C lear 
differences in  e lec tro n  density  of th e  v acu o la r co n ten ts  b e tw een  haem oglobin- 
tre a te d  an d  u n tre a te d  piglets w ere n o t observed .

R ed  b lood  cells and  g ranu locy tes gave a p ositive  peroxidase re a c tio n  
b o th  in  pa ra ffin -em b ed d ed  and  u ltra th in  sections of all k idneys. In  sec tio n s
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o f p a ra ffin -em b ed d ed  specim ens from  h aem o g lo b in -trea ted  p ig lets a b row n  
p ro d u c t o f th e  p ero x id ase  reac tio n  w as seen  on th e  cells o f th e  p ro x im al con
v o lu te d  tu b u les . T h e  d is ta l tubu les g av e  a  w eaker reac tio n  an d  in  th e  pars  
re c ta  o f th e  p ro x im a l tu b u les  no re a c tio n  p ro d u c t was fo und . In  th e  1-/лп 
th ic k  an d  u ltra th in  sec tions th e  e lec tro n -d en se  peroxidase p ro d u c t was localized  
on  som e of th e  a b so rp tiv e  vacuoles o f  th e  tu b u la r  cells in  th e  haem oglobin- 
t r e a te d  p ig lets (F ig . 2) an d , less m a rk e d ly , in  th e  in trace llu la r  space (F ig . 3). 
T u b u les  of u n tre a te d  new born  p ig lets g av e  no peroxidase reac tio n . T h e  lack  
o f  p e ro x id ase -ac tiv e  m a te ria l in  th e  tu b u la r  lum ina  m ay  be ex p la in ed  b y  th e  
e x tra c tio n  of th e  p r im a ry  urine d u rin g  f ix a tio n  and p re p a ra tio n  of th e  spec
im ens.

P ig lets h a d  v a rio u s  q u an titie s  o f  u r in e  in  th e  b la d d e r w hen  k illed . T he 
h aem o g lo b in -trea ted  an d  th e  suckled c o n tro l piglets co n ta in ed  trich lo ro acetic  
ac id  p réc ip itab le  m a te r ia l in  th e  u rin e  w h ereas  the  u n suck led  co n tro l p ig lets 
d id  n o t. U rine sam p les  of th e  h aem o g lo b in -trea ted  p ig lets w ere b row n  to  a 
d iffe ren t e x te n t an d  th e  d a rk est sam ples w ere  m ade tu rb id  b y  a b row n  p rec ip i
ta te .  S p ec tra  in  v isib le  lig h t d e m o n s tra te d  th e  presence of m e th aem o g lo b in  and  
o f  a m inor frac tio n  o f oxyhaem oglob in  (F ig . 4).

F ig . 4. L ig h t a b so rp tio n  sp e c tru m  of th e  u rin e  o f  a  n ew born  p ig le t in je c te d  w ith  g o a t h aem o 
g lob in  4 h  before i t  w as k illed . T he sp ec tru m  w as d e te rm in ed  betw een  350 a n d  650 n m  w ith  
tw o  d iffe ren t co n cen tra tio n s  o f u rine  an d  i t  show s p eak s ch arac te ris tic  o f m ethaem oglob in

and o x y h aem o g lo b in

D iscussion

I t  is know n  t h a t  th e  te tra m e ric  haem oglob in  m olecule d issociates to  
d im ers and  m onom ers i f  i t  is re leased  fro m  its  co n cen tra ted  so lu tion  in  th e  
e ry th ro c y te s , an d  so i t  becom es cap ab le  o f  passing th ro u g h  th e  g lom eru lar 
f ilte r .
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Fig. 1. A n  ep ith e lia l cell of a p rox im al co n v o lu ted  tu b u le  in a h aem o g lo b in -trea ted  p ig le t. 
In  th e  b asa l p a r t  o f th e  cell a group of ab so rp tio n  vacuoles (V) w ith  heterogeneous c o n te n t 
are seen. In  th e  ap ical p a r t  o f th e  cell sm all vesicles co n ta in  electron-dense m ateria l (arrow s). 
T he vacuoles an d  vesicles are sim ilar to  those  of th e  con tro l an im als . N =  nucleus; M =  

=  m itochondria ; BM =  b asem en t m em brane. X 12,000



F ig . 2. A bsorp tive  vacuoles (V) in th e  basal p a r t  o f an  ep ithe lia l cell of a p rox im al convolu ted  
tu b u le  in  a h aem o g lo b in -trea ted  p ig let. E lectro n -d en se  peroxidase re ac tio n  p ro d u c t in d ica tes 
th e  p resence  of absorbed  haem oglobin  trace r in  som e vacuoles (arrow s). M =  m ito ch o n d ria ; 

BM =  b ase m e n t m em brane. D iam in o b en zid in e  reac tion , X 12,000

F ig . 3. E p ithe lia l cells o f a p ro x im al convo lu ted  tu b u le  in a h aem o g lo b in -trea ted  p ig le t. 
E lec tro n -d en se  reac tion  p ro d u c t (arrow s) is lo ca ted  in  th e  in te rce llu la r spaces below  th e  

ju n c tio n a l com plexes (J ) . N  =  nucleus; M =  m ito ch o n d ria . D iam inobenzidine  reac tio n ,
X 12,000
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P ro te in u ria  due to  co lostra l p ro te in  in  th e  suckled  co n tro l p ig le ts  an d  
m e th aem o g lo b in u ria  in  th e  h aem o g lo b in -trea ted  p ig lets in d ic a te d  th a t  p ro te in s  
reach ed  th e  k idneys from  th e  g a s tro in te s tin a l t r a c t  or th e  s ite  o f  in jec tio n , 
re sp ec tiv e ly , before th e  p ig lets w ere killed . M ost of th e  haem o g lo b in  tra c e r  
w as d e n a tu re d  to  m ethaem og lob in  d u rin g  excre tion .

A lthough  th e  renal fu n c tio n  o f p ig le ts  is still develop ing  in  th e  f irs t 
p o s tn a ta l  w eeks (F riis, 1979, 1980), th e  u ltra s tru c tu re  of th e  co n v o lu ted  tu b u le s  
suggested  an  adu lt-lik e  fu n c tio n  in  th e  new born  p ig let: th e y  co n ta in ed  a b 
so rp tiv e  vacuoles in  th e  tu b u la r  cells. U n ex pec ted ly , th e se  vacuo les w ere 
a lre a d y  p resen t before th e  f irs t  suckle  an d  show ed sim ilar c o n te n ts  su b se q u e n t
ly . T h e  fu n c tio n  of ab so rp tiv e  vacuoles is n o t q u ite  c lear a t  th is  ea rly  age; 
i t  possib ly  in d ica tes  u p tak e  an d  d igestion  o f serum  p ro te in s  t h a t  h av e  escaped 
from  th e  c ircu la tio n  th ro u g h  im m a tu re  glom eruli.

T he presence of ab so rp tiv e  vacuoles in  th e  u n suck led  c o n tro l p ig le ts  
m ad e  co n v en tio n a l tran sm issio n  e lec tro n  m icroscopy useless fo r tra c in g  th e  
re a b so rp tio n  of co lostra l p ro te in  or haem oglob in  in  th e  e x p e rim e n ta l p ig lets. 
U p ta k e  o f haem oglobin  b y  th e  p ro x im al tu b u la r  cells w as in d ic a te d  b y  th e  
p o sitiv e  p erox idase  reaction  in  th e  h aem o g lo b in -trea ted  p ig le ts , as showTn by  
p a ra ffin -em b ed d ed , 1 ц m th ic k  an d  u ltr a th in  sections.

I t  is concluded  th a t  new born  p ig le ts  are ab le to  reabso rb  th e  haem oglob in  
tra c e r  an d  th ere fo re  a lim en ta ry  p ro te in u ria  is p rim arily  due  to  s a tu ra tio n  
o f tu b u la r  ab so rp tiv e  cap ac ity , r a th e r  th a n  to  im m a tu rity  of re n a l fu n c tio n . 
T he n ew born  p ig le t m ay  be ab le  to  u tilize  a ce rta in  frac tio n  o f low  m olecu lar 
w eig h t co lostra l p ro te in  b y  rea b so rp tio n  an d  d igestion  in  th e  ren a l tu b u la r  
ep ith e liu m . A d u lt and  n eo n a ta l re a b so rp tiv e  c a p ac ity  of th e  ren a l tu b u le s  w as 
n o t com pared  in  th e  p resen t s tu d y .

Acknowledgem ents

W e w ould like to  th a n k  M rs I lo n a  D eák  for th e  p re p a ra tio n  of specim ens fo r e lectron  
m icroscopy  an d  th e  pig fa rm  of N ag y b erk i, perso n ally  to  M r Z. Zeller, fo r  p ro v id in g  p ig le ts 
an d  assistance  for th e  experim ent.

References

B a in tn e r, K . (1970): U rin a ry  ex cre tio n  of co lostra l t ry p s in  in h ib ito r  in  n e o n a ta l pigs. L ife Sei. 
9, P a r t  I I ,  847-849.

B a in tn e r , K . (1986): In te s tin a l A b so rp tio n  of M acrom olecules and  Im m u n e  T ran sm iss io n  from  
M other to  Y oung . CRC Press , B oca R a to n , USA.

B ram b ell, F . W . R . (1970): T he T ran sm iss io n  of Passive  Im m u n ity  fro m  M o th er to  Y oung.
F ro n tie rs  o f B iology, Vol. 18. N o rth -H o llan d , A m ste rd am .

F riis , C. (1979): P o s tn a ta l  d evelopm en t o f ren a l fu n c tio n  in  p ig le ts: G lom eru lar f i l t r a tio n  ra te , 
clereance of P A H  and  P A H  e x tra c tio n . Biol. N eo n ate  35, 180-187.

Acta Velerinaria Hungarica 37, 1989



74 BAINTNER et al.

F riis , C. (1980): P o s tn a ta l  d ev elo p m en t o f  th e  pig k id n ey : U ltra s tru c tu re  o f th e  g lom erulus an d  
th e  prox im al tu b u le . J .  A n a t. 130, 513—526.

H ow e, P . E . (1924): T h e  re la tio n  betw een  th e  in g estio n  of co lo s tru m  or blood serum  an d  th e  
appearance of g lo b u lin  an d  a lb u m in  in  th e  b lood  a n d  u rin e  o f th e  new born  calf. J .  E x p . 
Med. 39, 313-320.

K ickhöfen , В ., H am m er, D . K . and  W estp h a l, M. (1971): O ccurrence  of IgG  frag m en ts  in  th e  
u rin e  of th e  n e w b o rn  calf. E ur. J .  Im m u n o l. 1, 49-54 .

L oh , S. W ., B ourne, F . J .  a n d  C urtis, J .  (1972): U rine  p ro te in  levels in  th e  pig. A nim . P rod . 
15, 273-283.

M artin sson , K. (1972): S tu d ie s  on th e  p ro te in u ria  o f  new b o rn  p ig le ts w ith  special re ference to  
IgG  fragm ents. A c ta  Y et. Scand. 13, 87—95.

M artin sson , K. (1973): Im m u n o lo g ica l id en tif ic a tio n  of th e  p ro te in  com ponents in  u rin e  of 
new born  p ig le ts w i th  re la tio n  to  in te s tin a l p ro te in  tran sm iss io n . Zbl. Y et. M ed. 20, 
639-647.

M cCance, R . A. and  W id d o w so n , E . M. (1959): T he effec t o f co lo s tru m  on th e  com position  and  
volum e of th e  p la sm a  o f new born  p ig le ts. J .  Physio l. (L o n d o n ) 145, 547-550.

M cD ougall, E . I. (1965): P ro te in u r ia  o f n ew born  suck ing  ru m in a n ts . B iochem . J .  94, 101-105.
P ierce , A. E . (1961a): P ro te in u r ia  in  th e  new ly  b o rn . P roc . R . Soc. L ondon , Series B , 54, 

996-999.
P ierce , A. E . (19616): F u r th e r  stud ies on p ro te in u ria  in  th e  n ew b o rn  calf. J .  Physio l. (L ondon) 

156, 136-149.
R am irez , C. G., M iller, E .  R .,  U llrey , D . E . an d  H oefer, J .  A. (1963): Swine hem ato lo g y  from  

b ir th  to  m a tu r ity . I I I .  B lood vo lum e o f th e  n u rs in g  pig . J .  A nim . Sei. 22, 1068-1074.
R o b b in s, D ., Fah im i, H . D . a n d  C otran , R . S. (1971): F ine  s tru c tu ra l  cytochem ical loca lization  

of peroxidase a c t iv i ty  in  r a t  p e rito n ea l cells: M ononuclear cells, eosinophils a n d  m as t 
cells. J .  H isto ch em . C ytochem . 19, 571—575.

S m ith , T . and  L ittle , R . B . (1924): P ro te in u ria  in  n ew b o rn  calves follow ing th e  feeding of colos
tru m . J .  E x p . M ed. 39, 303—312.

V an  D u ijn , P . (1955): In :  P e a rse , A. G. E . (ed .) (1968): H is to c h em istry . Churchill L td ., L ondon , 
3rd  edition , p . 1334.

Acta Veterinaria Hungarica 37, 1989



Acta Veterinaria Hungarica 37 (1 — 2), pp. 75 — 79 (1989)

ACUTE TOXICOLOGICAL EXPERIMENT  
OF T-2 TOXIN IN RABBITS

R . G l á v it s 1, A. V á n y i1, S. F e k e t e 2 a n d  J .  T am ás2

IC entra l V e te rin a ry  In s t i tu te ,  H -1149 B u d ap est, T áb o rn o k  u . 2; 2U n iv e rsity  o f  V e te rin a ry  
Science, D e p a rtm e n t o f F o o d  H ygiene, H-1077 B u d ap es t, R o tte n b ille r  u . 50, H u n g a ry

(R eceived  Ju ly  8, 1988)

R a b b its  w ere t r e a te d  w ith  a single oral dose (1, 2, 4, 6, 8, 10 or 15 m g/kg bo d y  
m ass) o f T-2 fu sa rio to x in . Doses o f 4 m g or h igher k illed  th e  an im als in  24 to  48 h . As 
opposed  to  th e  co n tro ls , in  th e  tre a te d  ra b b its  gross p a th o lo g ica l a n d  h is to p ath o lo g ica l 
ex am in a tio n s  rev ea led  a cu te  c a ta r rh a l g a stro en teritis , necrosis o f ly m p h o id  cells o f th e  
g a s tro in te s tin a l m u co sa, c en tro lo b u la r  d y stro p h y  o f th e  liv e r, necrosis o f cells o f th e  
m o n onuclear p h a g o cy te  sy s tem  (M PS) in  th e  liver, tu b u lo n ep h ro sis , focal d y s tro p h y  of 
th e  ad ren a l co rtex , ly m p h o c y te  dep le tion  involving b o th  T- a n d  B -cell-dependen t zones 
o f  th e  ly m p h o id  o rg an s (spleen, ly m p h , am pu lla  ilei), a n d  d ep le tio n  a n d  necrosis of 
th e  m yelopoietic  cell colonies o f th e  bone m arrow . S im ilar b u t  m ild e r changes w ere o b 
served  in  su rv iv in g  ra b b its  ex san g u in a ted  48 h  a f te r  t r e a tm e n t.

In  ad d itio n  to  th e  d irec t dam age done to  th e  d ig es tiv e  t r a c t  m ucosa a n d  liver, th e  
to x in  severely  d a m a g ed  th e  cells p a r tic ip a tin g  in  h u m o ra l a n d  cell-m ediated  im m u n ity  
a n d  in  th e  local defence o f th e  in te s tin a l m ucosa, a n d  m ark e d ly  im p a ired  phagocytosis 
a n d  granu locy topo iesis.

In  a n o th e r  e x p erim e n t ra b b its  were given o ra l doses o f 2 m g/kg  b o d y  m ass 
T-2 to x in  da ily  fo r sev era l d ays. O ne ra b b it  w as k illed  b y  b leed ing  ev ery  d ay . In  ra b b its  
k illed  bey o n d  d a y  7 th e re  was su b acu te  c a ta rrh a l g a s tr it is , em acia tio n , a n d  h y p e r
tro p h y  of th e  a d ren a l cortex .

K eyw ords: T-2 m yco tox in , fusario toxicosis, r a b b it ,  p a tho logy .

In  tw o  cases o f T-2 m ycotoxicosis am ong b ro ile r chicks necrosis o f th e  
oral an d  oesophageal m ucosa  an d  a tro p h y  of th e  b u rsa  o f F ab ric iu s , th y m u s  
an d  sp leen  were d e te c te d  (B itay  e t al., 1979, 1981). T he lesions p roduced  by  
T-2 to x in  in  m am m als in c lu d e  congestion  o f th e  m en ingeal v a sc u la tu re , severe 
congestion  of th e  je ju n a l  an d  ileal m ucosae, lesions in  th e  je ju n u m , ileum , 
caecum , sp leen  an d  m esen te ric  ly m p h  nodes (k a ry o p y k n o sis , k a ry o rrh ex is), 
P ey e r’s p a tch es o f th e  ileum , lym p h o id  e lem ents o f th e  caecum , lym p h o id  
follicles o f th e  sp leen , a n d  germ inal cen tres o f th e  m esen teric  ly m p h  nodes 
(S ato  e t  ah , 1975; W eav e r e t ah , 1978; H ayes e t a l., 1980; C orrier an d  Z iprin , 
1986; P an g  e t ah , 1986; G láv its an d  V ányi, 1988).

T he pu rpose  o f  th is  ex p erim en t was to  s tu d y  th e  p a tho log ica l changes 
p roduced  b y  T-2 fu sa rio to x in  in  rab b its .
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Materials and methods

T h irty -n in e  c lin ica lly  no rm al ra b b its , w eighing 2.4—2.6 kg , w ere used. 
I n  a n  acu te  toxicological ex p erim en t, 14 ra b b its  w ere g iven 1 -15  m g/kg  body  
w e ig h t T-2 fu sario tox in  in  d im e th y l su lfox ide (DM SO) so lu tio n  on  one occasion, 
p e r  os, th ro u g h  a g a s tric  tu b e . F o u r  an im als received  only  D M SO , w ith o u t 
T -2  to x in , and served  as con tro ls . T h e y  w ere exam ined  c lin ically  a n d  th e  su r
v iv o rs  an d  controls w ere e x san g u in a ted  48 h  a fte r  t re a tm e n t. I n  a subacu te  
to x ico lo g ica l ex perim en t 15 ra b b its  received  in  th e  feed 2 m g/kg  b o d y  w eight 
T -2  fu sa rio to x in  daily . T h e  ra b b its  w ere k illed  b y  b leed ing  tw o , or in  some 
cases  one, a t a tim e  6, 12, 20 an d  48 h , an d  3, 4 , 5, 6, 7, 8, 9, an d  10 days a fte r 
t r e a tm e n t .  The 6 co n tro ls  w ere ex san g u in a ted  20 an d  48 h , a n d  4, 6, 8, and 
10 d a y s  a fte r t re a tm e n t, resp ec tiv e ly .

Histological exam ina tion . Sam ples w ere ta k e n  from  th e  liv er, spleen, 
k id n e y , adrenal g land , s to m ach , sm all in te s tin e , am p u lla  ilei, m esen te ric  lym ph  
n o d e  a n d  bone m arrow  o f each  an im al. A fte r f ix a tio n  in  5%  b u ffe red  form alin  
a n d  em bedd ing  in  p a ra f f in , th e  sections w ere s ta in ed  w ith  h a e m a to x y lin  and 
e o s in .In  frozen sections p re p a re d  from  th e  liver, F e t t r o t  s ta in in g  w as used  for 
th e  d e tec tio n  of lip ids.

Electron microscopic exam ination . Spleen an d  bone m arro w  sam ples were 
ta k e n  from  tw o tre a te d  (8 m g/kg  b o d y  w eight) an d  tw o  con tro l an im als  of th e  
a c u te  toxicological ex p e rim en t. A fte r double f ix a tio n  in  2 .5%  g lu ta ra ld eh y d e  
a n d  in  1%  osm ium  te tro x id e , b o th  bu ffe red  w ith  0.1 M sod ium  caco d y la te , 
a n d  d e h y d ra tio n  w ith  e th a n o l, th e  sam ples w ere em bedded  in  D u rc u p a n  ACM 
in  th e  u su a l w ay. U ltr a th in  sections w ere c o u n te rs ta in ed  w ith  u ra n y l ace ta te  
a n d  le a d  c itra te , and  ex am in ed  in  a P h ilip s 201 CS e lec tron  m icroscope.

Results

T h e  resu lts are show n  in  T ab les I  an d  I I  an d  in  F igu res 1 -7 .

Conclusions

A ccum ulation  o f serous e x u d a te  in  th e  th o rac ic  an d  ab d o m in a l cav ity  
is in d ic a tiv e  of d is tu rb ed  c ircu la tio n . T he acu te  or su b acu te  c a ta r rh a l  g astritis  
a n d  e n te r itis  m ay be a consequence  o f th e  d irec t c y to p a th ic  effect ex e rted  by  
th e  to x in . The dam age done to  ly m p h o id  cells of th e  in te s tin a l m ucosa is 
su g g estiv e  of a suppressed  local im m u n e  response, w hereas lesions seen in  th e  
B- a n d  T -cell-dependent zones of th e  lym p h o id  organs are in d ic a tiv e  o f su p 
p re sse d  hum oral and  ce ll-m ed ia ted  im m u n e  responses. N ecrosis o f cells be-
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Table I

Pathom orpholog ieal changes in  ra b b its  caused b y  T -2  to x in  (acu te  toxicological experim ent, 
1—15 m g/kg body  w eight/one occasion, p. o.)

Pathologic changes Toxin dose (mg/kg body mass)

1 1 2 2 4 4 6 6 8 8 10 10 15 15

D eath
Changes serum  accum ulation  in  the

+ + + + + + + + +

thorac ic  and abdom inal cav ity + + + +

(48 h  a fte r  hyperaem ia  of lungs, em physem a
trea tm e n t)  and /or oedem a + + + + + + + + + + + + + +

acu te  gastritis + + + + + + + + +

acu te  enteritis + + + + + + + + +

lym phoid  cell necrosis of th e  in 
testine* l 2 2 3 2 3 3 3 3 3 3

pathological fa tty  liver degenera
tion + + + + + + + + + +
necrosis of liver M PS cells* 1 2 2 2 2 3 3 3 3 3

tubulonephrosis + + + + + + + + + + +

haem orrhage and  reduction  of 
lipid co n ten t in  th e  ad renal cortex

lym phocyte  dep le tion  and necrosis 
in  th e  “ B ”  and  “ T ”  dependent 
zones of th e  spleen and  lym ph  
nodes and  lym phoid  follicles of the

+ + + + + + + + + +

am pulla  ilei* l l 2 2 2 2 3 3 3 3 3 3

b las t cell depletion  and necrosis in 
bone m arrow  m yeloid colonies* l 2 1 2 2 2 3 3 3 3 3 3

1 — up  to  5 -3 0 %  of th e  cell popu lation
2 — up  to  3 0 -80%  of th e  cell popu lation
3 — up  to  80-100%  of th e  cell p opu lation < l
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Table II
Pathologic  changes in  ra b b its  caused by  T -2  to x in  (subacu te  toxicological experim ent, 

2 m g/body w eight daily , p . o.)

P ost-trea tm ent hours and days until killed

Pathologic changes hours days

6 12 20 20 48 48 3 4 5 6 7 8 9 10

loss o f w eight + + +
g astritis + + + + + + +
lym phocyte  necrosis o f sm all in testine  
mucosae* 1 l l l l l l l i l l l l l
lym phocyte  depletion  and  necrosis in th e  
lym phoid  follicles o f am pulla  ilei* 1 l i l l l l i i l l l l l
cen tro lobular pathological f a tty  liver 
degeneration + +
adrenal cortex  h y p ertro p h y + + + +
lym phocyte  depletion  and necrosis in the  
“ B ”  and  “ T ”  dependen t zones o f th e  
spleen and ly m p h  nodes

1 l l l i I l l l l l l l l

b las t cell depletion  and necrosis in 
m yeloid colonies of th e  bone m arrow * 1 l l l l l l l l l l l l l

* 3 -1 0 %  of th e  cell p o p u latio n  is a lte red
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longing  to  th e  M PS (m ononuclear p h ag o cy te  sy stem ) in d ica tes  d is tu rb ed  p h ag o 
cy te  fu n c tio n , a n d  im p a ired  g ranu locy topo iesis  in  th e  bone m arrow  re flec ts  
an  im p a ired  n a tu ra l  resistance  (i.e. in f la m m a to ry  responsiveness). T he degener
a tiv e  changes fo u n d  in  th e  p a ren ch y m al cells o f th e  liver an d  k idneys m ay  he 
connec ted  w ith  th e  system ic  effect o f th e  to x in , w hereas th e  lesions observed  
in  th e  ad ren a ls  m a y  be a ttr ib u te d , a t  le a s t in  p a r t ,  to  effects ex e rted  b y  
stressors.
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F ig . 1. D etail of liver from  a ra b b it  t h a t  d ied  24 h  a fte r  oral tre a tm e n t w ith  10 m g/kg bod y  
m ass T-2 tox in . N ote  vacuo lar degen era tio n  o f h ep ato cy tes some of w hich  hav e  becom e necro tic , 
ro u n d e d  off and  le ft th e  cell row. Cells o f  th e  m ononuclear p h agocy te  sy s tem  (M PS) are con
s is te n tly  necro tic  an d  show k a ry o rrh e x is  a n d  karyopyknosis w ith  on ly  n ecro tic  re m n a n ts  

of th e  nucleus left b eh ind  (arrow ). H aem ato x y lin  and eosin (H -E .) , X 400

Fig. 2. D etail o f am pu lla  ilei from  an  u n tre a te d  con tro l ra b b it. N ote  large  n u m b ers  of d a rk - 
sta in in g  in ta c t lym p h o cy tes in  th e  co rtex , a n d  less such  cells in th e  m edu lla , of th e  ly m pho id

follicle. H -E ., X 160



F ig. 3. D etail of am p u lla  ilei from  a ra b b it  th a t  died  24 h  a f te r  o ra l t re a tm e n t w ith  8 m g/kg 
b o d y  m ass T-2 tox in . N o te  m ark ed  ly m p h o cy te  dep le tion  in  th e  c o rte x  and  necrotic  ly m p h o 
cy te s  w ith  shrunken  or d is ru p te d  nuclei as well as s tru c tu ra l d is in teg ra tio n  in th e  m edulla

of th e  lym pho id  follicle. H -E ., X 160

Fig. 4. Spleen from  a r a b b i t  th a t  died 24 h  a fte r  oral t re a tm e n t w ith  8 m g/kg body m ass T-2 
to x in . In  the  area of th e  M alp igh ian  corpuscles n o te  re m n a n ts  o f n ecro tic , d isru p ted  ly m p h o 

cytes a long  w ith  red  blood cells. E lec tro n  m icrograph , X 6400



Fig. 5. D etail o f bone m arrow  from  an u n tre a te d  con tro l ra b b it .  N o te  im m atu re  s tages of 
m yeloid  and e ry th ro id  haem ocytopoiesis (b las t cells) and  a g ian t cell (m egakaryocyte). H -E .,

X 400

Fig. 6. D etail of bone  m arrow  from  a ra b b it  t h a t  died  24 h  a fte r  o ra l tre a tm e n t w ith  8 m g/kg  
bod y  m ass T-2 to x in . M yeloblasts and e ry th ro b la s ts  have  decreased  in  num ber a n d  th o se  
th a t  rem ained  show  signs of degeneration  or necrosis (kary o p y k n o sis  or karyorrhex is). H -E .,

X 400



Fig. 7. B one m arrow  from  a  ra b b it  th a t  died 48 h  a f te r  oral t re a tm e n t w ith  4 m g/kg bo d y  
m ass T-2 tox in . N ote  n ecro tic , d is in teg ra ted  m y e lo b las t (arrow ) an d  m yelocy te . E lec tro n

m icrograph , X 14,300
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ULTRASTRUCTURAL OBSERVATIONS ON DIFFERENT  
DEVELOPMENTAL STAGES OF G O U S S IA  S I N E N S I S

(CHEN, 1955),
A PARASITE OF THE SILVER CARP 

(.H Y P O P H T H A L M I C H T H Y S  M O L I T R I X  
VALENCIENNES, 1844)

F . B a s k a  a n d  K . M o l n á r

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 ria n  A cadem y of Sciences, H -1581 
B u d ap est, P . 0 .  B ox  18, H u n g a ry

(R eceived  Ju n e  20, 1988)

T he developm en t o f Goussia sinensis, a  coccidium  p arasitiz in g  th e  in te s tin e  of 
th e  silver carp  ( H ypophthalm ichthys m o litr ix )  w as s tu d ied  by  electron  m icroscopy . 
A ll s tages developed in th e  ep ith e lia l cells, less f req u e n tly  in  th e  goblet cells, a n d  w ere 
lo ca ted  w ith in  a parasito p h o ro u s vacuole. In  som e cases one cell was in v ad ed  b y  severa l 
m erozo ites. E ig h t to  s ix teen  m erozoites w ere fo rm ed w ith in  th e  m eron t b y  ectom ero - 
gony . T h e  u ltra s tru c tu ra l processes ch ara c te ris tic  o f gam ogony  w ere th e  sam e as th o se  
fo u n d  fo r Goussia spp. parasitiz in g  o th e r  species o ffish . A h ith e r to  unknow n m ech an ism  
o f oocy st w all fo rm atio n  w as observed . T h e  oocyst m em b ran e  developing w ith in  th e  
zy g o te  su rro u n d ed  on ly  p a r t  o f th e  zygo te  m ate ria l. T h u s, a  sm all p a r t  o f th e  zy g o te  
m a te ria l le f t th e  oocyst p roper. I t  is suggested  th a t  th is  zygo te  residue an d  th e  n ecro tic  
h o s t cell c o n stitu te  th e  so-called “ yellow  bod ies”  w hich  include  th e  excre ted  o o cy st. T he 
oo cy st w all w as 40 to  60 nm  th ick . O ocyst sp o ru la tio n  to o k  p lace w ith in  th e  fish. T h e  sporo- 
cy sts  consisted  of tw o hem ispheres con n ec ted  b y  su tu re s  an d  h ad  a 100 to  120 n m  th ic k  
double  w all. T h ey  were su rro u n d ed  b y  sp o ro cy st veils fix ed  to  th e  oocy st w all b y  
m em branes.

K eyw ords: Goussia sinensis, u l tra s tru c tu re ,  develo p m en ta l stages, p a ra s ite , 
silver carp , H ypophthalm ichthys m olitrix.

L ittle  is know n ab o u t th e  u l tra s tru c tu re  of fish  pa rasitic  coccidia. R e 
searchers s tu d y in g  th e  s tru c tu re  o f oocysts (Lorn, 1971; Odense an d  L ogan , 
1976; D av ies, 1978; M orrison and  H aw kins, 1984) co n sis ten tly  concluded  th a t  
th e  oocyst an d  sporocyst w all of fish  coccidia differed  in  s tru c tu re  fron t th o se  
of coccidia pa rasitiz in g  m am m als an d  b ird s . A t th e  sam e tim e, m erogony  an d  
gam ogony  are  sim ilar in  fish  an d  in  o th e r  an im al species (D uszynski e t ah , 
1979; H aw k in s e t ah , 1983a; H aw kins e t al., 19836, 1983c; P a te rso n  an d  
D esser, 1981a, 19816, 1981c; D esser an d  L i, 1984). A d ifferen t d ev e lo p m en t 
has on ly  been  observed by  M olnár an d  B ask a  (1986) an d  P ap ern a  an d  L a n d s 
berg  (1987) in  E pieim eria  anguillae  an d  E im eria  vanasi respective ly , w h ich  
h av e  ex tracy to p la sm ic  m erogony an d  gam ogony  resem bling  those  o f C ry p to 
sporid ia .

T he species Goussia sinensis  w as o rig inally  described  in  China b y  Chen 
(1955) as E im eria  sinensis. L a te r , how ever, on th e  basis o f its  c h a ra c te r is tic
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b iv a lv e  spo ro cy st shell D ykova  an d  L om  (1983) assigned th is  p a ra s ite  in to  
genus Goussia L a b b é , 1896. G. sinensis  w as f i r s t  rep o rted  to  occur in  E u 
ro p e  a fte r th e  s ilv e r  carp  ( H ypophthalm ichthys m olitrix)  an d  b ighead  (H . no
b ilis ) , know n as i t s  h o st species, h a d  b e e n  in tro d u ced  (M usselius, 1967). 
T h e  h ost sp ec ific ity  o f G. sinensis  w as rev iew ed  b y  M usselius an d  L a p te v  
(1967) and  its  d ev e lo p m en t w as discussed b y  M olnár (1976).

In  the  p re s e n t w ork  G. sinensis  in fec tio n  o f  silver carp  cu ltu re d  in  a farm - 
p o n d  was m o n ito re d  b y  e lectron  m icroscopy. T h e  u ltra s tru c tu ra l ch a rac te ris tic s  
o f  th e  fo rm atio n  o f  m erogonic s tages, m icrogam on ts, m acro g am o n ts  an d  
oocysts , d iffe ren t f ro m  those  rep o rted  ea rlie r, a re  described.

M ateria ls and  m ethods

The te s t  m a te r ia l  consisted  of 2 to  3 m o n th s  old silver carp  o b ta in e d  
fro m  a fa rm -p o n d  an d  n a tu ra lly  in fec ted  w ith  G. sinensis. T he  f ish  w ere 
exam ined  in  A u g u s t 1985. A ccording to  M o ln ár (1976), th e  cu ltu red  fry  reg 
u la r ly  develop a n  in fec tio n  of h igh  in te n s i ty  in  A ugust. T h e  fish  w ere k illed  
6 h  a fte r  hav in g  b e e n  cau g h t, an d  sam ples w ere  ta k e n  from  d iffe ren t segm ents 
o f  th e  gu t for e le c tro n  m icroscopic ex am in a tio n . O ne-m m 3 pieces w ere excised  
fro m  th e  gu t m u co sa , fixed  in  5%  g lu ta ra ld e h y d e  dissolved in  0.13 M sod ium  
caco d y la te  b u ffe r  a t  4 °C fo r 2 h , w ash ed  w ith  0.13 M sod ium  caco d y la te  
a n d  post-fixed  in  1%  osm ium  te tro x id e . A fte r  d e h y d ra tio n  an d  em bedd ing  
in  D u rcu p an  ACM resin , sections w ere c o u n te rs ta in e d  w ith  u ra n y l a c e ta te  an d  
le a d  c itra te .

P aralle l to  th e  elec tron  m icroscopic ex am in a tio n s , th e  g u t segm ents w ere 
processed  fo r h is to lo g ica l s tu d y  b y  lig h t m icroscopy , in  o rd er to  select th e  
m o s t severely in fe c te d  segm ents fo r e lec tro n  m icroscopy.

R esu lts

All G. s in en sis  deve lopm en ta l s tages fo u n d  in  th e  p re se n t s tu d y  (from  
th e  youngest tro p h o z o ite s  to  sp o ru la tin g  oocysts) w ere lo ca ted  in  th e  g u t ep i
th e lia l  cells ap ica l to  th e  nucleus. T ro p h o zo ites  su rro u n d ed  b y  a sep a ra te  p a ra -  
sito p h o ru s vacu o le  in  th e  cy top lasm  of th e  g u t ep ithe lia l cells w ere considered  
th e  youngest d ev e lo p m en ta l stages (F igs 1 a n d  7). In  som e cases severa l (1 0 - 
12) o f these e lo n g a te d  trophozo ites o ccu rred  w ith in  a single ep ith e lia l cell 
(F ig . 1). These tro p h o zo ite s  w ere p ro b a b ly  d eriv ed  from  m erozoites r a th e r  
th a n  from  sp o rozo ites. P a ra s itiz ed  cells w ere e lo n g a ted  in  shape , h a d  an  in ta c t  
b ru sh  border, a d is t in c t  nucleus an d  g ra n u la te d  cy top lasm  co n ta in in g  num erous 
m ito ch o n d ria .
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T he m erozoites deve loped  b y  exogenesis (F ig. 2) d u rin g  w hich m ost of 
th e  cy to p lasm  was used  u p , leav ing  b eh in d  little  o r no  re s id u a l m ateria l. 
T here  w ere u sua lly  8 or 16 m erozoites w ith in  a single v acuo le  (F igs 3 and  4). 
T h e  m erozoites were b o rd e re d  b y  a 3 -layered  pellicle u n d e r  w hich  22 sub- 
p e llicu la r tu b u le s  w ere seen  in  cross sec tio n  (insert o f F ig . 4). O ccasionally  
w ell-form ed m icropores w ere  seen in  th e  pellicle. T he ap ica l cross sections of 
th e  m erozoites show ed n u m ero u s m icronem es and  rh o p trie s . I n  lo n g itu d in a l 
sections o f th e  m erozoites th e  ch a ra c te ris tic  conoid s tru c tu re , th e  basa lly  
lo ca ted  large  nucleus, tu b u la r  m ito ch o n d ria , a b u n d a n t endop lasm ic  re ticu lu m , 
an d  ex trem ely  large n u m b ers  o f ribosom es w ere seen. T h e  ep ith e lia l cell con
ta in in g  th e  m erozoites u n d e rw e n t considerab le  en largem en t a n d  th e  p a ras ito - 
pho rous vacuo le  was su rro u n d e d  b y  a r in g -sh ap ed  cy to p lasm . T h e  cy top lasm  
w as sep a ra te d  from  th e  vacu o le  b y  a d is tin c t single-layered u n it  m em brane. 
I n  som e cases m erogony to o k  p lace also in  th e  goblet cells (F ig . 5), giving rise 
to  m erozoites th e  n u m b er o f  w hich w as th e  m u ltip le  of four.

T he m icrogam on t (F ig . 6) w as also lo ca ted  in  a p a ra s ito p h o ro u s  vacuole 
an d  co n ta in ed  num erous nuc le i w ith  h e te ro ch ro m atin  a rran g ed  along th e  
nu c lea r m em brane. T he n u c le i of th e  m icrogam on ts g ra d u a lly  assem bled a t  
th e  p e rip h e ry  and w ere s i tu a te d  im m ed ia te ly  u n d er th e  u n i t  m em brane o f 
th e  g am o n t. T hey  developed  in to  m icrogam etes and  th e  cross-sections of th e ir  
p e rfo ra to ria  an d  flagella  w ere seen freely  in  th e  lum en  o f th e  p a rasito p h o ro u s 
vacuo le  (F ig . 7).

T he y o ung  m acro g am o n t (F ig. 8) also developed w ith in  a p a ra s ito 
phoro u s vacuo le  and  its  cy to p lasm  c o n ta in ed , besides th e  n ucleus, num erous 
lip id  an d  am ylopectin  g ran u les . T he p a ras ito p h o ro u s  v acuo le  w as d em arca ted  
from  b o th  th e  host cell a n d  th e  m acro g am o n t b y  a sing le-layered  basa l m em 
b ran e . In  som e p re p a ra tio n s  i t  w as w ell v isib le  th a t  in ta c t  ep ith e lia l cells h ad  
closed a ro u n d  th e  in a c tiv e  cell co n ta in in g  th e  m acro g am o n t (F ig. 9). T hus, 
th e  developing  oocyst w as p u sh ed  to w ard s  th e  deeper lay ers .

A  h ith e r to  un k n o w n  m echan ism  o f oocyst wall fo rm a tio n  has been  d is
covered . A t th e  beg inning  o f  zygo te  d iv ision  th e  lum en  of th e  p aras ito p h o ro u s  
vacuo le  w as alm ost co m p le te ly  filled  b y  th e  p a rasite  a n d , th u s , i t  v ir tu a lly  
d isap p eared . Along th e  in n e r  m em b ran e  o f  th e  p a ras ito p h o ro u s  vacuole a p o r
tio n  of th e  zygote cy to p la sm , h av in g  e lectron-dense m a tr ix  a n d  con ta in in g  
am y lo p ec tin  an d  lip id  g ran u les , sep a ra ted , w hile cen tra lly  a n  o ocyst su rro u n d ed  
b y  a d is tin c t u n it m em b ran e  developed (F igs 10 and  11). T h e  cy to p lasm  p o rtio n  
th a t  h ad  been  e lim inated  fro m  th e  oocyst a tta c h e d  itse lf  to  th e  oocyst surface 
as an  e x te rn a l residual b o d y  a t  one or tw o  segm ents, w hile less freq u en tly  i t  
en tire ly  su rro u n d ed  th e  oocyst. In  som e cases even th is  re s id u a l b o d y  h a d  
becom e v e ry  th in . T he o o cy st w all w as a  single 40 to  60 n m  th ic k  m em brane.

T he spo ru la tion  o f oocysts to o k  p lace  w ith in  th e  fish . D ivision of th e  
sp o ro n t gave rise to  fo u r spo ro b lasts , each  con ta in ing  tw o  sporozoites an d  a
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re s id u a l body (F ig . 10). T h e  spo rocyst w all consisted  o f tw o  hem ispheres co n 
n e c te d  b y  su tu res (F ig . 12). T he spo ro cy st w all was 100 to  120 nm  th ic k  an d  
co n sis ted  of tw o la y e rs . T he o u te r lay e r w as 12 to  16 n m  th ick  and  h a d  a 
m em brane-like  s tru c tu re , w hereas th e  in n e r hom ogeneous lay er was 80 to  
100 nm  th ick  (Fig. 12). T he sporocysts w ere loosely su rro u n d ed  b y  a spo ro cy st 
v e il (F ig. 13) w hich  w as in  some p laces connected  w ith  th e  oocyst w all b y  
m em branes. A t th e  sam e  tim e, th e  sporopod ia  s ta r tin g  from  th e  spo ro cy st 
su rface  and  su p p o rtin g  th e  soprocyst veil in  some fish  p a ra s itic  coccidia w ere 
a b se n t from  th e  sp o ro cy s t of G. sinensis. D ue to  th e  f ix a tio n  techn ique  ap p lied  
b y  us, in  older oocy sts  th e  sporocysts w ere sh ru n k en  a n d  th e  oocyst w all 
d e ta c h e d  itse lf from  its  su rround ings (F ig . 13).

D iscussion

K now ledge o f  th e  developm ent of coccidia w ith in  th e  fish  is m o stly  
b a sed  on observations, since only few researchers (P a te rso n  an d  Desser, 1981a, 
6, c;  H aw kins e t ah , 19836, c) have  s tu d ied  th e  v a rio u s developm en ta l stages 
in  experim en ta lly  in fe c te d  fish . T he p re sen t w ork  is also b ased  on n a tu ra l in 
fec tio n  w here y o u n g est m erogonic stages are especially  d ifficu lt to  s tu d y  since 
th e re  are ra th e r  few  o f  th e m .

T he p resen t s tu d ie s  do no t allow  us to  decide w h e th e r th e  y o u n g est 
tro p h o zo ite s  new ly e n te r in g  th e  cells h av e  developed from  sporozoites or from  
m erozoites. N eith er c a n  i t  be de te rm in ed  w h e th e r th e se  trophozo ites w ill 
develop  in to  second- o r  th ird -g en e ra tio n  m eron ts or in to  gam onts. In  th is  
re sp e c t location  w ith in  th e  cells is n o t  in fo rm ativ e , as b o th  th e  m erogonic an d  
th e  gam ogonic stages a re  s itu a te d  in  th e  cy to p lasm  n e a r, an d  apical to , th e  
n u c leu s of the  ep ith e lia l cell. The y o u n g est m otile  s tag es  invad ing  th e  h o st 
cell are im m edia te ly  su rro u n d ed  b y  a p a ras ito p h o ro u s  vacuo le .

In  m ost cases a single tro p h o zo ite  developed w ith in  a cell. O ccasionally , 
h ow ever, a single cell c o n ta in e d  10 to  12 tro phozo ites, each  hav ing  a s e p a ra te  
p a ras ito p h o ro u s  v acu o le . W e were unab le  to  collect d a ta  on th e  fu r th e r  d ev e l
o p m e n t of these tro p h o z o ite s : p ro b ab ly  th e  host cells in v ad ed  by  such  a 
la rg e  num ber of tro p h o z o ite s  becam e necro tic  an d  w ere expelled.

I t  was rep o rted  b y  M olnár (1976) fo r G. sinensis  t h a t  in  m ost cases a 
m e r o n t gave rise to  16 m erozoites; how ever, u n its  com prising  8 m erozoites 
w ith in  th e  in fec ted  h o s t  cell also occurred . O ur e lec tro n  m icroscopic s tu d ies  
h a v e  confirm ed th is  o b se rv a tio n : in  th e  m a jo rity  of cases m eron ts consisting  
o f  8 or 16 m erozoites w ere  seen. F rom  th e  p resen t stud ies i t  c a n n o t be de te rm in ed  
h o w  m any  m erogonies ta k e  place d u rin g  th e  d ev e lo p m en ta l cycle. N e ith e r 
c a n  we te ll w hether th e  em ergence o f m ero n ts  consisting  o f 8 or 16 m erozoites 
co rresponds to  a stag e  o f  m erogony or, ra th e r , th e  fa c t is t h a t  during  th e  m ero-
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gony o f G. sinensis  th e  n u m b e r o f m erozoites is n o t  a lw ays th e  sam e. S ta rtin g  
from  th e  fac t th a t  m ero n ts  consisting  of 16 m erozoites are  m uch m ore freq u en t, 
i t  can  be assum ed th a t  u n its  consisting  of 8 m erozo ites rep resen t an  earlier 
stage  o f m erogony. R eg u la r dev e lo p m en t of 8 or 16 m erozoites could  suggest 
deve lopm en t b y  en dodyogeny ; how ever, from  F ig . 2 i t  is clear th a t  G. sinensis  
develops b y  ec tom erogony , s im ila rly  to  th a t  re p o rte d  fo r G. iroquoina  and  G. 
fu n d u li  (P a te rso n  an d  D esser, 1981c; H aw kins e t a l., 1984).

T he fo rm atio n  o f m ic rogam on ts tak es  p lace as described  b y  D esser an d  
Li (1984) an d  M olnár a n d  B ask a  (1986): i.e. m icro g am etes  are fo rm ed  ecto- 
p lasm ally  from  nuclei p u sh ed  to  th e  surface of th e  m icrogam on t.

T he fa te  of th e  p a ra s itiz ed  h o s t cell depends on  th e  develo p m en ta l stage  
in v ad in g  it .  H o st cells co n ta in in g  m ero n ts  and  m ic ro g am o n ts  s ta y  on  th e  su r
face u n til  th e  m erozoites an d  m icrogam etes leav e  th e m . O n th e  o th e r  h an d , 
as i t  w as suggested  b y  M olnár (1984), some o f th e  cells co n ta in in g  m acro- 
gam onts are  unab le  to  perfo rm  th e ir  covering fu n c tio n , an d  th e  su rro u n d in g  
in ta c t  ep ithe lia l cells overgrow  th e m  an d  fin a lly  p u sh  th e m  to  deeper layers. 
A lthough  th e  m acro g am o n t is also lo ca ted  ap ical to  th e  nucleus, oocyst fo rm a
tio n  ta k e s  place in  th e  deep lay e rs  an d  no t on th e  surface o f th e  g u t ep i
the liu m .

O ocyst w all fo rm a tio n  deserves p a rticu la r  in te re s t .  In  coccidia o f m am 
m als an d  b ird s th e  oocyst w all is fo rm ed  by  th e  so-called  w all-form ing  bodies 
app earin g  in  th e  sp o ro n t (C hobo tar an d  S choltyseck , 1982). In  th e  case o f G. 
sinensis  th e  oocyst w all is also fo rm ed  b y  th e  sp o ro n t, w ith  th e  excep tion  th a t  
no w all-form ing  bodies are  dem o n strab le  in  th e  sp o ro n t w hich could p a r tic ip a te  
in  fo rm ing  th e  ex trem e ly  th in  oocyst wall. T his o b se rv a tio n  is in co n sis ten t 
w ith  th e  find ings o f H aw k in s e t al. (1983a) who re p o r te d  th a t  th e  oocyst w all 
of Calyptospora fu n d u li  o rig in a ted  from  th e  h o st cell u n i t  m em brane su rro u n d 
ing th e  p a ras ito p h o ro u s  vacuo le . Sporocysts o f G. sinensis  are  also loosely 
su rro u n d ed  by  a sp o ro cy st veil w hich  is connected  w ith  th e  oocyst w all b y  
su p p o rtin g  m em branes. A t th e  sam e tim e, sp o ro p o d ia  p ro jec tin g  from  th e  
spo rocyst surface to w ard s  th e  spo rocyst veil an d  considered  ch a rac te ris tic  o f 
Calyptospora fu n d u li  b y  O v e rs tree t e t al. (1984), w ere ab sen t from  th e  sporo
cysts of G. sinensis. O v ers tree t e t al. (1984) d is tin g u ish ed  tw o subgenera , 
Goussia an d  Plagula, w ith in  th e  genus Goussia. T h e  d ifference betw een  th e  
subgenera  is th a t  th e  spo rocysts  o f  Plagula  a re  su rro u n d ed  b y  a spo rocyst 
veil, w hile those  of Goussia  are n o t. O ur stud ies h a v e  show n th a t  th is  c lassifi
ca tion  is un fo u n d ed : we observed  a sporocyst veil also in  G. sinensis , a ty p ica l 
m em ber o f th e  genus Goussia  as ev idenced  by  i ts  sp o ro cy st com posed o f tw o 
hem ispheres connected  b y  a su tu re . In  our op in ion  th e  success o r fa ilu re  of 
d em o n stra tin g  a sp o ro cy st veil depends exclusively  on th e  e lec tron  m icro 
scopic tech n iq u e  app lied . I t  is h igh ly  p robab le  t h a t  fish  coccidia h av e  a 
sporocyst veil. O n th e  o th e r h a n d , th e  sporopod ia  ty p ic a l of Calyptospora
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seem  to  be a rea l d is tin g u ish in g  c h a ra c te r  o f th a t  genus. R esea rch ers  of fish 
coccid ia  have long b een  in tr ig u e d  b y  th e  orig in  o f th e  so-called  “ yellow  body”  
su rro u n d in g  th e  oocysts . M olnár (1984) suggested  th a t  th e  yellow  body  
w as  fo rm ed  from  th e  d eg en e ra ted  h o s t cell an d  coag u la ted  tis su e  flu id . The 
p re s e n t stud ies seem  to  su p p o rt, a t  le a s t in  p a r t ,  th e  op in ion  o f  K e n t and  
H e d ric k  (1985) w ho suggested  t h a t  th e  yellow  bodies w ere fo rm ed  from  
d eg en e ra tin g  m em b ran es w ith in  seco n d ary  lysosom es an d  c o n ta in e d  lipofuscin. 
A t  th e  sam e tim e , F igs 10 an d  11 in d ic a te  th a t  th e  origin o f th e  “ yellow  bodies”  
is  tw ofo ld : its  g ra n u la r  p a r t  is c o n s titu te d  b y  th e  zygo te  residue  n o t  p a r tic ip a t
in g  in  oocyst fo rm a tio n , w hile th e  hom ogeneous o u te r  p a r t  is p ro b a b ly  form ed 
b y  th e  necro tic  cell o r severa l ag g reg a ted  cells. T h is m ay  fu rn ish  an  ex p lan a tio n  
fo r  th e  find ing  th a t  b y  lig h t m icroscopy  fo rm atio n s of g ra n u la r  s tru c tu re  are 
o f te n  seen to g e th e r w ith  th e  oocyst, or severa l oocysts, s i tu a te d  w ith in  th e  
ye llow  bodies.
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Fig. 1. Several m erozoites ( | )  in a single ep ith e lia l cell of th e  g u t a re  seen ap ical to  the  nucleus.
B a r =  2.5 //m

Fig. 2. M erozoites (Mz) hav e  developed b y  s tran g u la tio n  from  th e  m ero n t (Me) s itu a te d  in 
th e  p a rasito p h o ro u s vacuo le  (Pv). B ar =  2 /пт 

Fig. 3. A  m ero n t co n ta in in g  8 m erozoites w ith in  a gu t ep ith e lia l cell. B ar =  1 /mi 
F ig. 4. Cross sections o f m erozoites (m ero n t con tain ing  16 m erozoites). In se rt: N ote cross 
sections o f subpellicu lar, lo n g itu d in a lly  ru n n in g  tubu les of a m erozo ite  (J). B ar == 1 / ш  

Fig. 5. M eront s itu a te d  in th e  cy to p lasm  of a goblet cell, b asa l to  th e  m ucin  droplets.
B a r =  5 (inl

Fig. 6. Y oung m icrogam ont. H e te ro ch ro m a tic  nuclei (N u) are a rran g ed  peripherally  in  th e  
cy to p lasm  of th e  m icrogam ont. B ar =  2/rni

Fig. 7. Cross sections o f th e  p e rfo ra to riu m  and  flagellum  of m icrogam etes ( | )  developing from  
a m ic ro g am o n t in a p a rasito p h o ro u s vacuole  above th e  h o st cell nuc leus (H N u ).T h e  o th er cell 

co n ta in s a m erozoite  (Mz). B ar =  2 (im



F ig . 3. M acrogam ont. N ote  th e  am ylopectin  (A m ) and  lipid (Li) g ranu les densely  arranged  in  
th e  cy top lasm . B ar =  2 gm

F ig . 9. T he host cell c a rry in g  th e  enlarged p a ra s ite  is pushed to w ard s th e  deeper layers and 
i ts  fu n c tio n  is taken  over b y  th e  ne ighbouring  in ta c t ep ithelial cells closing a round  the  form er.

B a r =  5 /um
F ig . 10. Sporulating oocyst. W ith in  th e  sp o ro n t a lm ost com plete ly  filling  th e  pa rasito p h o ro u s 
v acu o le  o f the  host cell (H e) o f d is in teg ra ted  cy top lasm  s tru c tu re  an  oocyst su rrounded  by  
o o c y s t wall (I) is developing. I n  cross sections of th e  sporocysts (Sc) n o te  th e  spo rocyst residual 
b o d y  (R b ) and prim ord ia  o f th e  developing sporozoites (Sz). N ote  th e  o u te r  residual body (*) 
a tta c h e d  to  the oocyst w all f ro m  th e  ou tside. T he residual body is c o n s titu te d  by  th a t  p a r t  of 
th e  sp o ro n t which has n o t p a r tic ip a te d  in sp o rocyst fo rm ation . I t  has a h igh ly  electron-dense 

m a tr ix , finely f ib rilla r a rra n g e m e n t, an d  co n ta in s n u tr ie n t g ranu les. B a r =  2 ^m  
F ig . 11. N ote spo ru la ting  o o cy st in  th e  cy to p lasm  (Cp), beside th e  nucleus (H N u) of a 
sev ere ly  dam aged, n ecro tic  h o s t  cell. The ex trao o cy stic  residual bod y  (*) is a rranged  asym 
m e tr ica lly  and its sub stan ce  co n ta in s  n u tr ie n t granules id en tica l in  s tru c tu re  w ith  th a t  con

ta in e d  b y  th e  sporocyst residual body. B ar =  2 /(m 
F ig . 12. Cross section of a sp o ro cy st. The sp orocyst wall consists of an  o u te r  m em brane (m b) 
a n d  an  in n er layer (il) o f hom ogeneous s tru c tu re . T he sporocyst w all consists o f tw o hem ispheres 

co n n ec ted  by  a su tu re  ( Д ) .  B ar =  0.05 /um
F ig . 13. Sporulated oocyst. E a c h  of th e  fo u r sporocysts (Sc) is su rro u n d ed  by  a sep ara te  
sp o ro c y s t veil (Sv). T he o o c y s t w all is d e tached  from  th e  p a ras ito p h o ro u s  vacuole and lies 

on  th e  sporocyst veil from  th e  outside. B ar =  2 /im
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THE PATHOLOGY OF CONCURRENT BOVINE VIRAL 
DIARRHOEA AND INFECTIOUS BOVINE 

RHINOTRACHEITIS VIRUS INFECTION IN NEWBORN
CALVES

У. P á l f i*, R . G l á v it s  a n d  Á . H o r n y á k

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

(R ece iv ed  F e b ru a ry  24, 1988)

C on cu rren t b o v ine  v ira l d ia rrh o ea  (BVD ) an d  sy s tem ic  infectious bovine  rh ino - 
trac h e itis  ( IB R ) are  re p o rte d  fro m  tw o  n eo n a ta l (11 a n d  15 d ay s old) calves. T h e  d i
seases occurred  sporad ica lly  in  a  large-scale h e rd  w hich m a y  h a v e  been  due to  th e  calves’ 
he terogeneous im m unob io log ical s ta tu s . Gross p a th o lo g ica l a n d  h isto p ath o lo g ical ex 
am inations rev ea led  focal in te r s t i t ia l  p n eu m o n ia  w ith  ac id oph ilic  in tran u c lea r inclusions 
in  th e  a lveo lar ep ith e lia l cells a n d  n ecro tic  foci in  th e  liv e r  w ith  a few in tra n u c le a r  
inclusions in  th e  h e p a to cy te s . T here  w ere subserous h aem o rrh ag es in  th e  fo restom achs 
and  in te stin e , n e c ro tic  changes in  th e  ru m en , en te ritis , ly m p h o cy tic  necrosis in  th e  
P ey er’s p a tch es , a n d  f ib rin o id  necrosis in  th e  w all of som e o f th e  neighbouring  blood 
vessels. BV D  v iru s w as d e m o n s tra te d  b y  im m unofluorescence ( IF ) , w hereas IB R  v iru s 
by  electron  m icroscopy , im m unofluorescence  and  v iru s iso la tio n .

K eyw ords: B V D , sy s tem ic  IB R , n eo n a ta l calf.

In  H u n g a ry  th e  occurrence  o f bov ine  v ira l d ia rrh o e a  (BVD) in  n eo n a ta l 
calves was re p o rte d  earlie r (R o m v áry , 1965). T he sy s tem ic  form  of in fec tious 
bov ine  rh in o tra c h e itis  (IB R ) h as  also been  rep o rted  fro m  a suckled ca lf  (M ol
n á r  e t al., 1984). I n  th e  p re se n t p a p e r pa tho log ica l a n d  d iagnostic  observa tions 
m ade on co n cu rren t BV D  an d  IB R  in  n eo n a ta l calves a re  rep o rted . S im u lta 
neous incidence o f th e se  tw o  diseases in  calves of th a t  age h as  n o t been rep o rted  
in  th e  lite ra tu re  so fa r.

Materials and methods
Case history

T he stud ies w ere p erfo rm ed  in  a c a ttle  h e rd  of an  ag ric u ltu ra l co -opera tive. 
T he anim als w ere k e p t in  tw o  d a iry  u n its . Calves fro m  th e  fa rm ’s ow n ca lf 
crop were reg u la rly  m ixed  w ith  pail-fed  calves p u rc h a se d  from  househo ld  
an d  large-scale stocks. S im u ltan eo u sly  w ith  th e  o u tb re a k  am ong n e o n a ta l 
calves, a com bined  B V D -IB R  o u tb re a k , d iagnosed b y  clinical ex am in a tio n  
as well as v iro logical an d  serological m ethods, to o k  p lace  am ong th e  pail-fed  
an d  w eaned calves in  b o th  d a iry  u n its  o f th e  farm .

* P resen t address : D r. V ilm os P álfi, N a tio n a l V e te rin a ry  L ab o ra to ry , B iilow svej 27, 
P o stb o k s 373, D K -1503, C openhagen , D en m ark
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In  one of th e  u n its  d ia rrh o ea  causing  severe ca lf losses occurred  am ong 
th e  n eo n a ta l calves w hich , d epend ing  on th e  availab le  space , w ere k e p t tied  
d o w n  toge ther w ith  th e ir  dam s fo r 10—15 days.

T he o u tb reak  la s te d  six w eeks a n d  w as accom pan ied  b y  a lm ost 100%  
m o rb id ity . S ix teen  o u t  o f th e  20 calves b o rn  to  cows an d  5 o u t  o f th e  9 calves 
b o rn  to  p rim iparous heifers died  a t  1—6 day s of age. T h ree  c a lf  carcases w ere 
su b m itte d  to  th e  la b o ra to ry : all th re e  w ere diagnosed to  h a v e  d ied  of Escheri
ch ia  coli d iarrhoea  cau sed  b y  en te ro p a th o g en ic  K 99 +  E . coli.

Two calves t h a t  h a d  suffered  from  d ia rrh o ea  d u rin g  th e  f irs t  days of 
life b u t  recovered as a re su lt of th e ra p y  ag a in  becam e d ia rrh o e ic  a t  8 and  10 
d a y s  of age, re sp ec tiv e ly . T he ca lves’ b o d y  te m p e ra tu re  w as 41.2 an d  41.5 °C, 
re sp ec tiv e ly ; th e y  w ere  listless an d  d id  n o t suck. One d ay  la te r  th e y  becam e 
dyspnoe ic , were cough ing , h ad  serous n a sa l d ischarge a n d  co n ju n c tiv itis . 
T h e y  did  no t re sp o n d  to  com bined  p a llia tiv e  tre a tm e n t a n d  a n tib io th e ra p y ; 
b o th  calves died 3 a n d  4 days la te r , re spec tive ly .

T he carcases w ere  su b m itte d  to  th e  la b o ra to ry  of th e  C en tra l V ete rin ary  
I n s t i tu te  and  necropsied .

H istopathological exam ina tion

Sam ples w ere ta k e n  from  th e  lungs, tra c h e a , liver, ru m e n  w all, ileum , 
m esen te ric  ly m p h  n o d e , an d  b ra in  (m edu lla  ob longata , p o n s varo lii, q u a d ri
g em in a l bodies, h ip p o cam p u s, co rtex , an d  cerebellum ), f ix e d  in  5%  (v/v) 
fo rm a lin  (pH  7.2) b u ffe red  w ith  N a H 2P 0 4 an d  N aO H . F ro z e n  or p a ra ffin - 
em b ed d ed  sections w ere  p rep ared . F o r  genera l in fo rm atio n  th e  sections w ere 
s ta in e d  w ith  h a e m a to x y lin  an d  eosin. F o r d em o n stra tio n  o f h y p h ae  in  th e  
l iv e r  an d  rum en  w all th e  period ic  a c id -S c h iff  (PA S) re a c tio n  w as used.

Electron microscopy

Pieces of a p p ro p r ia te  size w ere excised  from  th e  liver o f  one of th e  calves 
a n d  fix e d  firs t in  2 .5 %  (v/v) g lu ta ra ld e h y d e  buffe red  w ith  so d iu m  cacody la te , 
th e n  in  1%  (v/v) o sm iu m  te tro x id e . T h e  sam ples were em b ed d ed  in  D urcupan  
re s in , sectioned w ith  an  u ltram ic ro to m e , co u n te rs ta in ed  w ith  u ra n y l ace ta te  
a n d  lead  c itra te , a n d  exam ined  in  an  e lec tro n  m icroscope.

Bacteriological exam ination

Sam ples ta k e n  from  th e  sp leen , liv er, k idneys an d  lu n g s  were te s te d  
o n  b lood  agar an d  D riga lsk i’s ag a r p la te s  an d  those ta k e n  from  th e  sm all 
in te s tin e  and  m esen te ric  ly m p h  nodes on  com m on agar, D rig a lsk i’s and  M inca’s 
a g a r  p la tes. F or b ac te rio log ica l ex am in a tio n  o f th e  liver an d  ru m e n  wall sam ples
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S ab o u rau d  ag ar w as also used. The c u ltu re s  w ere in c u b a te d  a t  37 °C. Sm ears 
p re p a re d  from  th e  sm all in te s tin a l c o n te n ts  w ere s ta in e d  b y  C astan ed a’s 
m e th o d .

Virological exam inations

T he im m unofluorescence  te s t  ( IF )  w as used an d  v iru s  iso la tio n  was 
a t te m p te d . T he sm ears m ade from  th e  to n s ils , lungs, sp leen , liv er, sm all in 
te s tin a l m ucosa an d  m esen teric  ly m p h  n o d e  on slides w ere fix e d  in  a 3 : 1 
m ix tu re  o f acetone a n d  m eth an o l a t  ro o m  te m p e ra tu re  fo r 20 m in . F o r th e  
d e m o n s tra tio n  o f IB R  v iru s  an tigen  d ire c t, w'hile for BY D  v iru s  an tig en  in 
d ire c t I F  w as used  as described  p re v io u s ly  (P á lfi an d  M olnár, 1987). V irus 
iso la tio n  was a tte m p te d  from  h o m o g en a tes  p rep ared  from  th e  above-lis ted  
o rgans in  secondary  ca lf  testic le  cell c u ltu re s . The iso lates w ere id en tif ied  b y  
I F .  I f  v iru s  iso la tion  ap p ea red  n eg a tiv e , th re e  b lind  passages w ere perfo rm ed .

Serological tests

B lood sam ples w ere ta k e n  from  10 p re g n a n t cows 2 to  4 w eeks before 
te rm . T he sam ples w ere assayed  for th e  p resence  of BYD an d  IB R  an tibod ies 
b y  th e  v iru s n e u tra liz a tio n  (VN) te s t.

R esu lts

Gross pathology

Tw o calves t h a t  h a d  died  11 a n d  15 days old, re sp ec tiv e ly , w ere ex a 
m ined .

A t necropsy  s im ila r lesions w ere  fo u n d  in  b o th  calves. T he m ucous 
m em b ran e  o f th e  n a sa l c a v ity  an d  e p ig lo ttis  was d a rk  re d  a n d  sw ollen, th a t  
o f th e  tra c h e a  was also red  and  in  its  a n te r io r  th ird  th e re  w ere circum scribed , 
sup erfic ia l necroses. T h e  lungs w ere m o re  com pact to  th e  to u c h  th a n  usual, 
a n d  in  th e  card iac  an d  ap ica l lobes as w ell as in  th e  a n te rio r  th ird  o f th e  d ia 
p h ra g m a tic  lobes th e re  w ere co m p act, g rey ish -red , a te le c ta tic  areas variab le  
in  size. T he liver w as en larged , yellow ish -b row n  or red d ish , i ts  su b stan ce  was 
m ore  easy  to  te a r , an d  on its  su rface  a n d  c u t surface th e re  w ere num erous 
yellow ish  foci th e  size o f a p inhead  (F ig . 1). I n  th e  ren a l c o rte x  a few  p u n c ta te  
haem o rrh ag es , w hereas u n d e r th e  cap su le  o f th e  spleen ex ten siv e  haem orrhages 
w ere seen. U nder th e  serosa o f th e  fo restom achs th e re  w ere ex tensive  
haem orrhages an d  on th e  m ucous m e m b ra n e  of th e  ru m e n  superfic ia lly  
nec ro tic  p seudom em branes th e  size o f  an  egg or h a lf  p a lm  w ere seen. T he 
pseudom em branes w ere easily  d e ta c h a b le  from  th e ir  base, w h ich  w as red d en ed
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(F ig . 2). The m ucous m em b ran e  o f th e  ab o m asu m  a n d  in te s tin a l t r a c t  w as 
red d en ed , swollen a n d  co n ta in ed  a few p u n c ta te  haem o rrh ag es . In  th e  sm all 
in te s tin e  th e  P e y e r’s p a tch es  w ere swollen, red d en ed  a n d  above th e m  th e  
m ucous m em brane w as, here  an d  th e re , necro tic . U n d e r th e  serosa o f th e  in 
te s tin a l wall th e re  w ere  p u n c ta te , in  som e p laces “ sp rin k le d ” , h aem o rrh ag es 
(F ig . 3). The m esen te ric  ly m p h  nodes w ere sw ollen, su ccu len t and  th e ir  c o r te x  
w as reddened .

H istopathological and  electron microscopic studies

B y  light m icroscopy , in  th e  lungs, in  th e  in te ra lv e o la r  tissues and  w all o f  
th e  m a jo r a ir p assages (in areas ex h ib itin g  gross lesions) in filtra tio n s  c o n 
s is tin g  of ly m p h o cy tes , h is tio cy tes , p lasm a cells an d  a few  neu tro p h ilic  g ra n 
u lo cy tes  were seen. I n  th ese  areas th e re  w as c ircum scribed  cell necrosis w ith  
kary o p y k n o sis  o r k a ry o rrh e x is  (F ig . 4). Som e a lv eo la r ep ithe lia l cells h a d  
d e ta c h e d  and  fo rm ed , here  a n d  th e re , sy n cy tiu m -lik e  g ia n t cells, som e o f 
w h ich  con ta ined  in tra n u c le a r  inclusion  bodies. I n  th e  m ucous m em b ran e  o f  
th e  trachea th e re  w ere  su b ep ith e lia l in filtra tio n s  o f ly m p h o cy tes  an d  h is tio 
cy te s , and  m inor h aem o rrh ag es . In  c ircum scribed  areas o f th e  liver, necrosis 
o f  th e  p a ren ch y m al cells w as observed  (Fig. 5). N ecrosis occurred  in  d iffe ren t 
p a r ts  of th e  lobu les a n d  u su a lly  ex ten d ed  to  o n e -fo u rth  to  o n e-th ird  o f  th e  
lo b u le . In  these  foci n u c lea r residues and  ou tlines o f th e  m ore or less in ta c t  
cells of th e  R H S  w ere recognizable. In  th e  m arg in a l p a r ts  of th e  n ec ro tic  
a rea s  some of th e  c h ro m a tin  su b stan ce  o f th e  en la rged  h e p a to c y te  nuclei w as 
a t ta c h e d  to  th e  n u c le a r  m em b ran e  in  clum ps a n d  show ed in ten se  basoph ilic  
s ta in in g  (perich rom asia), w hile th e  m a jo rity  o f c h ro m a tin  com pletely  filled  
th e  nucleus and  show ed  b r ig h t eosinophilic s ta in in g  (F ig . 6). O ccasionally  th e  
acidophilic  area  seen  in  th e  en larged  nucleus w as su rro u n d ed  b y  a lig h te r  
zone (Cowdry ty p e  A  in tra n u c le a r  inclusion). H ere  a n d  th e re  th e  n ec ro tic  
so lita ry  h ep a to cy tes  h a d  been  tran sfo rm ed  in to  a b r ig h t eosinophilic, d isk 
like bo d y  (C ouncilm an body). In  th e  liver th e  d iffuse, e x u d a tiv e  lesions w ere 
less pronounced . H e re  an d  th e re  th e  p e riv ascu la r ly m p h  spaces an d  th e  s in u s
oids o f lobules w ere d ila te d  an d  in  th e ir  lum en  a serous e x u d a te  co n ta in in g  a 
few  lym phocy tes a n d  g ran u lo cy tes  h ad  accu m u la ted . T h e  en d o the lia l cells o f 
th e  sinusoids an d  th e  K u p ffe r’s cells w ere slig h tly  sw ollen an d  occasionally  
d e tach ed . In  o th e r p laces p ro life ra tio n  of cells of th e  R H S  w as observed. T h e  
in te r lo b u la r  sep ta  w ere in  som e places sligh tly  in f il tra te d  b y  lym p h o cy tes  a n d  
h is tiocy tes.

B y  electron m icroscopy o f  the liver v ira l partic les  w ere only  seen in  th e  
n ec ro tic  areas. In  th e se  areas th e  cell organelles of th e  h ep a to cy tes  w ere 
m o s tly  unrecognizable  a n d  th e  cell m em brane as well as th e  nu c lear m em b ran e  
h a d  undergone lysis. E n v e lo p ed  v ira l partic les o f ico sah ed ra l sy m m etry  an d
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ab o u t 150 nm  in  d iam ete r w ere seen singly , d iffusely  o r in  groups. T he pa rtic le s  
rep resen ted  d iffe ren t stages o f  m a tu ra tio n  (F ig . 7). A t th e  p e rip h ery  o f th e  
lesions th e  nuclei o f h e p a to c y te s  h a d  becom e en la rged  a n d  in  som e p laces th e  
perinuc lear space w as d ila te d . P a r t  o f th e  c h ro m a tin  su b stan ce  co n g reg a ted  
along th e  nu c lea r m em b ran e , w hile th e  rem ain ing  p a r t  accu m u la ted  in  th e  
cen tre  of th e  nucleus as g ra n u la r  or filam en to u s m a te r ia l . No v ira l pa rtic le s  
w ere seen in  th ese  cells.

Light microscopy o f  the rum en wall revealed, in  som e po rtio n s of th e  m u 
cosal ep ithe lium , v acu o la r d eg en era tio n  and , here  a n d  th e re , necrosis e x te n d 
ing to  th e  subm ucosa. T he subm ucosa  was h y p eraem ic  a n d  in f iltra te d  b y  in 
f la m m a to ry  cells ( ly m p h o cy tes , h is tio cy tes  an d  n e u tro p h ilic  g ranu locy tes). In  
th e  w all of som e blood  vessels th e  en do the lia l cells w ere  d egenera ted  an d  th e  
tu n ica  m ed ia  show ed f ib rin o id  necrosis (F ig. 8). A bo v e  th e  P ey er’s p a tch es  
th e  ep ithe lium  o f th e  ileal m ucosa  was necro tic  an d  th e  la m in a  p ro p ria  show ed 
serous, haem orrhag ic , f ib rin o u s  in f iltra tio n  an d  w as in f i l t r a te d  by  in f la m m a 
to ry  cells. T he m a jo rity  o f ly m p h o cy te s  h ad  been d ep le te d  from  th e  ly m p h o id  
follicles and  tho se  rem ain in g  th e re  show ed signs of necrosis  (pyknosis, rh ex is ; 
F ig . 9). T he w all o f som e b lo o d  vessels ex h ib ited  f ib r in o id  necrosis. I n  th e  
sinusoids of th e  mesenteric lym p h  nodes accu m u la tio n  o f  sero fib rinous ex u d a te , 
haem orrhages, sw elling of m acrophages, an d  p ro life ra tio n  o f  neu tro p h ilic  g ra n 
u locy tes w ere seen, w hile in  th e  ly m pho id  follicles o f  th e  co rtex  th e re  was 
ly m phocy te  dep le tion . In  th e  b lood vessels of th e  brain  th e  en do the lia l cells 
w ere sligh tly  sw ollen. In  th e  lu m en  o f these  b lood  vessels leucocytes h a d  in 
creased in  n u m b er an d  in  th e  p e riv ascu la r areas h ere  a n d  th e re  haem o rrh ag es 
w ere seen. No m ycelia  w ere d em o n strab le  by  th e  PA S reac tio n .

Bacteriological exam ina tions. W e failed to  c u ltu re  b a c te r ia  from  th e  p a 
ren ch y m al organs. T he aerob ic  m icro flo ra  of th e  sm all in te s tin e  consisted  of 
enterococci an d  non-m uco id  ty p e  Escherichia coli. A tte m p ts  a t  d em o n stra tin g  
fungi from  th e  liv er an d  ru m e n  Avail o f th e  calves c o n s is te n tly  failed.

Virological exam inations. B y  th e  im m unofluo rescence  (IF ) te s t  IB R V  
an tig en  w as d e m o n s tra te d  in  th e  tonsils, lungs, sp leen  and  liver, w hereas 
BVDV an tig en  in  th e  sm all in te s tin e  and  m esen te ric  ly m p h  nodes o f b o th  
calves. V irus iso la tion  a t te m p ts  from  th e  tonsils, lungs a n d  livers y ielded  IB R V . 
In  cu ltu res in o cu la ted  w ith  h o m ogenates of th e  sm all in te s tin e s  and  m esen teric  
ly m p h  nodes no c y to p a th ic  e ffec t w as observed d u rin g  th re e  passages. A fte r 
th e  th ird  passage th e  cell c u ltu re s  w ere te s te d  by  I F  fo r  th e  presence o f non- 
cy to p a th ic  BVDV. T he te s ts  w ere consis ten tly  n eg a tiv e .

Serological tests. S ix a n d  9 o u t of th e  10 p re g n a n t cows were show n to  
possess v iru s-n eu tra liz in g  an tib o d ies  to  BVDV an d  IB R V , respective ly .
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Discussion

N um erous p a p e rs  h av e  been  p u b lish ed  on  diseases ca u se d  in  n eo n a ta l 
ca lves by  BVDV a n d  IB R V . A t t h a t  age B Y D Y  produces a  d isease c h a ra c te r
ized  b y  fever, leu co p en ia , nasa l d ischarge , d ia rrh o ea  and , in  som e cases, erosions 
on  th e  m ucous m em b ran e  lin ing  th e  d igestive  t r a c t  (L a m b e rt, 1974; R om váry ,
1965). IB R  has v a rio u s  m an ife s ta tio n s  in  n eo n a ta l calves, ch a rac te rized  b y  
in v o lv em en t of th e  n e rv o u s system  (L o m b a e t a l., 1974), d ig estiv e  t r a c t  (Wel- 
le m a n s  et al., 1974), a n d  re sp ira to ry  t r a c t  (L om ba e t al., 1973). I ts  system ic 
fo rm  (R eed e t a l., 1973) has also b een  described .

C oncurrent B V D V  and  IB R Y  in fec tio n  has so fa r been  observed  am ong 
b u ck e t-rea red , w ean ed  an d  grow ing calves (E u g s te r  e t al., 1976; G reig e t al., 
1981; P á lfi and  M olnár, 1987). I n  th e se  cases digestive sy m p to m s ty p ic a l of 
B V D  were co n sis ten tly  accom pan ied  b y  th e  re sp ira to ry  fo rm  o f IB R .

T he in te res tin g  fe a tu re  of th e  case p resen ted  here w as t h a t  co n cu rren t 
B V D  an d  IB R  o ccu rred  in  n e o n a ta l calves an d  th a t  BV D  w as accom panied  
b y  system ic  (generalized) IB R  ch a rac te rized  b y  h ep a tic  lesions. I t  is re m a rk 
a b le  th a t  a t th a t  age th e  disease o ccu rred  sporad ica lly , d e sp ite  th e  fac t th a t  
a ll cond itions fav o u rin g  its  sp read  w ere p re sen t. This was in d ic a te d  b y  a sim ul
ta n e o u s  o u tb reak  o f Escherichia coli d ia rrh o ea  an d  th e  c o n c u rre n t B V D -IB R  
o u tb re a k  occurring  am o n g  b u c k e t-re a re d  an d  w eaned calves hou sed  in  o ther 
b u ild in g s  of th e  sam e fa rm . A sim ila rly  spo rad ic  occurrence o f  system ic  IB R  
am o n g  neo n a ta l ca lves w as re p o rte d  earlie r (M olnár e t a l., 1984). As i t  was 
su g g ested  by  us ea rlie r, th e  sporad ic  n a tu re  o f th e  p resen t o u tb re a k  m u st have 
b e e n  due to  h e te ro g en e ity  in  th e  im m u n e  s ta tu s  of th e  su ck le r calves, i.e. 
to  th e  lack  of co lo stru m -d eriv ed  im m u n ity  in  som e an im als. T h is  is su p p o rted  
b y  th e  serological re su lts  o b ta in ed  in  cows close to  calv ing: 6 a n d  9 o u t of 10 
se ru m  sam ples c o n ta in e d  an tib o d ies  to  B V D V  an d  IB R V , resp ec tiv e ly .

T he clinical sy m p to m s w ere a ty p ic a l. T he gross p a th o lo g ica l lesions, 
h o w ev er, were suggestive  of co n c u rre n t BV D V  an d  IB R V  in fec tio n . Lesions 
o f  th e  up p er re sp ira to ry  t r a c t ,  lu n g s, an d  p rim arily  th o se  o f  th e  liv e r were 
in d ic a tiv e  of IB R V , w hereas th e  d igestive  lesions an d  h aem o rrh ag es  were 
sugg estiv e  of BVDV in fection . Lesions s im ila r to  those fo u n d  in  th e  m ucous 
m em b ran e  of th e  fo restom achs are  o ften  fo u n d  in  associa tion  w ith  m ycotoxi- 
coses (D anko, 1972). I n  th e  p re se n t case, how ever, th e  bac te rio lo g ica l and  
h is to p a th o lo g ica l f in d in g s  ru led  o u t th is  possib ility .

In  add ition  to  th e  d em o n stra tio n  o f BVDV b y  I F  a n d  th a t  o f IB R V  
b y  I F ,  electron m icroscopy  an d  v iru s  iso la tion , th e  h is to p a th o lo g ica l find ings 
o ffe red  evidence o f co n cu rren t BV D V  an d  IB R V  in fection . U lce ra tio n  of th e  
m u co u s m em brane o f  th e  fo restom achs an d  sm all in te s tin e , accom pan ied  b y  
v a c u o la r  degenera tion  an d  necrosis o f th e  ep ith e liu m  and  ly m p h o c y te  dep le tion  
a n d  necrosis in  th e  P e y e r’s p a tch es , as w ell as d eg en era tio n  a n d  fib rino id
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necrosis of th e  b lood  vessel w alls in  th a t  reg ion  w ere in d ica tiv e  o f B V D V  ac tio n  
(B ak er e t ah , 1954; C arlson e t ah , 1957; K en d rick , 1971; L a m b e rt e t ah , 1969; 
Jo n e s  and  H u n t, 1983). On th e  o th e r h an d , in tra lo b u la r  in te rs ti t ia l  p n eu m o n ia , 
n ecro tic  foci an d  in tra n u c le a r  inclusions in  th e  lungs, n ecro tic  foci an d  p resence  
o f herpesv irus partic les  am ong th e  n ecro tic  cell debris in  th e  liv e r in d ic a te d  
th e  d ev e lopm en t of system ic IB R  (E h ren sp erg e r and  P oh lenz , 1979; M iller e t 
ah , 1973; M olnár e t ah , 1984).

T he u n u su a lly  h igh  m o rta lity  (21 o u t o f 29 n eo n a ta l calves died) observed  
d u rin g  th e  o u tb re a k  of E . coli d ia rrh o ea  suggested  th a t  BV D V  w as p re sen t 
in  several of th ese  calves as co n co m itan t in fection . In v e s tig a tio n s  in to  th is  
a sp ec t w ere n o t possible in  th e  p re sen t case. In  th e  fu tu re , how ever, in  s im ila r 
cases th e  la b o ra to ry  ex am in a tio n s will be ex ten d ed  to  checking  th e  p resence  
o f  BVDV as well.
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Fig. 1. N ecro tic  foci in  th e  liver

Fig. 2. E x ten siv e  necrosis o f irreg u la r  shape in th e  ru m en  m ucosa



Fig. 3. P u n c ta te , in som e p laces “ sp rin k led ” , h aem orrhages u n d e r th e  serosa of th e  in te stin e

Fig. 4. In flam m ato ry -n ec ro tic  focus in  th e  w idened in te ra lv e o la r  tissue  of th e  lungs. H aem a- 
to x y lin  and eosin (H E ), X 160



F ig. 5. N ecrotic focus in  th e  liver. H E , X 63

Fig. 6. D e ta il o f  F ig . 5. H E , X400



ä

F ig . 7. V iral p a rtic les rep re se n tin g  various stages o f m a tu ra tio n  in th e  necro tic  a rea  of th e  
liver. E le c tro n  m icrograph, X 44,500. Top left: X 70,000

F ig . 8. F ib rino id  necrosis o f  th e  blood vessel w all (arrow ) in th e  ru m e n  wall in filtra ted  by
in flam m ato ry  cells. H E , X 160



Fig. 9. L ym phocy te  depletion in the  ly m p h o id  follicles (arrow) and  necrosis in the  wall of the
i leum . H E ,  x 6 3





F ig . 1. In f iltra tio n  of th e  in te rs ti tiu m  of testic le  w ith  m ononuclear cells. N ote incip ien t a tro p h y  
of th e  ne ig h b o u rin g  sem iniferous tu b u les . H aem ato x y lin —eosin (H -E .) , X63



F igs 2 and 3. Am ong th e  lym p h o cy tes and  h is tio cy tes  in some p laces th ere  are fib ro b lasts . 
H -E ., X 160 (F ig . 2) and e lectron  m icrograph , X 4100 (F ig . 3)



Fig. 4. N ote  som e sp e rm ato zo a  am ong th e  de tach ed  an d  deg en era ted  re m n a n ts  of germ inal 
ep ith e lia l cells. E lectron  m icrograph , X 9700
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TESTICULAR LESIONS IN RAMS INFECTED RY 
MAEDI/VISNA VIRUS

У. P á l f i 1* , R . G l á v i t s 1 an d  I. H a j t ó s 2

1C entra l V e te rin a ry  In s t i tu te ,  H -1581 B u d ap est, P . O. B ox; 2; 2V e te rin a ry  In s t i tu te ,  H-3501
M iskolc, P . 0 .  B ox 170, H u n g a ry

(R eceived  M ay 24, 1988)

Patho log ical lesions w ere observed in th e  testic les o f  5 o u t  o f 7 ram s fo u n d  to  
be in fec ted  b y  m aed i v iru s  serologically  and  b y  h is to p ath o lo g ica l ex am in atio n  of th e  
lungs. T he in te rs ti tiu m  o f th e  testic les w as in f il tra te d  w ith  lym p h o cy tes , h istio cy tes 
and  p lasm a  cells. T h e  in f il tra tio n  w as m ain ly  p e riv a scu la r  a n d  of v a ry in g  sev erity , 
and  w as accom panied  b y  fib rosis. T he sem iniferous tu b u le s  n e ighbouring  th e  severely  
affec ted  p a r ts  w ere a tro p h ie d  and , as a  re su lt, in  c ircu m scrib ed  areas o f th e  testic les 
d is tu rb an ces o f spe rm ato g en esis  were observed. T he ep id id y m id es w ere devoid  o f p a th o 
logical changes. S tu d ies  are  in  progress to  de term ine  w h e th e r  th e  te s tic u a r  lesions 
are a c tu a lly  caused  b y  m aed i/v isna  v irus. T ransm ission  of th e  v iru s w ith  in fec ted  
ra m s’ sem en is possib le.

K eyw ords: M aed i/v isna , te s ticu la r  lesions, ram .

M aedi/v isna is a le n tiv ira l  disease of sheep w hich  m a y  ap p ea r as p ro g res
sive in te rs titia l p n eu m o n ia  (m aedi) o r as m en ingo-leukoencephalitis  (v isna), 
depending  on th e  p re d o m in a n t clinical sym ptom s. M aed i/v isna ch arac terized  
b y  chronic re sp ira to ry  sy m p to m s was described  in  H u n g a ry  in  1973 (Süveges 
an d  Széky, 1973). In  a d d itio n  to  changes in  th e  lungs a n d  perib ro n ch ia l ly m p h  
nodes, ly m p h o cy tic  en cep h a litis  was observed  in  one an im al. In  an im als in 
fec ted  b y  m aed i/v isna  v iru s  o th e r  au th o rs  observed  chron ic  in d u ra tiv e  m astitis  
(G riem  an d  W einhold , 1976; O liver e t ah , 1981; v a n  d er M olen an d  H ouw ers,
1987) an d  chronic n o n p u ru le n t a r th r itis  (C utlip  e t a l., 1985a; N a ra y a n  an d  
Cork, 1985). C utlip e t al. (1985fc) d em o n stra ted  th a t  th e  v iru s  induced  in f la m 
m atio n  of th e  a rterio les ru n n in g  in  th e  a rticu la r  capsu le , k idneys, b ra in  an d  
m eninges, lungs an d  tr a c h e a l w all. G riem  an d  W einho ld  (1976) rep o rted  th a t  
p eriv ascu la r focal in f i l t ra t io n  w ith  m ononuclear cells m ig h t occur all over 
th e  body . In fec ted  ram s are  assum ed  to  p lay  a role in  tra n s m ittin g  in fec tion  
(Süveges an d  Széky, 1973). H ow ever, no te s tic u la r  lesions of in fec ted  ram s 
have been rep o rted  so fa r. I n  th is  p ap e r th e  patho lo g ica l lesions found  in  th e  
testic les of ram s in fec ted  b y  m aed i/v isna  v iru s are  described .

*P resen t address: D r. V ilm os P álfi, N a tio n a l V e te rin a ry  L a b o ra to ry , B ülow svej 27, 
P ostboks 373, D K -1503, C openhagen , D en m ark
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Materials and methods

A n im a ls

Nine 5 to  8 y ea rs  old ram s s la u g h te re d  a t  th e  local a b a tto ir  w ere exam ined  
b y  d ifferen t m e th o d s. T he ram s h a d  been  culled  from  a la rg e  flock  w here 
serological an d  p a th o lo g ica l ex am in a tio n  of th e  ewes rev ea led  severe m aedi/ 
v isn a  infection .

Blood samples

Blood sam ples w ere co llected  in  s terile  tu b es . T he se ra  w ere sep a ra ted , 
in a c tiv a te d  a t 56 °C fo r 30 m in , a n d  s to red  frozen  u n til  u sed .

Serology

To d e m o n s tra te  an tib o d ies  to  m aed i/v isn a  v iru s, se ra  w ere te s te d  b y  
agar-gel im m unod iffu sion  (A G ID ), w hereas fo r in fec tion  b y  B o rd er disease 
v iru s  th ey  were ex am in ed  b y  v iru s  n e u tra liz a tio n  (VN).

A G ID  test

0.7%  ag ar (N oble, D ifco) p re p a re d  in  b o ra te  bu ffe r, p H  8.6, w as used. 
T h e  an tigen  an d  th e  p o sitive  se ru m  w ere a k in d  gift from  D r. R . C. C utlip  
(A m es, Iow a, U .S .A .).

V N  test

1 : 5 d ilu tions o f th e  sera  w ere te s te d  ag a in st 100 T C ID 50/0.1 m l o f BYD 
s tra in  C24V O regon in  ca lf  te s tic le  cell cu ltu res .

H istopathology and  electron microscopy

For h is to p a th o lo g y , sam ples w ere ta k e n  a t  n ecro p sy  from  th e  lungs, 
perib ronch ia l ly m p h  nodes an d  b o th  testic les  an d  ep id idym ides. T he sam ples 
w ere fixed  in  5%  (v /v) fo rm alin  (p H  7.2), bu ffe red  w ith  N a H 2P 0 4 an d  N aO H , 
a n d  frozen as w ell as p a ra ff in -em b ed d ed  sections w ere p re p a re d . F e t t ro t  s ta in 
in g  was used to  d e m o n s tra te  L ey d ig ’s in te rs ti t ia l  cells. O ne te s tic le  each of 
an im als 1 an d  2 w as ex am in ed  b y  e lec tro n  m icroscopy. P ieces w ere fix ed  in  
2 .5%  (v/v) g lu ta ra ld e h y d e  bu ffe red  w ith  sodium  caco d y la te , th e n  p o st-fixed  
in  1%  (v/v) osm ium  te tro x id e . T h e  sam ples w ere em b ed d ed  in  D u rcu p an  
resin , sem i-th in  sections w ere c u t w ith  an  u ltram ic ro to m e , s ta in e d  w ith  to lu id in  
b lu e  and  exam ined  w ith  a lig h t m icroscope. U ltra th in  sec tions w ere coun ter- 
s ta in ed  w ith  u ra n y l a c e ta te  an d  lead  c itra te  an d  exam ined  w ith  an  elec tron  
m icroscope.
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Results

T h e resu lts  o f serological an d  h is to p a th o lo g ica l exam ina tions are  su m 
m arized  in  T ab le  I .

Table I

R esults o f th e  A G ID  te s t  and  h istopatho log ical findings

N o. o f  an im al A G ID  te s t
H is to p a th o lo g ica l lesions

L u n g s Testic les

l + + +
2 + + +
3 + + +
4 + + +
5 + + +
6 + + —
7
8

+ + —

9 — — —

Serology

P re c ip ita tin g  an tib o d ies  to  m aed i/v isna  v iru s  w ere d em o n stra ted  in  th e  
sera  o f  7 sheep. N one o f th e  sheep w ere fo u n d  to  possess an tibod ies to  B Y D  
v irus.

H istopathology and electron microscopy

In  sheep 1 to  7 chronic in te rs titia l p n eu m o n ia  considered ty p ic a l o f  
m aed i a n d  ch arac te rized  b y  fo rm a tio n  o f ly m p h o id  follicles, fibrosis, an d  h y p e r 
tro p h y  o f th e  sm o o th  m uscle elem ents w as observed . I n  these  an im als in  th e  
c o rtex  a n d  p a raco rtica l zone o f perib ro n ch ia l ly m p h  nodes th e re  w as ly m p h o id  
h y p e rp la s ia , w hereas in  th e  lum en  of sinusoids p ro life ra tio n  of m acrophages 
w as seen.

In  th e  testic les o f ram s 1, 2 an d  3 th e re  w as focal, and  here  an d  th e re  
d iffuse, in f iltra tio n  w ith  ly m p h o cy tes , ly m p h o b la s ts , h istiocy tes an d  p la sm a  
cells in  th e  loose co nnective  tissue  betw een  th e  sem iniferous tu b u les , m a in ly  
a ro u n d  b lood  vessels (F igs 1, 2 an d  3). I n  th e  la rg e r in f iltra te d  areas th e re  w as 
a tro p h y  o f L eydig’s in te rs ti t ia l  cells an d  p ro life ra tio n  of fib ro b lasts . In  th e  
n e ig h b o u rin g  sem iniferous tu b u les  a tro p h y  an d  d egenera tion  of th e  g e rm in a l 
ep ith e liu m  w ere seen (F igs 1 an d  4). N o v ira l p a rtic le s  w ere observed  in  th e  
a lte red  areas.

N o p a tho log ica l lesions were seen in  th e  ep id idym is.
I n  th e  testic les o f ram s 4 an d  5 th e  in f iltra tio n s  w ere few er in  n u m b e r 

and  less m ark ed . N e ith e r d egenera tive  lesions n o r fib rosis was observed.
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D iscussion

O f g en ita l in fec tio n s of ram s, th o se  o f b ac te ria l origin are  well know n  
(Ja n se n , 1980a; M eyer, 1982; B urgess, 1982; W alker e t ak, 1986), w hile only  
few  d a ta  have  b e e n  p u b lished  on changes p ro d u ced  b y  v iruses (W a tt, 1972).

B ac te ria l in fec tio n s  of th e  in te rn a l  g en ita l organs m an ifest them selves 
e ith e r  as clin ically  a p p a re n t  ep id id y m o -o rch itis  or as subclin ical disease accom 
p a n ie d  b y  in f la m m a tio n  of th e  accessory  sex  g lands (B aynes an d  S im m ons, 
1968; W a tt, 1978; J a n s e n , 1980a, b; B u rgess, 1982). In  th e  aetio logy  o f these  
diseases th ree  G ram -n eg a tiv e  b ac te ria , v iz . Brucella ovis, H istoph ilus ovis and  
A ctinobacillus sem in is , are  th e  m ost im p o r ta n t  (M eyer, 1982; B urgess, 1982).

A ccording to  th e  p resen t know ledge, th e  ae tio logy  of b a c te r ia l in fec
tio n s  of th e  in te rn a l  gen ita l organs is u su a lly  d iffe ren t in  ram  hoggets an d  in  
b reed in g  ram s (W a lk e r e t al., 1986). I n  ra m  hoggets acu te  or su b acu te  p u ru le n t 
ep id id y m itis  a n d /o r  o rch itis , as w ell as ch ro n ic  ep id idym itis, a re  m o st o ften  
cau sed  by  H . ovis a n d  A . sem inis  s tra in s  (V an T en d er, 1973; W eb b , 1983; 
W a lk e r e t ah , 1986). O n th e  o th e r h a n d , in  b reed ing  ram s th e  m ost im p o r ta n t 
cau se  of gen ita l in fe c tio n  is B . ovis all o v e r th e  w orld  (W a tt, 1972; M eyer, 1982; 
B urgess, 1982). U n d e r  n a tu ra l cond itio n s, in  ty p ic a l cases B . ovis causes chronic 
u n ila te ra l or b i la te ra l  ep id idym itis  m a in ly  re s tr ic te d  to  th e  cau d a  ep id idym id is 
a n d  accom pan ied  b y  sperm atocele  fo rm a tio n  (Ju b h  an d  K ennedy , 1970; M eyer, 
1982; B urgess, 1982). In  th e  testic les u su a lly  only  secondary  regressive lesions 
(e.g . a tro p h y , ca lc ifica tio n ) can be o b serv ed  (W a tt, 1972; B urgess, 1982).

V irus-induced  te s tic u la r  lesions h a v e  b een  rep o rted  in  con n ec tio n  w ith  
sheep  pox  (Ju b b  a n d  K ennedy , 1970), lu m p y  sk in  disease (N ieberle an d  Cohrs, 
1967), and  B o rd er d isease (B arlow  a n d  G ard in e r, 1983). T he v iru s  m ay  p ers is t 
fo r m on ths or y e a rs  in  th e  sem in iferous tu b u le s  of ram  hoggets a ffec ted  by  
B o rd e r disease b u t  reach ing  m a tu r ity  (T e rp s tra , 1978, 1981.) T hese ram s are 
o f  im p aired  fe r t i l i ty  d u e  to  te s tic u la r  h y p o p la s ia  (B arlow  an d  G ard in er, 1983), 
ex c re te  th e  v iru s  w ith  th e ir  sem en (G a rd in e r an d  B arlow , 1981), a n d  m ay  
tr a n s m it  in fec tio n  to  th e  ewes d u rin g  m a tin g  (T erp stra , 1981; B arlow  an d  G ar
d in e r, 1983). B o rd e r  disease has re c e n tly  been  show n to  occur in  H u n g a ry  
(H a jtó s  e t al., 1988). I n  th e  case p re se n te d  here  th e  n eg a tiv e  re su lts  o f 
serological te s ts  a n d  on -the-spo t c lin ica l ex am in a tio n s  allow ed us to  ru le  ou t 
th e  in v o lv em en t o f  B o rd er disease v iru s . Sheep p o x  an d  lu m p y  sk in  disease 
w ere  excluded on  th e  u n d e rs tan d in g  t h a t  th e se  diseases do n o t occur in  H u n 
g a ry . E p id id y m o -o rch itis  of b ac te ria l o rig in  could  be ru led  o u t since in  th e  
ra m s  infec ted  b y  m aed i/v isna  v iru s  h is to p a th o lo g ica l lesions o f th e  testic les 
w ere  n o t acco m p an ied  b y  s im u ltaneous d am ag e  of th e  ep id idym ides.

In  7 o u t o f  th e  9 ram s ex am in ed  th e  serological resu lts  as w ell as th e  
h is to p a th o lo g ica l lesions found  in  th e  lu n g s p ro v ed  th a t  th e  ram s w ere in 
fec ted  by  m aed i/v isn a  v irus. F ive  o f th e se  ram s ex h ib ited  te s tic u la r  lesions,
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p rim arily  p ro life ra tiv e  p e riv ascu la r in f il tra tio n  w ith  ly m p h o cy te s , ly m p h o 
b las ts , h istiocy tes a n d  p lasm a cells, accom pan ied  b y  fib ro sis  and  circum 
scribed  a tro p h y  of th e  sem iniferous tu b u le s . S im ilar p a th o lo g ica l processes m ay  
develop in  th e  m a m m a ry  glands, a r t ic u la r  w alls an d  o th e r  organs of anim als 
in fec ted  b y  m aed i/v isn a  v iru s , in  ad d itio n  to  lesions occu rrin g  in  th e  lungs 
(Jo n es an d  H u n t, 1983; D aw son, 1987). F ro m  th e  re su lts  i t  seems obvious 
th a t  th e  lesions o b se rv ed  in  th e  testic les can  be a t t r ib u te d  to  m aedi/v isna 
v iru s. A lthough  th e  lesions w ere observed  in  th e  in te rs ti t iu m  o f th e  testicles, 
th e  m ore ex tensive  lesions resu lted  in  a tro p h y  of th e  sem in iferous tubu les and , 
th u s , local d is tu rb an ces  o f sperm atogenesis. D am age o f L ey d ig ’s in te rs titia l 
cells m ay , in  our a ssu m p tio n , lead  to  d iso rders in  th e  secre tion  o f sex horm ones.

M aedi/v isna v iru s  sp read s h o rizo n ta lly  w ith in  flock  (D e B oer, 1970). T he 
m ost im p o r ta n t m ode o f  sp read  is v ia  th e  co lo stru m  an d  m ilk  (D e B oer e t ah,
1979), b u t  th e  v iru s  m a y  also be tr a n s m itte d  w ith  re sp ira to ry  secretions an d  
sa liva  (S trau b , 1970; N a ra y a n  and  Cork, 1985). E pizoo tio log ica l d a ta  ind ica ted  
th e  role of ram s in  tra n s m itt in g  in fec tion  (Süveges an d  S zéky, 1973) b u t no 
d a ta  h av e  been p u b lish ed  on th e  m ode o f  sp read . T he te s tic u la r  lesions found  
in  ram s in fec ted  b y  m aed i/v isn a  v irus suggest th a t  th e  v iru s  can  be tra n sm itte d , 
besides th e  re sp ira to ry  secretions an d  sa liv a , w ith  sem en. T h u s , a t m a tin g  
an  in fec ted  ram  m ay  in fe c t large num bers of suscep tib le  ewes. T h is is su p p o rted  
b y  low er p ro d u c tiv ity  d u e  to  reduced  con cep tio n  ra te  o b served  in  ewe flocks 
subclin ica lly  in fec ted  w ith  m aed i/v isna  v iru s  (D ohoo e t ah , 1987).

In fec tio n  e x p e rim e n ts  aim ed a t  con firm ing  th e  role o f m aed i/v isna v iru s 
in  p ro duc ing  te s tic u la r  lesions are c u rre n tly  u n d e r w ay . T h e  resu lts  will be 
rep o rted  in  a n o th e r p a p e r .
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I N  V IT R O  EVALUATION OF PROTEIN DEGRADABILITY 
IN THE RUMEN AND DIGESTIBILITY 

OF UNDEGRADED PROTEIN

T . V e r e s e g y h á z y 1, Á g o ta  N a g y 2, S. F e k e t e 3 a n d  F . K u t a s1

d e p a r t m e n t  o f P hysio logy , 2C entra l L a b o ra to ry , a n d  d e p a r t m e n t  o f  A nim al N u tr itio n , 
U n iv ersity  o f V e terin ary  Science, H -1400 B u d ap es t, P . O. B o x  2, H u n g ary

(R eceived  M ay 27, 1988)

A  th ree -p h ase  la b o ra to ry  p ro ced u re  su itab le  fo r p re d ic tin g  p ro te in  d eg rad a b ility  
in  th e  ru m e n  a n d  d igestib ility  o f u n d eg rad ed  p ro te in  is re p o rte d . In  th e  f ir s t  p h a se  
th e  feed  w as in cu b a ted  w ith  s ta rch  a n d  b u ffered  ru m en  f lu id . I n  th e  in cu b a tio n  m ix tu re  
th e  v ia b ility  o f p ro tease -ac tiv e  b a c te r ia  w as checked  b y  an aero b ic  cu ltu ring , w hereas 
changes in  p ro tea se  a c tiv ity  w ere m o n ito red  b y  azocasein d eg rad a tio n . In  th e  second  
an d  th ird  p h ase  ru m en  undeg rad ab le  p ro te in  (U D P ) w as d ig es ted  w ith  pepsin  a n d  
p a n c re a tin , respec tive ly . T he m easu rem en ts  show ed t h a t  63.2, 5.2 and  4 .7%  o f  th e  
crude  p ro te in  o f green lucerne was decom posed  b y  ru m en  f lu id , pep sin  and  p a n c re a tin , 
resp ec tiv e ly . D eg rad ab ility  o f th e  crude  p ro te in  o f e x tra c te d  sunflow er m eal w as 68.3, 
17.7 a n d  5 .5 %  in  th e  th ree  phases, re sp ec tive ly . R e p ea ted  d e te rm in a tio n  y ie ld ed  
crude  p ro te in  deg radab ilities o f 66.7, 27.1 a n d  5 .1%  fo r th e  th re e  phases, resp ec tiv e ly .

K eyw ords: P ro te in  d eg rad ab ility , d ig es tib ility  o f ru m e n  und eg rad ed  p ro te in , 
p ro te in  e v a lu a tio n  fo r ru m in a n ts , in  vitro  in v estiga tions.

In  ru m in a n ts  pro teo lysis m ain ly  ta k e s  p lace a t  th re e  sites of th e  d igestive  
t r a c t ,  viz. in  th e  ru m en , abom asum , an d  sm all in te s tin e . I n  c o n tra s t to  p o st-  
ru m in a l d igestion , m etabolic  processes in  th e  ru m en  are cha rac terized  n o t o n ly  
p ro teo lysis  b u t  also b y  v e ry  su b s ta n tia l p ro te in  syn th esis . As a resu lt o f  th e  
p ro teo ly tic  an d  p ro te in -sy n th esiz in g  a c tiv ity  of sy m b io n t m icroorganism s th e  
p ro te in  leav ing  th e  ru m en  differs from  th a t  en te rin g  i t  b o th  in  q u a n tity  an d  
q u a lity . O nly  p ro te in  rendered  su itab le  fo r abso rp tio n  from  th e  sm all in te s tin e  
d u rin g  p o s tru m in a l d igestion  can c o n tr ib u te  to  m eetin g  th e  host a n im a l’s 
p ro te in  req u irem en ts . This m ay  com e from  th e  follow ing sources: (1) b a c te r ia l 
an d  p ro to zo an  p ro te in s ; (2) ru m en  u n d eg rad ab le  p ro te in  (U D P ), i.e. th a t  p o r 
tio n  o f feed p ro te in  w hich passes th e  ru m e n  u n d eg rad ed ; (3) endogenous p ro 
te in s  (e.g. d igestive  enzym es, d e sq u am a ted  cells).

V ary ing  p ro p o rtio n s o f th e  d iffe ren t feed  p ro te in s  are  degraded  in  th e  
ru m e n  (H um e, 1974; 0 rsk o v , 1982; T am m in g a , 1983) a n d  th e  a m o u n t o f 
p ro te in  sy n th esized  in  th e  ru m en  can  be su b s ta n tia l. As m u ch  as 50 to  90 %  
o f th e  p ro te in  N  reach ing  th e  d u o d en u m  can  be o f m icrob ia l origin (M iller e t 
ah , 1982). B ecause o f th e  above processes ta k in g  place in  th e  rum en , in  ru m i-
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n a n ts  ev a lua tion  of feed  p ro te in  c o n te n t is m uch m ore co m plica ted  th a n  in  
m o n o g astric  an im als. A lth o u g h  resea rch ers  have  e lab o ra ted  num erous p ro ce 
d u res  for de te rm in in g  th e  d eg rad ab ility  o f  d iffe ren t p ro te in s , no w holly  s a tis 
fa c to ry  p rocedure is y e t  av a ilab le . S evera l c ritica l analyses of th e  a d v an tag es  
a n d  draw backs of th e se  p rocedures h av e  b een  pub lished  in  th e  l i te ra tu re  (M il
le r  e t  al., 1982; 0 rsk o v , 1982; S te rn  a n d  S a tte r , 1984; V eresegyházy  an d  F ek e te  
1987). P rocedures u tiliz in g  fresh  ru m en  f lu id  in  an  in  vitro  sy stem  seem  to  be 
su ita b le  fo r w ide use a n d  ro u tin e  te s tin g  because th e y  are  ra th e r  sim ple an d  
ea sy  to  s tan d ard ize  (T illey an d  T e rry , 1963; A keson a n d  S tah m an , 1964; 
D o u g h e rty  an d  C hurch , 1982; M erry  e t a l., 1983; C zerkaw sky an d  B recken- 
rid g e , 1985; B roderick , 1987; M adsen a n d  H velp lund , 1985).

This p ap er re p o rts  an  in  vitro  sy s te m  w hich seem s su itab le  fo r p re 
d ic tin g  feed p ro te in  d e g ra d a b ility  in  th e  ru m en  an d  d ig es tib ility  o f ru m en  
b y p a ss  p ro te in . T he m e th o d  is d e m o n s tra te d  on te s tin g  th e  p ro te in  d eg ra d 
a b ili ty  of a p ro te in -rich  roughage (g reen  lucerne) an d  a fo d d er (e x tra c ted  
su n flo w er m eal). O ur choice fell on feeds w hich  have a m a jo r  role in  th e  p ro 
te in  supp ly  of ru m in a n ts , have  m ark ed ly  d iffe ren t crude p ro te in  c o n ten t, an d  
on  w hich  num erous d a ta  are  ava ilab le  in  th e  lite ra tu re .

Materials and methods

P rincip le  o f  the method

T he th ree -p h ase  la b o ra to ry  m e th o d  re p o rte d  in  th is  p a p e r  w as used  to  
s im u la te  p ro te in  d igestion  ta k in g  p lace in  th re e  d ifferen t p o rtio n s  of th e  ru m in 
a n t  d igestive tra c t.

D uring  th e  f i r s t  phase  th e  p ro te o ly tic  and  p ro te in -sy n th esiz in g  ac tiv itie s  
o f  ru m in a l m icroorganism s are  e s tim a te d . U sing th e  m e th o d  of T illey  an d  
T e rry  (1963), sm all q u a n titie s  of f in e ly  g ro u n d  feed are  in c u b a te d  w ith  fresh , 
f i l te re d  ru m en  c o n ten ts  u n d e r anaerob ic  cond itions for 48 h . T o  p re v e n t energy  
d efic iency  from  lim itin g  th e  ra te  of b a c te r ia l p ro te in  syn th esis , s ta rc h  is ad d ed  
to  each  in cu b a tio n  m ix tu re . E ach  te s t  inc ludes tw o phase-one in cu b a tio n s. 
O ne serves for d e te rm in in g , a f te r  an  in c u b a tio n  of 48 h , th e  q u a n tity  o f in 
so lub le  crude p ro te in , w hereas th e  sed im en t ob ta in ed  b y  cen trifug ing  th e  
second  in cu b a tio n  m ix tu re  is used  as s ta r t in g  m ateria l fo r th e  second phase . 
N am ely , th is  sed im en t co n ta in s  th e  u n d e g ra d e d  po rtio n  o f  th e  feed (including  
ru m e n  bypass p ro te in ) an d  th e  m icroorganism s.

T he second phase  serves for e s tim a tin g  th e  expectab le  degree of abo m asa l 
p ro te in  d eg rad a tio n  b y  d igesting  th e  sed im en t in  fre sh ly  p rep a red  pepsin - 
HC1 so lu tion  for 48 h . T he q u a n tity  o f  th e  d igested  p ro te in  is d e te rm ined  from  
th e  su p e rn a ta n t o b ta in e d  b y  cen tr ifu g a tio n .
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In  th e  th ird  phase  th e  sed im ent is d igested  fu r th e r  w ith  p a n c re a tin . 
T he degree o f sm a ll- in te s tin a l p ro te in  d igestion  is in d ic a te d  by  th e  q u a n t i ty  
of p ro te in  d isso lved  as a re su lt of p a n c re a tin  d igestion .

The p rinc ip le  o f th e  m eth o d  is show n in  F ig . 1. To m easure p ro te in  
q u a n tity  in  th e  f il te re d  ru m in a l flu id  and  th a t  o rig in a tin g  from  bac te ria l p ro li
fe ra tio n  in d e p e n d e n t o f  th e  feed, a b lind  te s t  is perfo rm ed .

500 mg starch 
500 mg test material 

40 ml. McDougall buffer 
10 ml fresh rumen fluid

500 mg starch 
500 mg test material 

40 ml McDougall buffer 
10 ml fresh rumen fluid

i n c u b â t  i o n

sediment

____ i _
supernatant

38 °C 48 h
centrifugation

N determination
i

sediment
I

pepsin - HCl

supernatant

incubation 
(39 °C. 48 h)
centrifugation

incubation 
(39 °C, 24 h)
centrifugation

sediment supernatant

1 ___ L
pancreatin N determination

sediment supernatant

____i___
N determination

F ig. 1. B lock d iag ra m  o f th e  th ree -p h ase  in  vitro m e th o d  sim u la tin g  p ro te in  d igestion  in
ru m in a n ts

D escription o f  the method

M aterial. G reen  lucerne  in  flow ering  (crude p ro te in  co n ten t: 174 g /kg  
d ry  m a tte r)  an d  e x tra c te d  sunflow er m eal (crude p ro te in  co n ten t: 420 g /kg  
d ry  m a tte r)  w ere u sed . P rio r  to  d igestion , green lu ce rn e  w as dried  cau tio u sly  
a t  45 °C d u rin g  v e n tila tio n  for several days to  avo id  p ro te in  d é n a tu ra tio n . 
D ry ing  was co n tin u ed  u n til  a ir-d ryness, th e n  th e  sam ples w ere ground f in e ly . 
This m a te ria l w as u sed  fo r th e  in  vitro d e te rm in a tio n s . E x tra c te d  sun flow er 
m eal was sifted  th ro u g h  a sieve of tw o d iffe ren t pore  sizes so th a t  the  p a rtic le s  
used  for th e  m easu rem en ts  w ere betw een  1 an d  2 m m  in  d iam eter.
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R u m en  co n ten ts  w ere o b ta in ed  fro m  a W orsted  M erino w e th e r of ab o u t 
45 k g  b o d y  m ass an d  f i t te d  up  w ith  a  ch ro n ic  rum en  fis tu la . T h e  daily  ra tio n  
o f  th is  an im al com prised  0.25 kg e x tra c te d  sunflow er m eal, 0.5 k g  lucerne  h a y  
o f  m ed iu m  q u a lity , 1.0 k g  corn  g rits , a n d  calc ium /phosphorus su pp lem en ts 
(P h y la p h o r  and  m in era l p rem ix  I I I ) .  T h e  daily  ra tio n  w as fed  in  tw o  equal 
p a r ts  a t  8 o’clock a .m . an d  3 o’clock p .m . L ick ing-salt an d  d rin k in g  w a te r 
w ere  availab le  ad lib itum .

P rio r  to  use th e  ru m e n  co n ten ts  w ere  f ilte red  th ro u g h  a 3 -layered  gauze 
tw ice . T h ir ty  to  fo rty  m in  a fte r  co llection  th e  rum en  flu id  w as u n d e r anaerob ic  
c o n d itio n s  again.

T h e  rum en  flu id  w as buffered  w ith  th e  “ artific ia l sa liv a”  described  b y  
M cD ougall (1948).

A s energy source w ate r-so lub le  s ta rc h  (R E A N A L  F in e  C hem icals Co., 
B u d a p e s t,  ca t. no. 11125-2-30-38) w as u sed .

T h e  pepsin  so lu tio n  was p re p a re d  fro m  crysta lline  p ep sin  of p h a rm a 
c e u tic a l q u a lity  acco rd ing  to  spec ifica tio n s o f th e  A. 0 .  A . C. (1975), 30 to  
60 m in  before use.

T h e  p a n c rea tin  so lu tio n  w as p re p a re d  b y  d issolving C o tazym  fo rte  
ta b le ts  (E G IS  P h arm aco ch em ica l W o rk s , B udapest). E a c h  ta b le t  co n ta in ed  
260 m g  p an c rea tin  A a n d  15 m g cellu lase enzym e. F o r each  t e s t  1 pu lverized  
C o tazy m  fo rte  ta b le t  w as dissolved in  20 m l 0.2 mol/1 p h o sp h a te  buffer 
(p H  8.0).

F irs t phase. To each  of tw o 100-m l th ick -w alled  glass cen trifu g e  tu b es, 
500 m g  s ta rc h  an d  500 m g feed sam p le  w ere added. S u b seq u en tly , 40 m l 
M cD ougall’s buffer a n d  10 m l f ilte re d  ru m e n  flu id  w ere p ip e tte d  on to  th e  
sam p les . C 0 2 was b u b b le d  th ro u g h  th e  re a c tio n  m ix tu res fo r 2 m in , th e n  th e  
c e n tr ifu g e  tub es w ere q u ick ly  sealed w ith  ru b b e r  stoppers. T h e  ru b b e r  s toppers 
w ere  p rev io u sly  f i t te d  u p  w ith  a sim ple v a lv e  described b y  T illey  a n d  T e rry  (1963).

T h e  tu b es w ere p laced  in  a w a te r -b a th  o f 38 °C for 48 h . D u rin g  in c u b a 
t io n  th e  sam ples w ere sh ak en  up  b y  h a n d  a t  6- to  8-h in te rv a ls . A t th e  end  
o f  in c u b a tio n  b a c te ria l m etabo lism  w as s to p p ed  b y  ad d in g  2 m l H gC l2 of 
73.6 mmol/1 c o n cen tra tio n . The m ix tu re s  w ere cen trifuged  in  a 7-cm  ro to r  of 
a J a n e tz k i  T 24 cen trifu g e  a t  10,000 rp m  fo r 10 m in an d  th e  su p e rn a ta n ts  
w ere d iscarded . One o f  th e  tw o sed im en ts  w as sto red  a t  —20 °C u n til  used 
fo r c ru d e  p ro te in  d e te rm in a tio n , w h ereas  th e  second w as d igested  fu r th e r  
d u rin g  th e  second p h ase .

Second phase. O n to  one of th e  sed im en ts  ob ta ined  d u rin g  th e  f irs t  phase 
a fre sh ly  p repared  pepsin -H C l so lu tio n  w as p ip e tted . D igestion  w ith  pepsin  
w as perfo rm ed  as described  b y  th e  A. O. A. C. (1975) w ith  th e  d ifference th a t  
w e ca lcu la ted  w ith  0.5 g in s tead  o f 2 g o f  sam ple. A fter th e  4 8 th  h  th e  m ix 
tu re s  w ere cen trifuged  as described fo r th e  f irs t  phase. T h e  su p e rn a ta n t  was 
s to re d  a t  —20 °C u n til  u sed  for c rude  p ro te in  d e te rm in a tio n .
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T h ird  phase. O n to  th e  sed im en t o b ta in ed  in  th e  second phase 20 m l 
p a n c re a tin  so lu tion  w as m easu red , an d  th e  m ix tu re  w as in cu b a ted  a t  39 °C 
fo r 24 h . A fte r c e n tr ifu g a tio n  th e  su p e rn a ta n t was s to re d  as described above 
an d  was assayed  fo r c ru d e  p ro te in  co n ten t.

B lin d  test. A b lin d  te s t  w as done fo r each m easu rem en t series. T h is 
d iffered from  th e  sam p le  in  t h a t  i t  d id  n o t co n ta in  feed . Tw o paralle ls o f th e  
b lin d  te s t  w ere in c u b a te d  in  th e  sam e w ay  as th e  feed sam ples. One o f  th e  
sed im en ts  w as used  fo r d igestio n  w ith  p ep sin  and  p a n c re a tin .

Crude pro tein  content w as d e te rm in ed  as described  b y  th e  A. O. A. C. 
(1975). I n  th e  case o f  g reen  lucerne  th e  te s t  m ateria ls  w ere  oxidized b y  K je l- 
d a h l’s m e th o d  in  th e  p resence  of selenium  an d  copper su lp h a te  ca ta ly s t, th e n , 
a f te r  v a p o u r  d is tilla tio n , th e y  w ere assay ed  for n itro g en  c o n te n t by  t i t r a t io n  
w ith  boric acid . F o r su lp h u ric  acid  d e s tru c tio n  th e  w hole a m o u n t o f sam ple  
w as used  u p . A fte r th e  d igestion  of e x tra c te d  sunflow er m eal, crude p ro te in  
co n ten t w as m easu red  w ith  a K jell-foss in s tru m e n t (o x id a tio n : cc. H 2S 0 4 A  
-f- H 20 2, in  th e  p resen ce  o f  H g  c a ta ly s t, d is tilla tio n  in to  N aO H  so lu tio n , 
t i t ra t io n  w ith  0.01 mol/1 H 2S 0 4 so lu tion).

Calculation. “ R u m e n  undegradable p ro te in”  (U D P) =  c rude  p ro te in  con
te n t  of th e  sed im en t o f  th e  f ir s t  phase  m inus crude p ro te in  c o n te n t of th e  b lin d  
te s t . u Protein degraded in  the rum en’'’ =  crude  p ro te in  c o n te n t of 500 m g 
sam ple m inus U D P . “  U D P  digestible w ith  p e p s in ”  =  c ru d e  p ro te in  c o n te n t 
o f th e  second-phase s u p e rn a ta n t  m inus c rude  p ro te in  c o n te n t o f th e  second  
phase  of th e  b lind  te s t .  “ U D P  digestible w ith  p a n crea tin ’’’ =  crude p ro te in  
co n ten t o f th e  th ird -p h a se  su p e rn a ta n t m inus crude p ro te in  co n ten t o f th e  
th ird  ph ase  o f th e  b lin d  te s t .

D eterm ination o f  surviva l and  proteolytic activity  o f  rum en bacteria

V iab ility , m u ltip lic a tio n , an d  m ain ten an ce  of p ro teo ly tic  a c tiv ity  o f p ro 
teo ly tic  b a c te ria  c o n ta in e d  b y  th e  ru m en  flu id  used in  th e  f ir s t  phase w ere 
checked as follows.

In to  each  of 24 c en trifu g e  tub es 500 m g e x tra c te d  sunflow er m eal, 500 
m g w ater-so lub le  s ta rc h  a n d  40 m l M cD ougall’s b u ffe r w ere m easured , th e n , 
a f te r  ad d in g  10 m l f il te re d  ru m e n  co n ten ts  C 0 2 gas w as b u b b le d  th ro u g h  th e  
m ix tu re , an d  th e  tu b e s  w ere closed. T w e n ty  sam ples w ere p laced  in  a w a te r- 
b a th  of 38 °C an d  4 sam p les  w ere im m ed ia te ly  cen trifu g ed  a t  8000 g. T h e  
su p e rn a ta n t w as d isca rd ed . T w o sed im ents w ere im m ed ia te ly  c u ltu red  fo r a n 
aerobic b a c te ria  and  o th e r  tw o  w ere s to red  a t  —20 °C u n til  u sed  for d e te rm i
n a tio n  of p ro tease  a c tiv ity .

F o u r o f th e  20 tu b e s  w ere ta k e n  o u t from  th e  w a te r -b a th  in  each  o f th e  
2nd , 4 th , 6 th , 2 4 th  an d  4 8 th  h  o f in c u b a tio n  an d  processed  as follows.
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Anaerobic bacterial culture. One m l saline was m easu red  on to  each sed i
m e n t, th e n  from  th e  u p p e r  lay e r b ac te ria  w ere resuspended  b y  gentle  shak ing , 
a n d  from  th e  suspension  10 “ 6 an d  10 _7 d ilu tions w ere m ade . In  a gloved 
ch a m b e r (F orm a m odel 1029) 0.1 m l of b o th  d ilu tions w ere sp read  on RGCA 
m ed iu m  su p p lem en ted  w ith  20%  m ilk  (B ry a n t and  B u rk ey , 1953; L ány i, 1980). 
R G C A  m edium  w as p re p a re d  from  30 m l f ilte re d  ru m en  f lu id , 0.0248 g glucose, 
0 .0248 g cellohiose, 0.05 g cysteine-H C l X  H 20 ,  0.1 g (N H 4) 2S 0 4, 0.4 m l rezaz- 
u r in e  solu tion , 20 m l d is tilled  w a te r, a n d  50 m l sa lt so lu tion .*  F ina lly , ag a r 
w as added  to  give a f in a l  co n cen tra tio n  o f 0 .2 % . T he m ed ia  w ere d is tr ib u te d  
in to  P e tr i  dishes a n d  s te rilized .

Three para lle l c u ltu re s  w ere m ade from  b o th  d ilu tio n s o f b o th  in c u b a 
tio n  m ix tu res  in  a m ix tu re  o f 5%  C 0 2, 10%  H 2 and  85%  N 2 a t  39 °C for 48 h . 
Colonies w ith  p ro te o ly tic  a c tiv ity , as in d ic a te d  b y  c learing -up  o f th e  m ed ium , 
w ere  coun ted . C u ltu res in  w hich  th e  p ro te o ly tic  zones h ad  m erged  w ere reg a rd ed  
as n o n -in te rp re tab le  since i t  could  n o t be  seen w heth er th e  in d iv id u a l colonies 
possessed  p ro tease  a c tiv ity .

D eterm ination o f  protease activity

T he sed im ents w ere resuspended  in  10 m l 0.1 mol/1 p h o sp h a te  b u ffe r (p H  
6 .5). T he p ro teo ly tic  a c t iv i ty  of th e  m ix tu re  was ch a rac te rized  b y  its  azo 
case in -deg rad ing  c a p a c ity  (B a in tn e r, 1981). T he q u a n tity  o f azocasein  deg raded  
b y  th e  p ro teases a t  50 °C in  1 h w as m easu red  w ith  a S p ek tro m o m  195 D 
p h o to m e te r  a t 436 n m . C hanges in  p ro tea se  a c tiv ity  d u rin g  th e  in c u b a tio n  
w ere  de term ined  using  a n o th e r  24 sam ples.

D eterm ination o f  the degradability o f  green lucerne and extracted sunflow er meal 
pro teins

B o th  feeds w ere u sed  in  fiv e  p a ra lle l d e te rm in a tio n s  ( 5 x 2  tu b es) to  
d e m o n s tra te  th e  fu n c tio n in g  o f th e  in  vitro  system .

To d em o n stra te  rep ro d u c ib ility  o f th e  m ethod , in  vitro  d eg rad ab ility  o f 
e x tra c te d  sunflow er m eal w as de te rm in ed  in  all th ree  phases using  fresh  ru m e n  
f lu id  ob ta ined  from  th e  sam e an im al 6 w eeks la te r.

* Com position: 25 m l so lu tio n  1 (0.6 g K 2H P 0 4 and  d istilled  w a te r  to  give 100 m l), 
25 m l so lu tion  2 (1.2 g N aC l, 1.2 g (N H 4)2S 0 4, 0.6 g K H 2P 0 4, 0.12 g CaCl2, 0.25 g M g S 0 4 X 7 H 20 ,  
a n d  d istilled  w ater to  give 100 ml)
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R esults

D eterm ination o f  surviva l and proteolytic activity  o f  rum en bacteria

F ro m  th e  10 -6 d ilu tio n  anaerob ic  b a c te r ia  w ere successfully  c u ltu re d  a t  
all tim es, w hereas from  th e  10~7 d ilu tio n  a t  all tim es excep t tw o (T ab le  I) . 
In  a la rg e  p ro p o rtio n  o f th e  cases th e re  w ere so m an y  b ac te ria l colonies 
w ith  p ro teo ly tic  a c tiv ity  th a t  p ro teo ly tic  a c tiv ity  o f th e  in d iv id u a l colonies 
could  n o t be d e te rm in ed  accu ra te ly  because  of fusion  of th e  p ro teo ly tic  zones 
(n .i., n o n -in te rp re ta b le ) .

T he 48-h  cu ltu re  o f  passaged  colonies t h a t  h ad  grow n ou t u n d e r aerob ic  
cond itions gave n eg a tiv e  resu lts .

D u rin g  in c u b a tio n  th e re  was a s ig n ifican t increase  in  p ro tease  a c t iv i ty  
(T able I I ) .

D eterm ination o f  the degradability o f  feed  proteins

T he v a lu es  m easu red  d u ring  in  vitro  d igestion  o f green lucerne a re  show n 
in  T ab le  I I I .  O n th e  average  o f 5 m easu rem en ts , c rude  p ro te in  d ig e s tib ility  
was 73 .1%  in  th e  th re e  phases. 86 .5%  (110.0 i  7.9 g/kg d ry  m a tte r) , 7 .1 %

Table I

A naerobic cu ltu re  of p ro teo ly tic  b ac teria  from  phase-1  te s t  m a te ria ls  in cu b a ted  fo r d iffe ren t
tim es

Time of 
incubation (h)

Parallels
1 Íi

dilution dilution

10-» io- » io -8 io- »

n.i. — n.i. +
0 n.i. — n.i. + +

+ + + n.i. n.i.
n.i. n.i. + —

2 + + + + —

n.i. + + — —
n.i. + n.i. + +

4 n.i. + + + + +
n.i. + + + + +

+ + + + +
6 n.i. n .i. + + +

n.i. + + —
n.i. n.i. n.i. +

24 + + n.i. n.i. —

n.i. — + + —
n.i. — n.i. n.i.

48 n.i. — n.i. n.i.
+ + — n.i. +

‘ m ore  th a n  15 colonies w ith  p ro teo ly tic  ac tiv ity ;
+less th a n  15 colonies w ith  p ro teo ly tic  ac tiv ity ; 

n .i. =  n o n -in te rp re tab le  because of fusion  of p ro teo ly tic  zones
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Table II

P ro te a se  activ ity  v a lu es o f  rum en  flu id  in cu b a ted  w ith  ex tra c te d  sunflow er m eal fo r d ifferen t
tim es

E xperim ent 1 Experim ent 2
M ean of 
the  two 
experi
m ents

N o. o f 
parallel 

determ in
ations

1 2
Mean

dr
SEM

1 2 3 4
Mean

rfc
SEM

Protease activity values (/<g crystalline trypsin  equivalent/ml)

0 0.42 0.40 0.410
± 0 .0 1

0.59 0.51 0.53 0.62 0.563
± 0 .0 3

0.512
± 0 .0 3 6

2
0.45 0.20 0.325

± 0 .1 3
0.72 0.72 0.82 0.85 0.778

± 0 .0 3
0.627

± 0 .1 0 3

4 0.51 0.44 0.475
± 0 .0 3

0.97 0.86 0.88 0.87 0.896
± 0 .0 2 5

0.755
± 0 .0 9 0

6 0.53 0.54 0.535
± 0 .0 0 5

1.01 0.92 1.22 0.95 1.026
± 0 .0 7

0.862
± 0 .1 1 2

24 0.76 0.89 0.825
± 0 .0 7

1.21 1.04 0.73 0.95 0.972
± 0 .1 0

0.93
± 0 .0 7 3

48 0.74 0.73 0.760
± 0 .0 2

1.61 1.44 1.70 1.02 1.444
± 0 .1 5

1.215
± 0 .1 7 3

(9.1 i  2.07 g/kg d ry  m a tte r) , an d  6 .4 %  (8.2 i  2.8 g/kg d ry  m a tte r)  o f th e  
p ro te in  was d eg rad ed  b y  th e  rum en  f lu id , p ep sin  an d  p an c rea tin , resp ec tiv e ly .

I n  vitro d ig e s tib ility  of extracted sun flow er meal (average o f 5 m easu re 
m en ts) was as follow s (Table IV , f ir s t  m easu rem en t): 68 .3%  (289.5 ±  10-2 g /kg 
d ry  m a tte r) , 17 .7%  (75.0 i  0.0 g/kg d ry  m a tte r ) ,  an d  5 .5%  (23.5 ^  8.1 g /kg 
d ry  m atte r)  w as d eg rad ed  b y  th e  ru m e n  flu id , pepsin  an d  p a n c re a tin , re 
spec tiv e ly . T o ta l c ru d e  p ro te in  d ig es tib ility  av e rag ed  91.5%  d u rin g  th e  th re e  
ph ases .

T he d igestion  ex p erim en t w as re p e a te d  6 w eeks la te r  to  d e te rm in e  re 
p ro d u c ib ility  o f th e  m easu rem en ts. A t t h a t  tim e  crude p ro te in  d ig es tib ility  
o f  ex tra c te d  sun flow er m eal (in th e  th re e  p h ases , on average o f 5 m easu rem en ts) 
w as as follows (T ab le  IV , second m easu rem en t): 66 .7%  (282.8 ^  8.7 g /kg d ry  
m a tte r ) ,  27.1%  (115.0 ±; 6.1 g/kg d ry  m a tte r ) ,  an d  5 .1%  (21.8 i  4.3 g/kg 
d ry  m a tte r) . As a re s u lt  o f h igher d ig e s tib ility  w ith  pepsin , 98 .9%  of th e  c rude  
p ro te in  was d eg rad ed  during  th e  th re e  phases.
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Table III

D igestib ility  o f green  lucerne  p ro te in  as m easured  b y  th e  th ree-phase  in  vitro system

Crude 
pro te in  
content 
o f feed 

g/k g

U DP digestible U DP digestible 
w ith pancreatin

T o ta l digested 
crude pro te inU D P RD P w ith

g/kg
feed

pepsin

crude
protein

%

g/kg
feed

crude
prote in

%

g/kg
feed

crude
protein

%

g/kg
feed

crude
protein

%

g/kg
feed

crude
protein

%

174.0 50.0 28.7 124.0 71.3 11.5 6.6 4.8 2.8 140.3 80.6

174.0 40.0 23.0 134.0 77.0 11.5 6.6 0.8 0.5 146.3 84.1

174.0 77.0 44.3 97.0 55.7 10.7 6.1 11.0 6.3 118.7 68.2

174.0 77.0 44.3 97.0 55.7 10.8 6.2 7.0 4.0 114.8 66.0

174.0 76.0 43.7 98.0 56.3 0.8 0.5 17.4 10.0 116.2 66.8

U D P =  ru m en  undeg rad ab le  p ro te in ; R D P  =  ru m en  degradable  p ro tein

Table IV

D igestib ility  o f e x tra c te d  sunflow er m eal p ro te in  as m easured  b y  th e  three-phase
in  vitro system

Crude
p ro te in

U DP digestible U D P digestible Total digested
U D P RD P with pepsin w ith  pancreatin crude protein

content 
of feed 

g/kg

g/kg crude g/kg crude g/kg crude g/kg crude g/kg crude
feed prote in

%
feed protein

0//о
feed protein

0//о
feed protein

%
feed protein

%

F irs t  d e te rm ination

424.0 118.2 27.9 305.8 72.1 75.0 17.7 8.4 2 0 389.2 91.8
424.0 164.0 39.4 260.0 61.3 75.0 17.7 50.4 11.9 385.4 90.9
424.0 118.0 27.8 306.0 72.2 75.0 17.7 33.6 7.9 414.6 97.8
424.0 154.4 36.4 269.6 63.6 75.0 17.7 16.8 4.0 361.4 85.2
424.0 118.0 27.8 306.0 72.2 75.0 17.7 8.4 2.0 389.4 91.8

Second d e te rm in a tio n

424.0 139.4 32.9 284.6 67.1 125.0 29.5 16.8 4.0 426.4 100.6
424.0 146.8 34.6 277.2 65.4 125.0 29.5 8.4 2.0 410.6 96.8
424.0 127.2 30.0 296.8 70.0 100.0 23.6 25.2 5.9 422.0 99.5
424.0 149.6 35.3 274.4 64.7 125.0 29.5 25.2 5.9 724.6 100.1
424.0 143.0 33.7 281.0 66.3 100.0 23.6 33.6 7.9 414.6 97.8

U D P  =  ru m en  undeg rad ab le  p ro te in ; R D P  =  ru m en  degradable  p ro te in

D iscussion

O ptim al p ro te in  supp ly  o f ru m in an ts  is inconceivab le  w ith o u t te s tin g  
m eth o d s su itab le  fo r m on ito ring  d eg rad a tio n  a n d  d igestion  o f feed p ro te in s  
a t d iffe ren t p laces o f th e  digestive t ra c t .  In  th is  resp ec t, a m ethod  yield ing 
d a ta  closest to  th o se  m easu red  in  vivo can  be used  b est. T h e  th ird  phase of th e  
p rocedure  p resen ted  in  th is  p ap er lessens th e  difference b e tw een  th e  in  vitro
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a n d  in  vivo m easu red  values of p ro teo ly sis . E v en  th is  m e th o d  fails to  give 
re su lts  num erica lly  id e n tic a l w ith  th o se  m easured  in  vivo, since p ro teo lysis  
in  th e  ru m in a n t d igestive  tr a c t  is in flu en ced  b y  a v a r ie ty  o f fac to rs  inc lud ing  
th e  an im al species (C ippoloni e t a l., 1951; F onnesbeck  e t a l., 1981; B lan k en 
sh ip  e t al., 1982), feed in g  level (A lw ash an d  T hom as, 1971; R ob inson  e t al., 
1985), p re p a ra tio n  o f th e  feed (M inson, 1963), an d  com position  of th e  ra tio n  
(F onnesbeck  e t a l., 1981; M inson, 1963). Some of th ese  fac to rs  v a ry  d a y  b y  
d a y ; th u s , only th e  m ean  d e g ra d a b ility  or d igestib ility  o f a g iven  p ro te in  can 
be spoken  of.

T he m ost c r itic a l p a r t  o f th e  la b o ra to ry  m ethod  p re sen ted  here  is th e  
f i r s t  phase since in  t h a t  phase ru m e n  flu id  con ta in ing  live b a c te ria  is used. 
D u rin g  th e  collection  a n d  f iltra tio n  o f ru m e n  flu id  th e  b a c te ria  w hich h a d  u n til 
th e n  lived  un d er an ae ro b ic  cond itions m ig h t com e in to  c o n ta c t w ith  oxygen. 
S u rv iv a l of th e  b a c te r ia  m ay  also be en d an g ered  b y  a decrease o f te m p e ra tu re . 
A ll th ese  fac to rs h a v e  p ro m p ted  us to  s tu d y  th e  v ia b ility  an d  p ro teo ly tic  
a c t iv i ty  of th e  ru m e n  m icro flo ra . T h e  resu lts  have  show n th a t  ru m en  b ac te ria  
su rv iv e  th e  p re p a ra to ry  processes w ith o u t suffering  an y  su b s ta n tia l dam age 
a n d  th e y  m ain ta in  th e ir  g row th  c a p a c ity  too. L arge n u m b ers  of p ro teo ly tic  
b a c te r ia  grew o u t ev en  from  m ix tu re s  t h a t  h ad  been in c u b a te d  fo r 48 h.

I t  was a ty p ic a l fin d in g  th a t  p ro tea se  a c tiv ity  increased  p a ra lle l to  in 
cu b a tio n . D uring  th e  f ir s t  m easu rem en t th is  increase could  be observed  only 
fo r 24 h. A t th e  second  m easu rem en t p ro teo ly tic  a c tiv ity  w as fo u n d  to  in 
crease  th ro u g h o u t th e  in c u b a tio n  period . This increase m ay  h av e  been  due to  
th e  m ark ed  b a c te r ia l g ro w th  th a t  o ccu rred  in  th e  f irs t phase  as a re su lt of 
d ilu tio n  of ru m en  f lu id , a d ju s tm e n t o f p H , and  co n cen tra tio n  d rop  of th e  
en d -p ro d u c ts  of b a c te r ia l m etabo lism . T h is g row th  la s ted  as long as su ffic ien t 
a m o u n ts  of n u tr ie n ts  (w ater-so lub le  s ta rc h , p ro te in ) w ere av a ilab le  in  th e  
in c u b a tio n  m ix tu re .

Changes in  p ro te o ly tic  a c tiv ity  d u rin g  in cu b a tio n  d raw  a tte n tio n  to  th e  
n ecess ity  of considering  th e  ac tu a l in c u b a tio n  tim es if  a c o m p ara tiv e  ev a lu a 
tio n  of resu lts o b ta in e d  b y  d iffe ren t in  vitro  stud ies is to  be m ade.

R esu lts o f b a c te r ia l cu ltu re  a n d  p ro tease  a c tiv ity  d e te rm in a tio n  in d ica te  
t h a t  th e  f irs t ph ase  o f  th e  in  vitro  m e th o d  functions re liab ly : all 48 sam ples 
u sed  in  th e  tw o  s tu d ies  co n ta in ed  b a c te r ia  capable  of p ro teo lysis.

T he th ree -p h ase  m e th o d  w as u sed  to  p red ic t th e  p ro te in  d eg rad ab ility  
o f tw o  d ifferen t feeds. T ab le  У  show s a com parison  of U D P  values o b ta in ed  
b y  us w ith  sim ilar p a ra m e te rs  p u b lish ed  in  th e  lite ra tu re . F o r green  lucerne 
U D P  values b e tw een  20 an d  4 9 % , w hereas for e x tra c te d  sunflow er m eal those  
b e tw een  10 and  4 5%  w ere rep o rted . T h e  values m easu red  b y  us w ere alw ays 
in  th e  m iddle th ird  o f these  ranges.

T he tw o d e te rm in a tio n s  o f th e  p ro te in  co n ten t of e x tra c te d  sunflow er 
m eal perform ed a t  tw o  d iffe ren t tim es  gave consisten t U D P  values (average
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Table V

C om parison o f  U D P  values (crude p ro te in  % )  rep o rted  in th e  lite ra tu re  w ith  those m easu red
in th e  p re sen t s tu d y

Source green lucerne

Feed

extracted  sunflower 
m eal

Ja rr ig e  (1978) 45 1 9 - 2 8
A R C  (1980) 3 0 - 4 9 1 0 - 2 9
A R C  S u p p lem en t (1984) — 1 8 - 3 4 - 4 5 *
Schingoethe (1984) 2 0 - 3 0 —
P re sto n  (1985) 20 —
M adsen and  H velp lund  (1985) — 27
V eresegyházy e t  al. (1984) — 32.6
P re sen t s tu d y 36.8 31.7

— 33.3

* depend ing  on th e  feed ing  level

of 5 m easu rem en ts : 134.5 i  10.2 a n d  141.2 i  3.9 g /kg d ry  m a tte r , re sp e c 
tive ly ). As re la te d  to  th e  c rude  p ro te in  co n ten t o f th e  feed th is  d ifference re 
m ained  below  2%  (31.7%  and  33 .3% ). R ep ro d u c ib ility  o f  th e  results w as p ro v ed  
b y  th e  U D P  v a lu e  (32.6% ) m easu red  b y  us earlier (V eresegyházy e t al., 1984).

T he sign ificance of th e  second an d  th ird  phase  in  th e  estim a tio n  an d  
ev a lu a tio n  o f  p ro te in  c o n te n t w as in d ic a te d  b y  th e  fa c t th a t  w hile th e  d if
ference b e tw een  green lucerne  an d  e x tra c te d  sunflow er m eal in  U D P  w as on ly  
4 .3 % , a m u ch  la rg e r difference w as fo u n d  betw een  th e  tw o feeds in  th e  ra tio  
of to ta l  c ru d e  p ro te in  deg raded  d u rin g  th e  th ree  phases (22.1% ). C om paring  
th e  coeffic ien ts  o f v a r ia tio n  of U D P  values (green lucerne 12.3; e x tra c te d  
sunflow er m eal 7.6 an d  2.8, respec tive ly ) w ith  tho se  o f to ta l  p ro te in  d eg rad ed  
d u ring  th e  th re e  phases (green lucerne  5.2, e x tra c te d  sunflow er m eal 2.2 an d  
0.7, re sp ec tiv e ly ), i t  ap p ears  th a t  th e  la t te r  values are  alw ays low er. T h u s , 
in tro d u c tio n  o f th e  second an d  th ird  phases rendered  p ro te in  ev a lu a tio n  m ore 
accu ra te .

V alues o b ta in ed  w ith in  a g iven  m easu rem en t series ind ica te  th a t  a t  le a s t 
4 or 5 p a ra lle l d e te rm in a tio n s  are  needed  fo r th e  e v a lu a tio n  of a g iven  feed . 
Few er d e te rm in a tio n s  pose th e  r isk  o f o b ta in in g  less accu ra te  re su lts , w hile 
m ore d e te rm in a tio n s  req u ire  u n necessary  ad d itio n a l la b o u r and  costs, w ith o u t 
ap p rec iab ly  im p ro v in g  th e  accu racy  o f  th e  resu lts.

T he m e th o d  uses ru m en  flu id  in c u b a te d  for 48 h  in stead  of th e  so-called  
“ 0 m in ”  b lin d  con tro l. T h e  reason  fo r th is  is th a t  w ith  th e  filte red  ru m en  f lu id  
p ro te in s o rig in a tin g  from  sources o th e r  th a n  th e  feed alw ays get in to  th e  f i r s t  
phase. W h en  deg raded , these  p ro te in s  serve as energy  source for th e  b a c te r ia  
an d  a re  u tiliz ed  by  b a c te r ia  liv ing  an d  m u ltip ly in g  in  th e  sam ple. In c lu s io n  
in  th e  U D P  frac tio n  of b ac te ria l p ro te in s  of such orig in , w hich are p re se n t in  
th e  cen trifu g ed  sed im en t, w ould c o n s titu te  a sign ifican t source of e rro r.
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A ccurate  m easu rem en t requires t h a t  a f te r  th e  f irs t-p h ase  d igestion  th e  
w hole sed im ent be  d es tro y ed  and  assay ed  fo r  n itro g en  co n ten t, since th e  sed i
m e n t is n o t hom ogeneous.

As com pared  to  th e  original p ro ced u re , th e  ad van tages o f th e  m odified  
la b o ra to ry  m e th o d  recom m ended  by  us ca n  be  sum m arized  as follows. (1) T he 
m e th o d  determ ines p ro te in  d eg rad a tio n  b y  th e  ru m en  flu id  in s te a d  of th a t  of 
to ta l  organic m a tte r . (2) T h e  use o f w a te r-so lu b le  s ta rch  ren d ers  th e  m eth o d  
su ita b le  for e v a lu a tin g  h igh -p ro te in  a n d  lo w -s ta rch  feeds as w ell. Owing to  
i ts  h ig h  m olecu lar m ass an d  slow er deco m p o sitio n , s ta rch  p ro b a b ly  provides 
en e rg y  longer a n d  m ore  un ifo rm ly  th a n  does m altose, a com p o u n d  used  b y  
o th e r  au tho rs (B ro d erick  and  Craig, 1980; B ro d erick , 1987). (3) In ta c t  p ro te in  
is ava ilab le  fo r d igestio n  w ith  pepsin  (w hen  using  th e  m e th o d  of T illey an d  
T e rry  (1963), d ry in g  a t  105 °C a fte r  th e  f i r s t  p h a se  m ay  affect p ro te in  d igestib il
i ty ) . (4) B y in tro d u c in g  th e  th ird  phase , in  vitro  d a ta  m ay  com e closer to  th e  
a c tu a l values d e te rm in ed  in  vivo. (5) A n a lysis  o f th e  f irs t-p h ase  su p e rn a ta n ts  
p e rm its  m on ito ring  o f th e  fa te  of crude p ro te in  dissolved b y  th e  ru m en  flu id  
(e.g . m easu rem en t o f th e  q u a n tity  o f N H 3, dissolved p ro te in  an d  pep tide).

T he m eth o d  p re se n te d  here is p ra c tic a l, su itab le  for serial d e te rm in a tio n s  
a n d  fo r sim u la tin g  ab o m asa l an d  sm a ll- in te s tin a l d igestion  in  a d d itio n  to  p ro 
te in  d eg rad a tio n  in  th e  rum en .
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ACTIVITIES OF SOME SERUM ENZYMES IN HALOTHANE 
REACTED AND NON-REACTED PIGS

M. S z i l á g y i , G y . L a k y , A. S u r i  an d  F . G u b a

R esearch  C en ter fo r A n im al B reed ing  a n d  N u tr itio n , H -2053 H erceghalom , H u n g a ry

(R eceived  M arch  16, 1988)

E ig h t-  an d  nine-w eek-old  H u n g a r ia n  L an d race  p igs w ere te s te d  w ith  h a lo th a n e  
as described  b y  L ak y  e t al. (1985). Im m e d ia te ly  a fte r  th e  t e s t  b lood  sam ples w ere ta k e n  
fo r d e te rm in a tio n  of th e  a c tiv ity  o f se ru m  c rea tine  k in ase  (CK), crea tine  k in ase  M B 
(C K -М В) isoenzym e, aldolase (À L D ), la c ta te  dehydrogenase  (L D H ) an d  a -h y d ro x y - 
b u ty ra te  d ehydrogenase  (a -H B D H ).

E le v a te d  c rea tin e  k inase, c rea tin e  k inase  MB isoenzym e an d  aldolase a c tiv itie s  
in d ica tin g  en h an ced  su scep tib ility  to  s tresso rs were fo u n d  in  92%  of th e  h a lo th a n e  
reac ted  an d  16%  of th e  h a lo th an e  n o n -reac ted  anim als. I n  th ese  ind iv iduals th e  a c t iv 
itie s o f la c ta te  dehydrogenase  a n d  a -h y d ro x y b u ty ra te  dehydrogenase  w ere also h igh .

D a ta  o f th e  l ite ra tu re  show  a  close re la tio n sh ip  b e tw een  enhanced  su sce p tib ility  
to  s tresso rs a n d  h a lo th a n e  reac tio n  in  p igs. I t  w as suggested , therefo re , t h a t  d e te rm i
n a tio n  o f th e  a c tiv ity  o f ap p ro p ria te  se ru m  enzym es m ig h  th e  used  fo r d e tec tin g  th is  
en h an ced  su scep tib ility .

K eyw ords: H a lo th an e  su scep tib ility , se rum  c rea tin e  k inase, aldolase, pig.

M eat q u a lity  prob lem s like P S E  (pale, soft, ex u d a tiv e ) or D F D  (d a rk , 
firm , dry ) are  p rim arily  due to  th e  in te ra c tio n  of g en o ty p e  and  en v iro n m en t: 
th e  genetic  t r a i t  w ill be m an ifested  o n ly  if  th e  an im als a re  affected  b y  ad v erse  
en v iro n m en ta l fac to rs  above a d e fin ite  th resh o ld  level (K olb , 1979). Such  
fac to rs  are  e.g. housing , t ra n s p o r ta tio n  to  th e  s laugh te rhouse , and  th e  w ay  o f 
s lau g h te rin g  (A ddis e t ah , 1974; L engerken  and  P fe iffer, 1977; Moss an d  
M cM urray, 1979; N ielsen, 1979; W ittm a n n  e t ah, 1981; Szilágyi an d  T ak ács, 
1980; Szilágyi e t ah , 1981; Szilágyi e t ah , 1982; Jen sen  an d  B arto n -G ad e , 1985; 
Topéi an d  H allberg , 1985).

Several m eth o d s have  been developed  for d e tec tin g  su scep tib ility  to  
stresso rs: exposure  to  h igh  am b ien t te m p e ra tu re , exercise or drugs w as fo l
low ed b y  d e te rm in a tio n  of selected  p a ra m e te rs  (N elson an d  C hausm er, 1981; 
T ak a la  an d  H assinen , 1981; V ihko a n d  S alm inen , 1983; K au p p in en  e t ah , 1983; 
K a in u la in en  e t ah , 1984; Salm inen e t  ah , 1984; Fésűs e t ah , 1986).

B y  th e  so-called h a lo th an e  te s t ,  p ig le ts could  e ffic ien tly  be se lec ted  
a lread y  a t  th e  age of 7 to  8 weeks (S ch m itten  and  Schepers, 1979; W ebb , 1980; 
C arden e t ah , 1985; L a k y  e t ah , 1985). T he level o f som e serum  enzym es, 
m ostly  of th o se  o rig in a tin g  from  th e  s tr ia te d  m uscle, w as show n to  be h ig h er 
in  th e  h a lo th a n e  re a c te d  anim als th a n  in  th e  h a lo th a n e  n on-reac ted  ones.
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C reatine  k inase (C K ) becam e m ore w idely  u sed  th a n  o th e r enzym es, a lth o u g h  
i ts  use for selec tion  w as im p rac tica l due  to  m ethodo log ica l p rob lem s (A ugustin i 
e t  a l., 1979; R ic h te r , 1979; Szilágyi a n d  В . K ovács, 1979; B ic k h a rd t an d  
R ic h te r , 1980; S ch len k er e t a l., 1981; S ch u lm an , 1980). H ow ever, in  th e  l i te ra 
tu r e  we w ere u n ab le  to  fin d  d a ta  a b o u t th e  in te rre la tio n sh ip  betw een  serum  
c rea tin e  k inase M B isoenzym e (C K -МВ) levels an d  enhanced  su scep tib ility  to  
stressors.

In  th e  p re se n t w ork  we ex am in ed  th e  re la tionsh ip  be tw een  enhanced  
su scep tib ility  to  h a lo th a n e  an d  th e  a c t iv i ty  o f som e serum  enzym es o rig inating  
fro m , or fu n c tio n in g  in , th e  s tr ia te d  m uscle , in  a p o p u la tio n  o f  8- to  9-week- 
o ld  H u n g a rian  L an d race  pigs.

Materials and m ethods

E igh t- to  n ine-w eek-o ld  H u n g a r ia n  L an d race  pigs w ere tre a te d  w ith  
h a lo th a n e  (L ak y  e t a l., 1985) fo r 1 to  4 m in  on  tw o  farm s. Im m e d ia te ly  a fte r  t r e a t 
m e n t blood w as w ith d ra w n  from  th e  ju g u la r  ve in  o f 74 reac ted  anim als (show 
in g  co n trac tio n  o f th e  skele ta l m uscles), fro m  th a t  o f 64 an im als th a t  reac ted  
a ty p ica lly  (b re a th in g  d ifficu lties w ith  or w ith o u t sligh t spasm ), an d  from  th a t  
o f 178 n o n -reac ted  co n tro l pigs. T h e  a c tiv i ty  o f crea tine  k in ase  (CK), crea tine  
k in ase  MB isoenzym e (C K -М В), a ldo lase (A L D ), la c ta te  dehydrogenase  (L D H ), 
a n d  a -h y d ro x y b u ty ra te  dehydrogenase  (a -H B D H ) was d e te rm in ed  in  th e  sera 
u sing  B oehringer te s t  k its  an d  an  E p p e n d o rf  ACP 5040 eq u ip m en t. G roup 
m eans were co m p ared  b y  S tu d e n t’s t te s t .

Results

E nzym e a c tiv itie s  of th e  e x p e rim e n ta l groups are show n in  T ab le  I . 
I n  th e  halothane reacted group all th e  a c tiv itie s  w ere h igher th a n  in  th e  con tro l 
g ro u p ; th e  d ifferences reached  th e  level o f  sign ificance (P  <  0.001) for CK, 
C K -МВ an d  A L D . W hen  these  va lu es  w ere  considered  ind iv id u a lly , in  92%  of 
th e  h a lo th an e  re a c te d  pigs (in  68 o u t o f 74 an im als) pa th o lo g ica lly  high ( > 6 0 0  
U/l) serum  enzym e ac tiv ities  w ere fo u n d . F ro m  pigs w ith  an  u n u su a lly  s tro n g  
reac tio n  to  h a lo th a n e , blood w as re p e a te d ly  ta k e n ;  in  these  cases serum  enzym e 
a c tiv itie s  te n d e d  to  increase.

In  48 % o f  th e  pigs th a t  h a d  g iven  a n  a ty p ic a l reac tio n  to  h a lo th an e , th e  
C K  (715 i  423 U/l) an d  A LD  (27 i  32 U/l) ac tiv ities  su rp assed  those  of th e  
co n tro l an im als.

In  th e  h a lo th a n e  non-reacted g roup  (n  =  178) 29 pigs (16% ) w ere found  
w hose enzym e a c tiv itie s  ap p ro x im a te d  th o se  o f th e  h a lo th a n e  re a c te d  an im als 
(C K : 1555 ±  1256; A L D : 37.4 ±  23 .7 ; L D H : 894 ±  342; a -H B D H : 552 ±  
±  230 U/l).
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Table I

Serum  enzym e activ ities (m ean  ±  SD) in ha lo thane  reac ted  (H a l +  ) and  non-reacted
(H al —) pigs

CK CK-MB ALD LD H oc-HBDH

(U/l)

H al + 1515* 179* 42.1* 788 504
(n  =  74) ± 8 2 8 ± 9 2 ± 7 7 .6 ± 3 1 9 ± 2 1 7

H al - 428 55 16.9 634 399
(n  =  178) ± 2 3 3 ± 2 0 ± 1 4 .5 ± 2 4 1 ± 1 6 5

* S ignificant differences be tw een  groups: P  <  0.001

D iscussion

S tress m ay  re su lt, am o n g  o th e r effects, in  an  increase  o f cell p e rm eab ility  
an d  consequen t re lease o f  in trace llu la r enzym es in to  th e  circu la tion  (K olb ,
1979).

In  th e  p resen t w o rk  tre a tm e n t w ith  h a lo th an e  w as used  as stressor. Tw o 
of th e  enzym es d e te rm in ed  (A LD  an d  L D H ) fu n c tio n  in  glycolysis, th e  d e te rm i
n a tio n  of oe-HBDH in  re la tio n  to  to ta l  L D H  has g re a t v a lu e  in  th e  m easu re
m en t o f th e  “ h e a r t”  fra c tio n s  of L D H  isoenzym es, w hile CK provides energy  
for m u scu la r co n trac tio n s .

C reatine k inase co nsists  o f tw o m onom ers in  th re e  possib le com binations 
(B B , M B, MM). U su a lly  th e  BB isoenzym e occurs in  th e  nervous tissue, an d  
th e  MM isoenzym e is fo u n d  in  th e  a d u lt skele ta l m uscle , a lth o u g h  MB an d  
som etim es BB isoenzym es h av e  also been  d e tec ted  in  th e  skele ta l m uscle o f 
several species. T he a d u lt  h e a r t  m uscle is ch a rac te rized  b y  MM an d  MB iso 
enzym es (Cepica an d  Jo rg en sen , 1977).

In  th e  p resen t w o rk  b ig  (significant) in te r-g ro u p  differences were found  
in  th e  a c tiv ity  of CK, C K -М В and  A LD . CK an d  A L D  are  enzym es o rig ina ting  
p rim arily  from  th e  sk e le ta l m uscle, and  in d ica te  increased  p e rm eab ility  of th e  
m uscle cells in  h a lo th a n e  re a c te d  an im als. T he ra tio n  of C K -МВ isoenzym e 
to  to ta l  CK was n e a rly  th e  sam e in  b o th  groups, w h ich  is inconsis ten t w ith  
th e  occurrence of m a jo r lesions in  th e  h e a r t m uscle.

In  h a lo th an e  sen s itiv e  pigs sim ilarly  high CK ac tiv itie s  (1987 ^  1273 
U/l) w ere found  b y  S ch u lm an  (1980), while th e  C K  a c tiv ity  of boars a t  th e  
age of 100 days w as 213 i  88 U /l (Schlenker e t al., 1981).

T he positive, 92 %  co rre la tio n  betw een  h a lo th a n e  reac tio n  and  e lev a ted  
enzym e ac tiv ity , an d  th e  v e ry  ac tiv ities found  in  re p e a te d ly  ta k e n  serum  
sam ples suggest th a t  th e  d e te rm in a tio n  o f CK an d  A L D  m ay  be used for t e s t 
ing  suscep tib ility  to  s tresso rs.
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P atho log ica lly  h ig h  enzym e ac tiv itie s  were found  in  29 o u t of th e  178 
h a lo th a n e  n o n -reac ted  pigs (16% ). A lth o u g h  in juries can  e lev a te  th e  serum  
levels of enzym es o f  m u scu la r o rig in , th e  p resen t cases can  be considered 
m arg in a l h a lo th an e  su scep tib ility  w ith o u t m an ifesta tio n  in  c lin ical sym ptom s. 
I n  o th e r w ords, th e y  m ig h t rep re sen t in d iv id u a ls  suscep tib le  to  stressors b u t  
n o t  de tec ted  b y  th e  h a lo th a n e  te s t .

I t  is suggested  th a t  th e  d e te rm in a tio n  of serum  enzym es o f m uscu lar 
o rig in  m ay  be an  a id  in  culling  pigs suscep tib le  to  stressors.
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SHOT BIOPSY IN VIEW OF MUSCULAR DISORDERS IN
PIGS

R . L a h u c k ÿ

S ta te  C ontro l In s t i tu te  o f V e te rin a ry  B io p rep ara tio n s an d  D rugs, B io v e tsk á  34, 949 91 N itra ,
C zechoslovakia

(R eceived  J u ly  5, 1988)

A lth o u g h  a n u m b er o f p rob lem s in  connection  w ith  th e  u se  o f sh o t b iopsy  hav e  
y e t  to  be solved, i t  can  be  s ta te d  t h a t  b y  th is  tech n iq u e  b io p sy  sam ples of suffic ien t 
q u a n ti ty  (up to  1.5 g) can  be  o b ta in ed  fro m  th e  m uscu lus longissim us dorsi of pigs o f 
a b o u t 80 kg liv ew eigh t. T he tech n iq u e  offers d a ta  on  th e  m etab o lic  s ta tu s  (biophysical 
an d  biochem ical v a lu es)  o f  m uscles, p ro v id ed  t h a t  th e  p o s tm o r ta l  processes have  been 
sim u la ted  ( in cu b a tio n  o f b io p ta te ).

T he use  o f  sen sitiv ity  te s ts  o n  iso lated  su b cellu lar f rac tio n s  o f th e  b io p ta te  
can  lead  to  m ore  precise  re su lts  a n d  consequen tly , to  a  re m a rk ab le  red u ctio n  in  th e  
incidence of P S E  sy n d ro m e (pale, so ft, ex u d ativ e  m ea t).

T he f i r s t  re su lts  achieved u n d e r cond itions o f S lo v ak ia  (C zechoslovakia) in  
te s tin g  boars show  t h a t  th is  m eth o d  could f in d  a p e rm a n e n t use  in  th e  p tac tice .

R esearch  in s titu tio n s  in  a n u m b er o f coun tries are  no w  in v es tig a tin g  possibilities 
o f using sh o t b io p sy  fo r p red ic tio n  o f ske le ta l m uscle d iso rders in  p igs an d  i t  is excep ted  
th a t  m an y  new  re su lts  will be pub lish ed  soon.

K eyw ords: B iopsy , m etabo lism , m uscu lar d isorders, pig.

I t  is a w ell-know n fac t th a t  th e  reac tio n  o f pigs to  en v iro n m en ta l stress 
is a com plex p h enom enon  in fluencing  a large n u m b er o f  econom ically  im p o rta n t 
t r a i ts .  E xam ples o f th e se  are red u c tio n  in  m ea t q u a lity , losses during  fa t te n 
in g  or tra n sp o rt, a n d  im p a ired  fe rtility .

Pigs suscep tib le  to  P orcine S tress Syndrom e (PSS) or to  m a lig n an t 
h y p e rth e rm ia  (M H ) show  a h igh incidence of pale , so ft a n d  ex u d a tiv e  (P S E ) 
m uscle a fte r s lau g h te r.

I t  was also d e m o n s tra te d  th a t  th e  syndrom e cou ld  be trig g ered  in  these  
an im als n o t only  b y  stress b u t  also b y  b re a th in g  th e  a n aes th e tic  h a lo th an e  
(E ikelenboom  an d  M inkem a, 1974). R esearchers h av e  focused  th e ir  efforts on 
m eth o d s to  p red ic t “ s tre ss  su scep tib ility ”  an d  th e  p o te n tia l  fo r abnorm al m ea t 
q u a lity  in  live an im als. O f these  m ethods, h a lo th an e  te s t  is th e  m ost freq u en tly  
u sed  procedure  in  a la rg e  v a r ie ty  of system s. I t  is o ften  com bined  w ith  b lood  
ty p in g  to  id en tify  h a lo th a n e  n eg a tiv e  (H N ) in d iv id u a ls  a n d , in  som e in stances, 
b lood  ty p in g  even  rep laces th e  h a lo th an e  te s t .  C K  te s t  (d e te rm in a tio n  of 
c rea tin e  kinase a c tiv ity )  is less freq u en tly  used. O th e r m e th o d s, such as m uscle 
b iopsy , are still a t  an  ex p erim en ta l s tage , a lth o u g h  te s ts  fo r M H , th e  h a lo th an e  
or caffeine c o n tra c tu re  te s ts  on iso la ted  m uscle s trip s  sam p led  b y  biopsy, have  
p ro v ed  to  be m ore a c cu ra te  an d  usefu l in  h u m an  m edicine.
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T h e diagnosis o f M H  in  pigs b y  in  vitro c o n tra c tu re  te s ts  ap p ears  to  be 
m u c h  m ore d ifficu lt th a n  in  m an , a n d  th e  s itu a tio n  is fu r th e r  co m plica ted  b y  
th e  occurrence of th e  P S E  m uscle co n d itio n  in  b o th  M H -suscep tib le  an d  M H- 
r e s is ta n t  pigs (MitcheU a n d  H effron , 1982). Since th e  p r im a ry  o b jec tiv e  of th e  
b re e d e r  is to  e lim inate  a ll p o te n tia l P S E  pigs from  th e  h e rd , th is  l im ita tio n  of 
th e  h a lo th a n e  te s t  n eed s to  be m ore  w idely  ap p rec ia ted . F ro m  th is  p o in t of 
v iew , in  vitro c o n tra c tu re  te s ts  w ou ld  p ro b ab ly  h av e  th e  sam e lim ita tio n , in  
a d d itio n  to  th e ir  h igh  costs  an d  su rg ica l risks.

T h is sho rt rev iew  deals m a in ly  w ith  recen t w orks p u b lish ed  on th e  p re 
m o r ta l  m etabolism  o f ske le ta l m uscle  in  pigs in  re la tio n  to  M H S an d  th e  
in c id en ce  of lower m e a t q u a lity  (P S E  syndrom e).

B io p sy  and prediction o f  meat quality  in  p igs

A ccording to  S y b esm a an d  E ikelenhoom  (1978), b io p sy  m eth o d s such 
as th e  use of b iop sy  needles an d  th e  resu lts  of m uscle analy sis  (correlation  
coeffic ien ts  of th e  s u b s tra te  c o n ten ts  a n d  p a ram ete rs  o f m e a t q u a lity )  do n o t 
p ro v id e  possibilities su ffic ien t fo r p ra c tic a l use.

T h e  resu lts o f sh o t b iopsy , as described  by  Schöberlein  (1976), p roved  
t h a t  b iopsy  of a sk e le ta l m uscle w ould  show  b e tte r  p rosp ec ts  o f p rac tica l use. 
S h o t b iop sy  is ca rried  o u t  b y  use o f a com m on slau g h te r p is to l specially  ad a p te d  
fo r  th is  purpose: n a m e ly  i t  has a c a n n u la  on th e  to p  designed  fo r sam pling  
f a t  a n d  m uscle tissues. Sam ples a re  ta k e n  b y  a “ sh o t-o u t” , a n d  n e ith e r  f ix a 
t io n  n o r  anaesthesia  ( to ta l  o r local) is needed . L ah u ck ÿ  e t  al. (1980a, b) fu r th e r  
im p ro v e d  th e  sho t b io p sy  tech n iq u e  so th a t  no in ju ry  to  th e  sp ine can  occur, 
a n d  sam ples can be ta k e n  even from  p igs of lower livew eigh t (50 kg). T he la te s t 
d esig n  of th e  can n u la  fo r  sam pling  m uscle  and  fa t  from  th e  m uscu lus longissi- 
m us dorsi (m. 1. d.) p ro v id es  for ta k in g  u p  to  1.5 g of m uscle tissu e  from  an 
80-kg  an im al. A n u m b e r  of w orks on  th e  use of sho t b io p sy  a n d  th e  resu lts  
h a v e  been  pub lished  b y  w orkers fro m  Leipzig, G erm an D em o cra tic  R epublic 
(H en n eb ach , 1977; H en n eb ach  e t a l., 1980; H en n eb ach  a n d  L engerken ,
1980).

W hen p o stm o rta l processes w ith in  th e  m uscle b io p ta te  w ere sim u la ted  
b y  a 45-m in  in cu b a tio n  a t  37 or 39 °C a n d  several p a ra m e te rs  w ere in v es tig a ted  
a fte rw a rd s , some s ig n if ican t re la tio n sh ip s  were found  am ong  th e  p H  value, 
C P K  a c tiv ity  of th e  ju ic e  p ressed  o u t o f th e  b io p ta te , a n d  p o sts lau g h te r 
q u a li ty  param eters . E v a lu a tio n  of C P K  a c tiv ity  in  th e  ju ice  p ressed  ou t of th e  
b io p ta te , in  sp ite  o f its  c lear re la tio n  to  m ea t q u a lity , seem s to  be ra th e r  tim e 
consum ing  and  co m p lica ted . H en n eb ach  and  L engerken  (1982) also po in ted  
o u t t h a t  th is  ju ice d id  n o t  alw ays show  m easurab le  C PK  va lues.

As shown in  o u r p rev ious w orks concerning m uscle m e tab o lism  in  pigs 
(L a h u c k ÿ  et al., 19806; K o v ác  e t al., 1981), an  in cu b a tio n  fo r 1 h  a t  39 °C in  a
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h u m id  en v iro n m en t w ith  su b seq u en t d e te rm in a tio n  o f th e  p H  value  a n d /o r 
R  v a lu e  of th e  b io p ta te  an d  of th e  re la tio n sh ip  o f abso rb an ce  a t  250 n m  (in- 
osine nucleo tide) to  abso rbance  a t  260 n m  (adenosine n u c leo tide ; H on ikel an d  
F isch er, 1977) p roved  to  be usefu l fo r ev a lu a tio n  of m ea t q u a lity . I t  w as also 
show n in  o th e r w orks (L ah u ck ÿ  e t ah , 1982) th a t  s ta tis tic a lly  h igh ly  s ig n ifican t 
re la tio n sh ip s  can  be found  betw een  p H t v alue  of th e  m ea t (m . 1. d.) an d  v a rious 
b iochem ical p a ram e te rs . T ab le  I  show s th a t  in  those  ex p erim en ts  (carried  o u t 
m a in ly  in  G erm an L an d race  pigs) th e  R  value w as v e ry  useful fo r th e  p re 
d ic tio n .

Table I

C orrela tion  coefficients betw een selected b iopsy  values and  p H  in  th e  m . long, dorsi an d  m . sem i
m em branosus 45 m in  p o st m ortem  (L ahuckÿ  e t  al., 1982)

Values n m . long, dorsi m . semimembranosus

p H x value (b iop ta te) 70 0.65 + + + 0.49 + + +
К  value 51 - 0 .7 3  + + + —0.67 + + +
M eat licniid surface cm 2 61 — 0.47 + + + — 0.42 + + +
A TP fim ol/g 51 0.58 + + + 0.63 + + +
G-6-P jumol/g 49 - 0 .5 7  + + + — 0.30 +
Glucose /tmol/'g 49 —0.60 + + + - 0 .3 2  +
L ac ta te i“ m ol/g 51 —0.62 + + + — 0.62 + + +
Glycogen jumol/g 51 0.56 ++ + 0.60 + + +

+ P <; 0.05 + + + P ^ 0 . 0 0 1

T he ex isting  resu lts  show  th a t  th e  level of co rre la tions am ong selected  
b io p h y sica l an d  b iochem ical fac to rs  o f  th e  b io p ta te  an d  m ea t q u a lity  (p H x) 
is in flu en ced  also b y  genetic  fac to rs  (b reed , cross-breeds). H en n eb ach  an d  L en- 
gerken  (1982), P feiffer and  L engerken  (1984) an d  o th e r au th o rs  re p o rte d  an  
in flu en ce  of th e  neu rohorm onal s ta tu s  o f th e  pig d u ring  b iop sy  an d  a t s lau g h te r. 
C onsidering an  equal load  a t  th e  tim e  o f biopsy an d  a t  s lau g h te r an d  using  th e  
m e a t q u a lity  ca lcu la tio n  indices o f M üder (1974), H en n eb ach  an d  L engerken  
(1982) found  a close co rre la tio n  b e tw een  th e  b iopsy  index  an d  th e  m ea t q u a lity  
in d ex  (r =  0.88). T he s ta tu s  of th e  b lood  system  e.g. h y p eraem ia  a t  th e  b iopsy  
s ite  a f te r  p rev ious shav ing  of th e  h a irs  (L ahuckÿ , u n p u b lish ed  o b serva tion ) 
can  s ig n ifican tly  in fluence  th e  re su lt o f th e  b iopsy . N o n -s ta n d a rd  w ork ing  
co n d itio n s ( tem p era tu re , m eth o d s o f app roach ) h av e  a sim ilar effect.

T h e  resu lts  pub lished  b y  F isch er an d  A ugustin i (1984) also show  th a t  
d ifferences am ong selected  su b s tra te s  in  b io p ta te s  w ith  d iffe ren t m ea t q u a lity  
are  s ta tis tic a lly  h igh ly  sig n ifican t. C orrelations betw een  p a ram e te rs  o f  th e  
b io p ta te  (su b stra te s) an d  p H x o f th e  m . sem im em branosus (T able I I )  a re  
s im ila r to  th o se  rep o rted  earlier (L ah u ck ÿ  e t al., 1982) in  pigs of 80 kg live- 
w eig h t (Table I). R e la tiv e ly  low er co rre la tions of th e  m . 1. d. w ith  p H x h av e
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y e t  to  be clarified b ecau se  th e y  lead  to  a c o n tro v e rsy  concern ing  h e te ro g en e ity  
o f th e  m uscle tissues in  vivo, a lth o u g h  no  differences w ere fo u n d  betw een  th e  
r ig h t an d  th e  left s ide  o f  th e  m . 1. d ., e ith e r  w ith o u t (S ybesm a an d  v a n  der 
W al, 1974) or w ith  a n  in c u b a tio n  o f th e  b io p ta te  (L ah u ck ÿ  e t ah , 1982).

Table II

C orre la tion  coefficients b e tw ee n  selected biochem ical values o f b io p ta te  a t  various livew eights 
a n d  p H x value in th e  m . longissim us dorsi a n d  m . sem im em branosus (n  =  116) in  pigs o f 

d iffe re n t livew eight (F ischer an d  A ugustin i, 1984)

Values
Live-

weight
(kg)

p H x m . 1. dorsi p H j m .
semimembranosus

Glycogen 50 0.33 0.26
70 0.39 0.52
90 0.50 0.47

L acta te 50 — 0.35 - 0 .3 7
70 —0.44 - 0 .5 7
90 - 0 .3 6 — 0.44

ATP 50 0.42 0.47
70 0.47 0.62
90 0.49 0.55

R  value 50 - 0 .3 9 - 0 .4 1
70 - 0 .4 8 — 0.63
90 - 0 .4 6 - 0 .5 6

Table III

V alues o f glycolytic m etab o lism  in b io p ta te  a f te r  60-m in in cubation  in  H ( + )  and  H (—) pigs
(Fischer, 1985)

V alue H (+ )  (n =  76) H ( - ) ( „ =  40) t te st

Glycogen, /tm ol/tr X 26.1 38.2 + +  +
s 10.1 11.8

L acta te, ^m o l/g X 100.0 81.2 + +  +
s 14.7 20.7

ATP, /imol/'g X 0.54 1.57 + +  +
s 0.52 1.00

R  value X 1.29 1.11 +  +  +

s 0.10 0.15

+ + + P  ^  0.001

M etabolism  o f  skeletal m uscle in  relation to the halothane and creatine kinase tests

Sim ulation  of th e  p o s tm o rta l processes in  th e  m uscle b io p ta te  (tem p era 
tu re , tim e) enabled d iffe re n tia tio n  b e tw een  h a lo th an e-p o sitiv e  an d  halo th an e- 
n e g a tiv e  pigs of th e  G e rm an  L andrace  b reed  on th e  basis o f b iochem ical p a ra 
m ete rs  (T able  I I I ;  F isc h e r, 1985). The tend en c ies  (L ah u ck ÿ  e t al., 1982) lead ing
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to w ard s a decreasing m ea t q u a lity  in  h a lo th an e-p o sitiv e  pigs an d  to w ard s a 
h igher m ea t q u a lity  in  h a lo th an e -n eg a tiv e  ones req u ire  fu r th e r  v erifica tio n , 
a lth o u g h  Cheah e t al. (1986) observed  an  increase of m . 1. d . m ito ch o n d ria l 
phospho lipase  A 2 a c tiv ity  in  pigs o f a h a lo th an e-sen sitiv e  line s ta r tin g  from  
ab o u t 12 weeks of age. H ow ever, th e  a c tiv ity  of th is  enzym e in  a h a lo th an e- 
sensitive  line rem ain ed  a lm o st c o n s ta n t during  th e  g ro w th  period .

L engerken  e t al. (1986) d iffe ren tia ted  h a lo th an e -n eg a tiv e  (n  =  126) and  
h a lo th an e-p o sitiv e  (n  =  86) pigs b y  su b m ittin g  p H 0 an d  pHj^ va lu es  o f th e  
b io p ta te  (in cu b a tio n  fo r 45 m in  a t  37 °C) to  th e  ca lcu la tio n  of th e  re la tiv e  
load  (u value). T h u s, th e y  to o k  in to  acco u n t th e  in fluence  o f d iffe ren t conditions 
of th e  lo ad  on in d iv id u a l days of th e  experim en t. T h e  a u th o rs , how ever, d id  
n o t succeed in  d iffe ren tia tin g  h a lo th an e-n eg a tiv e  pigs (hom ozygo tes, he tero - 
zygotes) w hen  using  th e  p H 0 an d  p H x of th e  b io p ta te . I n  a re c e n t w ork , L en 
gerken an d  Pfeiffer (1988) re p o rt h ig h ly  sign ifican t d ifferences in  th e  b io p ta te  
values p H 30 and  R 30 (in cu b a tio n  o f  th e  b io p ta te  fo r 30 m in  a t  39 °C) betw een  
h a lo th an e-p o sitiv e  an d  h a lo th an e -n eg a tiv e  anim als. T h e  a u th o rs  also m en tion  
th e  su ita b ility  o f th e  b iop sy  m eth o d  fo r d iffe ren tia tio n  o f h a lo th an e-sen sitiv e  
an im als a t  v e ry  low  an d  v e ry  h igh  h a lo th an e  frequencies.

O n th e  o th e r h a n d , w ith o u t sim u la tin g  th e  p o s tm o rta l processes in  th e  
b io p ta te  (i.e. w ith o u t i ts  in cu b a tio n ) th e  d ifferences in  se lec ted  biochem ical 
p a ram e te rs  (su b stra te s) betw een  H + an d  H ~  an im als m ay  n o t be a p p a re n t 
(H en n eb ach  an d  L engerken , 1980). S im ilarly , H on ikel an d  K im  (1985) failed  
to  f in d  an y  difference in  th e  A T Pase a c tiv ity  o f th e  m y o fib rilla r frac tio n  of 
b io p ta te  (w ith o u t in cu b a tio n ) be tw een  H + an d  H  an im als , a lth o u g h  th e y  
re p o rte d  som e re la tio n  betw een  A T P ase a c tiv ity  (b io p ta te )  an d  w a te r-b in d in g  
c a p ac ity  o f th e  m eat.

F ro m  th e  re su lts  o f com paring  th e  h a lo th a n e  te s t ,  th e  CK te s t  and  
sho t b iop sy  as re p o rte d  b y  K ovác e t al. (1985) i t  ap p ea rs  t h a t  th e  re su lts  gained 
a fte r  b iopsy , in cu b a tio n  o f th e  b io p ta te  (39 °C, 1 h) an d  p H  m easu rem en t b y  
use o f a co n tac t e lec trode  are m ore a p p ro p ria te  fo r th e  p re d ic tio n  of m eat 
q u a lity  th a n  is d e te rm in a tio n  of C P K  a c tiv ity . I t  also ap p ears  from  prev ious 
resu lts  (L ah u ck ÿ  e t a l., 1982) th a t  even b y  use of a s ta n d a rd iz e d  lo ad  (Myo- 
stress), co rre la tions such  as re p o rte d  b y  B ic k h a rd t an d  R ic h te r  (1980) can 
only be achieved w hen  th e  CK a c tiv ity  of th e  b lood  is re la te d  to  p H 3 of m . 
sem im em branosus (r =  0.49). T he correlations of CK an d  р Н г o f th e  m . 1. d. 
w ere low er (r =  0.31).

T o  elucidate  th e  ae tio logy  o f m a lig n an t h y p e rth e rm ia , b iochem ical and  
physio logical s tud ies h av e  been  co n d u cted  b o th  in  h u m a n  p a tie n ts  an d  in  pigs. 
The resu lts , p a rtic u la r ly  th o se  o f th e  pharm aco log ical te s ts  w ith  h a lo th an e , 
caffeine an d  ionophore A 23187 (R eiss e t ah, 1986), in d ic a te  t h a t  th e  d irec t 
cause o f  th is  acu te  syndrom e is a n  abnorm al su s ta in e d  increase  of Ca2+ in  
th e  sk e le ta l m uscle fib re  cy to p lasm .
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I t  is y e t to  be  d e f in ite ly  e s tab lish ed  w hich one (or m ore) o f th e  organelles 
o f  th e  M H m uscle f ib re  is /are  responsib le  for e lev a ted  in tra c e llu la r  calcium  
(L opez e t al., 1985). C heah  e t  al. (1986) h av e  re p o rte d  an  anox ia-induced  
increased  calcium  re lease  from  m ito ch o n d ria  of th e  porcine M H  m uscle. A c
co rd ing  to  C heah, p h o sp h o lip ase  A 2 is invo lved  in  th e  d ev e lo p m en t of porcine 
m a lig n a n t h y p e rth e rm ia  a n d  i t  m a y  be capab le  of in flu en c in g  th e  sarco
p lasm ic  re ticu lum  to  re lease  Ca2 + . T his a ssu m p tio n  has re c e n tly  been  supp o rted  
b y  find ings on h u m a n  m a lig n a n t h y p e rth e rm ia  (C heah, 1987). O th e r au tho rs 
(O ’B rien , 1986; e tc .) re p o r te d  t h a t  m a lig n an t h y p e rth e rm ia  m ig h t be induced  
b y  a hypersensitive  ca lc ium  release m echanism  an d  m a y  be diagnosed by  
ca lc ium , m agnesium , A T P  an d  caffeine sen s itiv ity  te s ts  on iso la ted  sarco
p lasm ic  reticu lum .
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DIRECT RADIOIMMUNOASSAY OF SERUM 
PROGESTERONE FOR MONITORING THE 

REPRODUCTIVE STATUS OF LARGE PIG HERDS
I . Szabó1, T. A ntal1, S. F a l u h e l y i1, I .  T óth2, I . Fa r e d in 2 and F. László2

A g r ic u ltu ra l  C om binate  o f M ezőhegyes, H -5820 M ezőhegyes, K o zm a F . u . 30; an d  
d e p a r t m e n t  an d  R esearch  L a b o ra to ry  of E ndocrino logy , “ A lb e rt S zen t-G y ö rg y i”  U n iv e rsity  

M edical School, H-6701 Szeged, H u n g a ry

(R eceived  M arch 28, 1988)

T he rep ro d u c tiv e  s ta tu s  o f  sows w as m o n ito red  b y  se ru m  p ro gesterone  ra d io 
im m u n o assay  (R IA ) in  a closed p ig  h e rd  of 1100 sows, p ro d u c in g  fo r th e  m ark e t. T he 
m eth o d  p ro v ed  su itab le  for m o n ito rin g  re p ro d u c tiv e  ev en ts  (p rog estero n e  p ro d u c tio n  
du ring  lac ta tio n , effect o f w ean ing  on th e  re su m p tio n  o f cycling , successful an d  u n 
successful in sem inations, ab o rtio n , e tc .) and  fo r d iagnosing o v a ria n  d is tu rb an ces  (acyclia , 
irreg u la r cycle, e tc .). A to ta l  o f  813 in sem in a tio n s were follow ed u p  to  de te rm in e  th e  
tim e of re tu rn  to  oestrus. T he serum  p rogesterone  values o f  b lood  sam ples ta k e n  from  
th e  V. c av a  cran ialis on d ay  22 a f te r  in sem in a tio n  in d ica ted  t h a t  p re g n an c y  w as d iagnosed 
w ith  a  re liab ility  o f 75 .5% , w hile n o n -p reg n a n t sows failing  to  r e tu rn  to  o estrus were 
id en tified  w ith  a  re liab ility  o f 9 6 .1% . T he econom ic b en efits  to  be  derived  from  th e  
use  o f th is  m eth o d  in  a  pig h e rd  are  discussed.

K eyw ords: Serum  p ro g esterone , d irec t R IA , rep ro d u c tiv e  s ta tu s , m o n ito rin g , 
sow, p ig  herd .

In  prev ious com m unications (F a red in  e t  al., 1987; A n ta l e t a l., 1987a) 
we rep o rted  on th e  d e te rm in a tio n  of p rogesterone  in  b o v in e  se ru m  an d  m ilk, 
a m eth o d  su itab le  fo r m on ito rin g  th e  n o rm al an d  p a th o lo g ica l oestrous cycle 
in  cows, as well as fo r d e tec tin g  in sem in a ted  b u t  non-conceived  an d  n o n -re tu rn  
cows (A n ta l e t a l., 19876).

E xperience  gained du ring  th e  above stud ies p ro m p te d  us to  in v es tig a te  
w h e th e r th e  serum  progeste rone  levels can  be used  as in d ica to rs  o f p reg n an cy , 
ab o rtio n , acyclia  or irreg u la r cycles in  sows. S u b seq u en tly , th e  su ita b ility  o f 
th is  p ro ced u re  fo r ea rly  p reg n an cy  diagnosis an d  for d e m o n s tra tin g  “ e m p ty ”  
s ta tu s  in  sows w as exam ined .

M ateria ls an d  m ethods

T he s tud ies w ere p erfo rm ed  in  a closed, specialized  p ig  o p e ra tio n  o f 1100 
sows o f th e  A g ricu ltu ra l C om binate  of M ezőhegyes.

F ro m  th e  v en a  cava  c ran ia lis  o f sows selected  fo r th e  ex p erim en t b lood  
sam ples w ere ta k e n  once or tw ice  w eekly.

In  th e  period  o f s tu d y  th e  tim es of oestrus an d  in sem in a tio n  w ere re 
corded reg u la rly . F ro m  sows fa iling  to  re tu rn  to  oestrus b y  d ay  22 a fte r  in 
sem ina tion  a blood sam ple w as ta k e n  on d ay  22.
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Sera s e p a ra te d  b y  cen tr ifu g a tio n  w ere s to red  fro zen  a t  — 15 °C u n til  
processed. S erum  p ro g este ro n e  c o n cen tra tio n  w as d e te rm in e d  by  th e  d irec t 
rad io im m u n o assay  (R IA ) p ro ced u re  described  earlie r (F a re d in  et al., 1987).

R esults

F irs t th e  se ru m  p ro g este ro n e  level of tw o  h e a lth y  sow s (G om b, no. 409 
a n d  Csipke, no . 490) w as m o n ito red  over th re e  cycles an d  a fte r  successful 
in sem ina tion . T h e  se ru m  p ro geste rone  levels o f th e se  sow s show ed reg u la r 
f lu c tu a tio n s  acco rd in g  to  a 2 1 -day  cycle. A fte r successfu l in sem in a tio n  th e y  
rem ain ed  a t  a h ig h  level, in d ic a tin g  p reg n an cy .

The serum  p ro g este ro n e  c o n c e n tra tio n  of sow no . 6636 (F ig . 2) in d ica ted  
th e  absence of o v a ria n  c y c lic ity  d u rin g  suckling . O v arian  fu n c tio n  was resum ed  
o n ly  on days 4 -5  a f te r  w ean ing . S u b seq u en tly , a f te r  in sem in a tio n  th e  sow 
conceived.

F igure 3 show s th e  se ru m  p rogesterone  level o f a sow  successfully  in 
sem ina ted  a t  th e  f ir s t  o estru s  a fte r  w ean ing  (no. 4745) th ro u g h o u t p reg 
n an cy .

Serum  p ro g este ro n e  levels m easu red  a fte r  an  unsuccessfu l an d  a su b 
seq u en t successful in se m in a tio n  are  p re sen ted  in  F ig . 4 (sow no. 4719). T he 
unsuccessful in se m in a tio n  w as follow ed b y  a reg u la r cycle. S u b seq u en tly , a f te r  
th e  successful in se m in a tio n  th e  serum  progeste rone  level k e p t rising c o n tin u 
ously  th ro u g h o u t g e s ta tio n .

I July I August I September | October

409 Gomb

490 Csipke

F ig. 1 . 'Serum  p ro g este ro n e  level in  sows d u rin g  th re e  re g u la r  cycles an d  a f te r  successful
in sem in a tio n
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F ig. 2. S e ru m  p rogestero n e  c o n cen tra tio n  in  a  sow  d u rin g  suck ling  a n d  a f te r  successful in 
sem in a tio n  follow ing w eaning

Days of the experiment

F ig . 3. Serum  progesterone  co n ce n tra tio n  o f a  sow  th ro u g h o u t p regnancy

F ig u re  5 show s th e  serum  p ro g este ro n e  levels o f a sow (no. 230) t h a t  
conceived a f te r  successful in sem in a tio n  b u t  a b o rted  su b seq u en tly . T he ris in g  
serum  p ro g este ro n e  level reflec ts p reg n an cy . A fte r a b o rtio n  th e  serum  p ro 
gesterone level a b ru p tly  fell dow n.

T he serum  progesterone  levels o f  a sow  (no. 231) t h a t  failed  to  come in to  
oestru s fo r 36 days a f te r  w eaning a re  show n in  Fig. 6. D urin g  th a t  perio d
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Fig.

Days of the experiment

4. S e ru m  p ro g esterone  c o n ce n tra tio n  in  a  sow a fte r  successful in sem ination

seru m  p ro g este ro n e  level rem ained  below  th e  d e te c ta b ility  lim it. A cyclia w as 
follow ed by  ir re g u la r  o v arian  cycles, as show n b y  th e  p rogeste rone  assay.

F igure 7 d e m o n s tra te s  th e  se ru m  progeste rone  levels o f a sow (no. 4701) 
w ith  irreg u la r cycles. T he len g th  o f th e  cycles observed  w as 4, 3, 6 an d  5.5 
w eeks, re sp ec tiv e ly . R egu lar cycles w ere observed  only  a t  th e  tim e  o f in sem i
n a tio n : su b se q u e n tly , no oestrus w as d em o n strab le  b y  th e  m eth o d s c u rre n tly  
u sed  u n d er la rg e-sca le  conditions.

Days of the experiment

F ig . 5. Serum  p ro g este ro n e  co n cen tra tio n  o f  a  sow  a fte r  successful in sem in a tio n  a n d  a f te r
a b o rtio n
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Fig. 6. Serum  p rog estero n e  co n cen tra tio n  o f a sow w ith  o estro u s cycle d isorder (acyclia)

200-

Weaning

Days of the experiment

F ig . 7. Serum  p ro g estero n e  co n cen tra tio n  o f a sow w ith  o es tro u s  cycle disorders

W ith  know ledge o f  these  re su lts  an  a tte m p t w as m ad e  a t  using se rum  
p rogesterone  analyses fo r de tec tin g  in sem in a ted  b u t  non-conceived  and  n o n 
re tu rn  sows. A to ta l  o f  813 in sem ina tions were p e rfo rm ed  on th e  farm  in  th e  
period  o f s tu d y  (in  S ep tem b er an d  O ctober). F if ty -s ix  o u t o f th e  813 in sem i
n a te d  sows (6.9% ) re tu rn e d  to  oestru s. F rom  these  sow s no  b lood  sam ples w ere 
ta k e n  fo r early  p re g n a n c y  diagnosis.
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T he rem ain ing  757 sows did  n o t re tu rn  to  oestrus b y  d a y  22 a fte r in 
se m in a tio n . F rom  th e se  sows blood  sam ples were co llected  a n d  assayed  for 
p ro g este ro n e  (Table I) .

Sows w ith  se ru m  p ro geste rone  co n cen tra tio n s exceed ing  31.8 nmol/1 
(10 ng/m l) were c lassified  as pregnant. A  to ta l  of 603 sows belonged  to  th is  
g ro u p  (79.7% ): o f th e m , 455 an im als (75 .5% ) ac tu a lly  fa rro w ed .

One h u n d red  a n d  fo rty -e ig h t sows (24.5% ) considered  p re g n a n t on th e  
b as is  o f th e  serum  p ro g este ro n e  level m easu red  on d ay  22 a f te r  in sem ination  
fa ile d  to  farrow . T h is w as due to  ir re g u la r  oestrus cycles, cy stic  ovarian  de
g e n e ra tio n  (a d iso rd er fa ir ly  com m on u n d e r  conditions o f  closed, large-scale 
m an a g e m e n t tech n o lo g y ), lu te in  cy sts , de lay ed  regression of th e  corpus lu teum  
a n d  o v arian  a tro p h y , o r  to  early  fe ta l d e a th , w hich w as in d ic a te d  b y  p o s t
p o n e d  re tu rn  to  o e s tru s . T w en ty -fo u r sows of th is  g roup  w ere cu lled  or died, 
a n d  tw o  sows a b o rte d  th e ir  fetuses.

Sows w ith  se ru m  p ro geste rone  v a lu es  below  31.8 nmol/1 (10 ng/m l) were 
co n sid ered  n o n -p re g n a n t, i.e. “ e m p ty ”  (T able I). A to ta l  o f 154 sows (20.3%  
o f th e  sows tes ted ) fell in to  th is  c a teg o ry . O f th em , 6 sows (3 .9 % ) farrow ed 
w ith in  120 days as o f th e  tim e  of in sem in a tio n  and  148 an im als  (96 .1% ) p roved  
a c tu a lly  n o n -p reg n an t.

These d a ta  show  t h a t  b y  serum  p rogesterone  assay  on d a y  22 a fte r in 
se m in a tio n  th e  u n su ccessfu lly  in sem in a ted , i.e. n o n -p re g n a n t, sows can be 
d e te c te d  m ost re liab ly .

To illu s tra te  th e  m a g n itu d e  o f econom ic b en efit to  be d e riv ed  from  p ro 
g es te ro n e  assays, T ab le  I I  p resen ts th e  su b seq u en t re p ro d u c tiv e  even ts of th e  
154 sows th a t  w ere id e n tif ie d  as non-conceived  am ong th e  813 in sem ina ted  
sow s. F ifty -fo u r sows re tu rn e d  to  o e s tru s  a lread y  in  th e  f i r s t  cycle following 
in sem in a tio n  (on d a y  24 .3  on th e  average). In  th e  case o f  th e se  an im als no

Table I

Correlation of serum  p rogesteron  co n cen tra tio n  and rep roductive  s ta tu s  in  sows

Grouping by serum 
progesterone level

N o. of sows 
tested

Sows failing to  farrow

Sows return ing  Sows not 
to  oestrus in  cycle return-

Culled 
o r died A borted Farrowed

1 2 3 oestrus

A bove 31.8 nmol/1 
(10 ng/m l)
P R E G N A N T

603
79.7%

28 18 14 62 24 2 455
75.5 %

B elow  31.8 nmol/1 
(10 ng /m l)
N O N -PR E G N A N T

154
20.3%

54 26 3 52 13 — 6
3.9 %

T o ta l: 757 82 44 17 114 37 2 461
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Table II

C alcu lation  of economic ben efit to  be derived  in  th e  sow h erd  te s ted  on th e  basis o f resu lts  
ob ta in ed  fo r sows diagnosed as non -p reg n an t b y  serum  progesterone assay  on d a y  22 a fte r

in sem in a tio n

N um ber of sows returning 
to  oestrus

N o. of days elapsing 
u n til re tu rn  to 

oestrus 
(mean)

No. of days th a t  can 
saved by  progesterone 

assays

be

In  th e  f irs t  cycle: 54 sows 24.3 (42.4 - 2 2 )x  26 = 530.4
In  th e  second cycle: 26 sows 42.4 (63.7 - 22) X  3 = 125.1
In  th e  th ird  cycle: 3 sows 63.7

No. o f sows n o t re tu rn in g  to  oestrus up  to  day
115 a f te r  insem ination:

52 sows — (115 - 2 2 )x 5 2  = 4836.0

Culled: 13 sows — —

F arrow ed : 6 sows — —

T o ta l n u m b er of feeding and  m anagem en t days saved : 5491.5

ap p rec iab le  b en efit w as derived  from  th e  serum  progesterone  assay . T w en ty - 
six  sows re tu rn e d  to  oestru s on ly  in  th e  second cycle (on d a y  42.4 in  
av erag e): in  th ese  an im als th e  serum  p ro g este ro n e  assay  saved  20.4 day s p er 
sow, on th e  w hole 530.4 days. T h ree  sow s cam e in to  oestrus on ly  in  th e  th ird  
cycle (on  d a y  63.7 in  average): in  th e ir  case 125.1 days w ere sav ed  b y  th e  
serum  progeste rone  assay.

B y  th e  serum  p rogesterone  assay  th e  m ost sig n ifican t re su lts  w ere ach ieved  
in  th e  52 sows w hich  failed  to  r e tu rn  to  oestru s fo r 115 day s a fte r  an  u n 
successfu l in sem in a tio n . In  th is  g roup  th e  serum  progeste rone  assay  in d ic a te d  
th e  sow s’ n o n -p reg n an t s ta tu s  93 d ay s ea rlie r ( to ta l sav ings fo r th e  g roup : 
4836 days). In  th e  period  of s tu d y  13 sows w ere culled  an d  6 sows farrow ed . 
T he la t te r  19 sows w ere excluded  from  th e  ev a lu a tio n  o f re su lts . As show n 
in  T ab le  I I ,  in  th e  case o f th e  813 in se m in a te d  sows th e  serum  p rogeste rone  
assay  sh o rten ed  th e  rep ro d u c tio n  tim e  b y  5491.5 days. This co rresponds to  
6.76 d ay s p e r sow. C onsidering th e  n u m b e r  of sows used  in  th e  s tu d y  an d  a 
sow ro ta t io n  of 2.2, th e  an n u a l sav ings w ould  a m o u n t to  15.4 d ays p e r sow.

D iscussion

U se o f serum  p rogesterone  analy sis  fo r sows w as f irs t re p o rte d  b y  R o 
b e rtso n  a n d  S ard a  (1971). In  th e  f irs t  p h ase  of th e  p re sen t s tu d y  th e  a p p li
c a b ility  o f d irec t serum  p rogesterone  R I  A (F a re d in  e t al., 1987) fo r m on ito rin g  
re p ro d u c tiv e  even ts in  sows w as s tu d ie d . In  sows w ith  a reg u la r oestrous cycle
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th e  se ru m  p ro g este ro n e  levels keep rising  from  oestru s up  to  d ay  16-17 o f th e  
cycle , w hen th e y  a b ru p tly  decline. T h is is co n sis ten t w ith  th e  fin d in g s o f 
P a rv iz i e t al. (1976).

S erum  p ro g este ro n e  c o n cen tra tio n  p e rs is ts  a t  a h igh  level follow ing a 
successfu l in sem in a tio n  an d  drops m ark e d ly  on ly  im m ed ia te ly  before fa rro w 
ing . D urin g  la c ta tio n  th e  serum  p ro g este ro n e  c o n cen tra tio n  is v e ry  low . B y  
s tu d y in g  th e  serum  p ro geste rone  c o n c e n tra tio n  o f L arge W hite  sows a t  fa rro w 
in g  a n d  du ring  la c ta t io n , A sh an d  H eap  (1975) o b ta in ed  sim ilar re su lts .

I n  th e  p re sen t s tu d y , successful in sem in a tio n  was follow ed b y  p e rm a 
n e n tly  h igh  serum  p ro g este ro n e  level. As a re su lt o f ab o rtio n , how ever, an  a b 
ru p t ,  steep  decline o f  th e  serum  p ro g este ro n e  level w as observed.

Irre g u la r  o estro u s cycle w as d iagnosed  in  a sow  w ith  p e rm a n e n tly  low , 
th e n  irreg u la rly  f lu c tu a tin g , serum  p rogeste rone  level. In  a n o th e r sow  th e  
cycle w as som ew hat len g th en ed  (4 w eeks) an d  unsuccessfu l in sem in a tio n  w as 
fo llow ed b y  irre g u la r  cycles la s tin g  4, 3, 6 an d  5.5 w eeks, respective ly . T hese 
cycles w ere easy to  m o n ito r  b y  th e  se ru m  progeste rone  assay.

T he a p p licab ility  o f serum  p ro g este ro n e  assays fo r early  p reg n an cy  d iag 
nosis in  sows w as s tu d ie d  b y  num ero u s researchers (E llen d o rf e t al., 1976; 
H u ltsc h  e t al., 1979; L am pe e t a l., 1982; S chneider, 1978; S chneider e t a l., 
1982; Schneider e t a l., 1984; T illson e t al., 1970) in c lud ing  H u n g a ria n  a u th o rs  
(A n ta l e t al., 1983; M ézes et al., 1986).

W ith  reg a rd  to  th e  fac t th a t  u ltra so u n d  p reg n an cy  te s tin g  can  be used  
e ffic ien tly  only b ey o n d  d a y  30-42 a f te r  in sem in a tio n , a tte m p ts  a re  c o n s ta n tly  
b e ing  m ade a t  dev e lo p in g  m ethods su itab le  fo r d e tec tin g  th e  p re g n a n t or n o n 
p re g n a n t s ta tu s  o f sow s w ith in  th e  sh o rte s t possible tim e  a fte r  in sem in a tio n . 
C u n n ingham  e t al. (1983) achieved p rom ising  re su lts  in  sows b y  serum  oestrone  
su lp h a te  d e te rm in a tio n  betw een  d ay  25 an d  29 a f te r  in sem ina tion . B y  enzym e- 
im m u n o assay  (E IA ) o f  serum  oestrone  su lp h a te  S ug iyam a e t al. (1985) d iag 
nosed  p reg n an cy  w ith  100%  accu racy  an d  d e tec ted  n o n -p reg n an t sows w ith  a 
re lia b ility  of 78 .6% . B y  a single p la sm a  p rogesterone  d e te rm in a tio n  b e tw een  
d a y  16 an d  24 a f te r  in sem in a tio n , E lle n d o rf  e t  al. (1976) d iagnosed  p reg n an cy  
w ith  a re liab ility  o f 9 6 .4 % . The d iff icu lty  o f b lood  sam pling  w as m en tio n ed  as a 
d ra w b a c k  of p lasm a p rogeste rone  assay . H u ltsc h  (1980) analysed  8947 sam ples 
b y  p la sm a  p ro g este ro n e  assay  an d  fo u n d  th e  re lia b ility  of p reg n an cy  diagnosis 
9 1 .1 % , while th a t  o f  d e tec tin g  n o n -p re g n a n t sows 96 .7% . L am pe e t al. (1982) 
te s te d  4589 gilts fo r p reg n an cy  b y  th e  p lasm a  p rogeste rone  co m p e titiv e  p ro 
te in  b in d in g  assay . T h e  re liab ility  o f p reg n an cy  diagnosis w as 79.6%  an d  
th a t  o f  de tec tin g  n o n -p re g n a n t an im als 96 .8% . A ccord ing  to  Schneider e t al. 
(1984) th e  b est tim e  fo r  th e  re liab le  d iagnosis o f n o n -p re g n a n t s ta tu s  of sow s 
b y  p rogeste rone  an a ly s is  is on d ay  22 or 23 a fte r  in sem in a tio n .

H u n g a rian  a u th o rs  (Mézes e t a l., 1986) d e te rm in ed  th e  p lasm a p rogeste rone  
c o n c e n tra tio n  o f a  sm a ll n u m b er o f sows b y  R IA  follow ing e x tra c tio n  a n d
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found  th e  e rro r o f p reg n an cy  d iagnosis 9 .68% . T h e  e rro r  o f diagnosing th e  
n o n -p reg n an t s ta tu s  w as u n accep tab ly  high (17 .65% ).

In  th is  s tu d y , 56 ou t o f th e  813 in sem in a ted  sows re tu rn e d  to  oestru s  
b y  day  22 a fte r  in sem in a tio n . F ro m  these  sows, th e re fo re , no blood sam ples 
w ere tak en  for p rogeste rone  assay .

O ur p ro ced u re  show ed th a t  154 o u t of th e  757 sows (20.3% ) fa iling  
to  re tu rn  to  o e s tru s  b y  day  22 a f te r  in sem ina tion  p ro v e d  non-p reg n an t an d  
on ly  6 ou t o f th e m  (3 .9% ) fa rrow ed  in  th e  period  o f  s tu d y  lastin g  115 d ays 
as o f th e  tim e  o f in sem in a tio n . W ith in  th e  sow g roup  d iagnosed “ non-preg- 
n a n t”  th e re  w ere r a th e r  m any  sows (n = 5 2 )  th a t  fa iled  to  re tu rn  to  oestru s  
th ro u g h o u t th e  perio d  of s tu d y . B y  th e  serum  p ro g este ro n e  assay p rim arily  
such  anim als can  be iden tified  a t  th e  earliest possible tim e  a f te r  in sem ination .

In  su m m ary : b y  serum  progeste rone  assay  on d a y  22 a fte r in sem in a tio n  
n o n -p reg n an t sow s can  be d e tec ted  w ith  a re lia b ility  o f  96 .1% . F o r th e  813 
insem inations fo llow ed up  in  th is  s tu d y , th e  in tro d u c tio n  o f serum  progesterone  
assay  in  p rac tice  w ould  have  sh o rten ed  th e  re p ro d u c tio n  tim e  b y  5491.5 day s 
(6.7 days per sow ). T his w ould re n d e r possible su b s ta n tia l  savings in  te rm s 
o f feeding an d  m an ag em en t costs.
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SIMULTANEOUS FLUOROMETRIC DETERMINATION OF 
VITAMINS A AND E IN SERUM

G abriella  Sá n d o r  an d  M ária Csörögi

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

(R ece iv ed  J u ly  14, 1988)

A sim ple flu o ro m etric  m e th o d  su itab le  fo r serial d e te rm in a tio n s  is re p o rte d  fo r 
s im ultaneous d e te rm in a tio n  of v ita m in s  A an d  E  in  serum .

T he so lv en ts  are p re tre a te d  chem ica lly  a n d  b y  d is tilla tio n . A fter sh ak ing  w ith  
ascorbic acid  in  e thano l, th e  v ita m in s  are  e x tra c te d  fro m  th e  serum  sam ples w ith  
p e tro leu m  e th e r . T he e x tra c t is u se d  fo r th e  d e te rm in a tio n .

T he se n sitiv ity  of th e  m e th o d  is 20 /Mg/100 m l fo r v ita m in  A an d  0.04 /tg /m l 
fo r v ita m in  E . R ecovery  ra te s  a re  b e tw een  87 an d  106% .

T he m eth o d  was te s te d  on  a  to ta l  o f 160 serum  sam ples o f h e a lth y  an im als  
belonging to  8 d ifferen t species. T h e  re su lts  show ed good ag reem en t w ith  th e  so-called  
reference v a lu es published  in  th e  lite ra tu re .

K eyw ords: S im ultaneous d e te rm in a tio n , f lu o ro m e try , v ita m in  A, v ita m in  E ,
serum .

T he im p o rtan ce  of d e te rm in in g  th e  supp ly  s ta tu s  o f  an im als w ith  th e  
e ssen tia l v itam in s  A and  E  has long  been  know n. F o r decades, co lo rim etric  
a n d  sp ec tro p h o to m etric  m ethods w ere  used  (K nobloch , 1963): these  p ro c e 
d u re s  are, how ever, laborious, t im e  consum ing , an d  req u ire  la rge  q u a n titie s  o f 
chem icals. A m a jo r ad v an cem en t w as m ad e  possible b y  u p -to -d a te  in s tru m e n ta l 
a n a ly tic  procedures such as f lu o ro m e try  an d  liq u id  ch ro m a to g rap h y . O ur 
choice fell on flu o ro m e try  w hich is sim ple, rap id , su itab le  fo r serial d e te rm i
n a tio n s , an d  m ore  sensitive th a n  a n y  o f th e  procedures used  earlier.

T h e  a n a ly tic a l lite ra tu re  c o n ta in s  som e papers on flu o ro m etric  v ita m in  
d e te rm in a tio n  in  h u m an  serum  sam p les  (H an sen  an d  W arw ick , 1978; T h o m p 
son  e t  al., 1973; D riskell e t a l., 1985). T h e  m eth o d  p re sen ted  here  is a  co m 
b in a tio n  of th ese  p rocedures. I n  o u r p rocedure  th e  o p tim u m  so lven t ra tio , 
so lv e n t q u a lity , d u ra tio n  of o p e ra tio n , an d  w aveleng ths o f fluorescence d e 
te rm in a tio n  etc . are  de te rm ined  a t  every  step  of th e  p rocedure , in  a series of 
p a ra lle l m easu rem en ts , b y  ad d in g  s ta n d a rd  v ita m in  so lu tions.
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M aterials an d  m ethods

1. Pretreatment o f  solvents, w ashing-up o f  glass tubes

(a) D istilled  w a te r  w ith  sodium  asc o rb a te : T itra te  1%  ascorbic acid 
w ith  1 N  N aO H  u n ti l  i ts  p H  reaches 4.5. U se tw ice d is tilled  w a te r  for so lu tio n  
m ak in g . Collect th e  so lu tio n  in  a glass b o tt le  th ro u g h  a glass funnel. T he 
so lu tio n  is stab le  fo r one  m on th .

(b) Ascorbic ac id  in  e th an o l: R e flu x  ab so lu te  e th an o l w ith  1 g K M n 0 4 -f- 
- f  2 g К О Н  per l itre  fo r  30 m in, th e n  d is til i t .  W hen  s to red  in  a b row n b o ttle , 
th e  so lu tion  (“ p re tre a te d  e th an o l” ) is s ta b le  fo r one m o n th .

A dd  10%  aq u eo u s ascorbic acid so lu tio n  to  th e  p re tre a te d  e th an o l to  
give a  f in a l c o n c e n tra tio n  o f  0 .1%  ascorb ic  acid.

(c) P e tro leum  e th e r :  D istil p e tro leu m  e th e r  (boiling p o in t: 40 to  70 °C). 
D isca rd  100 m l p re -d is tilla te  and  100 m l p o s t-d is tilla te  p e r litre  an d  use only  
th e  m a in  frac tion  o f  th e  d is tilla te . S to re  th e  so lu tion  in  a b ro w n  b o ttle .

(d) W ashing-up  g lass tub es and  b ro w n  b o ttle s : S oak  new  glass vessels 
in  ch rom su lfu ric  acid  a n d  used  ones in  C algon inorgan ic  d e te rg e n t or R B S 25 
so lu tio n  (F luka) o v e rn ig h t. R inse th e  b o ttle s  th o ro u g h ly  w ith  ta p -w a te r  10 to  
12 tim es , w ith  d istilled  w a te r  6 to  7 tim es, w ith  tw ice d is tilled  w a te r  4 to  5 t i 
m es, an d  w ith  p re tre a te d  ethano l tw ice, th e n  d ry  th em .

2. Preparation o f  s tandard  solutions

(a) Standard v ita m in  A  solution. A s to ck  so lu tion  o f 1 m g/m l co n cen tra tio n  
is p re p a re d , using m ea su re m e n t accord ing  to  w eigh t, in  p re tre a te d  e th an o l. 
1 IU  =  0.344 jug v ita m in  A  ace ta te . E .g . one g o f th e  oily v ita m in  A p re p a ra tio n  
(M erck) contains one m illion  IU  =  344 m g v ita m in  A a c e ta te . 50 m g pu re  
v i ta m in  A ace ta te  eq u a ls  0.1453 g oily v i ta m in  A a c e ta te  so lu tion . D issolving 
th is  in  50 ml p re tre a te d  e th an o l, a s to ck  so lu tio n  o f 1 m g/m l co n cen tra tio n  is 
o b ta in ed .

B y  d ilu ting  th e  s to c k  solu tion  w ith  p re tre a te d  e th an o l in  several steps, 
a standard working so lu tion  o f 2 /xg/ml c o n c e n tra tio n  is p rep a red . T he c o n c e n tra 
tio n  o f  th e  s ta n d a rd  w o rk in g  solu tion  can  be  checked b y  sp ec tro p h o to m e try , 
u sing  th e  following fo rm u la :

Eicm =  1561 (m easu red  in  e thano l a t  325 to  326 nm )

F ro m  th is  i t  fo llow s th a t  in  a 1-cm  c u v e tte  th e  s ta n d a rd  so lu tion  o f 2 
p g /m l co n cen tra tio n  sh o u ld  give an  e x tin c tio n  of 0.312. I f  va lues o th e r th a n  
th is  a re  ob ta ined , th e  n ew  value shall be  u sed  fo r ca lcu la tin g  th e  fin a l resu lts  
o f d e te rm in a tio n .

(b) Standard v ita m in  E  solution. F ro m  D ,L -a-to co p h ero l a sto ck  so lu tion  
o f 10 m g/m l c o n c e n tra tio n  is p repared  in  p re tre a te d  e th an o l, using  m easure-
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m en t according to  w eigh t. 1 m g D ,L -a-tocophero l =  0.68 IU . T he q u a n ti ty  
to  be m easured  o u t is ca lcu la ted  as described  in  p a ra g ra p h  (a). F ro m  th e  s to c k  
so lu tio n  a standard ivorking solution  o f 10 /ig/m l c o n c e n tra tio n  is m ade b y  
d ilu tio n  w ith  p re tre a te d  e thano l in  severa l steps. T he co n cen tra tio n  o f th is  
w ork ing  so lu tion  can  be checked b y  sp e c tro p h o to m e try :

Eicm =  7 2 -76  (m easured  in  e th an o l a t  292 nm ).

F ro m  th is  i t  follows th a t  in  a 1-cm  c u v e tte  th e  s ta n d a rd  solu tion  o f 10 
fig/m l co n cen tra tio n  shou ld  give an  e x tin c tio n  betw een  0.72 a n d  0.76. I f  va lu es  
o th e r  th a n  th is  are  o b ta in ed , th e  co n cen tra tio n  shall be c a lcu la ted  and  th e  new  
v a lu e  th u s  o b ta in ed  sha ll be used for ca lcu la tin g  th e  fin a l re su lt o f de te rm in a tio n .

T he s ta n d a rd  so lu tions shall be s to red  in  b row n  b o ttle s  in  a re frig e ra 
to r . T h e ir co n c e n tra tio n  shall he checked  on every  d a y  o f  analysis.

3. D eterm ination

T he so lu tions are  m easured  in to  15 m l cen trifuge  tu b e s  w ith  po lished  
glass stoppers.

Sample S tandard Blind

Serum  (m l) 0 .2
S ta n d ard  v ita m in  A working

so lu tion  (m l) — 1.0 —

S tan d ard  v ita m in  E  w orking
so lu tion  (m l) — 1.0 —

D istilled w a te r  w ith  sodium
ascorba te  (m l) 1.0 1 .2 1 .2

Ascorbic acid  in  e thanol (ml) 2 .0 — 2 .0

( I f  only  v ita m in  A or only v ita m in  E  is to  he m easu red , th e  “ unneces
sa ry ”  v ita m in  so lu tio n  shall be rep laced  w ith  its  so lv en t, ascorbic acid in  
e thano l).
— P lu g  th e  tu b es  a n d  shake th em  on a te s t- tu b e  sh a k e r fo r 15 s. Check th e  
tim e  w ith  a ch ro n o m ete r.
— A dd 5 m l p e tro le u m  ether.
— Shake th e  m ix tu re  v igorously  b y  h a n d  or on a te s t- tu b e  shaker. Check th e  

tim e  w ith  a ch ro n o m ete r.
— C entrifuge th e  m ix tu re  a t  1500 rp m  fo r 5 m in . S to re  th e  tub es closed, 

w rap p ed  in  a lu m in iu m  foil, an d  keep th e m  aw ay  fro m  lig h t and  heat.
— O ne m l vo lum es o f th e  u p p e r (p e tro leu m  ether) p h ase  are  used fo r th e  

m easu rem en ts. S ince in  th e  p e tro leu m  e th e r  phase  v ita m in  co n cen tra tions 
rem ain  stab le  fo r  som e days, in s tru m e n ta l m easu rem en t can  be p o stp o n ed  
a d ay  or tw o  i f  necessary .
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4. M easurem ent

A d ju s t th e  f lu o ro m e te r  (H itach i 650-10 S)

Vitamin A V itam in E

E x c ita tio n  w aveleng th  (nm ) 375 295
slit w id th  (nm ) 5 2

Em ission w av elen g th  (nm ) 480 325
slit w id th  (nm ) 8 8

Sensitiv ity 10 1

T he 375 n m  ex c ita tio n  w av e len g th  a n d  480 nm  em ission  w av elen g th  are 
su ita b le  for m easu ring  b o th  v ita m in  A  an d  v itam in  A a c e ta te .

T here  are tw o possib le  w ays o f m easu rem en t:
(a) W ith  th e  d ia p h ra g m  closed, th e  in s tru m e n t is se t to  0. T hen  th e  

d iap h rag m  is opened  an d  th e  fluorescence  values of th e  b lin d  con tro l, th e  
s ta n d a rd  so lu tion  an d  th e  te s t  sam ples a re  determ ined .

(b) One m l of th e  b lin d  co n tro l is considered 0 to  w h ich  th e  in s tru m e n t 
is se t, th e n  th e  fluorescence  values o f th e  s ta n d a rd  so lu tio n  an d  te s t  sam ples 
are  m easured .

One m l volum es o f  th e  un k n o w n  serum  sam ples a n d  s ta n d a rd  so lu tion  
a re  m easured  in  th e  sam e c u v e tte . B e tw een  th e  m easu rem en ts  th e  cu v e tte  
is th o ro u g h ly  rin sed  w ith  2 x 1  m l p e tro leu m  ether.

T he m ost p ra c tic a l w ay  of m easu rin g  is w hen th e  sam ples are f irs t  
a ssay ed  fo r one o f th e  v ita m in s , th e n , a f te r  se ttin g  th e  in s tru m e n t, th e y  are 
assay ed  fo r th e  o th e r v ita m in , using  1 m l volum es o f th e  p e tro leu m  e th e r  
phase .

5. Calculation

B y th e  m e th o d  p re se n te d  in  th is  p a p e r  th e  q u a n titie s  o f total v ita m in  A  
a n d  free v itam in  E  are  d e te rm in ed  (H an sen  and  W arw ick , 1978). A b o u t 60%  
o f th e  free v ita m in  E  is a -to co p h ero l, a n d  th e  rem ain d er is /З-tocophero l an d  
som e o th e r deriv a tiv e(s). V itam in  A a n d  E  co n cen tra tio n s are  ca lcu la ted  b y  
th e  follow ing fo rm ula :
— using  m easu rem en t (a)

v ita m in  A or v ita m in  E  (jUg/ml) =  (X  — B)
C

( S - B )
— using  m easu rem en t (b)

v ita m in  A or v ita m in  E  (/rg/ml) =
C X
——— , w here

X  =  fluorescence v a lu e  o f th e  sam ple 
В =  fluorescence va lu e  o f th e  b lind
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S =  fluorescence v a lu e  o f th e  s ta n d a rd  so lu tion  
C =  co n cen tra tio n  (yg/m l) o f th e  s ta n d a rd  w orking so lu tio n .

I n  th e  lite ra tu re  th e  q u a n t i ty  o f v ita m in  A is o ften  ex p ressed  in  gg/100 m l.

Results

Sen sitiv ity  o f  the method

F o r v ita m in  A: 20 jttg/100 m l serum  
F o r v ita m in  E : 0.04 ^g /m l se rum

Recovery rates

F o r v ita m in  A : 87 to  106%
F o r v ita m in  E : 89 to  106%
V itam in  co n cen tra tio n  an d  th e  m easured  fluorescence w ere in  a lin ea r  

co rre la tio n  in  th e  ran g e  of 0.2 to  4.0  jUg/ml fo r v itam in  A a n d  0.04 tolO .O^ig/m l 
fo r v ita m in  E .

S en sitiv ity  o f th e  m e th o d , reco v ery  ra te  and  lin e a r ity  w ere de te rm in ed  
in  severa l para lle l m easu rem en t series, b y  adding  s ta n d a rd  so lu tions o f d if
fe re n t q u a n tity  (reach ing  th e  d e te c tio n  lim it) an d  b y  sam p le  analysis. To 
avo id  leng th iness, th e se  re su lts  a re  n o t given here in  d e ta il.

A p p licab ility  o f th e  m e th o d  w as te s te d  by  d e te rm in in g  th e  v ita m in  A 
an d  v ita m in  E levels o f th e  se rum  o f a to ta l  of 160 an im als  of 8 d iffe ren t 
species. T he resu lts  are  su m m arized  below .

N um ber of 
samples

Vitamin A 
‘ (^g/MO ml)

V itam in  E

P o u ltry 33 2 8 -1 1 4 1 .6—4.7
Goose 30 2 0 -1 3 2 0.6 —4.3
C attle 13 2 0 -  52 1 .0—4.9
Swine 14 < 2 0 —0.3
Sheep 18 < 2 0 0.2 — 1.2
Horse 16 -  48 0.5 — 1.7
R a b b it 12 3 1 -  71 0 .8 — 1.7

These values do n o t d iffer m ark ed ly  from  th e  so-called  norm al va lues 
p u b lished  in  th e  l i te ra tu re .

T w enty-one of th e  33 p o u ltry  serum  sam ples a ssay ed  w ere co llected  
d u rin g  a caro tene-overdosage  ex p e rim en t. T he resu lts  o f  v i ta m in  A d e te rm i
n a tio n  re flec ted  th e  d ifference be tw een  th e  con tro l and  c a ro te n e -tre a te d  g roups 
a n d  th e  caro tene  dose fed .
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Discussion

From  th e  “ M ate ria ls  an d  m e th o d s”  section  i t  c an  be  seen th a t  len g th y  
a n d  careful p re p a ra tio n s  are needed fo r th e  d e te rm in a tio n . Since large q u a n 
t i t ie s  of th e  n ecessa ry  so lu tions can  be p rep a red  a t  a t im e  an d  only  l i t t le  is 
n eed ed  for a d e te rm in a tio n , so lvents su ffic ien t for sev era l h u n d red  d e te rm i
n a tio n s  can be o b ta in e d  b y  1 or 2 d ay s’ p re p a ra to ry  w o rk .

F lu o ro m etry  re q u ire s  ex trem ely  p u re  so lvents. C o n tam in a tin g  su b 
stan ces  p resen t in  th e  so lu tions m ay  fluoresce  or, c o n tra r ily , absorb  som e of 
th e  v itam in s’ flu o rescen ce  a t  th e  w av e len g th  of m easu rem en t, th u s  lead ing  
to  false results. In v e s tig a tio n s  in to  th is  p ro b lem  show ed t h a t  e.g. in  v ita m in  E  
d e te rm in a tio n  h ig h e r v a lu es  w ere o b ta in e d  w ith  p re tre a te d  th a n  w ith  u n tr e a t 
ed  ethano l. T he d is tilla tio n  of p e tro leu m  e th e r  is n ecessary  because th e  s team  
p ressu re  of its  l ig h t d is tilla te  frac tio n  m a y  pop ou t th e  s to p p e r, th u s  lead ing  
to  loss of m ateria l.

A ccepting th e  reco m m en d a tio n  m ad e  b y  D riskell e t al. (1985), to  th e  
e th a n o l used for e x tra c tio n  we ad d ed  ascorbic acid. T h is p rev en ts  losses due 
to  decom position  o f  v ita m in s  A an d  E  b y  e thanol.

To ensure o p tim u m  a d ju s tm e n t o f  th e  flu o ro m ete r th e  excita tio n  and  
em ission  curves o f  v ita m in s  A an d  E  w ere de te rm ined  a t  d iffe ren t slit w id th s  
a n d  sensitiv ities. T h e  m easu rem en t p a ra m e te rs  were d e riv ed  from  these d a ta . 
S ev era l m ethods u se  h e x a n e  for v ita m in  ex trac tio n . H o w ev er, in  th e  R am an  
em ission spec trum  o f h ex an e , a t  an  e x c ita tio n  of 295 n m  th e re  is an  em ission 
p e a k  a t  325 nm . S ince th e  em ission p e a k  o f  v ita m in  E  is a t  th e  sam e w av e
le n g th , for v ita m in  e x tra c tio n  we used  p e tro leu m  e th e r  w h ich  does n o t h av e  
R a m a n  em ission a t  t h a t  w aveleng th . A t an  ex c ita tio n  o f 295 n m  th e  em ission 
c u rv e  of pe tro leum  e th e r  is low er th a n  th a t  o f hexane: th e re fo re , its  increasing  
e ffec t on the  b lin d  v a lu e  is less.

The d e te rm in a tio n  itse lf  is v e ry  sim ple, rap id , h ig h ly  rep roducib le , gives 
good  recovery  ra te s , is su itab le  for seria l d e te rm in a tio n s, a n d  is m ore sensitive 
t h a n  are co n v en tio n a l v ita m in  d e te rm in a tio n s . I ts  d ra w b a c k  is th a t  serum  
v ita m in  A co n cen tra tio n s  low er th a n  20 fig/100 m l are  n o t  m easurab le . T hus, 
sev ere  v itam in  A deficiencies of c a ttle , sheep , horses a n d  sw ine are no t d e te c t
ab le  b y  th is m e th o d . A tte m p ts  w ere m ad e  to  lower th e  d e tec tio n  lim it b y  
u s in g  five- or te n fo ld  q u a n titie s  of sam ple  and  of e x tra c tio n  so lvent an d  b y  
co n cen tra tin g  th e  e x tra c t .  U n fo rtu n a te ly , th e  resu lts  w ere n o t in te rp re ta b le , 
show ed  large d ev ia tio n s  an d  did  n o t co rre la te  w ith  th e  v ita m in  q u an titie s  
a d d e d . Since v ita m in  E  h as  a m uch b ro a d e r  m easu rem en t ran g e , its  deficiency 
c a n  be m onitored  ac c u ra te ly .
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POSSIBLE APPLICATIONS OF THE 
“MANUFLEX” EXTERNAL FIXING  

INSTRUMENT IN SMALL ANIMAL SURGERY

E . Cz if f e r 1 a n d  J .  T ó th2

'D e p a r tm e n t  o f T rau m ato lo g y , C en tra l M ilita ry  H osp ita l, H -1134 B u d a p es t, R ó b e rt K á ro ly  
k r t .  44; a n d  “D e p a rtm e n t o f S u rg ery  a n d  O ph tha lm ology , 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 . 0 .  B ox  2, H u n g a ry

(R eceived  J a n u a ry  13, 1988)

A n ex te rn a l fix in g  in s tru m e n t (m in ifix a teu r ex te rn e) re ce n tly  developed fo r use 
in  h u m an s an d  m ark e te d  b y  th e  n am e  o f “ M A N U F L E X ” , i ts  accessories, possib le 
app lications a n d  fields o f in d ic a tio n  a re  described. T he a p p a ra tu s  h a s  been p a te n te d  
in  H u n g a ry  an d  an  in te rn a tio n a l p a te n t  has been applied  for.

In  th e  second p a r t  o f th e  p a p e r  th e  app lication  o f th e  e x te rn a l f ix a te u r  for 
tre a tin g  bone  frac tu re s  o f  dogs is re p o rte d , to g e th e r w ith  th e  p ra c tic a l experience 
ga ined  w ith  i t  so fa r.

As th e  clinical tr ia ls  gave fav o u ra b le  resu lts  and  since th e  in s tru m e n t is availab le  
fo r v e te r in a ry  p ra c titio n e rs  a t  a  reaso n ab le  price, M A N U F L E X  m a y  becom e a  g ap 
filling  a p p a ra tu s  in  th e  in s tru m e n ta r iu m  o f sm all an im al su rg ery .

Keywords: M A N U F L E X , e x te rn a l fix a tio n , bone  frac tu re s , sm all an im al 
su rgery .

In  recen t y ears , p a ra lle l to  th e  increase  in  th e  n u m b e r a n d  value o f sm all 
an im als , th e  need  has arisen  fo r an  an im al h ea lth  care  o f  h igher s ta n d a rd .

I n  th e  fie ld  o f sm all an im al tra u m a to lo g y  th is  reaso n ab le  need can  only  
p a r tia lly  be sa tisfied . A lth o u g h  th e  tre a tm e n t of e x tre m ita l bone frac tu re s  
o f  tra u m a tic  origin has becom e a ro u tin e  ta sk  f irs t o f  all in  th e  v e te r in a ry  
p rac tice  o f b ig  cities (B erge a n d  W esth eu es, 1969; B rin k e r e t ah , 1984; F e ll
n e r  an d  Szokolóczy, 1976; T ó th  a n d  G raf, 1983), for la c k  o f p ro p er tech n ica l 
co n d itions tre a tm e n t is o ften  re s tr ic te d  to  conserva tive  p rocedures (e.g. d if
fe re n t sp lin ts) b y  w hich  th e  desired  effect is n o t alw ays ach ieved . A p a rt from  
a few  priv ileged  in s ti tu te s , th e  in s tru m e n ta r iu m  req u ired  fo r surgical t r e a t 
m e n t o f bone frac tu re s  is u n a tta in a b le  a n d  fa r  too  expensive  for v e te rin a rian s .

A n inexpensive  e x te rn a l f ix a te u r  orig inally  developed  fo r use in  h u m a n  
h a n d  su rg ery  has recen tly  becom e com m ercially  av a ilab le  fo r sm all an im al 
p rac titio n e rs .

In  th e  f irs t p a r t  o f th e  p re se n t p a p e r  th e  ex te rn a l f ix a te u r  and  its  acces
so ry  in s tru m e n ta riu m , w hile in  th e  second p a r t  in itia l experience  gained  w ith  
th e  in s tru m e n t in  dogs are described .

M algaigne (c it. H o ffm an n , 1939) w as th e  f irs t to  re p o rt on th e  use 
o f an  ex te rn a l f ix a tio n  device in  1853. A t th e  end of th e  la s t  c en tu ry , B erenger
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a n d  F a rau d  (cit. H o ffm an n , 1939) fix ed  b one  screws d rilled  in to  th e  b roken  
en d s  p roxim al a n d  d is ta l to  th e  fra c tu re  line to  an  e x te rn a l w ooden fram e.

P arkh ill (1897) c o n s tru c te d  an  e x te rn a l fram e m ade o f  m eta l. The im 
m ed ia te  ancesto r o f  th e  p re sen tly  used  e x te rn a l f ix a te u rs  w as developed b y  
H ay n es  in  1939. T h e  e lab o ra tio n  o f com pression  possib ilities is linked  w ith  
th e  nam e of J u d e t ,  w hile C uendet co n s tru c te d  an  aim ing  device for th e  in 
s tru m e n t. The p ro ced u re  an d  in s tru m e n t recom m ended  b y  th e  AO Society  
(A rbe itsgem einschaft fü r  O steosyn thesefragen ) w ere e la b o ra te d  b y  M üller e t 
a l. (1970).

B y now sev era l d iffe ren t e x te rn a l f ix a te u rs  have  becom e know n in  h u m an  
b o n e  surgery  (H o ffm an n , 1939, 1954; Ilisa ro v , 1976; W ag n er, 1977).

Since th e  f i r s t  d esc rip tio n  o f th e  m in if ix a teu r sev era l ty p es (K esler- 
A nderson , AO, T ow er, M atev , etc .) h a v e  becom e com m ercia lly  available. I n  
H u n g a ry  H o ffm an n ’s m in if ix a te u r (H offm ann , 1939, 1954) is used m ost 
w idely .

A fter H o ffm an n ’s m odel, B ecker (1974) co n stru c ted  a n  ex te rn a l f ix a te u r  
app licab le  in  sm all an im a l p rac tice . B ush  (1977) used  an  e x te rn a l fix ing  in 
s tru m e n t for tr e a tm e n t  o f bone fra c tu re  in  b ird s . G ahring  (1980) described a 
th ree-d im en sio n a l m e th o d . H u ro f  an d  Seer (1968), L a tim e r  e t  al. (1977), Mey- 
n a rd  and  G oud ichaud  (1977), P e te rs  an d  W ildenberg  (1981) a n d  G oudichaud 
e t  al. (1982) reco m m en d ed  e x te rn a l f ix a tio n  w ith  a c ry la te  resin . H ow ever, 
no  consisten tly  good p ro ced u re  has been  rep o rted  y e t, a n d  a t  p resen t no 
e x te rn a l fix ing  device is m a n u fa c tu red  for use in  an im als.

As th e  f ix in g  in s tru m e n ts  m a n u fa c tu red  ab ro ad  fo r use in  h u m an  m ed i
cine  are h a rd  to  com e b y  an d  expensive, th e ir  use in  v e te r in a ry  m edicine 
is o u t of th e  q u es tio n . F o r  lack  o f su itab le  in s tru m e n ts , in  sm all anim als 
e x te rn a l bone f ix a tio n  is accom plished  using  a co m b in a tio n  o f K irschner w ires 
a n d  acry la te  cem en t. T h e  d raw b ack s of th is  m eth o d  are  t h a t  s ta b ility  is n o t 
p e rfec t, a fte r-co rrec tio n s, d is tra c tio n  an d  com pression  are  n o t possible, th e  
p o lym eriza tion  tim e  is r a th e r  long, an d  h a rd en in g  is accom pan ied  b y  su b 
s ta n tia l  hea t re lease. T h is h e a t is t r a n s m itte d  to  th e  b o n e ; therefo re , th e  
f ra m e  m ust be cooled.

Classical indication fie ld s  o f  external fixa teu rs

E x te rn a l f ix a tio n  devices h a d  orig inally  been c o n s tru c te d  for th e  t r e a t 
m e n t of heavily  c o n ta m in a te d , sp lin te red , com pound  fra c tu re s  accom panied  b y  
severe  in juries o f th e  so ft tissues and , occasionally , b y  loss o f  th e  soft p a r ts  
a n d  bones. N am ely , in  such  cases in te rn a l f ix a tio n  (w ith  p in n in g , w iring, p la te s  
a n d  screws) is c o n tra in d ic a te d  because o f th e  risk  of sep tic  com plications, an d  
p laste r-b an d ag e  is u su a lly  u n su itab le  for s tab le  f ix a tio n  a n d  air-dressing a t  
th e  sam e tim e. T h is h a s  re su lted  in  a g rad u a l w idening o f th e  ap p lica tion  of
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e x te rn a l bone f ix a tio n  devices. T he fie lds o f in d ica tio n  now  include ( i )  open  
frac tu re s ; ( i i )  bone an d  a rticu la r in ju rie s  com bined  w ith  sep tic  com plica
tio n s; ( i i i )  p ro longed  bone healing , sep tic  p seu d o arth ro s is ; ( iv )  a rth ro d esis ; 
(v )  o s teo to m y , o s teo p lasty ; (v i)  t re a tm e n t o f cond itions developing a fte r  u n 
successful in te rn a l f ix a tio n  a tte m p ts ; a n d  ( v i i )  n eop lastic  su rgery  an d  re s to r
a tiv e  su rgery .

The ‘’‘‘M A N U F L E X '1'’ disposable external f ix a te u r . In strum en tarium  (F ig . 1)

T he “ M A N U F L E X ” ex te rn a l f ix a te u r  consists o f sm all ex te rn a l f ix a 
tio n  sticks an d  K irsch n er w ires (1.5 to  2 m m  in  d iam eter) w hich f i t  in to  th e  
holes o f th e  stick s  (F ig . 2). In  ad d itio n , o n ly  th re e  pairs o f pliers (F ig. 3) are  
needed . W ith  th e  m odelling pliers th e  stick s  m ade of flex ib le  m eta l alloy  can  
be b e n t to  a sh ap e  corresponding  to  t h a t  o f th e  lim h . W ith  th e  c u ttin g  pliers 
th e  sticks an d  w ires are c u t to  th e  desired  size. T he p resser (F ig . 4) estab lishes 
a f irm  lin k  b e tw een  th e  w ires an d  sticks serv ing  as th e  e x te rn a l fram e.

F ram e  co n fig u ra tio n s of v a ry in g  sh ap e  an d  s tre n g th  can  be estab lished  
b y  a lte rin g  th e  n u m b er of K irschner w ires an d  th e  d irec tio n  of boring.

Fig. 1. The M A N U F L E X  In stru m en ta riu m
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F ig . 2. M A N U F L E X  sticks a n d  K irsch n er w ires belonging to  th e  e x te rn a l f ix a te u r

F ig . 3. P liers belonging  to  th e  in s tru m e n ta r iu m : m odelling pliers, c u ttin g  pliers and  p resser
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Fig. 4. Use of th e  p re sse r and  m odelling p liers

Fig. 5. H a lf  fram e configuration
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Fig. 6. S tre n g th e n ed  h a lf  fram e

F ig . 7. T r ian g u la r  o r hem ic ircu la r fram e
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Fig. 8. C ircu lar fram e

Fig. 9. W hole fram e
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Fig. 10. D ouble  h a lf  fram e

F ig . 11. D isposable co m p ress io n -d istrac tio n  a d ap te r

H a l f  fra m e  (Fig. 5)

Tw o or th re e  w ires are  drilled  in to  each  b ro k en  end  from  th e  side or in  
th e  s a g itta l p lane in  a w ay  th a t  th e  w ire ends becom e se ttle d  in  th e  co rtex  on 
th e  opposite  side. To th e  p ro tru d in g  w ire ends one M A N U F L E X  stick  or, in
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o rd er to  s tre n g th e n  th e  fram e, tw o M A N U F L E X  sticks a re  fix ed  (F ig. 6). 
T he a d v a n ta g e  of th is  f ix a tio n  p rocedure  is th a t  th e re  are  few er p erfo ra tions 
in  th e  sk in  an d  th e  r isk  o f in fec tio n  is low er. H ow ever, i t  is less s tab le  a n d  can  
he recom m ended  fo r use p rim a rily  in  an im als o f sm all b o d y  size, w eighing a 
few kilogram s.

Whole fra m e  (F ig . 9)

T h e  wires d rilled  in to  th e  bone are led  o u t on th e  o th e r en d  an d  are  fixed  
w ith  M A N U F L E X  sticks on  b o th  sides. T h is gives a f ix a tio n  w hich is m ore 
stab le  an d  has g re a te r  su p p o rtin g  pow er th a n  th e  h a lf  fram e.

S ta b ility  can  be increased  an d  ro ta tio n  p re v e n te d  b y  using  th e  follow ing 
con figu ra tions :

Double h a lf  fra m e  (F ig . 10)

Tw o h a lf  fram es p e rp en d icu la r to  each  o th e r (u su a lly  s itu a te d  in  th e  
h o rizo n ta l an d  sa g itta l  p lanes, respective ly ). S ta b ility  is fu r th e r  in c reased  b y  
connecting  th e  ends o f th e  h a lf  fram es, w hich th u s  form  a q u a r te r  circle.

Triangular o f  hem icircular fra m e  (F ig . 7)

This fram e consists o f th re e  h a lf  fram es: tw o h o rizo n ta l h a lf  fram es an d  
a sa g itta l  one. T he ends o f  th e  h a lf  fram es can  be co nnec ted  w ith  s tra ig h t 
or b e n t sticks: th u s  a tr ia n g u la r  or h em ic ircu la r co n fig u ra tio n  is o b ta in ed .

Circular fra m e  (F ig . 8).

T he c ircu la r fram e  consists o f four h a lf  fram es or tw o  w hole fram es p e r
pen d icu la r to  each  o th e r. T h e  ends are connected  b y  a c ircu la r stick .

M A N U F L E X  e x te rn a l m in ifix a teu rs  shou ld  be considered  disposable 
since th e y  suffer la s tin g  defo rm ities du ring  use. C om pression an d  d is trac tio n  
can  be accom plished  also w ith  th is  in s tru m e n t if  i t  is su p p lem en ted  w ith  a 
d isposable  com pression a d a p te r  (F ig . 11).

In  h u m an  su rg e ry  M A N U F L E X  can  be used  for tre a t in g  frac tu re s  of 
sm all tu b u la r  bones, f ir s t  o f  all in  h a n d , leg an d  p a e d ia tr ic  su rgery . A n ad d i
tio n a l in d ica tio n  fie ld  is m ax illo facial su rgery .
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M ateria ls , m ethods and  resu lts

T he “ M A N U F L E X ”  e x te rn a l f ix a te u r  was f irs t  tr ie d  o u t on 5 clin ically  
h e a lth y , 1 to  5 years  o ld , m ale  an d  fem ale dogs of 15 to  35 kg  bo d y  m ass. The 
dogs w ere an aes th e tized  w ith  0.3 m g/kg /body  m ass p ro p io n y lp ro m azin e  (Com- 
b e len , B ayer, L ev erk u sen , F R G ) an d  2 m g/kg  b o d y  m ass m e th ad o n e  h y d ro 
ch lo rid e  (D epridol), a n d  th e ir  t ib ia  a n d  f ib u la  w ere b ro k en  on one side. In  
tw o  dogs closed, w h ereas  in  th e  o th e r th re e  an im als open , frac tu re s  w ere 
p ro d u ced . The fra c tu re s  w ere alw ays accom pan ied  b y  severe in ju ry  o f th e  soft 
p a r ts .  T he b ro k en  ends w ere fix e d  w ith  a M A N U F L E X  fram e  as 
fo llow s.

T he dogs’ sh a n k  w as sh av ed  an d  th e  o p era tiv e  fie ld  w as d isinfected  and  
iso la te d  lege artis. A  2 -m m -th ick  K irsch n er w ire w as d rilled  in to  th e  p ro x im al 
b ro k e n  end. S u b seq u en tly  th e  b ro k en  ends w ere reduced , an d  a M A N U F L E X  
s tic k  c u t to  size w as f i t t e d  to  th e  w ire. A second w ire w as d rilled  in to  th e  d ista l 
b ro k e n  end th ro u g h  a hole of th e  s tick . T h is w as follow ed b y  o th e r w ires: 
as req u ired , 1 or 2 a d d itio n a l w ires w ere app lied  on b o th  ends of th e  fra c tu re . 
T h e  p ro tru d in g  (superflu o u s) ends o f th e  w ires w ere c u t o ff an d  th e  s tick  was 
com pressed  w ith  th e  presser. T h u s a f irm  lin k  w as e stab lish ed  be tw een  th e  
s tic k  and  th e  w ires. A t th e  end o f th e  o p era tio n  th e  surfaces of c o n ta c t be tw een  
th e  sk in  and th e  sp it w ere covered  w ith  a special d is in fec tan t so lu tion , w hich 
fo rm ed  a th in , ad h esiv e  film . T h is so lu tio n  w as ap p lied  o n to  th e  surface 
d a ily .

T he whole o p e ra tio n  la s ted  on ly  15 to  20 m in u te s .T h e  dogs rega ined  con
sciousness w ith o u t a n y  com p lica tio n  an d  could  alm ost im m ed ia te ly  b e a r w eigh t 
on  th e  operated  lim b .

In  th e  p o s to p e ra tiv e  stage  th e  dogs w ere k e p t in  cages b u t  w ere w alked  
on  leash  daily. No an a lg e tic s  or an tib io tic s  w ere used. T he ex te rn a l f ix a te u r  
w as rem oved from  all f iv e  dogs 8 w eeks a fte r  th e  o p era tio n . T he p o sto p e ra tiv e  
s ta g e  was u n co m p lica ted .

T he dogs u sed  th e ir  o p e ra ted  lim b  w ith o u t any  sign  of m o to r d is tu rb 
an ces. Callus fo rm a tio n  w as a lread y  w ell visib le in  rad io g rap h s  ta k e n  before 
th e  rem oval of th e  e x te rn a l f ix a te u r . P erio stea l callus w as n o t excessive, in 
d ic a tin g  th a t  th e  f ix a tio n  w as stab le . T he fra c tu re  line w as scarcely  v isib le. 
T h e  favourab le  changes o f bone trab ecu le s  also called a tte n tio n  to  th e  b en efits  
o f th is  stable b u t d y n am ic  f ix a tio n .

A fter tria ls  on ex p e rim en ta l an im als th e  in s tru m e n t w as used  on a w ide 
v a r ie ty  of clinical p a tie n ts , in  a to ta l  of 18 cases: in  12 dogs tib ia l an d  f ib u la r  
f ra c tu re s  and in  6 an im als  frac tu re s  of th e  rad iu s  and  u ln a  w ere tre a te d . F o u r 
o u t  o f  th e  18 were o pen  frac tu res . Seven frac tu res  w ere accom pan ied  b y  severe 
in ju ry  of the  soft tisu ses . T he p a tie n ts  w ere 1 to  10 years  old dogs of various 
b reed s . The f ix a te u r  w as p u t  on w ith in  48 h a fte r  th e  tra u m a .
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D epend ing  on th e  frac tu re  to  be  tre a te d , h a lf  fram es (F igs 12, 13 a n d  
14), w hole fram es (F igs 1 5 ,1 6 ,1 7  a n d  18), o r double h a lf  fram es in  so-called  
“ q u a r te r  circle”  con figu ra tion  (F igs 19, 20 an d  21) w ere used.

F ig . 13. F ix a tio n  o f th e  b ro k en  ends a f te r  re d u c tio n
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F ig . 12. R ad iograph  o f a  tib ia l f rac tu re  from  tw o sides
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Fig. 14. H a lf  fram e  fix ed  in  place

F ig . 15. R ad io g rap h  of a  w illow  fra c tu re  o f th e  t ib ia
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F igs 16 and 17. R a d io g ra p h  fro m  tw o  sides, ta k e n  a f te r  su rg e ry

Fig. 18. W hole fram e  fix ed  in  place
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F ig. 19. R ad io g rap h  of a  t ib ia l  frac tu re  fro m  tw o  sides

Fig. 20. D ouble  h a lf  fram e w ith  quarte r-c irc le  f ix a tio n  (p o sto p era tiv e  stage)
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F ig . 21. H ealed  tib ia l fra c tu re  before  rem o v a l o f th e  e x te rn a l f ix a teu r

T he p a tie n ts  w ere le t hom e im m ed ia te ly  a fte r  th e  o p era tio n . The ow ners 
w ere recom m ended  to  w alk  th e  dogs on  leash  over a perio d  of 3 weeks. R e 
covery  w as checked  w eekly or, if  necessary , even m ore freq u en tly . Dogs w ith  
open frac tu re s  a n d  severe soft tissu e  in ju rie s  received  an tib io tic s . R ecovery  
was u n co m p lica ted . In  tw o dogs w ith  severe soft tissu e  in ju rie s  a considerab le 
swelling occurred  w hich subsided  b y  p o sto p e ra tiv e  d a y  4 to  5 an d  su b seq u 
en tly  d isap p eared .

A ro u n d  8 o u t o f th e  112 K irsch n e r w ires th e re  w as s ligh t secretion . D eep 
in fec tion  or osteom yelitis  d id  n o t occur.

D iscussion

T he experience gained w ith  M A N U F L E X  on th e  5 exp erim en ta l dogs 
an d  18 clin ical p a tie n ts  is fav o u rab le . T h e  M A N U F L E X  ex te rn a l fix ing  in 
s tru m e n t is exce llen t fo r ro u tin e  su rg ica l tre a tm e n t o f bone frac tu res  o f dogs 
and  o th e r an im als o f sm all bo d y  size. I t s  use is easy  to  le a rn : opera to rs w ith  
p ro p er an a to m ica l know ledge can  p lace  i t  on easily . T h e  v a ria b ility  of m e ta l 
fram e co n fig u ra tio n s allows th e  su rgeon  to  t r e a t  d iffe ren t frac tu res  success
fu lly . T he M A N U F L E X  ex te rn a l fix in g  in s tru m e n t is lig h t, i t  does n o t o b 
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s t ru c t  th e  m o v em en t o f  in ju re d  an im als  a n d  perm its  p ro p e r t re a tm e n t o f in 
ju r ie s  o f th e  so ft tissues. I t  gives s ta b il i ty  a n d  re s t  for bone h ea lin g  an d  p e rm its  
ac tiv e  m o v em en t a t  a n  ea rly  tim e . T h e  an im als to le ra te  th e  e x te rn a l f ix a te u r  
easily .

I n  o u r experience, i t  is e x p e d ie n t to  ca rry  o u t th e  o p e ra tio n  w ith in  a 
sh o rt tim e  (possib ly  w ith in  24 to  48 h) a f te r  th e  tra u m a , since th e  success of 
th e  o p e ra tio n  g re a tly  depends on  re d u c tib ility  of th e  b ro k en  ends.

Possib le sw elling o f th e  lim b  sh o u ld  be considered w hen  th e  M A N U F L E X  
e x te rn a l f ix a te u r  is p u t  on. T h erefo re , th e  sticks should  be  p laced  a t  su ffic ien t 
d is tan ce  from  th e  sk in .

In  a d d itio n  to  i ts  ab o v e-lis ted  classical h u m an  in d ic a tio n  fie lds, th e  
e x te rn a l f ix a te u r  can  be used  in  sm all an im a l su rgery . I t  is recom m ended  fo r 
tre a t in g  fra c tu re s  o f th e  rad iu s , u ln a , t ib ia , f ib u la , m e taca rp a ls , pha langes an d  
m and ib le  in  cases w hen , fo r la ck  o f  tech n ica l an d /o r f in a n c ia l cond itions, 
th e ir  f irm  in te rn a l f ix a tio n  is im possib le  a n d  conservative  t r e a tm e n t  does n o t 
seem  prom ising .

T he a p p a ra tu s  is inexpensive  a n d  its  use is easy  to  le a rn . T h e  tim e  o f th e  
in te rv e n tio n  is 15 to  20 m in  a n d  th e  m a te r ia l costs o f th e  o p e ra tio n  are  n eg 
lig ib le. T herefo re , th e  use o f M A N U F L E X  w ould co n sid e rab ly  im prove th e  
s ta n d a rd  o f tra u m a to lo g ic a l ca re  o f  sm all anim als.
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Colonic anastom osis w as co n d u cted  in  12 calves d iv id ed  eq u ally  in to  fo u r g roups. 
F o u r su tu re  p a tte rn s , viz. single in v ers io n  (con tinuous Connell), double  inversion  (tw o 
row s o f con tin u o u s C ushing), single eversion  (con tinuous e v e rte d  m attress), double  
eversion  (single eversion  re in fo rced  w ith  sim ple con tin u o u s) w ere  u sed . In  each  an im al, 
anastom osis o f th e  sam e tec h n iq u e  w as perform ed a t  fo u r p laces. E ach  tech n iq u e  
was ev a lu a te d  in  te rm s o f c lin ical an d  gross o b se rv atio n s, lu m e n  stenosis an d  b u rs tin g  
p ressure . O bserva tions w ere m ad e  on  th e  7 th , 14 th  an d  2 8 th  d a y  a f te r  anastom osis.

N one o f th e  a n as to m o tic  tech n iq u es show ed an y  u n to w a rd  in c id en t d u rin g  th e  
28 days o f p o sto p e ra tiv e  s tu d y . S tr ic tu re  fo rm atio n  a t  th e  s ite  o f  anastom osis w as 
m in im al w ith  th e  single in v ers io n  tech n iq u e  w hereas i t  w as m ax im u m  w ith  th e  single 
eversion  tech n iq u e . P ressu re  fo r  d isru p tio n  of in te s tin a l seg m en ts  was h ig h er a f te r  
inversion  th a n  eversion  tec h n iq u es . I t  w as concluded t h a t  th e  one-layer in v ers io n  
anastom osis tech n iq u e  p ro v ed  to  be  th e  b es t am ong th e  fo u r te c h n iq u es  because ( i )  of 
i ts  red u ced  incidence of ad h esio n s; ( i i )  i t  m a in ta in s  a d e q u a te  lu m e n  d iam e te r; ( i i i )  i t  
w ith s tan d s  m ax im um  p ressu re . T h e  double lay er inversion  tec h n iq u e  was conceded 
to  be th e  second b es t choice fo r colonic anastom osis follow ed b y  th e  double eversion  
an d  single eversion  tech n iq u es.

K eyw ords: Colonic an asto m o sis , calf, su tu re  p a tte rn s , ex p erim en ta l s tu d y .

V arious a lte ra tio n s  o f co lon , viz. o b stru c tio n , seg m en ta l ap lasia , d iv e r ti
cu lu m , abscessation , adhesions, neop lasia , vo lvu lus a n d  in ca rce ra tio n  req u ire  
re sec tio n  an d  anastom osis o f th e  affected  p o rtio n  of th e  colon (H orney  an d  
W allace, 1984). P erusa l o f l i te ra tu re  in d ica ted  in te s tin a l leak ag e , w ound  d e 
h iscence an d  stenosis as p e rp lex in g  com plications o f d iffe re n t en te ro -an as to - 
m o tic  techn iques. T herefore, ev e ry  a tte m p t is d irec ted  to  m in im ize these  com 
p lica tio n s besides evolving a sim p le  su tu re  p a tte rn  w hich is less tim e  consum ing  
a n d  resu lts  in  m in im al fib rosis w ith  f irs t  in te n tio n  healing . I n  bovines, because 
o f  th e  la rg e r d iam ete r o f lu m e n , poo rer v ascu la riza tio n , p resence o f faecal 
lo ad  w ith  a h igher n u m b er o f m icroorgan ism s in  th e  colon as com pared  to  th e  
sm all bow el, a p a rtic u la r  su tu re  p a t te rn  is y e t to  be e v a lu a te d  for th e  colonic 
apposition .

K eeping  in  view  th e  sign ificance of th e  prob lem  a n d  p a u c ity  o f w ork  
av a ilab le  on th is  aspect, an  ex p e rim en ta l m odel of fo u r d iffe ren t techn iques 
fo r colonic anastom osis w as developed  and  resu lts  w ere ev a lu a ted  in  te rm s 
o f  clin ical an d  gross o b se rv a tio n s, b u rs tin g  pressure  a n d  lu m in a l stenosis o f 
colonic anastom osis site.

* to  w hom  re p rin t requ ests  sh o u ld  be  addressed
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M aterials an d  m ethods

T he p resen t s tu d y  w as co n d u cted  on tw elve  h e a lth y  cow  calves of 1 to  
1 1/2 years of age. T h e  calves w ere dew orm ed one w eek p r io r  to  th e  experim en t 
a n d  w ere k ep t u n d e r  s im ila r m an ag em en ta l an d  feeding con d itio n s th ro u g h o u t 
th e  experim en t. T hese  an im als  w ere d iv id ed  equally  in to  tw o  m ain  groups. 
T h e  anim als w ere fu r th e r  su b -g rouped  (th ree  in  each) acco rd in g  to  th e  in ten d ed  
en te ro -anas tom osis te c h n iq u e .

The anim als w ere k e p t o ff feed an d  w a te r  for 24 h  befo re  su rgery . T hey  
w ere  contro lled  in  le f t recu m b en cy  u n d e r sed a tio n  w ith  6 %  ch lo ra l h y d ra te , 
a n d  th e  rig h t p a ra lu m b a r  fossa was p rep a red  for asep tic  su rg e ry . T he abdom en 
w as  en te red  th ro u g h  a lin e a r  incision  u n d e r  local in f il tra tio n  o f 2%  lignocaine 
h y d ro ch lo rid e . A colon seg m en t w as ex te rio rized  an d  covered  using  sponges 
so a k e d  in  saline so lu tio n . T he co n ten ts  o f th e  loop w ere d ig ita lly  m assaged 
a n d  tw o s tra ig h t in te s t in a l  forceps w ere p laced , i.e., one on  e ith e r  side o f th e  
p ro p o sed  surgical s ite . T h e  in te s tin e  w as th e n  sh a rp ly  tra n se c te d  w ith o u t in 
cising  th e  arcade  vessels. A nastom osis w as p erfo rm ed  w ith  3/0 silk  using 
in v ers io n  or eversion  su tu re  p a tte rn s  (T able I) . T he sam e ty p e  o f anastom otic  
te c h n iq u e  was re p e a te d  a t  th re e  m ore sites d is ta l to  th e  p rev io u s one a t  a p 
p ro x im a te  in te rv a ls  o f 30 cm . T he ex te rio rized  colon sec tions w ere rinsed  w ith  
w a rm  saline so lu tio n  a n d  rep laced . T h e  abd o m in a l incision  w as th e n  closed in  
th e  ro u tin e  m anner.

T he calves w ere allow ed to  ta k e  food (soft green) a n d  w a te r  ad lib itum  
12 h  a fte r  surgery . P o s to p e ra tiv e  m ed ica tion  com prised  p a re n te ra l  a d m in is tra 
t io n  o f O xytetracycline, В -com plex  an d  analg in . A n tisep tic  d ressing  of th e  skin 
w o u n d  was perfo rm ed  da ily .

Table I

D etails o f colonic anastom osis

Group A nastom otic
technique Suture p a ttem

No. of 
anastomoses

I Inversion
(6) (i) Single lay e r (3) Continuous Connell’s as described  by  

L arson  and  Bellenger, 1974 12
(И) D ouble la y e r  (3) Continuous Cushing as described b y  

R einertson , 1976 12

I I E version
(6) (i) Single lay e r (3) Continuous m attress  as described by  

K u m ar an d  Singh, 1971 12
(ü) D ouble lay e r (3) C ontinuous m attress  followed b y  sim ple

continuous as described b y  K u m a r and 
Singh, 1971

12

In  parentheses: n u m b er o f anim als
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E v a lu a tio n  of clinical s ta tu s  in c lu d ed  m o n ito rin g  o f  re c ta l te m p e ra tu re , 
h e a r t  r a te ,  re sp ira to ry  ra te , d efaeca tio n  a n d  general co n d itio n  o f th e  an im al 
th ro u g h o u t th e  period  of s tu d y .

T h e  an im als su b jec ted  to  th e  sam e an as to m o tic  te c h n iq u e  (Table I) w ere 
e u th a n a tiz e d  by  ca ro tid  a r te ry  b leed ing  on th e  7 th , 1 4 th  an d  2 8 th  d ay  a f te r  
su rg e ry , respective ly . T he in te s tin a l m ass w ith  th e  an asto m o tic  sites w as 
rem o v ed  an d  k ep t in  no rm al saline so lu tio n  fo r th e  stu d ies .

G ross observations inc luded  in fo rm a tio n  on th e  ( i )  co n d ition  of o m en tu m  
a n d  m esen te ry ; ( i i )  adhesions o f th e  an as to m o tic  s ite  w ith  th e  ad jacen t tissu es; 
( i i i )  leak ag e  of in g esta , presence o f p us or p e r ian as to m o tic  abscess; ( iv )  a n y  
o th e r  in tra a b d o m in a l lesions such  as h aem a to m a , h aem o p erito n eu m  or p e r i
to n itis .

L u m in a l stenosis

Colon pieces o f 15 cm  len g th , w ith  th e  a n as to m o tic  site  a t  th e  cen tre , 
w ere re sec ted . T he c u t ends w ere t ie d  t ig h tly  an d  b a r iu m  su lp h a te  suspension  
w as in fu sed  in to  th e  lum en  w ith  a syringe u n til  th e  specim en expanded . T h e  
ra d io g ra p h s  w ere m ade a t  55 К У Р , 10 MAS and  90 cm  F F D . T he p e rcen tag e

of lu m in a l stenosis w as ca lcu la ted  b y  th e  fo rm ula  100 1
2A

B +  C
, w here “ A ”

s ta n d s  fo r th e  w id th  o f th e  su tu re  line, an d  “ B ”  a n d  “ C”  for th e  w id th  
m easu red  2 cm p ro x im al an d  d is ta l to  th e  su tu re  line , respective ly , on  th e  
ra d io g ra p h .

B u rstin g  pressure

A fte r  ta k in g  b a riu m  rad io g rap h s , one end  o f th e  te s t  in te s tin a l segm ents 
w às u n tie d  an d  b a riu m  su lp h a te  w as w ashed  aw ay . T h e  o pen  end  w as co n n ec ted  
to  a m ercu ry  m an o m ete r th ro u g h  a p o ly th en e  tu b e  a n d  a th ree  w ay  can n u la  
(F ig . 1). T he te s t  segm en t in  th e  co llapsed  s ta te  w as im m ersed  in  w a te r  an d  
th e n  g rad u a lly  in f la te d  b y  in jec tin g  a ir  w ith  a syringe. T h e  b u rs tin g  p ressu re  
w as n o te d  on th e  m ercu ry  m an o m e te r th e  m o m en t an  a ir  leak  ap p eared  or th e  
in te s tin a l te s t  segm ent h u rs t n e a r  th e  an as to m o tic  site .

Control studies

B u rstin g  pressure  s tud ies w ere co n d u c ted  on  a n o rm a l colon loop ta k e n  
fro m  th e  sam e an im al w hich w as su b jec ted  to  anastom oses. E ach  ex p erim en ta l 
an im a l served  as its  ow n co n tro l an d  th e re b y  co n tro l s tu d ies  on a se p a ra te  
g roup  o f an im als w ere avoided .
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I

Fig. 1. B u rstin g  p ressu re  device

R esu lts

C lin ica l and gross observations

A ll th e  calves passed  faeces w ith in  24 h  a fte r  su rgery . T h e  faeces was 
o f  n o rm a l consistency  th o u g h  one an im a l from  th e  double  eversion  g roup  
sh o w ed  blood in  th e  faeces on th e  th ird  post-su rg ica l day . N one o f th e  an im als 
sh o w ed  signs of in te s tin a l o b s tru c tio n  an d  to o k  feed and  w a te r  n o rm ally  d u rin g  
th e  perio d  of ob se rv a tio n s. A rise in  b o d y  te m p e ra tu re  w as observed  on  th e  
3 rd  o r 4 th  p o s to p e ra tiv e  d ay  in  all an im als. In  an im als o f th e  eversion  group  
th is  con tin u ed  even  u p  to  th e  10th  d ay . T he h e a r t  and  re sp ira to ry  ra te s  w ere 
w ith in  th e  no rm al ran g e  in  all an im als th ro u g h o u t th e  perio d  o f o b se rv a tio n .

Gross lesions observed  a t  th e  tim e  o f sacrifice inc luded  a n  in flam ed  om en
ta l  su tu re  line in  all th e  anim als a t  7 day s a fte r  th e  anastom oses. B o th  th e  
o m e n ta l layers, th o u g h  adhered  to  each  o th e r, w ere sep arab le  b y  slig h t pu lling  
a t  14 days. T he o m en ta l layers w ere fo u n d  alm ost n o rm al a t  28 days a fte r  
su rg e ry .

T he sites o f anastom oses ad h ered  to  th e  a d jacen t loops o f colon, o m en tu m  
a n d  m esen tery . T h e  p o sto p era tiv e  adhesions observed  in  an im als  o f th e  dif
f e re n t  groups w ere g rad ed  b y  sev e rity  from  — to  +  +  +  +  (T able I I ) .

A t 7 days a f te r  su rgery , adhesions w ere severe w ith  th e  eversion  te c h n i
q u e  a n d  could be sep a ra te d  only  b y  scissors. A dhesions w ere s c a n ty  in  single 
in v ers io n , while in  th e  double inversion  tech n iq u e  th e y  w ere slig h tly  m ore 
n u m ero u s  and  could  be b roken  b y  f in g e rtip s . M axim um  adhesions w ere n o ted  
w ith  th e  om enta , m esen te ry  an d  a d ja c e n t loops of colon w ith  th e  single eversion

Acta Veterinaria Hungarica 37, 1989



COLONIC ANASTOMOSIS IN CALVES 171

Table П

P o sto p era tiv e  adhesions

Technique
Days after surgery

7 14 28

Single layer inversion + _ _
D ouble layer inversion + + + +
Single lay er eversion +  +  + +  +  +  + + + +
D ouble layer eversion + + + + + + + + +

( —) negligible adhesions 
(4* +  +  + )  m axim um  adhesions

te ch n iq u e  a t  14 days. These adhesions could  only be severed  b y  scissors. 
A dhesions w ere negligible in  single inversion  b u t  scarce an d  f ib ro tic  in  double 
inversion  tech n iq u e  a t th a t  tim e . B y  d ay  28 th e  eversion tech n iq u e  h a d  elicited  
f ib ro tic  adhesions m ain ly  w ith  th e  a d ja c e n t loops of colon. In  an im als o p e ra ted  
on  b y  inversion  techn ique, f ib ro tic  th read -lik e  an d  easily  separab le  adhesions 
w ere seen on ly  a fte r  th e  doub le  inversion  techn ique .

F ib rous tissu e  reaction  w as observed  grossly in  an im als o f  a ll groups 
ex cep t in  th e  case of th e  single la y e r  inversion  techn ique . W hen  b re a k in g  th e  
adhesions, caseous m ateria l w as in fre q u e n tly  n o ted  in  eversion te c h n iq u e  on 
th e  7 th  and  14 th  d ay  a fte r su rg e ry . T he presence of in sp issa ted  p u s  betw een  
tw o  su tu re  lines of th e  double  lay e r inversion  tech n iq u e  was o b serv ed  a t  28 
d ay s a fte r anastom osis.

B u rstin g  pressure ( m m H g )

B u rstin g  pressure stud ies follow ing d iffe ren t an asto m o tic  te c h n iq u e s  on 
colon (Table I I I )  showed an  increase  in  b u rs tin g  pressure  w ith  tim e . A 
s teep  increase w as noticed from  d a y  7 up  to  d ay  14 a fte r  su rg ery  irre sp ec tiv e  
o f  th e  tech n iq u e  used. H ow ever, a su b s ta n tia l increase w as o bserved  w ith  th e  
single lay er te ch n iq u e , b u t n o t w ith  th e  double  lay e r tech n iq u es, fro m  d a y  14 
u p  to  day  28 (F ig . 2). The ru p tu re  of colon to o k  place a d ja c e n t to  th e  su tu re  
line  on d ay  7 w ith  all tech n iq u es  ex cep t th e  single lay er in v e rsio n  w here 
i t  w as no ticed  ju s t  aw ay fro m  th e  su tu re  line. A t su b seq u en t in te rv a ls  
ru p tu re  was observed  aw ay from  th e  an as to m o tic  site  in  all th e  tech n iq u es .

L u m in a l stenosis

The degree of stenosis in  d iffe ren t colonic an asto m o tic  te ch n iq u es  (Table 
IV  an d  Figs 3, 4, 5, 6) show ed t h a t  s tr ic tu re  a t  th e  an asto m o tic  s ite  decreased  
a n d  increased  in  in v ertin g  an d  e v e rtin g  tech n iq u es, re spec tive ly , w ith  tim e .
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Ш 7 days 
И  14 days 
Ш 28 days 
П  Control

Single inversion (SI)  
Single eversion (SE) 
Double inversion (Dl) 
Double eversion ( DE)

F ig . 2. Techniques o f colonic anasto m o sis

Table III

B u rstin g  pressure (m m  H g) o f colon segm ents following d iffe ren t anastom otic  techniques in  cow
calves (m ean i  SD)

T echnique Contro 1
Days after surgery

7 14 28

Single inversion 
Single eversion 
D oub le  inversion 
D ouble  eversion

257 .50± 23 .57
2 3 9 .5 0± 36 .38
2 5 5 .50± 17 .46
2 4 2 .5 0± 27 .19

1 3 7 .00± 5 .77  
111.5 0 ^ 1 1 .5 9  
134.50±17.31 
124 .00±  10.95

166 .00±15 .92
144 .50±19 .28
169 .50±12 .48
162 .50±15 .86

186 .25±16.42
162 .50±19.82
175 .00±27 .20
165 .00±15 .70

Table IV

L um inal stenosis (p e rcen tag e  constriction on th e  average) a t  th e  anastom otic  site

Technique
D ays after surgery

7 14 28

Single in v ers io n 50.00% 32.39% 27.02%
Double in v ers io n 65.11% 55.50% 57.50%
Single eversion 50.00% 59.37% 67.90%
Double eversion 38.23% 37.00% 57.50%
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O n d a y  7, stenosis in  th e  bow el a t  th e  su tu re  line w as m in im um  in  doub le  ev er
sion followed b y  th e  single eversion an d  in v ersio n , an d  double inversion  
tech n iq u e . M axim um  lu m en  o f th e  in te s tin a l seg m en t a t  th e  a n as to m o tic  site  
w as observed  in  single in v ersio n  follow ed b y  doub le  eversion , double  in version  
an d  single eversion te c h n iq u e  on d ay  14 o f o b se rv a tio n . S tudies on  th e  2 8 th  
post-su rg ica l d ay  show ed  m in im al in te s tin a l s tr ic tu re  fo rm a tio n  in  single in 
version  followed b y  doub le  eversion and  in v ersion , a n d  single eversion .

F ig. 3. B ariu m  rad io g rap h s  o f an astom osed  colon (single in v ers io n  tech n iq u e) m ad e  a t  d a y  7
(a), 14 (b) a n d  28 (c)

F ig . 4. B arium  rad io g rap h s  o f  an astom osed  colon (double  in v ers io n  tech n iq u e) m ad e  a t  d ay  7
(a), 14 (b) a n d  28 (c)
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F ig . 5. B arium  rad io g rap h s o f  anastom osed  colon (single eversion  tec h n iq u e) m ad e  a t  d a y  7
(a), 14 (h ) and  28 (c)

F ig . 6. B ariu m  rad io g rap h s o f an astom osed  colon (double  eversion  tech n iq u e) m ad e  a t  d a y  7
(a), 14 (b ) an d  28 (c)

D iscussion

Clinical o b serv a tio n s of all th e  calves led  one to  assum e th e  p rac tica l 
p o ss ib ility  of all th e  an as to m o tic  tech n iq u es  on  th e  colon of ru m in a n ts . H ow 
ev er, th e  gross find ings p re sen t a d iffe ren t p ic tu re  in  th e  p re sen t in v es tig a tio n .

R ise in  body  te m p e ra tu re  n o te d  on days 3—4 a fte r  su rg e ry  suggested  
lea k a g e  a t  th e  an as to m o tic  site  an d  su b seq u en t p e rito n ea l in fec tio n . Jo h n so n  
e t al. (1983) suggested  th a t  reduced  s tre n g th  of th e  g u t w all d u rin g  th e  f irs t 
th re e  days m ight be responsib le  fo r th e  leakage. H ow ever, th e  b o d y  te m p e ra 
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tu re  o f an im als w ith  ev ertin g  anastom oses co n tin u ed  to  rise beyond  th e  10 th  
p o st-su rg ica l d ay  due to  th e  presence o f b a c te ria -r id d e n  c ry p ts  as a c o n s ta n t 
source o f  p e rito n ea l in fec tion  (R a v itc h  e t al., 1967; R e in e rtso n , 1976; S ingh  et 
al., 1979a an d  1985).

U nlike  ex tensive  adhesions observed  in  eversion  tech n iq u es, neglig ib le 
adhesions w ere n o ted  in  th e  single in v ersio n  tech n iq u e  w hich could be ex p la in ed  
in  te rm s  of good ap p o sitio n /a lig n m en t of th e  severed  ends of in te s tin e s  
(D ean  a n d  R obertson , 1985), an d  absence of su tu re  m a te ria l from  th e  exposed  
p e rito n e a l surface (D ean  e t al., 1985). O n th e  c o n tra ry , th e  presence o f m ore  
adhesions m ay  be a t tr ib u te d  to  th e  ex ten siv e  tra u m a  o f th e  g u t w all (S h arm a  
e t a l., 1976) as well as to  a m ore expressed  in f la m m a to ry  response (O rr, 1969), 
p a r tic u la r ly  in  th e  areas of b a c te ria l c o n ta m in a tio n  (P eacock , 1984). T hese 
adhesions, how ever, receded  w ith  th e  passage of tim e , ow ing to  th e  deve lop 
m e n t o f  fib rosis (S ingh e t a l., 1976) an d /o r sh rinkage  of th e  adhesions 
(A bram ow itz  and  B u tch er, 1971). A bscess fo rm a tio n  follow ed b y  leakage or 
w ound  d is ru p tio n  was observed  m ore freq u en tly  in  eversion  techn iques. T h is 
can  be exp la ined  b y  th e  presence o f in fec tion  a t  th e  w ound  site  d u rin g  th e  
f ir s t  few  day s a fte r su rgery  rep resen tin g  lag  phase  (W ise e t al., 1975; H e rm a n n  
e t a l., 1964; H aw ley  e t al., 1970). F aeca l load ing  m ay  be a fac to r c o n tr ib u tin g  
to  leakage  (S m ith  e t al., 1983) an d  su b seq u en t peribow el abscessation . H ow 
ever, no  such  leakage a t  th e  an as to m o tic  site  could  be observed  w ith  th e  single 
lay e r in v e rsio n  tech n iq u e  due to  b e tte r  ap p o sitio n  an d  healing  of in te s tin a l 
c u t ends (B ronw ell e t al., 1967). H ow ever, th e  presence of pus in  double la y e r  
in v ersio n  a t  28 days a fte r  anastom osis w as in d ica tiv e  of leakage an d  se ttin g  of 
focal in fec tio n  during  th e  early  p o s to p e ra tiv e  days.

T h e  inversion  tech n iq u e  w as in v a ria b ly  s tro n g e r th a n  th e  eversion  
te c h n iq u e  a t  all tim es of o b se rv a tio n  w hich  w as ev id en t from  th e  increase  in  
b u rs tin g  p ressu re . M axim um  b u rs tin g  p ressu re  observed  be tw een  p o s to p e ra tiv e  
d a y  7 an d  14 in  th e  p resen t s tu d y  m a y  be a t t r ib u te d  to  syn thesis  o f new  col
lagen  d u rin g  th is  period  (H errm an n  e t al., 1964; C ronin  e t al., 1968; B one e t a l.,
1983). C onversely, th e  decrease in  b u rs tin g  p ressu re  in  eversion  tech n iq u e  m ay  
be ascribed  to  m icroabscessation , in fec tion , m ore exposed  m ucosa, increased  
adhesions an d  lesser collagen syn th esis  (Leob, 1967; I rv in  an d  Coligher, 1973; 
H aw ley , 1970). M oreover, m ore in ju ry  to  colon w all occurred  w hen  th e  tw o- 
lay e r te c h n iq u e  was used  an d  th is  increased  th e  collagenase a c tiv ity  in  th e  
g u t (H aw ley  e t al., 1970). I t  is be lieved  b y  M adsen (1953) th a t  excessive tissu e  
re a c tio n  a ro u n d  th e  su tu res  re su lted  in  a gross w eaken ing  of th e  su rro u n d in g  
tissues. T h is p ro b ab ly  explains w h y  th e re  w as low er b u rs tin g  p ressu re  on 
p o s to p e ra tiv e  day  28 in  th e  double la y e r  tech n iq u es as com pared  to  th e  single 
inversion  techn ique .

L u m in a l stenosis o f bow el a t  all an as to m o tic  sites w as m ore expressed  
in  th e  eversion  tech n iq u e  as com pared  to  th e  inversion  tech n iq u e . T his could
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b e  ex p la in ed  b y  ad h esio n  fo rm atio n  a f te r  eversion . A dhesions a t  th e  a n a s to 
m o tic  s ite  o b s tru c t th e  ex p ansion  o f bow el an d  sh rin k  w ith  tim e  (S ingh e t al., 
1985) th e re b y  red u c in g  th e  lum en  o f bow el a t  th e  su tu re  line. I n  in v e rtin g  
te c h n iq u e s , sloughing o f th e  in te rn a l cu ff  (R e in e rtso n , 1976), red u ced  oedem a 
o f th e  bow el an d  g rad u a lly  decreased  p r im a ry  in fla m m a to ry  response  (G etzen 
e t  a l., 1966) m ig h t be  th e  causes of decreased  stenosis o f th e  an astom osed  
seg m en t. H ow ever, a f te r  double in v ersio n  a th ick en ed  m u ra l f ib ro tic  b an d  
w as observed  an d  th a t  m ig h t h av e  re su lte d  in  lum en  stenosis a t  d ay  28 as 
also  re p o rte d  b y  R e in e rtso n  (1976). In  th e  p re se n t s tu d y , stenosis a t  th e  su tu re  
lin e  w as m ore expressed  in  all an as to m o tic  tech n iq u es as co m p ared  to  prev ious 
s tu d ie s  b y  Singh e t al. (19796, 1980, 1985) on th e  sm all bow el o f ru m in a n ts . 
T h is  m ig h t he due to  d ifferences in  th e  h is to lo g y  o f colon, chronic in f la m m a to ry  
re sp o n se , p u rse -s trin g  effect o f th e  co n tin u o u s  su tu re  p a t te rn  an d , of course 
sk ill o f  th e  surgeon w hich , in  tu rn , need  d e ta iled  con firm ations.

To sum  u p , th e  sing le-layer in v e rsio n  tech n iq u e  o f su tu r in g  w as found  
to  b e  superio r to  o th e r  tech n iq u es fo r colon anastom osis.
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CHANGES IN BLOOD PLASMA BIOCHEMISTRY OF 
CHICKEN EMBRYOS EXPOSED TO VARIOUS PESTICIDE

FORMULATIONS

I .  M. Somlyay an d  L. E . Várnagy

U n iv e rs ity  o f A gricu ltu ra l Sciences, K e sz th e ly , In s t i tu te  for P la n t  P ro te c tio n , D e p a rtm en t o f 
A grochem ical H y g ien e, H-8361 K esz thely ,

P . O. B o x  71, H u n g a ry

(R eceived  J u ly  7, 1988)

W ofatox  50 EC (m e th y lp a ra th io n  50% ), N evifosz 50 EC  (p h o sm e th y lan  50% ), 
K olfugo 25 F W  (carbendazim  2 5 % ) a n d  D ikam in  D (2 ,4 -D  4 0 % ) p estic ide  fo rm u la 
tio n s  were used  as te s t  m a te ria l. T h e  in cu b a ted  ch icken  eggs w ere d irec tly  exposed 
to  th e  app lied  pestic ides w ith  in je c tio n  in to  th e  a ir cell. B lood sam ples w ere o b ta in e d  
a n d  som e p lasm a p a ram ete rs  inc lu d in g  p ack ed  cell volum e (PCV ), to ta l  p ro te in , glucose, 
cho lestero l, a sp a rta te  a m in o tran sfe ra se  (AST), la c ta te  deh y d ro g en ase  (L D H ) an d  
p la sm a  pseudocholinesterase  (P C h E ) a c tiv itie s  w ere e v a lu a ted . A lth o u g h  th e  m o rta lity  
r a te  ob ta in ed  for th e  tre a te d  an d  co n tro l groups d id  n o t  d iffer, th e re  w ere s ign ifican t 
changes in  p lasm a  b io ch em istry  in  re la tio n  to  pestic ide  tre a tm e n t.

The p re sen t p a p e r a tte m p ts  to  he lp  those  u n d e rta k in g  em bryolog ical an d  te ra to -  
log ical stud ies on  av ian  em bryos exposed  to  pestic ides in c lu d in g  s tu d ies  on  changes 
o ccurring  in  certa in  p lasm a  p a ram e te rs .

K eyw ords: B lood p lasm a  p a ra m e te rs , ch icken em bryology , pesticides.

T h e  exposure o f h a tch in g , n e s tlin g  b ird s to  d iffe ren t pestic ide  fo rm u la 
tio n s  causing  losses in  th e ir  p o p u la tio n  is a co n tinu ing  p rob lem . R ecen tly  
th e re  h a s  been an  increase in  ex p e rim en ta l d a ta  on b iochem ical an d  liaem a- 
to lo g ica l effects ex e rted  b y  p estic id e  on b ird s (H enderson  a n d  K itos, 1982; 
G rue a n d  Shipley, 1984; H o ffm an  e t ah , 1984; H offm an  e t ah , 1987; S m ith  
e t ah , 1986; R a ttn e r  e t ah , 1987). A  w ide v a r ie ty  o f b ird  species is availab le  
fo r th e se  env iro n m en ta l tox ico logy  s tu d ies , e.g. m alla rd , ch icken , p h e a sa n t, 
qu a il, k e s tre l and  heron . The basic  a im  o f m ost o f th ese  s tu d ies  has been  to  
e v a lu a te  possible haza rd s  c o n s titu te d  b y  chem ical p e s t c o n tro l to  b ird s an d  
to  g e t m ore  de ta iled  in fo rm a tio n  on  its  biochem ical an d  physio logical con
sequences.

T h is co m p ara tiv e  s tu d y  using  developing  ch icken em bryos m ay  shed  
som e l ig h t on changes occurring  in  p lasm a  p a ram e te rs  a f te r  d irec t exposure 
o f ch ick en  em bryos to  th e  p estic ides app lied .
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M aterials an d  m ethods

F ertile  ch icken (S h a v e r S tarcross 288) eggs fro m  th e  h a tc h e ry  of th e  
A g ric u ltu ra l C om binate  o f  B oly  were used . As te s t m a te r ia l th e  follow ing p e s ti
cides w ere applied : W o fa to x  50 EC (50%  m e th y lp a ra th io n ; Y E B  Chemie 
K o m b in a t, B itte rfe ld ), N evifosz 50 ЕС (50%  p h o sm e th y lan ; N E V IK I, Vesz
p ré m ), K olfugo 25 F W  (25%  carbendazim , C hinoin P h a rm a c e u tic a l an d  Che
m ica l W orks, B u d a p e s t) , D ikam in  D (40%  2,4-D , N itro k ém ia  In d u str ie s , 
B a la ton fűzfő ).

C andled fertile  eggs were assigned to  one co n tro l an d  th re e  tre a te d  
g ro u p s  p e r te s t  m a te r ia l  (Table I) an d  in c u b a te d  in  a R ag u s ty p e  in cu b a to r 
u n d e r  op tim um  e n v iro n m e n ta l cond itions (K iss, 1977). T h e  pestic ides w ere 
em ulsified  in  w a te r a n d  d ilu te d  to  th ree  d iffe ren t dose levels of w hich  th e  in te r 
m e d ia te  levels co rresp o n d ed  to  co n cen tra tio n s  used  in  th e  p rac tice  o f p la n t 
p ro te c tio n . Pestic ide  em ulsions w ere ad m in is te red  b y  a single in jec tio n  in to  
th e  a ir  cell in  a v o lu m e  o f 0.1 m l/egg on  th e  15 th  d a y  o f  in cu b a tio n . C ontrol 
eggs received th e  sam e vo lu m e of d istilled  w ate r.

T he applied in je c tio n  ro u te  was n o t  h azard o u s fo r th e  developing  em bryo  
a n d  enab led  precise dosing . B lood sam ples w ere o b ta in ed  from  chicken  em bryos 
on  th e  19th  day  of in c u b a tio n . F o r th is  p u rpose  eggs w ere cand led  to  determ ine  
th e  position  of th e  ch o rioa llan to ic  vessels an d  a sm all opening  w as m ade. 
A n  exposed ch o rio a llan to ic  vein  was n icked  and  a h ep a ran ized  cap illa ry  tu b e

Table I

T erato log ical study  of W o fa to x  50 EC, Nevifosz 50 EC, Kolfugo 25 F W  and  D ikam in  D in
chicken em bryos

D ose,
Jd/kg
e6g

T reat
m ent

Evalu
ation

N um ber
o f

fertile
eggs

evalu
ated

Egg w eight, 
g ( Ü S D )

F e ta l w eight, 
g ( ï± S D )

N um ber of 
deformed 

fetusesday of incubation

C ontrol 0.00 15 19 20 53 .5 5 ± 3 .2 2 3 .78± 1 .80 0

W o fato x  50 EC 0.55 15 19 15 5 4 .8 0 ± 2 .9 2 3 .2 8 ± 3 .4 0 0
( m eth y lpara th ion 5.50 15 19 17 5 4 .2 0 ± 2 .9 24 .48± 2 .60 3
50% ) 55.00 15 19 18 55 .2 0 ± 3 .7 25 .48± 2 .52 5

N evifosz 50 EC 0.55 15 19 17 58 .70± 3 .1 2 2 .6 4 ± 1 .9 4 0
(phosm ethylan 5.50 15 19 18 55 .1 0 ± 2 .7 2 4 .0 0± 1 .90 2
50% ) 55.00 15 19 14 53 .5 0 ± 2 .6 2 2 .5 0± 1 .84 4

K olfugo 25 FW 0.55 15 19 20 55 .1 0 ± 1 .3 24.47 ± 3 .2 0 0
(carbendazim 5.50 15 19 20 54 .5 0 ± 1 .3 2 1 .8 0 ± 2 .2 0 0
25% ) 55.00 15 19 20 53 .0 0 ± 1 .5 24 .00± 3 .40 2

D ik am in  D 1.80 15 19 15 5 2 .6 6 ± 1 .7 2 5 .9 0± 1 .60 0
(2,4-D 18.00 15 19 12 51 .7 0 ± 3 .2 2 2 .5 3± 4 .10 1
40% ) 180.00 15 19 14 51 .8 3 ± 3 .5 2 3 .80± 3 .10 2
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was filled  w ith  b lood  (H offm an  an d  R am m , 1972). A fte r c e n tr ifu g a tio n  an d  
sep a ra tio n  of b lood  p lasm a, glucose c o n cen tra tio n  w as m easu red  in  a glucose 
analysis sy stem  (Z ender, 1963). T h e  p lasm a  cho lestero l co n c e n tra tio n  (W atso n , 
1960), A ST (K arm en , 1955), L D H  (B ahson  an d  P h illip s, 1965), an d  p seu d o 
cho linesterase (PC hE ) ac tiv itie s  (E llm an  e t ah , 1961), an d  p lasm a  to ta l  p ro te in  
(C hrom y an d  F ischer, 1977) levels w ere d e te rm in ed .

A t au to p sy  all eggs w ere opened  and  ex am in ed  fo r gross lesions an d  fe ta l 
w eights w ere recorded . O ccasional ske le ta l defo rm ities w ere id e n tif ie d  in  p re 
p a ra tio n s  s ta in ed  b y  th e  m eth o d  of Sim ons a n d  v a n  H o rn  (1971).

D a ta  o b ta in ed  from  th e  b iochem ical analysis  w ere e v a lu a te d  b y  S tu d e n t’s 
t te s t  (F in n ey , 1952).

R esults an d  discussion

T he ex p erim en ta l d a ta  an d  th e  n u m b er o f a lte red  fe tuses are  g iven  in T a b le  
I .  M acroscopically  evaluab le  a lte ra tio n s  (i.e. re ta rd a tio n , h aem o rrh ag e , cros
sing b eak , cyllosis) w ere sporad ic  b u t  show ed do se-d ep en d en t d ifferences w ith  
th e  pestic ide  fo rm u la tio n s te s te d . T h e  incidence o f m alfo rm atio n s w as h ig h er 
for W o fa to x  50 EC an d  N evifosz 50 EC.

A lth o u g h  fe ta l w eigh t d a ta  d id  n o t show  sig n ifican t changes, th e re  w ere 
som e re la tio n sh ip s  betw een  p lasm a p a ra m e te rs . C erta in  p lasm a  p a ra m e te rs  
(see T ab le  I I )  w ere d e te rm in ed  b y  sim ple sp ec tro p h o to m e tric  m icrom ethods. 
P ack ed  cell vo lum e w as sim ilar to  th a t  o f th e  con tro l fo r m ost tre a tm e n ts , 
ex cep t a f te r  exposure  to  h ig h er doses of th e  app lied  o rg an o p h o sp h a te  te s t 
m a te ria ls , w hen  i t  decreased  sign ifican tly . H o ffm an  an d  Sileo (1984) described  
th e  sam e effect in  18-day-old m a lla rd  em bryo  using  E P N  (pheny l phosphono- 
th io ic  a c id -0 -e th y l-0 -/n itro p h e n y l/e s te r) .

T h e  p lasm a glucose level w as n o t  a ffec ted  b y  th e  tre a tm e n ts  in  a dose- 
d ep en d en t m an n er. T h e  55 /Д/kg  egg dose of W o fa to x  50 EC sig n ifican tly  
decreased  th e  p lasm a glucose level as d id  th e  h ig h est dose of D ik am in  D .

A t th e  h ighest doses of W o fa to x  50 EC an d  K olfugo 25 F W  tre a tm e n ts  
glucose levels s ig n ifican tly  increased  b u t  rem ain ed  in  th e  physio logical range.

T he pestic ides app lied  a ffec ted  b o th  p lasm a  cho lestero l an d  to ta l  p ro 
te in  c o n te n t b u t  w ith o u t dose dependency  (T able I I ) .  T h e  g rea te s t decrease 
of cholestero l occurred  a fte r  exposure  to  W o fa to x  50 EC a n d  D ik am in  D.

D ik am in  D caused  a sig n ifican t decrease in  p lasm a  to ta l  p ro te in  co n te n t, 
w hile th e  o th e r te s t  m a te ria ls  re su lted  in  a physio logical increase.

A ST an d  L D H  a c tiv itie s  responded  to  all doses an d  th e  re la tio n sh ip s  
were clearly  dose d ep en d en t. As described  b y  H o ffm an  e t al. (1987), such  an  
increase o f these  enzym e ac tiv ities  in  b ird s exposed  to  pestic ides can  easily  
he m an ifested  in  h igher p lasm a  p ro te in  levels. In  th is  s tu d y  th is  re la tio n sh ip  
w as a b se n t for th e  2,4-D  fo rm u la tio n  w here p lasm a  p ro te in  level decreased  
sign ifican tly , as com pared  to  th e  con tro l, a f te r  every  dose.
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Table II

B lood p lasm a param ete rs  (x  ±  SD) in  chicken em bryos exposed to  various pesticide fo rm ula
tions (W ofatox 50 EC, Nevifosz 50 EC, Kolfugo 25 F W , D ikam in  D)

Pesticides
applied

Dose,
/Л/kg
egg

Packed cell 
volume

%

Control 0.00 2 8 .7 ± 1 .1

0.55 2 6 .8 ± 1 .4
W ofatox  50 EC 5.50 c2 4 .5 ± l . l

55.00 °25 .1± 2 .3

0.55 2 5 .6 ± 1 .2
Nevifosz 50 EC 5.50 c2 2 .5 ± 4 .0

55.00 °22 .6± 3 .8

0.55 2 6 .4 ± 1 .6
Kolfugo 25 F W 5.50 2 5 .8 ± 2 .7

55.00 28.1 ± 1 .8

1.80 28.4
D ikam in  D 18.00 27.2

180.00 26.1

Glucose, 
mmol/1

AST,
U /l

Cholesterol,
mmol/1

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

1 0 .3 ± 0 .6  
1 2 .5 ± 0 .5  

c 9 .1 ± 0 .8

°30 .5± 2 .1
c3 8 .4 ± 1 .8
«37.4±1.6

c6 .7 ± 0 .7
°5 .9± 0 .5
c6 .5 ± 0 .6

1 1 .2 ± 0 .7
1 1 .4 ± 0 .6

°12 .8± 0 .5

°30 .2± 1 .6
2 6 .8 ± 1 .2

«30.4±1.4

°6 .8 ± 0 .8
1 1 .4 ± 0 .4
1 2 .6 ± 0 .5

1 1 .3 ± 0 .7
1 1 .2 ± 0 .7

°12 .4± 1 .4

°28 .2± 2 .3
c3 6 .2 ± 3 .4
°40 .0± 2 .4

0 7 .3 ± 0 .7  
1 1 .4 ± 2 .3  
1 2 .2 ± 0 .2

1 2 .5 ± 1 .0  
1 2 .5 ± 0 .9  

0 6 .8 ± 1 .7

°37 .0± 3 .1
c4 7 .0 ± 3 .2
c4 4 .6 ± 3 .8

1 1 .7 ± 1 .6  
« 9 .4 ± 1 .2  
0 7 .9 ± 1 .4

T o ta l protein, 
8/1

LD H ,
U /l

PChE*
b  %

of control

2 2 .3 ± 1 .7 4 5 0 ± 4 0 1 0 0 ± 1 5

1 8 .2 ± 2 .4 °520±35 87 ± 2 2
2 1 .3 ± 2 .0 °580±52 °6 9 ± 2 6

°28 .7± 2 .2 °670±45 e6 2 ± 2 0

c2 9 .2 ± 2 .5 °560± 42 [84±16
c2 4 .8 ± 2 .3 °690±48 °6 0 ± 1 8
2 1 .6 ± 2 .7 c8 1 6 ± 7 4 c4 8 ± 2 1

°26 .2± 2 .5 c5 8 0 ± 3 2 —

c2 4 .8 ± 2 .2 °703± 80 —
2 4 .6 ± 2 .6 °714±57 —

°16 .0± 1 .5 °480± 30 —

c1 8 .0 ± 2 .4 °500±38 —
“1 6 .0 ± 1 .4 °570± 40 —

0 =  sign ifican tly  d ifferen t fron  contro l by  S tu d e n t’s t te s t  (P  <  0.01)=  P lasm a  cholinesterase  contro l value  was 624 U/l;
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T he in h ib itio n  of p lasm a P C h E  a c tiv ity  a fte r exposure  to  th e  organo- 
p h o sp h a te  insectic ides te s ted  w as d e te rm in ed . The decrease in  p lasm a P C hE  
a c tiv i ty  w as fo u n d  to  be m ore p ro n o u n ced  a fte r  Nevifosz 50 EC tre a tm e n ts . 
A t u n ch an g ed  p lasm a  PC hE  levels w ith  low  response to  an  an ti-C h E  exposure , 
H ill a n d  F lem ing  (1982) suggested  th e  detec tio n  of p la sm a  b u ty ry lch o lin - 
e s te rase  (BChE) because i t  is u su a lly  in h ib ite d  m ore ra p id ly  an d  in  a la rg e r 
degree th a n  p lasm a  or b ra in  A ChE.

In  conclusion, d irec t in jec tio n  o f  th e  applied  pestic ides in to  th e  a ir  
ch a m b e r of em b ry o n a tin g  h en ’s eggs cau sed  som e m alfo rm atio n s m o stly  a t  
h ig h e r doses b u t  w ith o u t c o n s titu tin g  a life h aza rd  in  th is  species. T he changes 
fo u n d  in  p lasm a b iochem istry  a fte r  d ire c t pesticide exposure  in d ica te  on ly  a 
low  degree of in to x ica tio n . Doses co rrespond ing  to  th o se  recom m ended  for 
use in  th e  p rac tice  of p la n t p ro te in  p ro v e d  to  be harm less a n d  u n to x ic . T h is, 
how ever, calls a t te n tio n  to  choosing th e  r ig h t dose w hich is a basic  p o in t in  
in te g ra te d  p est con tro l.
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H an s P lo n a it  an d  K lau s B ic k h a r d t : Lehrbuch der Schw einekrankheiten. V erlag  P a u l P a rey  
B erlin  u n d  H am b u rg , 1988. p p . 400, w ith  192 p h o to g rap h s , 43 co lou r p h o to g rap h s  an d  57 
tab les . P rice: DM 98 ,— IS B N  3-489-57816-3. I n  G erm an.

Good tex t-h o o k s are th o se  w h ich  are in ten d ed  fo r a k n o w n  ca teg o ry  of read ers . T his 
asp ec t should  consis ten tly  be  k e p t  in  view  b y  a u th o rs  w hen w ritin g  tex t-b o o k s . I n  th e ir  fo re 
w ord  to  th is  m an u a l th e  a u th o rs  u n am b ig u o u sly  s ta te  t h a t  th e ir  o b jec tiv e  w as to  describe 
th e  clinical p ic tu re , to  m ake case h is to ries  m ore com prehensib le , a n d  to  specify  th e  p rac tica l 
m easures to  be tak e n . T hey  h av e  ad h ered  to  th is  clearly  specified  o b jec tiv e  th ro u g h o u t and  
h av e  su b o rd in a ted  th e  s tru c tu re  a n d  co n ten ts  of th e  book  to  th is  a im . As a  re su lt, th e y  have  
w r itte n  a u n iq u e  te x t-b o o k  th e  m ain  a d v an tag e  of w hich  is its  p e rsp icu ity  a n d  good a rra n g e 
m en t (w hich is a  g re a t help  in  p re p a rin g  fo r an  exam ) an d  t h a t  i t  show s th e  w ay  to  v e te r in a ry  
p ra c titio n e rs  on  th e  basis o f th e  clinical sy m p to m s observed . In s te a d  of lis tin g  th e  recen t 
re su lts  o f sc ien tific  re sea rch  w h ich  a re  o ften  incom plete  y e t, w ith  a  good sense of c riticism  th e  
au th o rs  sy s tem atize  th e  m o st im p o r ta n t  know ledge an d  specify  t r e a tm e n t  possib ilities. O nly 
a u th o rs  h av in g  a  w ide in te lle c tu a l horizon , a b u n d a n t clinical experience  an d  a g ift o f teach in g  
a re  capable o f such  a syn thesis. D e ta iled  descrip tion  of th e  d iffe ren tia l d iagnosis o f v arious 
syndrom es is th e  b e s t p ro o f o f th e ir  p roficiency  in  th e ir  special fie ld . I n  th e  rev iew er’s opin ion 
th is  deta iled  tre a tm e n t o f d iffe ren tia l diagnosis is th e  g re a tes t v a lu e  o f th e  te x t-b o o k , since 
in  our age ch aracte rized  b y  “ o v er-spec ia liza tion”  v e ry  few  a u th o rs  sh o u ld er th e  ta s k  of dealing 
w ith  d ifferen tia l d iagnosis in  such  d e ta il, th u s  m ak ing  th in g s d iff ic u lt fo r v e te r in a ry  p ra c ti
tioners.

T he tex t-b o o k  is d iv ided  in to  19 m ain  ch ap ters . T he f ir s t  fo u r c h ap te rs  deal w ith  th e  
v e te r in a r ia n ’s ta sk s  in  sw ine h e rd s , p e rh ap s  a lit t le  too  b riefly  w ith  m an ag em en t techno logy  
a n d  en v iro n m en t. M ethods of im m o b ilisa tio n  a n d  an aesth e tic  p o ss ib ilities in  pigs are  ou tlined . 
S ubseq u en tly  th e  clinical in te rv en tio n s  and  in d iv idua l t r e a tm e n t  o f pigs a re  described , and 
fin a lly  possib ilities fo r m ass t re a tm e n ts  a re  ou tlin ed  in  excellen t a rra n g e m e n t a n d  p rac tica l 
tab les  (e.g. dosage of drugs an d  c h em o th erap eu tics  m o st f req u e n tly  u sed  ag a in st en d o p arasite s  
a n d  b ac teria , re la te d  to  1 kg  b o d y  m ass, 1 kg  feed, or 1 1 d rin k in g  w a te r).

C hap ters 5 to  18 d iscuss se p a ra te  clinical disease en titie s . T hese  ch ap te rs  beg in  w ith  a 
w ell-w ritten  general in tro d u c tio n  w h ich  briefly  sum m arizes th e  p a th o g en esis , pa th o p h y sio lo g y , 
physio logy and  d iagnostics o f th e  g iven  disease e n tity . T his is fo llow ed b y  d esc rip tion  of th e  
aetio logy, clinical sym ptom s, p a th o lo g ic  a n a to m y  and , a t  p ra isew o rth ily  g re a t len g th , aspects 
o f d ifferen tia l diagnosis. F in a lly  th e ra p y  and  p rev en tio n  are  d e a lt w ith .

D ivision  of th e  book in to  c h ap te rs  on th e  basis o f th e  c lin ical p ic tu re  c learly  serves th e  
above-m en tioned  purpose  of b rie fin g  v e te rin a ry  p rac titio n ers  on  d iseases t h a t  m ay  be accom 
pan ied  b y  th e  clinical sy m p to m s a n d  patho log ica l lesions described . T h u s th e  tex t-b o o k  is a 
v a luab le  aid  in  estab lish ing  th e  co rrec t diagnosis. Once th e  d iagnosis h as been  estab lished , 
th e  m easures to  be  tak e n  can  b e  decided on.

T his a rran g em en t is considered  ju s tif iab le  even if  g rouping  d iseases b y  clinical sym ptom s 
c an n o t be free from  th e  a u th o rs ’ “ su b je c tiv e ”  approach . In  th e  case o f m an y  (m ain ly  infectious) 
diseases th e  “ m ain  sy m p to m ” is n o t  unam biguous, an d  th u s  d iseases w ith  “ m ixed  sym p
to m a to lo g y ”  are  assigned to  a c h a p te r  ra th e r  a rb itra rily . T h is p ro b lem  m ay , how ever, be 
su rm o u n ted  b y  th e  C onten ts an d  th e  d e ta iled  S u b ject Ind ex . T hese  fa c ilita te  read e r o r ien ta tio n  
an d  every  disease can  be fo u n d  easily  in  th e  te x t.
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A nother d e b a tab le  p o in t is th e  le n g th  a t  w hich  a g iven  disease is be ing  tre a te d  in  th e  
tex t-b o o k . T his is ag a in  d e te rm in ed  b y  th e  a u th o rs ’ a tt i tu d e .  As a  sp ec ia lis t o f in fectious 
d iseases, e.g. I  w ould h a v e  liked  to  re a d  m ore a b o u t several in fec tious d iseases. O f course, one 
is necessarily  in fluenced  b y  th e  “ o rd e r o f  r a n k  o f diseases”  ch ara c te ris tic  o f one’s ow n co u n try . 
T h u s , e.g. th e  (luck ily  less a n d  less fre q u e n t)  diseases caused  b y  S . typ h isu is  a n d  S. choleraesuis 
a re  ju d g ed  en tire ly  d iffe ren tly  b o th  fro m  th e  pub lic  h e a lth  an d  th e  v e te r in a ry  p o in t o f view . 
T h is  is n o t clear fro m  th e  p re se n t tex t-b o o k . A n o th e r p o in t is t h a t  v e te r in a ry  p ra c titio n e rs  
w o rk in g  for large-scale p ig  fa rm s w ould  c e rta in ly  like  to  re a d  m ore a b o u t  enzootic  diseases 
(m y co p lasm al pneu m o n ia , sw ine d y se n te ry , a tro p h ic  rh in itis , lep tosp irosis, A u je szk y ’s disease). 
F ro m  th is  p o in t o f v iew  C h ap te r 5, w h ich  deals w ith  th e  rep ro d u c tio n  a n d  o b ste tric s  o f sw ine, 
is especially  well w ritte n .

On th e  o th er h a n d , due to  i ts  b re v ity , C h ap te r 19 w hich  deals w ith  th e  co n tro l o f disease 
o u tb re a k s , e rad ica tio n  of in fectious d iseases, an d  im m u n iza tio n  p ro g ram m es in  sw ine herds, 
is r a th e r  confined to  genera lities. T h e  a u th o rs  a im  a t  sy s tem atiz in g  th e  av a ilab le  know ledge: 
fo r d e ta ils , th e  read e r is d irec ted  to  th e  re ference  lis t ad d ed  to  each  c h a p te r . I t  is u n d e rs ta n d 
ab le  t h a t  in  a  tex t-b o o k  w ritte n  in  G erm an  p re d o m in an tly  G erm an a u th o rs  a re  c ited , since 
th e se  a re  th e  m ost accessib le fo r th e  v e te r in a ry  p ra c titio n e rs . H ow ever, in  th e  reference lis ts  
th e re  is an  ab u n d an ce  o f E n g lish  p a p e rs  as well. O n th e  o th e r  h a n d , I  w as so rry  to  f in d  th a t  
a u th o rs  from  H u n g a ry , th e  h o m elan d  o f H u tÿ ra ,  M arek, M anninger, M ócsy an d  A ujeszky , 
a re  ra re ly  c ited , th o u g h  H u n g a rian  a u th o rs  h av e  p u b lish ed  nu m ero u s in te rn a tio n a lly  acknow 
led g ed  pap ers  (also in  G erm an  an d  E n g lish ) on  m an y  p ig  diseases. S u b jec tiv ism  is fe lt also in  
choosing  th e  p u b lica tio n s c ited , b u t ,  o f  course, th e  a u th o rs  h av e  th e  r ig h t to  do so.

W ith  th e  p re sen t vo lu m e th e  R e ad e r receives a  well w rit te n  te x t-b o o k  w hich  will be  a 
v a lu a b le  aid  to  th e  e v e ry d a y  w ork  o f v e te r in a ry  p ra c titio n ers . T he p ra c tic a l a n d  clear a rran g e 
m e n t  o f availab le  know ledge serves th is  purpose . T he 192 p h o to g rap h s , in c lu d in g  43 colour 
p h o to g rap h s , are good a n d  usefu l as well as a re  th e  57 tab les .

A som ew hat m ore  c o n tra s ty  p r in tin g  an d  use o f ita lic s  w ould  h a v e  ren d ered  read er 
o r ie n ta tio n  even easier. T h is v a lu ab le  a n d  usefu l tex t-b o o k  w ould  h av e  dese rv ed  h a rd  cover.

T his tex t-b o o k  c an  be  reco m m en d ed  fo r v e te rin a rian s  w ork ing  in  sw ine p rac tice  an d  
fo r a ll those  who w a n t to  sy s tem atize  th e ir  know ledge on  sw ine diseases.

Já n o s  MÉSZÁROS

T e rry  W . Ca m pb e l l : A v ia n  Hematology and Cytology. Io w a  S ta te  U n iv e rs ity  Press, Ames, 
Io w a , 1988. 100 p p ., h a rd co v e r, w ith  226 colour p h o to g rap h s . $ 34.95, IS B N  0-8138-0064-1.

B ooks on a v ia n  h aem ato lo g y  a n d  cy to logy  h av e  so fa r  been  v e ry  m u ch  m issed b y  
v e te r in a ry  clinicians a n d  d iagnostic ians. A v ia n  Hematology and Cytology p ro v id es a  reference 
fo r cell id en tific a tio n  a n d  th e  in te rp re ta tio n  of a v ian  cellu lar responses. C ytodiagnosis has 
lo n g  been  used  in  h u m an  an d  dom estic  m am m alian  m edicine. T he use o f cy to d iag n o stic  m ethods 
fo r  th e  clinical and  p a th o m o rp h o lo g ica l s tu d y  of av ian  diseases is ga in ing  g ro u n d  ra p id ly  and 
su c h  m eth o d s m ay  p ro v id e  essen tia l in fo rm a tio n  fo r th e  d iagnosis o f c e r ta in  diseases. T hus, 
th is  book  serves as a  v a lu ab le  reference fo r specia lists an d  is a useful a id  fo r  p rac tis in g  v e te r i
n a r ia n s  and  v e te r in a ry  s tu d e n ts .

Chapter 1 describes m eth o d s o f b lood  collection fro m  b ird s a n d  p re p a ra tio n  of blood 
sm ears , and  p rov ides in fo rm a tio n  co n cern ing  a v ian  hem ic cy to logy , n o rm al b lood co u n t, and  
ab n o rm a l cells in  th e  a v ia n  haem o g ram . Chapter 2 deals w ith  sam ple  co llection  from  th e  bone 
m arro w  and  cy to logical ev a lu a tio n  o f n o rm al av ian  bone  m arro w  in c lu d in g  e ry th ropo iesis , 
granulopoiesis, m onocytopoiesis an d  th ro m bopo iesis, w hereas Chapter 3 is d e v o ted  to  th e  id en 
tif ic a tio n  of com m on b lood  p a ras ite s .

Chapter 4 o ffers a  review  of b asic  v e te r in a ry  cy to techno logy  a n d  ev a lu a tio n  of th e  
cy to log ical sam ple. B asic  cy to logical re sponses such  as in flam m atio n , tis su e  hyperp lasia , and  
m a lig n an t neoplasia a re  o u tlin ed .

Chapters 5 to 10 g ive a d e ta iled  desc rip tio n  of th e  n o rm al and  ab n o rm a l cyto logy of th e  
ab d o m in a l flu id , oral c av ity , oesophagus, ingluvies, cloaca, u p p e r an d  low er re sp ira to ry  t ra c t,  
sk in , con ju n c tiv a , co rnea , synovial f lu id , liver, spleen, k id n ey , and  ly m p h o id  tissue , an d  of th e  
in d ica tio n s  and  tech n iq u es o f sam pling . A m ong o th e r th in g s , th e  cy to log ica l ch aracte ris tics 
o f  abdom inal tra n su d a te , no n sep tic  e x u d a te , sep tic  ex u d a te , m a lig n an t e x u d a te , haem orrhag ic  
effusion , and ab d o m in a l flu id  o b ta in ed  fro m  u ra te  p e rito n itis  (leakage o f th e  u r in a ry  t ra c t  
in to  th e  peritonea l c av ity )  a re  described. O f diseases o f th e  u p p e r a lim en ta ry  tr a c t ,  th e  cyto logy 
a n d  cytodiagnosis o f in fla m m a to ry  lesions caused b y  tra u m a tic  in ju ry , chem ical irr ita tio n , 
a n d  infectious agen ts includ ing  d iffe ren t b a c te ria , fungi an d  p a rasites  a re  d e a lt w ith , an d  th e
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cy to d iagnosis o f hy p o v itam in o sis A is ou tlin ed . O f diseases o f th e  cloaca, u lcerative  in f la m m a 
tio n , p ap illo m ato sis , a n d  c e rta in  bac teria l, fu n g a l an d  p a ra s itic  in fec tio n s are described. F ro m  
th e  c h ap te rs  d ev o ted  to  cy to logy  of th e  re sp ira to ry  tra c t,  th e  cy to log ical c h a rac te ris tic s  o f 
ch lam ydiosis , m ycoplasm osis, aspergillosis, a n d  cryptococcosis dese rv e  special a tte n tio n , w hile 
in  th e  c h a p te r  dealing  w ith  cyto logy of th e  sk in  a n d  su b cu tis  th e  descrip tion  of p o x  lesions, 
c e r ta in  m ycoses a n d  parasito ses as well as n eop lastic  lesions a re  o u ts tan d in g . Chapter 11 
(C yto logy  of th e  C o n ju n ctiv a  and  Cornea) describes, am ong o th e r  th in g s , m ycop lasm al a n d  
ch lam y d ia l lesions, w hereas Chapter 12 (C yto logy  of Synovial F lu id )  offers a d e ta iled  d esc rip 
tio n  o f no n sep tic  an d  sep tic  a r th r it is  an d  a r tic u la r  gout. T he c h a p te r  devo ted  to  n o rm al a n d  
a b n o rm a l cy to logy  of th e  liver, spleen, k id n ey , a n d  ly m pho id  tis su e  describes th e  cy to d iag n o sis  
o f tu b ercu lo s is , ch lam ydiosis, and  c e rta in  b lood p a ras ite s  (H em oproteus, Leukocytozoon, P la s
m od ium , an d  A toxop lasm a).

T h e  f in a l c h a p te r  (Chapter 14) p ro v id es exam ples o f  com m on  a rtifac ts  t h a t  occu r 
on  cellu la r sam ples an d  can  m im ic ab n o rm al cells or in fectious ag en ts . T he A p p en d ix  co n ta in s  
a  d e sc rip tio n  o f ro u tin e  haem ato lo g y  an d  cy to logy  sta in s  a n d  s ta in in g  procedures.

T h e  boo k  also co n ta in s a b ib liog raphy , a  five-page S u b je c t In d e x , and  an  a lp h a b e tica l 
G lossary .

T he m ate ria l in  th is  book is m o stly  b a sed  on o b se rv a tio n s m ade  on p e t a n d  ex o tic  
b ird s ( th e  A u th o r is c u rre n tly  an  a ss is ta n t p rofessor a t  th e  College of V eterin ary  M edicine, 
K an sas  S ta te  U n iv e rs ity , w here he is responsib le  fo r th e  m ed ical a n d  surgical care o f  ex o tic  
an im als , especially  b ird s). Since, how ever, th e re  a re  m an y  sim ila rities  betw een  a v ian  species, 
th e  m eth o d s an d  in fo rm a tio n  described m ak e  th is  book  a fu n d a m e n ta l book of re ference  in  
th e  c lin ical a n d  p a th o lo g ica l cytodiagnosis o f p o u ltry  d iseases, to o . T h e  excellent ty p o g rap h ica l 
m ak e-u p  a n d  th e  co lour p h o to g rap h s should  be  em phasized  as th e  g rea tes t v a lu e  o f th is  
vo lum e.

R. Glávits

I rm g a rd  Gy l s t o r ff  a n d  F ritz  Gr im m : Vogelkrankheiten. E u g en  U lm er V erlag, S tu t tg a r t ,  
1987. 609 p p , in  G erm an.

D esp ite  th e  s tead ily  d e te rio ra tin g  en v iro n m en ta l c ircu m stan ces , still som e 9,000 b ird  
species ex is t a n d  m ak e  o u r w orld  m ore b e au tifu l an d  v a rieg a ted . T h e  m ajo rity  o f th ese  species 
live  in  th e  open , in  a c o n s ta n t ecological en v iro n m en t o r seasonally  m ig ra ting  to  v e ry  larg e  
d istances. M any  b ird  species a re  housed in  zoos a n d  an  increasing  n u m b e r are k e p t as p e t  b ird s.

T he know ledge availab le  on th e  d iseases o f th is  v a s t  “ b o d y  of p a tie n ts”  h a s  b een  
sy n th esized  b y  th e  a u th o rs  w ho hav e  also ad d ed  th e ir  ow n a b u n d a n t  experience. T h ey  h a v e  
fu lfilled  a  v e ry  im p o r ta n t  m ission. A lth o u g h  th e y  in ten d ed  th e ir  boo k  for v e te r in a ry  p ra c t i 
tio n e rs  a n d  fo r b eg inners in  th is  profession, i t  w ould  be  useful to  a  m u ch  b ro ad er public .

T h e  a u th o rs  h av e  solved th e  tax o n o m ic  a n d  n o m en c la tu re -re la ted  problem s, m en tio n ed  
in  th e  F o rew ord , v e ry  successfully. T heir tax o n o m y , based  on  th e  w ork  of Wolters (1982), is 
d e m o n s tra ted  a t  th e  beg inn ing  of th e  book in  a  c learly  in te llig ib le  a n d  w ell-arranged , 4 -page  
ta b le  in d ica tin g  th e  o rders , suborders and  fam ilies in  L a tin  an d  G erm an . T hey  t r y  to  e lim in a te  
n o m en c la tu re  p rob lem s b y  giving, in p a ren th eses , th e  L a tin  n a m e  o f th e  d ifferen t b ird  species 
m en tio n ed  in  th e  G erm an  te x t.

T h e  book  is d iv id ed  in to  12 m ain  ch ap te rs . E ac h  c h a p te r  is subdivided to  sec tio n s 
n u m b ered  accord ing  to  th e  decim al system .

T he general p a rt  sum m arizes essen tia l an a to m ica l know ledge. T he a n a to m y  o f th e  
d iffe ren t o rg an  system s is im m edia te ly  follow ed b y  desc rip tio n  o f  th e ir  functions. T h is  p a r t  
o f “ fu n c tio n a l a n a to m y ”  d em o n stra tes  th e  in te rd ep en d en ce  o f m orphological s tru c tu re  a n d  
fu n c tio n . M any clinical an d  physiological indices o f th e  d iffe ren t b ird  species are d e m o n s tra te d  
in  tab le s  w hich  p rov ide  v e ry  useful in fo rm atio n . T h is c h ap te r  also deals w ith  en v iro n m en t, th e  
physio log ica l basis o f n u tr it io n , and  th e  n u tr it io n a l req u irem en ts . I n  m y  opinion, th is  im p o r ta n t  
to p ic  w ould  h av e  d eserved  m ore d e ta iled  tr e a tm e n t  in  a  book w h ich  a tte m p ts  to  consider th e  
p ra c tic a l angles.

T he a u th o rs  shou ld  be  co n g ra tu la ted  on  a  h igh ly  v a lu ab le  p a r t  of th is  ch ap te r , i.e. t h a t  
describ ing  th e  m eth o d s of clinical ex am in a tio n s  an d  th e  possib le  w ays of tr e a tm e n t.  T he 
in d ica tio n s, doses, possib le in com patib ilities a n d  side effects o f  d ru g s  a re  p resen ted  in  well- 
a rran g ed  tab les.

T he c h ap te r  dealing  w ith  infectious a n d  invasive diseases is subdiv ided  in to  sec tions 
d ev o ted  to  v ira l, b a c te ria l, fungal and  p a ras itic  disceases. As i t  is s ta te d  in  th e  F o rew ord , th e  
a u th o rs  confine  them selves to  describ ing  o n ly  th e  m o st n ecessa ry  m edical (p a th o lo g ica l) 
know ledge, a lm o st like  in  a  com pendium . R ead e rs  in te res ted  in  m ore  de ta iled  d escrip tions a re
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re fe rre d  to  an y  one of th e  fo r tu n a te ly  large  n u m b e r  o f books availab le  on  in fectious an d  
p a ra s it ic  diseases. As an  e x p e r t  specializing in  in fec tio u s  diseases, th e  rev iew er em phasizes tw o 
p o in ts  as th e  g re a te s t v a lu es o f these  c h ap te rs : one is t h a t  th e  au th o rs  l is t  th e  b ird  species 
su scep tib le  to  th e  d iffe ren t p a thogens. T his p ro v id es  m ore a b u n d an t in fo rm a tio n  th a n  th a t  
to  he  fo u n d  in  th e  special m an u a ls . This in fo rm a tio n  is v e ry  useful from  b o th  th e  epizootiologi- 
cal a n d  th e  d iagnostic  p o in t o f  view . A n o th er v a lu a b le  p a r t  o f th e  c h ap te r  is th e  sec tion  w here 
th e  a u th o rs  describe d iseases occurring  in  c e r ta in  b ird  species only a n d  in fo rm  th e  R eader 
w h e th e r  a  g iven  disease h as  b een  rep o rted  fro m  a  g iv en  b ird  species. T he a u th o rs  deserve c red it 
fo r h a v in g  collected a n d  sy s tem atized  these  im p o r ta n t  d a ta .

Som e s ta te m en ts  o f  th is  ch ap te r  su rp rised  m e: e.g . th e  s ta te m en t t h a t  p igeons do n o t  
develop  im m u n ity  to  N ew castle  disease if  th e y  a re  im m unized  w ith  s tr a in  L a  S o ta  or B j 
a d m in is te re d  as a sp ray  or in  th e  d rink ing  w a te r ;  th e re fo re , in  th e  a u th o rs ’ op in ion  i t  is ex p e
d ien t to  ad m in is te r  th ese  s tra in s  su b cu taneously . I n  H u n g a ry  we hav e  m ore  fav o u rab le  e x 
p erien ce  w ith  th e  L a  S o ta  s tra in  given in th e  d r in k in g  w a te r , followed b y  a n  in ac tiv a te d  oil- 
a d ju v a n t  vaccine th a n  w ith  th e  in ac tiv a te d  v acc in e  a lone. In  our op in ion , m osqu itoes p lay  
a n  im p o r ta n t  role in  tra n s m ittin g  p igeon p o x  in fec tio n . Y oung suscep tib le  p igeons becom e 
a ffec ted  b y  pigeon p o x  m ore  freq u en tly  in  p laces a n d  in  seasons of m o sq u ito  invasion  th a n  
e lsew here  a n d  a t  o th e r tim es. In s te a d  of tw o a t te n u a te d  vaccines given 19 w eeks a p a r t  ag a in s t 
d u ck  p lag u e , we have  ga in ed  v e ry  favourab le  ex p erien ce  w ith  H u n g arian  a tte n u a te d  vaccines 
g iven  tw ice , a t  a  2-w eek in te rv a l, before th e  lay in g  season. More and  m ore  a u th o rs  consider 
lis te rio sis  a  sapronosis r a th e r  th a n  a zo o an th roponosis. T h is is ju stified  b y  th e  fa c t th a t  from  
h u m a n s  in  m ost cases p h ag e-ty p es  o f Listeria  monocytogenes no t o ccu rring  in  an im als are  
iso la ted .

T h e  diagnosis o f in fec tio u s diseases is fa c ili ta te d  b y  carefully  com piled  tab les  w hich  
m ay  se rv e  as a useful s ta r tin g  p o in t, how ever, w ith  th e  lim ita tio n s such a  “ sch em a tiza tio n ” 
in e v ita b ly  h as. T ables sum m ariz ing  in fo rm a tio n  on p a ras itic  diseases a re  e x tre m e ly  useful.

I n  th e  c h ap te r  d ealin g  w ith  metabolic disorders a n d  deficiency syndrom es also th e  success
fu lly  c o n s tru c te d  tab le s  sh o u ld  be em phasized . A lth o u g h  these  “ save”  m u ch  te x t ,  I  feel th a t  
th e  to p ic  o f th is  c h a p te r  w ould  have d eserved  m o re  d e ta iled  tre a tm e n t. In  th e  m etabolic  
d iso rd ers  a n d  sym ptom s of deficiency syndrom es th e re  p ro b a b ly  are g re a te r  d ifferences be tw een  
b ird  species th a n  i t  is suggested  b y  th e  generaliz ing  s ta te m en ts . Still, th e  d esc rip tio n  of clinical 
sy m p to m s an d  pa th o lo g ica l lesions of o rgans is rem ark ab le .

T h e  su b ch ap te rs  d ealin g  w ith  poisoning  a n d  toxicosis a re  excellent (e .g . lead  an d  organo- 
p h o sp h a te  poisoning) a n d  th e , u n fo rtu n a te ly  m ore  a n d  m ore tim ely , in fo rm a tio n  on pestic ides 
a n d  h e rb ic id es is also v e ry  useful. A m is tak e , h o w ev er, should  be p o in ted  o u t. I t  has  u n a n i
m o u sly  b een  estab lished  b y  m a n y  au th o rs  in  th e  in te rn a tio n a l and H u n g a ria n  lite ra tu re  th a t  
Gallus domesticus is co m p le te ly  re s is tan t to  F-2 to x in ; consequen tly , th is  to x in  c an n o t cause 
a m o r ta l i ty  ra te  am o u n tin g  to  m ore th a n  4 0 %  in  chickens. The d escribed  sy m p to m s an d  
p ro d u c tio n  decrease can , how ever, be in d u ced  b y  a n y  other m ycotoxin .

T h e  c h ap te r  d ealin g  w ith  th e  diseases o f  organs p rovides a b u n d a n t  a n d  v e ry  useful 
in fo rm a tio n . T his is one of th e  b e s t chap ters  a n d  g ives m u ch  help  in th e  d iagnosis o f th e  va rio u s 
sy n d ro m es.

M anagem ental disorders (neuroses) a re  d e a lt  w ith  v e ry  briefly : on tw o  pages only. B ird  
ow ners a n d  b reeders w ou ld  certa in ly  have  a p p re c ia te d  if  these  problem s h a d  been  discussed 
in  m o re  d e ta il.

T h e  sam e holds fo r diseases of th e  endocrine system  w hich are also d e a lt  w ith  ra th e r  
laco n ica lly  (on  2 pages).

Locomotor diseases a re  discussed in  a w ell a rra n g e d , concise ch ap ter. F u r th e r  o rien ta tio n  
is, h o w ev er, ren d ered  d iff ic u lt because only one re fe ren ce  is given.

T h e  c h ap te r  on neoplasm s is com plem en ted  b y  a  v e ry  useful tab le  an d  a b u n d a n t  reference
list.

B ird  surgery is u n d o u b te d ly  th e  m ost b e a u tifu l an d  serviceable c h a p te r  o f th e  book . 
E x ce lle n t X -ra y  p ic tu res  a cq u a in t th e  re ad e r w ith  d iagnostics and  surg ical so lu tions of th e  
d iffe re n t cases.

T h e  c h ap te r  e n tit le d  Diseases o f  the incubation  period  synthesizes th e  p rob lem s of th a t  
p e rio d  a n d  prov ides th e  re a d e r  w ith  useful p a r tic u la rs  on th e  a rtifica l re a rin g  of young t h a t  
h av e  to  leave th e  nest.

T h e  com prehensive  c h ap te r  on legal regulation associated w ith birds g ives gap-filling 
in fo rm a tio n . D a ta  on en v iro n m en ta l p ro tec tio n  a re  o f o u ts tan d in g  sign ificance. T he com pila
tio n  o n  b ird  species w ith  d iffe ren t levels of p ro te c tio n  offers w ell-arranged  d a ta .

O rie n ta tio n  is fa c ilita te d  by  an  ex tensive  Subject index.
T h e  ty p o g rap h ica l m ak e-u p  of th e  book is ex ce llen t. I t  has 35 b e au tifu l coloured  illu s tra 

tio n s  o n  sep a ra te  p la te s  a n d  61 b lack -and-w hite  p ic tu res . The 55 tab les a re  th e  g rea tes t asse t
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o f th e  book , an d  th e  g re a t w ork  done b y  th e  a u th o rs  in  com piling an d  sy s te m a tiz in g  th e  d a ta  
show n  in  th e  tab les  w as w o rth  th e  tro u b le : th e y  can  co u n t on  th e  g ra ti tu d e  o f th o se  in te re s ted  
in  th is  sub ject.

T he w hole boo k  reflects th e  a u th o rs ’ g re a t ex p ertise  and  firm  d e te rm in a tio n  to  c rea te  a 
u n ifo rm  an d  concise w ork  in ten d ed  fo r p ra c titio n e rs . P e rhaps th e  re fe ren ce  l is t  g iven  a t  th e  
end  o f th e  ch ap te rs  does n o t alw ays re fle c t th is  en d eavour. The rev iew er is so rry  to  see th a t ,  
o f th e  large  n u m b er o f E nglish- and  G erm an -lan g u ag e  pub lica tions o f H u n g a ria n  a u th o rs  on  th e  
to p ic  on ly  one is lis ted  in  th e  references.

T h e  book is n o t only useful b u t  in d isp en sab le  for specialists d ealin g  w ith  b irds. T he 
a u th o rs  deserve m an y  th a n k s  an d  g ra ti tu d e  fo r th is  w ell-w ritten  w ork .

J á n o s  MÉSZÁROS

C harles M. S c a n e a n : Introduction to Veterinary Bacteriology. Io w a  S ta te  U n iv e rs ity  
P ress , A m es, Io w a , 1st ed ition , 1988. pp . 457, in  E nglish .

T he book com prises basic princip les o f v e te r in a ry  bacterio logy  a n d  o f th e  m o st im p o r ta n t 
b a c te r ia l  diseases o f ca ttle , sheep, sw ine, h o rse , dog an d  cat. T he t e x t  is d iv id ed  in to  seven 
sections. (I)  General bacteriology deals w ith  th e  tax o n o m y  of b ac te ria  a n d  w ith  th e  s tru c tu re  
a n d  fu n c tio n s o f th e  b ac te ria l cell. ( I I )  B acterial pathogenesis deals w ith  th e  v iru len ce  fac to rs  
o f b a c te r ia , th e  n o rm al b ac teria l flo ra  o f th e  sk in , m ucous m em branes e tc ., w ith  th e  processes 
ta k in g  p lace  d u rin g  b ac te ria l in fections in  th e  an im al bod y  and w ith  th e  ro le o f  th e  im m une 
sy s tem  of an im als in  th e  p rev en tio n  or e lim in a tio n  of an  infection . ( I l l )  T h e  sec tion  E xtra 
cellular aad facu lta tive  intracellular bacteria g ives d e ta iled  account on a ll b a c te r ia  w h ich  m ig h t 
cause  disease in  dom estic  anim als from  s trep to co cc i to  m ycoplasm a a n d  U reap lasm a. (IV ) 
T he section  Obligate intracellular and cell-associated bacteria conta ins C hlam yd ia , R ickettsia  and  
A n a p la sm a  species. Section  V describes b a c te r ia l  diseases o f c a ttle , sheep , sw ine, horse , dog 
a n d  c a t. A etiology, transm ission , clinical fe a tu re s , pathogenesis, p a th o lo g y , d iagnosis of, and  
im m u n isa tio n  ag a in st, each disease a re  desc rib ed  in  a sh o rt and  concise fo rm . T h e  t e x t  o f th is  
c h a p te r  describes on ly  th e  v e ry  basic fac ts  in  re sp ec t o f each disease a n d  th e re fo re  th e  book 
can  be  useful fo r s tu d e n ts  and  v e te r in a ry  p ra c tit io n e rs  b u t i t  gives on ly  lim ited  in fo rm a tio n  
fo r te a ch e rs  or fo r those  who are a lread y  fa m ilia r  w ith  th e  d ifferen t d iseases. S ec tio n  V I, e n title d  
D eterm inative bacteriology, gives de ta ils  o f b a c te r ia l  d iagnostic  p rocedures in c lu d in g  m orpho logy , 
s ta in in g , cu ltu re , g ro w th  and  b iochem ical ch ara c te ris tic s , aerobic c u ltiv a tio n  system s, a n ti 
m icrob ial su scep tib ility  te s tin g  m eth o d s, e tc . Sec tion  V II , en titled  Zoonotic bacterial diseases, 
g ives on ly  a  lis t o f zoonoses on tw o pages. A n  ex tensive  glossary, as w ell as a  l is t  o f  selected  
re ferences is added .

T he book in an  ou tline  fo rm a t is a u sefu l one, and  fulfils th e  goals in d ic a te d  b y  th e  
a u th o r  in  th e  preface. I t  m ig h t be used  w ith  a d v an tag e  by  v e te r in a ry  s tu d e n ts  learn ing  
b acterio lo g y . I t  c an  serve as a re ference basis fo r th e  infectious disease a n d  m ed ic ine  courses, 
a n d  i t  gives a concise u p d a te  and  rev iew  of v e te r in a ry  bacterio logy  fo r th e  v e te r in a ry  p ra c ti
tio n e rs . I t  should , how ever, be m en tio n ed  t h a t  th e  chap ters  dealing  w ith  th e  diseases are  
o rien ted  m ain ly  to  users on th e  A m erican  co n tin e n t. T he tax o n o m y  used  e.g . fo r g rouping  
zoonoses is in  d isag reem en t w ith  p ro p o sitio n s m ad e  b y  th e  E x p e r t  C o m m ittee  on  Zoonoses 
o f th e  W H O . T h erefo re , its  use as a  te x tb o o k  fo r u n d e rg rad u a te s  w ill h a v e  to  be  re s tr ic te d  to  
th e  A m ericas.

Já n o s  Varga

W . B is p in g  a n d  G. Am tsb er g : Colour A tla s  fo r  the D iagnosis o f  B acterial Pathogens in  
A n im a ls .  P au l P a re y  Scientific  P u b lishers, B e rlin  u n d  H am burg , 1988. 339 pages, 223 figures 
(180 in  colours), 96 tab les.

O n tw o colum ns of th e  pages th e  te x t  o f  th e  book is p resen ted  p a ra lle l in  E n g lish  and  
G erm an . I t  co n ta in s th e  techn iques an d  m eth o d s  fo r th e  isolation  of an im a l p a th o g en ic  b a c te ria  
fro m  ex cre tio n s, o rg an , tissue and  o th e r  sam ples as well as th e  m o st im p o r ta n t  p ro p e rtie s  of 
th e  ag en ts  up o n  w hich  th e ir  d iffe ren tia tio n  m ig h t be based in o rder to  re ac h  a re liab le  b a c te 
rio log ical diagnosis. As ou tlined  in  th e  p re face  of th e  book, th e  a u th o rs  a im ed  a t  a reasonab le  
com prom ise  be tw een  th e  p ra c titio n e r’s re q u ire m e n t for a rap id , econom ica l a n d  clin ically  
u se fu l diagnosis on  th e  one h an d , an d  th e  b ac te rio lo g is t’s a im  a t  reach in g  a  p recise  a n d  d e fin i
t iv e  id en tif ic a tio n  of th e  iso lated  a g en t on  th e  o th er.

T he book describes th e  b a c te ria , in c lu d in g  ch lam ydiae, rick e tts ia e  a n d  m ycop lasm es, 
acco rd in g  to  th e  p re sen tly  accep ted  sy s tem atics . W ith in  one c h a p te r  th e  occurrence  and
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v e te r in a ry  significance, th e  m orphology , cu ltu re , b iochem ical p ro p e rtie s  and , w here app licab le, 
an tigen ic  s tru c tu re  a n d  a n im a l experim en ts  to  id en tify  th e  p a th o g e n  an d  to  a tta in  a p ra c tic a lly  
useful aetiological d iag n o sis a re  described.

T he figures o f th e  b o o k  are  o f excellen t q u a lity . A b o u t one th ird  o f th em  are m ic ro 
p h o to g rap h s  of th e  ag en ts , th e  re s t  are sh o ts o f th e  colonies o f th e  p a th o g e n s  on various cu ltu re  
m edia , o r o f ch a ra c te ris tic  reac tio n s . T he tab les co n ta in  th e  m o st im p o r ta n t  m orphological, 
cu ltu ra l, b iochem ical a n d  o th e r  ch arac te ris tics  o f  th e  a c tu a l a g e n t, com pared  w ith  d a ta  on 
sim ilar species or th o se  to  be  considered  from  th e  p o in t o f v iew  o f d iffe ren tia l diagnosis. O rig in
a lity  an d  usefulness f ro m  th e  v e te r in a ry  m edical a sp ec t o f in fo rm a tio n  condensed in  th ese  
tab le s  should  especially  be  m en tioned .

A b ib liog raphy  o f th e  m o st useful p u b lica tio n s on  th e  su b je c t is g iven  a t  th e  end of each  
ch ap te r .

T he app en d ix  c o n ta in s , in  ad d itio n  to  a g lossary  o f a b b re v ia tio n s  used  in  th e  te x t ,  th e  
ta b u la te d  tax o n o m y  a n d  n o m en c la tu re  o f b a c te ria  o f v e te r in a ry  im p o rtan ce .

T he book is a n  e x ce lle n t guide fo r all th o se  engaged  in  th e  bacterio log ical d iagnosis of 
in fectious diseases. I n  a d d it io n  to  v e te rin a rian s  a n d  p h y sic ian s w o rk in g  in  d iagnostic  la b o ra 
to ries, th e  book will be  u se fu l for la b o ra to ry  perso n n el en g an g ed  in  bacterio log ical w o rk  on 
foodstu ffs, feed, w a te r  a n d  soil as well as in  m icrobiological in d u s try  processes.

B ilinguality  o f th e  b o o k  offers a u n ique  o p p o r tu n ity  to  fam ilia rize  w ith  special tech n ica l 
te rm s  of these  two m o st f re q u e n tly  u sed  languages, m a in ly  to  m em b ers  o f th e  sm aller E u ro p ea n  
e th n ic  groups.

Já n o s  V arga

Oxygen Free R ad ica ls and  the T issue In ju ry .  E d ite d  b y  B. Ma tk o v ics , D. B oda  an d  
H . K alász . A kadém iai K ia d ó , B u d ap es t, H u n g a ry . F irs t  ed itio n , 1987. pp . 412, in  E nglish .

F or tw o decades, re se a rc h  in to  th e  reac tio n s o f free ra d ic a ls  h a s  b een  a rap id ly  develop 
ing field  o f biology. T h is  is p ro v ed  b y  b ian n u a l in te rn a tio n a l conferences on th e  to p ic  a f te r  
w hich  th e  papers a re  p u b lish ed  in  proceedings.

H u n g arian  re sea rc h e rs  (chem ists, b iochem ists , b io log ists, phy sic ian s, etc .) recognized 
th e  sign ifican t role p la y e d  b y  th e  reac tio n s o f oxygen  free  ra d ic a ls  in  th e  tissue in ju ry , an d  
ex ten siv e  stud ies o f th ese  re ac tio n s  are  c u rre n tly  u n d e r  w ay . T h e  re su lts  are public ized  a t  
b ian n u a l, so-called F re e  R a d ic a l Conferences he ld  in  H u n g a ry  w h ere  p rim arily  th e  adverse  
e ffects o f oxygen free ra d ic a ls  a re  analysed.

T he p resen t v o lu m e co n ta in s  th e  p roceedings o f  p a p e rs  re a d  a t  th e  2nd Free  R ad ica l 
Conference held  in  Szeged in  1986. F rom  th e  t itle  one cou ld  assum e th a t  th is  book is a  m o n o 
g rap h . H ow ever, from  th e  In tro d u c tio n  i t  becom es clear t h a t  th e  vo lu m e contains th e  p ro ceed 
ings o f th e  2nd Free  R a d ic a l C onference. I t  w ould  h av e  b een  good i f  th is  fa c t h ad  been in d ica ted  
a t  le a s t as a  sub title .

T he proceedings o f th e  44 papers re ad  a t  th e  C onference a re  g iven  in  a lp habetica l o rd e r 
o f th e  a u th o rs ’ nam es. T h e  p a p e rs  are  n o t g rouped  b y  su b jec t. T h is gap  is filled b y  a  d e ta iled  
“ S u b jec t In d e x ”  a t  th e  e n d  o f th e  book w hich fac ilita te s  re a d e r  o r ien ta tio n .

T he decisive m a jo r i ty  o f  th e  au th o rs  is H u n g a rian . T h e y  describe  original research 
re su lts  in  a b s trac ts  ru n n in g  to  som e pages. T he book  co n ta in s , ho w ev er, some reviews as well.

T he extensive  re la tio n sh ip  ex isting  be tw een  free ra d ic a l re ac tio n s  an d  th e  tissue  in ju ry  
is re flec ted  in th e  d iv e rs ity  o f  th e  p apers. Several a b s tra c ts  d eal w ith  th e  general im p o rtan ce  
of free rad icals in m ed ical p ra c tic e . M ost a b s tra c ts  d iscuss th e  ro le  o f free  rad icals in  connection  
w ith  th e  pathogenesis o f h e p a to p a th ie s  (includ ing  a lcoho l-induced  liv e r in ju ry ), m uscle in 
ju rie s  and  rh eu m a tic  ch an g es. New d a ta  a re  re p o rte d  also on  lip id -p ero x id a tiv e  processes 
in fluencing  th e  fu n c tio n  o f  re d  blood cells and  d iffe ren t w h ite  b lo o d  cell types. The resea rch  
re su lts  a re  illu s tra te d  b y  c le a rly  a rran g ed  figures an d  tab le s . R e a d e r  o r ien ta tio n  is fa c ilita ted  
b y  a  d e ta iled  reference l is t  a f te r  each  sub ject.

N one of th e  p a p e rs  is d irec tly  re la te d  to  v e te r in a ry  p ra c tic e , suggesting  th a t  th e  signi
ficance of free rad ical re a c tio n s  w as f irs t  recognized in  co n n ec tio n  w ith  tissu e  in juries occurring  
in  th e  h u m an  organ ism  also  in  H u n g ary . T his is even  m ore th o u g h t-p ro v o k in g  as in  v e te rin a ry  
m edicine syndrom es (e .g . m y o d eg en era tio n  caused  b y  v i ta m in  E  or selenium  deficiency) 
p o sitiv e ly  associated  w ith  en h an ced  lip id -p ero x id a tiv e  p rocesses h a v e  been  know n for several 
decades ( !). T herefore, th e  b o o k  can  be recom m ended  n o t  o n ly  fo r phy sic ian s and  chem ists b u t  
also fo r v e te rin a rian s d ea lin g  w ith  free rad ica l reac tio n s. T h is bo o k  p ro v id es general knowledge 
on th e  significance of free  ra d ic a l reac tions, h u t  also serves as concrete help  for those engaged in 
fu n d a m e n ta l or ap p lied  re sea rch .

T ibor Gaál
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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  accep ted  on  th e  basis  o f sc ien tific  s ig n ificance  a n d  su itab ility  for p u b li
ca tio n  on  th e  u n d e rs tan d in g  t h a t  th e y  h av 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  d epends on  th e  op in ion  o f tw o  re ferees an d  th e  decision of th e  
E d ito ria l B oard . P ap ers  accep ted  fo r p u b lica 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 an uscrip ts m u s t he  in  E n g lish  o r H u n g a rian  a n d  c lea rly  a n d  concisely w ritte n . T h ey  
shou ld  b e  ty p e d  double  sp aced  w ith  w ide m arg ins. Tw o copies o f  th e  m a n u sc r ip t should  be 
su b m itte d .

FO R M  O F  M A N U S C R IPT

Title. 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  t i t le  o f  n o t  m ore  th a n  40 le t te r s  sh o u ld  also he  supplied . T his is 
follow ed by  th e  a u th o rs ’ in itia ls  (full f i r s t  n am e  of w om en) a n d  su rn a m e , a n d  th e  nam e o f th e  
in s titu tio n  w here th e  w o rk  w as 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 shou ld  n o t  exceed  200 w ords a n d  sho u ld  o u tlin e  b rie fly  th e  purpose of th e  
s tu d y  an d  d e ta il im p o r ta n t  f in d in g s  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, 
genera lly  know n in fo rm a tio n  a n d  re p e tit io n  should  be  av o ided .

In tro d u ctio n . T h is p a r t  shou ld  s ta te  b riefly  th e  n a tu re  a n d  p u rp o se  of th e  w ork  and  c ite  
re ce n t im p o r ta n t w ork  b y  o th ers .

M aterials and  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 tic a l m e th o d s in  su ffic ien t d e ta il to allow  o th e r  a u th o rs  to  rep ro d u ce  th e  resu lts . 
T h is p a r t  m ay  h av e  su bhead ings.

R esu lts . T h e  ex p e rim e n ta l d a ta  sh o u ld  be p re sen te d  c lea rly  a n d  concisely. A void r e 
p e a tin g  in fo rm a tio n  p re sen te d  in  tab le s  a n d  figures.

D iscussion shou ld  b e  focussed  on  th e  in te rp re ta tio n  o f  e x 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 re sen te d  in  th e  In tro d u c tio n  or in fo rm a tio n  g iv en  in  R esu lts . R eferences 
shou ld  b e  c ited  as follow s: e.g . . . .  as o b se rv ed  b y  F a ith  a n d  T ru m p  (1976); o r in  p a ren theses: 
. . . w ere fo u n d  (S ta r r  e t  a l., 1978; M anson a n d  S ta rr, 1979).

A cknow ledgem ent o f g ra n ts  a n d  tech n ica l help.

R eferences. Cite o n ly  essen tia l references. T h ey  sh o u 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 num bers . T he re fe ren ce  l is t  a t  th e  end  o f th e  p ap er 
should  con tain

— fo r jo u rn a ls : n am es a n d  in it ia ls  o f  a ll au th o rs , y e a r o f  p u b lic a tio n  (in  p a ren theses), co lon, 
E n g lish  t i t le  o f  th e  p a p e r  ( if  th e  o rig ina l t it le  is n o t  E n g lish , in d ic a te  in  paren theses, 
e.g. [in F ren ch ]) , jo u rn a l  t it le  a b b rev ia te d  accord ing  to  th e  s ty le  used  in  In d e x  V eteri- 
n a riu s , vo lum e n u m b er, issue n u m b e r in  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 /ed ito rs , y e a r  (in  p a ren th eses) , t it le , p u b lish er, 
p lace o f p u b lica tio n , page  n u m b er.

Tables. T h ey  sho u ld  b e  ty p e d  on sep a ra te  sh ee ts a n d  h a v e  a  concise head ing  each . 
T ab les a re  to  be n u m b ere d  se q u en tia lly  b y  R o m an  n u m bers.

F igures. G o o d -q u a lity  glossy p r in ts  o f  half-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  figu re , th e  a u th o r ’s n am e  a n d  th e  to p  o f th e  figure  
should  be  in d ica ted  l ig h tly  in  so ft p encil on  th e  b ack . T he fig u res a re  to  be  n u m b ered  sequen
tia lly  b y  A rab ic  nu m b ers . C aptions shou ld  be  prov ided  on a se p a ra te  shee t. A ll figures should  
be re fe rred  to  in  th e  te x t  a n d  th e ir  ap p ro x im a te  p lace in d ic a te d  o n  th e  m arg in .

A bbreviations and  sym bols. Q u a n titie s  should be  expressed  in  S I u n its . A ll abb rev ia tio n s 
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A NEW STAINING AND EVALUATING PROCEDURE 
FOR PROTEIN GEL ELECTROPHEROGRAMS BASED 
ON THE PYROGALLOL RED-MOLYBDATE COMPLEX

A. C s i b a  and L . S z é c s é n y i - N a g y

D e p artm en t o f M edicine and  C linical Pharm aco logy , M unicipal H o sp ita l P é terfy , 
H-1441 B u d a p es t, P é te rfy  S. u . 14, H u n g a ry

(R eceived  O ctober 15, 1988)

A new  m eth o d  is re p o rte d  fo r s ta in in g  and ev a lu a tin g  gel e lectrop lierogram s of 
p ro teins.

W ith  pyrogallo l red —m o ly b d a te  re ag e n t th e  ge l-em bedded  p ro te ins are t r a n s 
form ed in to  a d e riv a tiv e  o f b lue  co lour. A fter desta in ing , th e  b lue-coloured  p ro te in s 
are well visible ag a in st a colourless b ack g ro u n d  and  can  be  q u a n tif ie d  by  d en sito m e try  
w ith  h igh  re liab ility .

T he q u a n ti ty  o f th e  co lou red  p ro te in  is d irec tly  p ro p o rtio n a l to  th e  h e ig h t of 
peaks in  th e  densitog ram . Colour in te n s i ty  is c o n cen tra tio n  d ep en d en t.

T he m easu rem en t ran g e  o f se ru m  album in  was 1 to  50 //g  tu b e  and  10 to  100 
jttg/slab in  po lyacry lam ide  gel d isc electrophoresis an d  a g a r gel electrophoresis, re 
spectively .

K eyw ords: P ro te in , gel e lec tro p h ero g ram , sta in in g  p ro ced u re , pyrogallol r e d -  
m o ly b d a te  com plex.

N um erous s ta in in g  p rocedures a re  know n fo r v isu a liza tio n  of p ro te ino - 
gram s. These are  described  in  d e ta il in  m anuals e.g. K erese , 1975; D évény i 
a n d  G ergely, 1971.

A fter th e  com pletion  o f gel e lectrophoresis th e  gels are  fixed, s ta in ed  
an d  w ashed. T he m ost freq u en tly  used  sta in ing  p rocedures are  based on th e  
dye-b ind ing  cap ac ity  o f p ro te in s , i.e . b ind ing  of th e  dye  colloids to  p ro te in s 
b y  e lec tro sta tic  an d  v a n  der W aals forces. E xam ples o f  th is  are th e  am ido  
b lack  and  th e  d iffe ren t coom assie b r illia n t blue dyes. F o r  v isualiza tion  o f 
p ro te in s , coom assie b rillian t b lu e  dyes are  te n  tim es as sensitive  as am ido  
b lack . T here ex ist s ta in in g  p ro ced u res  w hich are  b ased  on a colour reac tio n  
in s tead  of colloid b ind ing . In  th e se  procedures th e  d eveloper reac ts  w ith  som e 
fu n c tio n a l group o f th e  p ro te in , re su ltin g  in  a coloured  d eriv a tiv e . To th is  
ca tego ry  belong th e  so-called specific  s ta in in g  procedures developed  for d em o n 
s tra tin g  n o n -p ro te in  substances b o u n d  to  p ro tein .

The p ro te in  s ta in in g  p ro ced u re  described  here h as  b een  developed on th e  
basis o f a co lo rim etric  m eth o d  o f Jap an ese  au th o rs  (F u j i ta  e t ah, 1983; 
W a tan ab e  e t ah, 1986) who used  i t  fo r de term in ing  th e  c o n c e n tra tio n  of u r in a ry  
p ro te in s  in  d ifferen t syndrom es. U sing  th e ir  pyrogallo l re d -m o ly b d a te  reag en t, 
u r in a ry  p ro te in s can  be d e te rm in ed  a t  600 nm  w aveleng th . W e were th e  f irs t  
in  th e  w orld to  use th is  reag en t fo r v isua liza tion  of p ro te in  gel e lectrophero- 
gram s.

1 * Acta Veterinaria Hungarica 37, 1989 
A kadém iai Kiadó, Budapest
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M aterials a n d  m ethods

M aterials

D isodium  m o ly b d a te  (VI) X 2 H 20 ,  succinic acid , so d iu m  ox a la te , sodium  
benzoate , trich lo ro ace tic  acid, m e th an o l, 96%  acetic ac id  a n d  37%  h y d ro 
ch lo ric  acid (all o f  a n a ly tic a l grade) w ere ob ta in ed  from  R ean a l F ine Chem i
cals  Co. (B u d ap est, H u n g ary ). P y ro g a llo l red  was p u rc h a se d  from  Serva 
(H eidelberg , F R G ) a n d  h u m a n  serum  a lb u m in  s ta n d a rd  fro m  Sigm a (S t. L ouis, 
U SA ). The chem icals necessary  fo r gel p re p a ra tio n  w ere o b ta in e d  from  a k it  
m a rk e te d  by  R e a n a l F ine  Chem icals Co. (B u d ap est, H u n g a ry ) . F o r p rep arin g  
th e  electrophoretic  b u ffe r  an d  gel sy stem s double-d istilled  w a te r  was used.

Instrum ents

Gel e lec trophoresis  was p erfo rm ed  w ith  th e  Model-73 a p p a ra tu s  m ark e ted  
b y  R eanal F ine  C hem icals Co. (B u d ap est, H ungary ). T h e  electropherogram s 
w ere scanned w ith  a n  O E-508 ty p e  d en sito m eter (L a b o r M IM , B u d ap est, 
H u n g ary ) and  e v a lu a te d  w ith  th e  help  o f  th e  L absys 80 personal co m p u ter 
p ro g ram  (L abor M IM , B u d ap est).

M ethod

P o lyacry lam ide  an d /o r agar gel e lectrophoresis w as p erfo rm ed  according 
to  th e  p rac tica l “ In s tru c tio n s  for U se”  a tta c h e d  to  th e  in s tru m e n t by  R eana l 
F in e  Chemicals Co. (B u d ap est, H u n g a ry ). In  brief, th e  co n cen tra tio n  of th e  
po lyacry lam ide gel w as ad ju s ted  to  7%  b y  th e  m ethod  o f D av is  (1964). A b u ffe r 
sy s tem  of p H  8.9 w as used . A gar gel e lectrophoresis w as p e rfo rm ed  in  a “ m icro 
ge l”  system  (W u n d e rly , 1957). A gar co n cen tra tio n  w as a d ju s te d  to  1 .5%  
before pouring o u t th e  slab . A n e lec trophoretic  bu ffer sy s tem  o f p H  8.2 to
8 .4  was used.

S ta in in g  procedure

Fixative : P ro te in  frac tions in  th e  gels were f ix e d  in  12.5%  aqueous 
trich lo roacetic  ac id .

Staining so lu tio n s:  P yrogallo l red  so lu tion  (1.5 m M ): D issolve 60 m g 
pyrogallo l red  in  100 m l m ethano l. M olybdate  so lu tio n  (0.01 M): Dissolve 
0 .24 g d isodium  m o ly b d a te  X  2 H 20  in  100 m l d istilled  w a te r.

Pyrogallol red-m olybdate reagent : D issolve 5.9 g succin ic  acid, 0.14 g 
sod ium  oxalate  a n d  0.5 g sodium  b en zo a te  in  900 m l d is tilled  w ater, th e n  
a d d  40 ml py ro g a llo l red  so lu tion  an d  4 m l m o ly b d a te  so lu tio n . A d just th e  
p H  of the  m ix tu re  to  2.5 by  add ing  0.1 M HC1 and m ak e  th e  m ix tu re  up  to  
1 litre  w ith d is tilled  w ate r.

Acta Veterinaria Hungarica 37, 1989
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Sta in ing  procedure: A fter th e  ru n  th e  gels are  im m ersed  in  12.5%  t r i 
ch loroacetic  acid o f ten fo ld  vo lum e fo r 30 m in. S u b seq u en tly  th e y  are t r a n s 
fe rred  in to  pyrogallo l re d -m o ly b d a te  reag en t. A fter s ta in in g  for 5 h  th e  gels 
are  w ashed  w ith  w a te r , th e n  im m ersed  in  7%  aqueous ace tic  acid . W ith  th e  
acetic  acid th e  excess o range-red  re a g e n t can  easily be rem o v ed  from  th e  gel. 
C hange th e  w ashing  flu id  only tw ice  (as long as i t  show s d isco loration). A fter 
d esta in ing , th e  p ro te in -free  p a r ts  o f  th e  gel becom e colourless an d  tra n sp a re n t. 
T h e  b lue colour o f th e  p ro te in -co n ta in in g  gel p a rts  becom es m ore in ten siv e  
in  th e  desta in ing  so lu tion . The gels can  be sto red  in  7%  acetic  acid  for 1 m o n th .

Results and discussion

To de te rm ine  th e  sen s itiv ity  o f th e  s ta in ing  p rocedure , d iffe ren t volum es 
o f s ta n d a rd  h u m an  serum  a lbum in  w ere applied  on th e  gels p rep a red  as speci-

Gel column

F ig . 1. D isc gel e lectro p h ero g ram  of h u m a n  serum  album in . P ro te in  q u a n ti ty  app lied  on  th e  
gel: 50 |Mg/tuhe. D en sito m eter den sity  a d ju s tm e n t:  1. A pplied filte r: 630 nm . M easurem ent

lim it o f th e  reco rder: 1000 mV

Acta Veterinaria Hungarica 37, 1989



194 CSIBA and SZÉCSÉNYI-NAGY

f ie d  in  th e  “ In s tru c tio n s”  issued  b y  R ean a l. A fte r e lec trophoresis a t  a cu rren t 
in te n s ity  of 5 m A /tu b e  a n d  s ta in in g  o f th e  p ro te in s , th e  p ro te in o g ram s w ere 
e v a lu a te d  b y  d en sito m e try .

This p re lim in ary  ex p e rim en t show ed th a t  in  p o ly ac ry lam id e  disc e lec tro 
phoresis th e  o p tim u m  m easu rem en t range  is 1 to  50 pg  a lb u m in  p er tu b e . In  
t h a t  case th e  d en sity  o f  e lec tropherog ram s is in  lin ea r re la tio n sh ip  w ith  th e  
q u a n t i ty  of gel-em bedded  a lb u m in . T he sen s itiv ity  of th is  p ro ced u re  is superior 
to  th a t  of th e  co n v en tio n a l am ido  b lack  an d  coom assie b r illia n t b lue s ta in ing  
p rocedures.

F igure 1 show s th e  p o lyacry lam ide  gel disc e lec tro p h ero g ram  of h u m an  
seru m  album in  (50 pg  p ro te in /tu h e ). T he h u m an  serum  a lb u m in  p rep a ra tio n  
(Sigm a) contains tw o  easily  d e tec tab le  frac tions (peaks). T he f ir s t  (fast-m oving) 
co m p o n en t is a b o u t f iv e  tim es th a t  o f th e  one follow ing it .

F o r ca lib ra tion , th e  elec tropherogram s of 1, 5, 10, 20, 30, 40 and  
50 pg /tube  h u m an  seru m  a lb u m in  w ere scanned  w ith  a d en sito m ete r. D a ta  
ca lcu la ted  w ith  a L ab sy s 80 co m p u te r show  th a t  th e  d en sito m étrie  p eak  heights 
expressed  in  mV are  in  lin ea r  re la tio n sh ip  w ith  th e  p ro te in  q u a n titie s  layered  on 
th e  sep ara tin g  gel. T h e  ca lib ra tio n  re la tio n sh ip  is show n in  F ig . 2.

F ig . 2. C alibration  w ith  h u m a n  serum  a lb u m in  on th e  basis o f i ts  disc gel e lectropherogram . 
D en sito m eter den sity  a d ju s tm e n t:  1. A pplied  f ilte r: 630 nm . M easurem en t lim it o f th e  recorder:

1000 mV

Acta Veterinaria Hungarica 37, 1989



N EW  STA IN IN G  PRO CED U RE F O R  P R O T E IN  GEL ELECTRO PH ERO G RA M S 195

The m easu rem en t po in ts  show n in  F ig . 2 f i t  well (w ith  a reliable co rre la 
tio n ) th e  regression line co n stru c ted  w ith  th e  help of a C om m odore 64 p rog ram .

W hen th e  ca lib ra tin g  p ro te in  q u a n tit ie s  were developed  w ith  coom assie 
b r illia n t b lue, th e  pale  “ p ro te in  b a n d s ”  could  no t be e v a lu a te d  because of th e  
u n b leachab le  b ackground .

O ur p rocedure  w as also used  to  develop agar gel e lec tropherogram s. 
S erum  sam ples of 7 [Л w ere applied  o n to  th e  slabs. A fter th e  ru n  th e  slabs were 
developed  an d  e v a lu a ted  b y  d e n s ito m e try .

F igure 3 show s th e  d ensitog ram  o f an  agar gel e lec tropherog ram  d ev e
loped  on th e  slab. T he densitog ram  show s th a t  a lbum in  w as th e  p red o m in an t 
se ru m  p ro te in  co m ponen t. W ith  th e  re a g e n t used, n o t on ly  a lb u m in  b u t  also 
th e  o th e r serum  p ro te in  com ponen ts c a n  be dem o n stra ted .

T he ad v an tag es  o f our p ro ced u re  developed  for s ta in in g  gel-em bedded 
p ro te in s  can be sum m arized  as follow s:

(1) The o range-red  coloured re a g e n t diffuses in to  th e  gel as a so lu tion  
a n d  form s a b lue com plex  w ith  ( in s tead  o f  adsorb ing  to) th e  p ro te in .

Gel slab

F ig . 3. A gar gel e lec tro p h ero g ram  of h u m a n  serum . Serum  volum e: 7 jttl/slab. D ensitom eter 
d e n s ity  ad ju s tm e n t: 2. A pplied  filte r: 590 n m . M easurem en t lim it o f th e  recorder: 1000 mV
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(2) P ro te in s a re  developed w ith  h igh  sen sitiv ity  in  th e  en tire  cross-sec
tio n  o f th e  gel. A fte r th e  appearance  o f  th e  b lue colour, th e  excess reagen t t h a t  
has diffused in to  th e  gel can  easily  be  rem oved .

(3) A fter d e s ta in in g , th e  b lue-co loured  pro te ins can  be seen aga in st a 
colourless b ack g ro u n d .

(4) The q u a n ti ty  o f coloured p ro te in s  is d irec tly  p ro p o rtio n a l to  th e  
p e a k  heights o f th e ir  densitog ram , i.e. th e  colour in te n s ity  is co n cen tra tio n  
d ep en d en t.

(5) P ro te in  d ev e lo p m en t is h ig h ly  sensitive : th e  m easu rem en t range is 
1 to  50 pg p er tu b e  in  disc e lectrophoresis an d  10 to  100 p g  p e r slab in  ag a r 
gel electrophoresis.

In  th is  w ork  we d id  no t aim  a t  com pleteness. In s te a d , we w an ted  to  
describe th is  new  gel s ta in in g  p rocedure  as soon as possib le, assum ing th a t ,  
ow ing to  th e  colourless b ackground  a n d  ex trem ely  h igh sen s itiv ity , th e  p ro ce 
d u re  w ould co m m an d  g rea t in te rest.

C om parison o f  th is  techn ique  w ith  o th e r availab le p ro te in  sta in ing  p ro ce 
du res is cu rren tly  u n d e r  w ay, w ith  special respect to  th e  d iffe ren t p ro te in  ty p es .
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CLINICAL AND MICROBIOLOGICAL STUDIES OF 
D E R M A T O P H I L U S  C O N G O L E N S IS  INFECTION

IN CATTLE
(SH O R T  CO M M U N IC A TIO N )

M. P a l

D e p artm en t o f V e te rin a ry  Pub lic  H e a lth , College of V e te r in a ry  Science,
G. A. U ., A nand-338  001, G u ja ra t, In d ia

(R eceived  J a n u a ry  16, 1989)

D erm atophilosis (s trep to trich o sis) is an  in fectious, co sm o p o litan  disease 
o f  m a jo r econom ic im p o rtan ce  as i t  re su lts  in  su b s ta n tia l losses o f h ides, skin, 
wool, beef an d  m ilk (A insw orth  an d  A ustw ick , 1973; L loyd , 1986).

A to ta l  o f 140 an im als com prising  74 Je rsey , 57 J e rs e y  X  K an k re j (an  
ind igenous breed), 5 H o ls te in -F ries ian  a n d  4 H o lste in -F riesian  X  K an k re j were 
exam ined  for th e  p resence o f D erm atophilus  in fection . T h e y  ran g ed  in  age 
fro m  2 m on th s to  10 y ea rs . Specim ens w ere collected from  45 anim als an d  
fro m  6 an im al hand lers. T he sam ples w ere d irec tly  sm eared  on  d u p lica te  slan ts  
a n d  P e tr i  dishes of b lood  agar, b ra in -h e a r t  infusion (B H I), S ab o u ra u d ’s d ex 
tro se  agar w ith  ch loram phenico l (0.05 m g/m l) and  S ab o u rau d ’s dex trose  agar 
w ith  ch loram phenico l an d  actid ione (0.5 m g/m l). T he cu ltu res  w ere in cu b a ted  
aerob ica lly  an d  an aerob ica lly  in  a can d le  j a r  a t  37 °C. D irec t m icroscopy was 
done in  11 cases b y  G iem sa and  p o ta ss iu m  h y d rox ide  (K O H ) techn iques. 
I n  a d d itio n , 5 sam ples each  of s traw , h a y , m ille t, soil an d  du n g  w ere exam ined  
b y  th e  d ilu tio n  m ethod . T h e  iso lates w ere id en tified  by  th e  p rocedures recom 
m ended  b y  G ordon (1964).

T h irty -s ix  ou t o f th e  140 an im als  exam ined  (25.7% ) w ere found  to  be 
clin ica lly  affected . T w en ty -six  (72.2% ) o f  th e  affected  c a ttle  show ed c rusted  
lesions on th e  leg, b ack  an d  ru m p s, a n d  7 (19.4% ) h a d  generalized  lesions 
in vo lv ing  th e  head , face, neck , dew lap, b r isk e t, th ig h , ax illa , ab d o m en , coronet, 
leg , ta il, sc ro tu m  an d  u d d er. In  3 la c ta t in g  cows system ic signs such  as an o r
ex ia , fever, sa liva tion , red u ced  m ilk  y ie ld , abo rtion  and  re te n tio n  o f p lacen ta  
w ere also no ticed .

G iem sa-stained  sm ears of e x u d a te  an d  scab o f c ru s ts  in  11 anim als 
rev ea led  th e  presence o f th in , b ran ch ed  f ilam en ts  w ith  cocci a n d  chains m o r
phologically  resem bling D . congolensis.

T he p a th o g en  w as iso la ted  from  8 o u t o f th e  51 sk in  scrap ings an d  c rusted  
m ate ria ls  on blood ag ar a n d  B H I a f te r  72 h  of in cu b a tio n  a t  37 °C (Table I). 
T h e  organism  could n o t be  recovered  fro m  th e  H o lste in -F riesian  c a ttle , th e ir  
crossbreds, an im al a tte n d a n ts , and  en v iro n m e n ta l m ateria ls .
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Table I

Iso la tio n  o f Dcrmatophilus congolensis from  cu tan eo u s lesions

Source of specimen
Number

examined
Recovery of organism on 

blood agar B H I agar

Jersey 29 7/29* 4/29

Jersey  crossbred 7 1/7 1/7
H olstein-F riesian 5 0/5 0/5
H olste in -F riesian  crossbred 4 0/4 0/4
Anim al a tte n d a n t 6 0/6 0/6

Total: 51 8/51 6/51

* N um erator in d ica tes  nu m b er of specim ens positive for th e  p a th o g en  and  denom inato r 
in d ica tes  num ber of specim ens exam ined

In  th e  absence o f an y  p a ras ite s , fungi and  b a c te ria , th e  findings of th e  
p re se n t in v estig a tio n  con firm ed  th a t  D . congolensis w as th e  only p a th o g en  
in c rim in a ted  in  th e  ae tio logy  of d e rm a titis . T he disease w as confined to  th e  
Je rse y  ca ttle  an d  th e ir  crossbreds, as th e  H o lste in -F riesian  c a ttle  and  th e ir  
crossbreds were h o u sed  in  a sep a ra te  shed.

Though th e  c lin ica l signs o f th e  disease were as described  earlier b y  o th e r 
in vestiga to rs (S zabuniew icz, 1964; D rag er an d  Y an a ls tin g , 1985), th e  l i te ra tu re  
rev ea led  p au c ity  o f in fo rm a tio n  on system ic signs su ch  as a b o rtio n  an d  re te n 
tio n  of p lacen ta . I n  th is  o u tb reak , th re e  Je rsey  c a ttle  w ith  generalized  c u ta 
neous lesions a b o rte d  a n d  re ta in ed  th e  p lacen ta . As clin ical m ateria ls  w ere 
n o t  availab le from  th e  a b o rte d  an im als, th e  aetio log ical role o f D . congolensis 
in  ab o rtio n  can n o t be  uneq u iv o ca lly  p roved .

The zoonotic sign ificance o f derm atoph ilo sis  w as re p o rte d  b y  D ean  e t al. 
(1961). H ow ever, in  th e  p re sen t in v es tig a tio n  D . congolensis could n o t be 
d e tec ted  in  an y  o f  th e  6 an im al a t te n d a n ts  who h a d  close co n ta c t w ith  th e  
diseased ca ttle . N o ex p e rim en ta l s tu d y  w as u n d e rta k e n  to  prove th e  p a th o 
gen ic ity  of th e  o rg an ism  in h u m an  beings.
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EFFECT OF SELENIUM, VITAMIN E AND RIBOFLAVIN 
SUPPLEMENTATION OF THE FEED ON THE HUMORAL 

AND CELL-MEDIATED IMMUNE RESPONSES 
OF GROWING PIGS

P . R a f a i1, S. T u b o l y 2, H . B ír ó 3, L. J a k a b 1, Z. P a p p 1 and L. M o l n á r 2

'D e p a rtm e n t o f A nim al H yg iene, 2D e p a rtm en t o f E p izoo tio logy , U n iv ersity  of 
V e te rin a ry  Science, H-1400 B u d ap es t, P . O. B ox 2, H u n g a ry ; a n d  3K A -H Y B  Pig 
B reeding and  M ark etin g  C om pany , H-7400 K ap o sv á r, K a n izsa i u. 72, H u n g a ry

(R ece iv ed  N ovem ber 10, 1988)

The feed o f w eaned p ig le ts o f H u n g a rian  L arge W h ite  X D uroc  and  D u tc h  L an d - 
race  X D uroc g en o ty p e  w as su p p lem en ted  w ith  0.5 m g se len ium , 50, 100 or 150 m g 
v ita m in  E , a n d  2.5 o r 5 m g r ib o flav in  per kg.

Feed su p p le m e n ta tio n  en h an ced  th e  cy to to x ic  re ac tio n  a n d  e lev ated  th e  a n ti 
b o d y  titre s  p ro d u ced  ag a in s t p u rified  horse gam m a g lobulin  a n tig en . H ow ever, as com 
p a red  to  th e  co n tro l th e  d ifferences w ere no t s ig n ifican t. Feed  su p p lem en ta tio n  ex erted  
a  beneficial, th o u g h  v a ry in g , in fluence  on th e  indices o f  cell-m ed ia ted  im m u n ity . T he 
p ro p o rtio n  of ro se tte -fo rm in g  cells a n d  b lastogénie  tra n s fo rm a tio n  induced  b y  specific 
(horse g lobulin) a n d  nonspecific  (p h y to h aem ag g lu tin in , P H A ) m itogens u n d e rw en t th e  
m o st expressed  a n d  m o st s ig n ifican t increase in  pigs fed 5 m g se len ium , 100 m g v ita m in  
E  an d  5 m g rib o fla v in  pe r kg  of feed. On th e  o th e r h a n d , feed  su p p lem en ta tio n  failed  
to  enhance th e  responsiveness to  in tra d e rm a l P H A  (ty p e  IV  allerg ic reaction).

Keywords: Selenium , v ita m in  E , v ita m in  B 2, rib o flav in , selenium  co n cen tra tio n , 
liver, serum , a d ren a l co rtex  fu n c tio n , hum oral im m une response , cell-m ediated  im m une 
response, ly m p h o cy te  s tim u la tio n , ro se tte  fo rm atio n , in tra d e rm a l P H A , cy to to x ic  
reac tion .

T h e genetica lly  d e te rm in ed  fu n c tion ing  of th e  im m u n e  sy stem  an d  
defence m echanism s o f fa rm  an im als can  be in flu en ced  b y  neuroendocrine 
fu n c tio n , im m unosuppressive  an d  im m u n o stim u lan t su b stan ces, and  num erous 
d ie ta ry  facto rs. P a ra lle l w ith  th e  sp read  of closed p ig  m an ag em en t system s 
an d  ac id ifica tion  o f  soils, an  increasing  n u m b er of p ap ers  h av e  d ea lt w ith  losses 
caused  b y  selenium  (Se) an d  v ita m in  E deficiency (van  V leet, 1980; O ldfield , 
1985; e tc .). Selenium , v ita m in  E  an d  ribo flav in  are  k n o w n  to  be essen tia l 
com ponen ts of th e  o x id a tio n -re d u c tio n  system  responsib le  fo r e lim ina ting  th e  
peroxides produced  d u rin g  in te rm e d ia ry  m etabo lism . S everal au th o rs  (T engerdy 
an d  N ockels, 1975; N ockels, 1979; U llrey , 1981; etc .) h av e  suggested  th a t  Se 
an d  v ita m in  E  ad m in is te red  in  excess m ay  have a fav o u rab le  in fluence  on 
ce rta in  com ponen ts o f  th e  im m u n e  system  an d  m ay  be im p o r ta n t in  th e  p re 
v en tio n  o f pig diseases o f com plex  aetio logy. T hough  num ero u s w orks have  
d ea lt w ith  th e  effect o f Se a n d  v ita m in  E  su p p le m e n ta tio n  o f p ig  feeds, to  
th e  b e s t o f our know ledge th e  com bined  effect o f Se, v ita m in  E  an d  rib o flav in
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in  p igs has no t y e t b een  s tu d ied . T he aim  of th is  s tu d y  was to  es tab lish  w hether 
su p p lem en ta tio n  o f g row er d ie ts  u su a l in  H u n g a ry  w ith  d iffe ren t doses of Se, 
v i ta m in  E  and v ita m in  B 2 w ould  a lte r  th e  h u m o ra l an d  ce ll-m ed ia ted  im m une 
response  in  grow ing pigs.

Materials and methods

A to ta l of 48 w eaned  p ig le ts  o f H u n g a rian  L arge W h ite  X D uroc and 
D u tc h  L andrace X D u ro c  b reed  co n stru c tio n , ran d o m ly  a llo tte d  to  six groups, 
w ere  used. The p ig le ts  w ere rea red  in  one-sto rey  b a tte rie s  in  c lim atized  ch am 
b e rs  ensuring o p tim u m  m icroc lim ate  co rresponding  to  th e ir  age an d  body  
m ass. E ach  group co n ta in ed  b o th  m ale an d  fem ale p ig lets o f ab o u t th e  sam e 
b o d y  m ass. The h e a lth  s ta tu s  o f  th e  p ig le ts  was m o n ito red  fo r a week. S ub
seq u en tly , th e ir  d ie t (a p ig le t d ie t o f 0.13 ing/kg selen ium , 6.09 m g/kg v i ta 
m in  E , and 1.86 m g/kg  rib o flav in  co n ten t) was su p p lem en ted  w ith  a selenium , 
v i ta m in  E and  v ita m in  B 2 co n ta in in g  co n cen tra te , so th a t  th e  p ig lets received 
th e  following selen ium , v ita m in  E  an d  v ita m in  B 2 q u a n titie s , in  ad d itio n  to  
th e  original Se, v ita m in  E an d  rib o fla v in  co n ten t of th e  b a sa l ra tio n :

Group Se
mg/kg

Vitam in E 
mg/kg

V itam in B g 
mg/kg

l 0.5 50 2.5

2 0.5 100 2.5

3 0.5 50 5.0

4 0.5 100 5.0

5 0.5 150 5.0

6 con tro l group  receiv ing  a d ie t w ith o u t 
su p p lem en ta tio n

The im m unolog ical p ro file  te s ts  w ere s ta r te d  on d a y  28 o f feeding th e  
sup p lem en ted  d ie ts . O n d ay  7 th e  tw o  la rg es t an d  tw o sm allest p ig lets o f each 
g ro u p  were killed a n d  th e  Se c o n te n t o f th e ir  liver was de te rm in ed . T he im m uno
log ica l profile te s t  w as com ple ted  on d ay  17 a fte r th e  p ig le ts’ f ir s t  an tigen  
t re a tm e n t. The e x p e rim en ta l d iets w ere fed  for 76 to  83 d ay s , th e n  th e  piglets 
w ere  killed and  th e  Se co n te n t o f th e ir  liver was d e te rm in ed . B lood sam ples 
ta k e n  on day  74 o f th e  feed ing  t r ia l  w ere assayed  for serum  v ita m in  E  concen
tra t io n . The tim e  course o f th e  ex p erim en t is show n in  F ig . 1.

The pig lets w ere w eighed in d iv id u a lly  every  w eek. T he con tro l and  
exp erim en ta l d iets w ere fed  ad lib itum . F eed  co n sum ption  w as d e te rm ined  as 
th e  difference of th e  feed q u a n ti ty  offered an d  th e  leftovers. Specific feed u tiliza-
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Obser- P re tre a tm en t Immunoprof i le O b serv a t io n
va tion 
period

p e r io d study per iod

A В C D
7 days 

1----------

28 d ay s 17 d ays

--1----------1---- 1----- 1----H-

24-31 days

0 2 7 10 14 17 74 76-83 days

F ig. 1. D esign of th e  experim en t. A :  O b serv a tio n  period (7 d ays). B : P re tre a tm e n t period  
(28 days): ex p erim en ta l d ie ts  a re  fed, th e  p ig le ts are weighed w eek ly , a n d  th e ir  feed con
su m p tio n  is de term ined . C: Im m unopro file  s tu d y  (17 days). D ay  0: im m u n iza tio n  w ith  horse 
g am m a globulin. D ays, 0, 7, 10, 14 an d  17: b lood  sam pling  for d e te rm in in g  h u m o ral an tibod ies 
a n d  fo r cellu lar tes ts . D ay s 2 -4 : in tra d e rm a l P H A  te s t. D ay 7: tw o  p ig le ts  are killed in  each  
group . D ay  10: re p ea te d  im m u n iza tio n  w ith  horse  gam m a g lobulin . D : o b se rv atio n  period  
(24-31  days). On d ay  74 of feeding th e  ex p erim en ta l d iets: blood sam p lin g  fo r assay  of serum  
v ita m in  E  co n cen tra tio n . On days 76-83 of feeding: th e  p ig le ts a re  k illed  and  h ep atic  Se

c o n cen tra tio n  is de term ined

tio n  of th e  p ig le t g roups w as ca lcu la ted  from  the  b o d y  m ass change and  th e  
feed  consum ed.

T he hum oral im m une  response w as m on ito red  b y  t i t r a t in g  th e  an tibod ies 
p ro d u ced  ag a in st an  a lum in ium  h y d ro x id e  gel adsorbed , p u rif ie d  horse gam m a 
g lobu lin  an tig en  p roduced  b y  us. On d ay  0 an d  10 of th e  im m unological p ro file  
te s t  5 m l of th e  horse gam m a g lobulin  an tig en  was in je c te d  in tram u scu la rly . 
T h e  an ti-h o rse  g lobulin  an tibod ies w ere t i t r a te d  by  an  E L IS A  developed b y  
th e  V e te rin a ry  M edical R esearch  In s t i tu te ,  H u n g arian  A cad em y  of Sciences, 
in  blood sam ples ta k e n  on days 7, 1 0 ,1 4  an d  17 a fte r th e  f ir s t  an tig en  tre a tm e n t.

F o r th e  in  vitro cellular tests, th e  cells were 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 es on d ay  0, 7, 10, 14 an d  17 of 
th e  im m unopro file  te s t . Cell den sity  w as a d ju s ted  to  106/m l in  H an k s’s so lu tion  
c o n ta in in g  10%  fe ta l ca lf  serum , an d  1.8 m l a liquo ts o f  th e  cell suspension 
w ere m easured  in to  L e ig h to n  tubes.

In  th e  lymphocyte stim ula tion  test th e  ra te  of an tigen -specific  b lastogenesis 
w as s tu d ied  b y  add ing  0.2 m l of 2%  horse gam m a g lobu lin , w hile nonspecific 
s tim u la tio n  was d e te rm in ed  b y  add ing  200 gam m a/0.2 m l p h y to h aem ag g lu tin in  
(P H A ). T he s tim u la ted  cell suspensions w ere in cu b a ted  a t  37 °C for 72 h . In  
th e  56 tli h o u r o f in c u b a tio n  10 pCi 3H T d R  was ad d ed  to  each  sam ple, th e n  
th e  p la te s  were tre a te d  w ith  Ilfo rd  N uclear (CIBA  G E IG Y  Co., Basel) em ulsion. 
T h e  ra te  of b lastogén ie  tra n sfo rm a tio n  w as de term ined  b y  au to rad io g rap h y  on 
th e  basis of 3H T d R  in co rp o ra tio n  (V arga, 1973; R odák , 1976; Z w eim ann, 1978).

T he rosette form ation  test (R C F) w as done b y  th e  m e th o d  o f G rew al (1976) 
a n d  Tilz (1978). W ashed  sheep red  b lood  cells (RBCs) w ere p re tre a te d  w ith  a 
1 : 250,000 d ilu tion  o f ta n n ic  acid, an d  horse gam m a g lo bu lin  was adsorbed
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to  th e ir  surface. T h e n  th e  RBCs w ere rep ea ted ly  w ashed , a n d  0.1 m l o f a 3%  
R B C  suspension w as in c u b a te d  w ith  1.8 m l of a ly m p h o c y te  suspension of 
10e/m l d ensity  a t  37 °C. Sm ears w ere fix ed  w ith  m e th a n o l in  th e  16th h o u r, 
s ta in ed  w ith  M ay-G riinw ald  s ta in , an d  used  for d e te rm in in g  th e  p ro p o rtio n  of 
ro se tte-fo rm ing  cells.

The cytotoxic reaction was p erfo rm ed  b y  th e  m e th o d  o f K iss and  T u b o ly  
(1981) in  a xenogenic sy stem . T he ta rg e t  cells were sheep  R B C s on th e  surface 
o f  w hich horse g am m a globulin  h a d  been  adsorbed.

I n  vivo cell-mediated im m u n ity  w as m on ito red  b y  in tra d e rm a l P H A  te s t  
(B lecha e t ah , 1983). A fte r  m easu ring  th e  th ickness o f th e  sk in  fold, 0.1 m l 
saline, con ta in ing  250 fig  P H A  (Difco L ab o ra to ries , USA ) p e r  m l, was in jec ted  
in to  th e  skin of th e  in g u in a l sk in  fo ld . T w en ty -fo u r an d  48 h  a fte r  the  in jec tio n  
th e  th ickness o f th e  sk in  fold w as m easu red  again w ith  a slide-gauge, an d  th e  
reac tio n  was e v a lu a te d  on th e  basis o f  sk in  fold th ickness.

T he Se c o n te n t o f th e  feed an d  o f liver sam ples o f  th e  k illed piglets was 
de te rm in ed , a f te r  p re tre a tm e n t w ith  n itr ic  acid and  perch lo ric  acid, b y  fluoro- 
m e try  (Olson, 1973). S erum  v ita m in  E  co n cen tra tio n  w as m easu red  b y  sp ec tro 
p h o to m e try , acco rd ing  to  th e  m e th o d  o f S ándor an d  Csörögi (1989), w hereas 
rib o flav in  co n c e n tra tio n  o f th e  feed w as determ ined  b y  th e  m eth o d  described 
b y  B okori and  A n dráso fszky  (1985). In  b lood sam ples ta k e n  betw een  9 an d  
10 a .m . on d ay  0 o f  th e  im m unopro file  te s t , cortiso l co n cen tra tio n  of th e  
p erip h era l b lood w as d e te rm in ed  once b y  th e  R IA  p ro ced u re  used b y  us for 
a long tim e (R afa i a n d  F odor, 1980).

R esults

T he m ean  Se, v ita m in  E  an d  rib o flav in  in ta k e  o f  th e  contro l g roup  
(G roup 6) an d  ex p e rim en ta l g roups is show n in T ab le  I .  T he d a ta  were c a l
cu la ted  from  th e  Se, v ita m in  E  an d  rib o flav in  c o n c e n tra tio n  of th e  co n tro l 
a n d  exp erim en ta l d ie ts , th e  daily  feed consum ption  an d  th e  m ean  body  m ass 
o f th e  groups.

F igures 2 a n d  3 show  th e  m ean  Se co n cen tra tio n  o f  th e  liver of p ig lets 
k illed  on d ay  35 a f te r  th e  beg inn ing  o f feeding and  a t  th e  en d  o f th e  tr ia l (on 
d a y  76 to  83 of feed ing ; tw o  pig lets each). C om paring th e  d a ta  of T able I  an d  
F ig . 2, i t  can  be e s tab lish ed  th a t ,  d isregard ing  G roup 3, Se su p p lem en ta tio n  
o f  th e  d iet increased  liv e r Se co n cen tra tio n  b y  0.14 to  0.34 m g /kg  on th e  average. 
T he s ta n d a rd  d e v ia tio n  (SD) o f d a ta  show n in  Fig. 2 is r a th e r  high, p a r t ly  
because these d a ta  a re  th e  m ean  o f as few  as tw o p ig le ts each . T he Se concen
tra tio n s  de te rm in ed  a t  th e  end o f th e  experim en t are  m u c h  m ore un ifo rm , 
ind ica tin g  th a t  Se su p p lem en ta tio n  o f th e  feed was re flec ted  also in  th e  h igher 
Se co n cen tra tio n  o f th e  liver.
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Table I

M ean selenium , v itam in  E  a n d  ribo flav in  consum ption  of the pig let groups during  p re tre a tm en t 
and  during  th e  im m unological p ro file  s tu d y  (m g/kg b o d y  m ass)

S e I1 e n  i u  m

Control P retreatm ent
period

Immunological 
profile study

0.007-0.009 0.004-0.006

1 0.035-0.044 0.035-0.039
2 0.036-0.051 0.022-0.034
3 0.036-0.046 0.023-0.033
4 0.037-0.046 0.023-0.033
5 0.033-0.044 0.020-0.030

V i t a m i n  E

Control P retreatm ent
period

Immunological 
profile study

0.34-0.39 0.19-0.29

l 3.21-3.91 3.09-3.45
2 6.12-8.69 3.76-5.74
3 3.17-4.06 2.06-2.89
4 6.19-7.71 3.89-5.53
5 8.11-10.82 5.05-7.30

R i b o f  1 a V i n

Control P retreatm ent
period

Immunological 
profile study

0.093-0.120 0.09-0.083

1 0.242-0.303 0.241-0.268
2 0.252-0.357 0.155-0.236
3 0.388-0.496 0.252-0.354
4 0.400-0.498 0.252-0.357
5 0.356-0.475 0.221-0.321

A good co rre la tion  w as found  be tw een  m ean v ita m in  E  co n cen tra tio n  of 
th e  ex p erim en ta l feeds a n d  th a t  of serum  sam ples ta k e n  on d ay  74 of feeding. 
T he low est serum  v ita m in  E  c o n cen tra tio n  w as ob ta ined  fo r th e  contro l group 
fed  th e  u n su p p lem en ted  d ie t. I n  G roups 1 an d  3, g roups fed  a d iet su p p le 
m en ted  w ith  50 m g v ita m in  E  per kg , se ru m  v itam in  E  co n cen tra tio n  w as 
h igher. Serum  v ita m in  E  c o n cen tra tio n  w as th e  h ighest in  G roups 2, 4 an d  5, 
g roups fed a d ie t su p p lem en ted  w ith  100 (G roups 2 an d  4) a n d  150 (G roup 5) 
m g/kg v ita m in  E  (Fig. 4).

The m ean  bo d y  m ass, m ean  daily  b o d y  m ass gain, a n d  m ean  daily  b o d y  
m ass gain  ca lcu la ted  fo r m etab o lic  b o d y  m ass of th e  p ig le t g roups are g iven 
in  T ab le  I I .  I n  th e  f irs t 28 day s of feed ing  th e  exp erim en ta l d ie ts  th e  pigs o f 
G roups 2 a n d  4 show ed s ig n ifican tly  low er b o d y  m ass gain  th a n  th e  contro ls.
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Group C ontrol 1 2 3 4 5

n

X r t  SD

2

0.45 ±  0.03

2

0.79 ±  0.2 

NS

2

0.62 ±  0.03 

0.05

2

0.44 ±  0.04 

NS

2

0.71 ±  0.08 

0.05

2

0.59 ±  0.03 

0.05

F ig . 2. H epatic  Se c o n c e n tra tio n  (m g/kg) o f p ig le ts o f th e  six g roups on  day  35 of th e  s tu d y . 
(D u e  to  th e  sm all n u m b e r  o f p ig lets w ith in  th e  g roups, th e  d a ta  p ro v id e  l ittle  in fo rm a tio n )

D urin g  the  im m u n o p ro file  s tu d y  all exp erim en ta l g roups h ad  sm aller b o d y  
m ass gain th a n  th e  co n tro l group. T ak in g  th e  en tire  ex p e rim en t (day  1 to  42), 
in  body  m ass gain  o n ly  G roup 5 was n o t sign ifican tly  d iffe ren t from  th e  co n tro l 
( th o u g h  also th is  g ro u p  h ad  sm aller m ean  bo d y  m ass gain  th a n  th e  con tro l).

As the  feed co n su m p tio n  of th e  w eaned  piglets w as n o t re s tric ted  d u rin g  
th e  experim ent, th e  sm aller hody  m ass gain  of th e  ex p e rim en ta l groups m ay  
h av e  been due e ith e r  to  Se, v itam in  E  an d  ribo flav in  su p p lem en ta tio n  o f  th e  
d ie ts  or to  b o d y  m ass differences be tw een  th e  groups a t  th e  beginning o f th e  
experim en t. C ovariance  analysis rev ea led  th a t  th e  various exp erim en ta l g roups 
h a d  sign ifican tly  d iffe red  from  one a n o th e r  a lready  on d a y  1 of feeding, a n d  
th a t  differences in  b o d y  m ass gain  could  be exp la ined  b y  differences in  th e  
in itia l hody m ass o f  th e  groups. T his s ta te m e n t is su p p o rte d  b y  th e  lack  of 
sign ifican t d ifference betw een  th e  exp erim en ta l g roups in  daily  hody  m ass 
gain  calculated  fo r m etabo lic  body  m ass.
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Group Control 1 2 3 4 5

n

X ±  SD 

P ^

6

0.46 ±  0.03

4

0.94 ±  0.55 

NS

6

0.61 ±  0.18 

NS

6

0.58 ±  0.09 

0.02

5

0.59 ±  0.09 

0.02

6

0.63 ±  0.09 

0.01

Fig. 3. H e p a tic  Se c o n cen tra tio n  (m g/kg) o f p ig le ts o f th e  six  groups on  d a y  76-83  of th e
ex p erim en t

T he co rtiso l co n cen tra tio n  of venous blood from  p ig lets is show n in  
Fig. 5. As p lasm a  cortiso l co n cen tra tio n  w as betw een  31.3 an d  33.0 ng /m l in  
th e  d iffe ren t groups, th e re  were no s ig n ifican t differences in  ad ren a l co rtex  
function  b e tw een  th e  groups.

F eed  su p p lem en ta tio n  ex erted  a fav o u rab le  effect on th e  an ti-h o rse  
gam m a g lo b u lin  titre s  o f  grow ing pigs (T able I I I ) ,  th o u g h  th e  m ean  a n tib o d y  
titre s  of th e  ex p erim en ta l g roups d id  n o t d iffer ap p rec iab ly  from  th a t  m ea
sured  in  th e  con tro l b lood  sam ples ta k e n  a t  th e  sam e tim e.

T he re su lts  of ly m p h o cy te  s tim u la tio n  w ith  horse gam m a g lobulin  are  
show n in  F ig . 6, w hereas th o se  of nonspecific  s tim u la tio n  w ith  P H A  are g iven 
in Fig. 7. T hese  figures c learly  show  th a t  th e  LST values were m ore fav o u rab le  
in  th e  ex p e rim en ta l g roups. T he d ifference from  th e  con tro l w as th e  m ost 
favourab le  a n d  the  p ro p o rtio n  of ro se tte  fo rm ing  cells was th e  h ig h est (F ig . 8) 
in  G roup 4. R esu lts  o f th e  cy to to x ic  reac tio n  ten d ed  to  be h igher in  th e  experi-
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Group C ontrol 1 2 3 4 5

n 8 7 8 8 8 8

X ±  SD 0.7 ±  0.0 1.57 ± 0 .5 4 1.88 ±  0.39 1.20 ±  0.23 2.04 ±  0.65 2.06 ±  0.42

P ^ 0.001 0.001 0.001 0.001 0.001

Fig. 4. Serum  v ita m in  E  co n cen tra tio n s ( fim o l/l)  on  d a y  74 of th e  experim en t

m e n ta l groups th a n  in  th e  con tro l, in d ica tin g  th a t  su p p lem en ta tio n  o f  th e  
feed  w ith  Se, v i ta m in  E  and  rib o flav in  fa c ilita te d  th e  elim ination  of foreign  
cells from  th e  o rgan ism . In tra d e rm a lly  ad m in is te red  P H A  induced  ty p e  IV  
h y p e rse n s itiv ity  re sp o n se  in  all fo u r groups. T his w as m ost expressed  in  th e  
co n tro l group a n d  in  G roup 5 an d  th e  le a s t expressed  in  G roups 1 an d  2.

D iscussion

A fter w ean ing , Se (M ahan e t a l., 1977) an d  v ita m in  E  (M ahan  an d  
M oxon, 1980) a re  ra p id ly  e lim ina ted  from  th e  p ig le ts’ organism . I f  th e  feed 
is n o t su p p lem en ted  w ith  Se, Se ex c re tio n  will exceed Se u p ta k e  (M ahan , 
1985). As a re su lt, th e  Se and  v ita m in  E  c o n c e n tra tio n  of th e  tissues w ill 
decrease rap id ly , reach in g  th e  low est v a lu e  6.6 day s a fte r  w eaning on  th e  
average  (M ahan a n d  M oxon, 1980). I n  th e  period  a ro u n d  w eaning, s tress  fac 
to rs  and  r ib o flav in  deficiency a g g ra v a te  th e  effects o f Se an d  v ita m in  E  d e fi
c iency (B rady  e t ah , 1979; c ited  b y  P ep low sk i e t ah , 1981).

G iven th is  know ledge, num erous a u th o rs  h av e  tr ied  to  su p p lem en t th e  
d ie t o f w eaned p ig le ts  w ith  Se a n d /o r v ita m in  E , an d  to  m on ito r th e  effects
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Table II

M ean body  m ass, m ean  da ily  body m ass gain  and  m ean  daily  body  m ass gain  calcula ted  fo r
m etabolic  body m ass

Group N um ber of —  
piglets

Mean body mass of the group on day

1 28
of the  experiment

42

Control 6 13.5 ±  0.6 25.4 ±  1.8 34.3 ±  1.5
1 6 9.6 ±  1.1 20.0 ±  1.6 26.1 ±  1.9
2 6 10.1 ±  0.4 20.3 ±  1.4 28.1 ±  1.8
3 6 11.1 ±  0.5 22.3 ±  1.8 29.6 ±  2.1
4 6 11.3 -h  0.5 22.0 ±  1.5 29.4 ±  1.3
5 6 12.7 ± 0 . 4 24.7 ±  1.2 32.5 ±  1.0

Group
N um ber of 

pislets
Mean daily body mass gain, g/day

day 1-28 day 28-42 day  1-42

Control 6 457 ±  36 685 ±  41 520 ±  35
1 6 397 ±  62 476* ±  143 433* ±  51
2 6 391* ±  51 603* ±  65 454* ±  40
3 6 432 ±  42 559* ±  90 462* ±  47
4 6 411* ±  34 569* ±  85 457* ±  33
5 6 462 ±  47 600* ±  61 495 ±  30

Mean daily body mass calculated for metabolic 
body mass, g/day body mass kg 0.75Group N um ber of 

piglets
day 1-28 day 28-42 day 1-42

Control 6 49.4 ±  3.2 53.7 ±  2.4 48.2 ±  2.4
l 6 52.6 ±  6.8 45.2 ±  12.7 49.8 ±  5.6
2 6 50.7 ±  4.9 55.2 ±  5.2 51.6 ±  7.3
3 6 52.6 ±  3.9 48.5 ±  6.7 52.0 ±  7.9
4 6 51.0 ±  3.9 49.8 ±  6.8 47.5 ±  2.5
5 6 51.3 ±  4.5 49.4 ±  6.6 47.8 ±  2.2

F  value 48.06*** 17.61*** 18.36***
SD 5% 0.61 1.52 1.98

0.82 2.05 2.68
0 .1% 1.09 2.73 3.55

* D ifference from  th e  contro l is significant a t  P  <  0.05 
*** T he F  value ind ica tes significance of P  <  0.01

of th is  su p p lem en ta tio n . As th e  m ain  site  of Se sto rage is th e  liv e r (Behne an d  
H öfer-B osse, 1984), th e  effect o f Se su p p lem en ta tio n  is o ften  charac terized  b y  
th e  changes in  h ep a tic  Se co n cen tra tio n . T he experim en ts o f M ahan (1985) 
proved  th a t  su p p le m e n ta tio n  of p ig let d iets w ith  0.3 to  1.0 m g Se per kg of 
feed resu lted  in  a lin ea r  increase of th e  p ig le ts’ Se re te n tio n . T h is increase was 
d irec tly  p ro p o rtio n a l to  th e  Se su p p lem en ta tio n . A ccording to  M eyer e t al. 
(1981), p eak  blood p la sm a  an d  hepa tic  Se con cen tra tio n s are achieved a t  a 
d ie ta ry  Se c o n cen tra tio n  of 0.5 to  1.0 m g Se/kg o f feed. In c reased  ribo flav in  
co n cen tra tio n  o f th e  feed was found  to  reduce  u rin a ry  Se excre tion , w hich 
exerts a favourab le  in fluence  on Se re te n tio n  an d  increases th e  g lu ta th io n e
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CT
5  30.0
U)

оо

20.0 -

100 '

1

Control 1 2 3 u 5
Groups

Group C ontrol 1 2 3 4 5

n 8 6 6 8 6 8

X ±  SD 31.4 ±  2.4 32.2 ±  2.7 31.3 ±  1.8 31.3 ±  23 33.0 ±  0.9 30.2 ±  3.8

P ^ 0 NS NS NS NS NS

F ig . 5. P lasm a cortiso l co n cen tra tio n  (ng /m l) o f p iglets o f th e  six  g roups on  d ay  0 o f th e
im m u n o p ro file  s tu d y

perox idase  a c tiv ity  o f th e  k idneys, m yocard ium , b ra in , an d  skeletal m uscles 
(P arsons et ah , 1985).

In  th is s tu d y , th e  basa l ra tio n  con ta in ing , on th e  average, 0.13 m g Se 
p e r  kg was su p p lem en ted  w ith  0.5 m g Se per kg of feed. T he average daily  
Se in tak e  of p ig le ts  fed  th e  u n su p p lem en ted  contro l d ie t -was 0.007-0.009 and  
0 .004-0.006 m g/kg  b o d y  m ass, re sp ec tiv e ly . As a re su lt, th e  m ean  Se concen
tr a t io n  of th e ir  c ru d e  liver tissue w as 0.45 (day  35) an d  0.46 (day  76 to  83) 
m g/kg. W ith  th e  ex cep tio n  o f tw o  p ig le ts  o f G roup 3, th e  h igher Se co n cen tra 
tio n  of th e  ex p e rim en ta l d iets w as re fle c ted  in  th e  h ig h er h ep a tic  Se concen
tr a t io n  of th e  ex p erim en ta l p ig lets a lread y  in  th e  f ir s t  5 weeks of feeding. 
H ep a tic  Se c o n c e n tra tio n  of b o th  th e  con tro l p ig lets an d  th e  pig lets fed  Se- 
-supp lem en ted  d ie t w as in  good ag reem en t w ith  th a t  re p o rte d  by  o thers (M eyer
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l
LST%|

„

20 J

--------- 1>-

Group D ay 0 7 10 14 17

Control n
X ±  SD

8
3.3 ±  1.5

8
7.2 ±  2.0

6
10.2 ±  1.2

6
16.7 dr 2.2

6
19.3 dr 1.4

1
n

X dr SD 
P ^

8
3.4 ±  1.4 

NS

7
6.7 ±  2.8 

NS

4
11.8 ±  1.7

NS

4
12.5 dr 2.0 

N S

4
17.0 dr 1.0 

NS

2
n

X dr SD
P < .

8
3.9 dr 1.3

NS

8
8.8 ±  2.1

NS

6
13.3 ±  2.3 

0.02

6
14.2 dr 2.1 

NS

6
19.2 dr 1.2 

NS

3
n

X dr SD
P < .

7
3.0 dr 1.6 

NS

8
6.9 ±  2.2 

NS

6
10.5 ±  2.1 

NS

6
13.7 dr 2.6 

NS

6
17.7 dr 2.2 

NS

4
n

X dr SD
p < :

8
3.3 ±  1.0

NS

8
9.4 ±  1.6 

0.05

6
15.0 ±  1.6 

0.001

6
16.8 ±  1.7

N S

6
21.5 di 1.9 

0.05

5
n

X ±  SD
P ^

8
3.5 ±  1.4 

NS

8
7.3 ±  2.3 

NS

6
9.8 dr 2.3 

NS

6
15.3 dr 2.5 

N S

6
20.3 d= 2.2 

NS

F ig . 6. R a te  o f b lastogénie tra n s fo rm a tio n  (% ) a f te r  in vitro s t im u la tio n  of lym phocy tes 
w ith  horse g lobulin . Solid line: co n tro l; b roken  line: G ro u p  4

e t  a l., 1981; M oksnes e t a l., 1982), b u t  w as higher th a n  t h a t  m easured  in  th e  
liv e r  o f 11- to  17-w eek-old p ig le ts fed  a d ie t su p p lem en ted  w ith  0.5 m g Se 
p e r  kg  of feed (M ahan e t ah , 1977).

Serum  v itam in  E  co n cen tra tio n s  m easured  in  b lood  sam ples ta k e n  on 
d a y  74 of feeding th e  ex p e rim en ta l d iets closely reflec ted  th e  v ita m in  E  q u a n 
t i t y  offered in  th e  feed. T h e  ab so lu te  serum  v itam in  E v a lu es  o f th e  con tro l 
g ro u p  show ed good ag reem en t w ith  those  found  by  S tow e a n d  Miller (1985) 
fro m  82 and  89 days old p ig le ts  rea red  on a basal ra tio n  n o t  supp lem en ted  
w ith  v ita m in  E . S u p p lem en ta tio n  of th e  b asa l ra tio n  w ith  50, 100 or 150 m g 
v ita m in  E  p er kg of feed in d u ced  sim ilar changes in  serum  v ita m in  E  concen
t r a t io n  to  those  rep o rted  b y  Peplow ski e t al. (1981) an d  Je n se n  e t al. (1983).

N o correlation  was dem o n strab le  betw een  rib o flav in  a n d  v itam in  E  
co n cen tra tio n  of th e  feed a n d  h ep a tic  Se co n cen tra tio n . H e p a tic  Se concen tra-
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A
LST1».

50
-----Conl roi
-----Group 3
......Group 2
---- Group 4
---- Group 5

1_______
0 7 10 14 17

---------------^
Days

G roup D ay 0 7 10 14 17

Control n
X i  SD

8
35.6 ±  3.7

8
33.6 ±  3.8

6
37.0 ±  1.7

6
37.2 ±  2.9

6
37.7 ± 2 . 7

1
n

X ±  SD 
P ^

8
37.3 ± 4 .5  

NS

7
36.7 ±  3.2 

NS

5
38.2 ±  2.2 

NS

4
37.0 ±  2.2 

NS

4
35.8 ±  3.5 

NS

2
n

ï  ±  SD 
P ^

8
36.3 ±  3.3 

NS

8
37.9 ±  2.6 

0.05

6
41.0 ±  2.0 

0.01

6
39.0 ±  2.6 

NS

6
37.0 ±  6.3 

NS

3
n

X ±  SD
p < ;

8
40.0 ±  1.7 

0.02

8
38.7 ±  3.0 

0.01

6
39.1 ±  1.5 

0.05

6
38.8 ±  2.5 

NS

6
40.0 ±  3.3 

NS

4
n

X 4- SD
p < ;

8
36.0 ±  4.7 

NS

8
46.3 ±  4.8 

0.001

6
44.7 ±  4.7 

0.01

6
46.0 ±  5.0 

0.01

6
46.3 ±  5.1 

0.01

5
n

X 4: SD 
P ^

8
32.4 ±  13.2 

NS

8
40.9 ±  4.3 

0.01

6
40.0 ±  2.3 

0.05

6
38.3 ±  2.0 

NS

6
37.7 ±  2.7 

NS

F ig . 7. R a te  of b las to g én ie  tran s fo rm a tio n  of lym p h o cy tes (% ) a f te r  in  vitro s tim u la tio n
w ith  p h y to h ae m ag g lu tin in  (PH A )

t io n  of the  ex p e rim en ta l p ig lets w as h igher th a n  th a t  o f p ig lets reared  on a 
d ie t  of ap p ro x im ate ly  id en tica l Se co n ten t h u t  u n su p p lem en ted  w ith  v ita m in  E 
a n d  riboflav in  (M ahan  e t al., 1977; M ahan, 1985). T h is  fa c t indicates th a t  
v ita m in  E an d  rib o flav in  su jip lem en ta tio n  of th e  feed fa c ilita te d  Se re ten tio n . 
N o obvious e x p lan a tio n  is availab le  for th e  co n sis ten tly  h ig h  hepatic  Se con
c e n tra tio n  found in  G roup 1.

In  piglets fed  a d ie t su p p lem en ted  w ith  100 m g d l-a lpha-tocophero l an d  
0.0 , 0.025, 0.050 or 0.10 m g Se p e r kg  o f feed, th e  v ir tu a l  d igestib ility  o f d ry  
m a tte r  and n itro g en  increased  in  d irec t p ro p o rtio n  to  Se su p p lem en ta tio n
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G roup D ays 0 7 10 14 17

C ontrol n
X ±  SD

8
3.6 ±  1.1

8
7.1 +  2.1

6
11.0 ±  1.5

6
16.7 ±  2.1

6
18.8 ±  2.3

1
n

X i  SD 
P ^

8
4.8 ±  1.04 

NS

7
7.7 ±  3.9 

NS

5
12.0 ±  3.1 

NS

5
17.4 ±  2.1

NS

5
30.0 ±  1.6 

NS

2
n

X ±  SD
8

4.0 ±  1.8
NS

8
9.9 ±  1.7

0.02

6
13.8 ±  3.1 

NS

6
17.0 ±  1.3

NS

6
18.8 ±  2.1 

NS

3
n

X ±  SD 
P ^

8
4.8 ±  1.4

NS

8
8.4 ±  2.5 

NS

6
13.8 ±  1.9 

0.02

6
16.2 ±  2.1 

NS

6
21.2 ±  3.7 

NS

4
n

X ±  SD
P 5S

8
3.9 ±  2.2

NS

8
11.5 ±  2.3 

NS

6
15.7 ±  2.2 

0.01

6
21.5 ±  2.3 

0.01

6
24.7 ±  2.7 

0.01

5
n

X ±  SD 
P ^

8
4.0 ±  1.3

NS

8
8.6 ±  1.7 

NS

6
13.2 ±  1.0

0.Ö1

6
16.5 ±  1.9 

NS

6
19.5 ±  1.1 

NS

F ig. 8. P ro p o rtio n  of ro se tte -fo rm in g  cells (% ). Solid line: co n tro l; b ro k en  line: G roup  4

(A dkins an d  E w an , 19846). D espite  th is  fac t, au th o rs  agree th a t  th e  bo d y  
m ass gain , feed  con su m p tio n  an d  specific  feed u tiliza tio n  o f w eaned an d  grow- 
ing  p ig lets c an n o t he in flu en ced  by  chan g in g  th e  Se an d /o r v itam in  E  c o n te n t 
o f th e  d ie t (P ip e r e t ah , 1975; M ahan  an d  M oxon, 1978a, 19786; Jen sen  e t al., 
1983; A dkins an d  E w an , 1984a; B lodge t e t ак , 1984/1985; M ahan, 1985). 
O ur re su lts  are  fu lly  co n sis ten t w ith  th e  earlie r o b serva tions, ind ica tin g  th a t  
r ib o flav in  given in  excess to g e th e r w ith  Se an d  v ita m in  E  also fails to  ex e rt 
a benefic ia l in fluence  on th e  g row th  ra te  an d  feed u tiliz a tio n  of w eaned an d  
grow ing p ig lets.

T he m ean  p lasm a cortiso l co n cen tra tio n  o f th e  co n tro l an d  exp erim en ta l 
p ig lets was betw een  30.2 an d  33.0 ng /m l, levels fu lly  con sis ten t w ith  earlie r 
re su lts  o b ta in ed  on ad lib itum  fed p ig lets o f  sim ilar age an d  rea red  u n d e r o p ti
m um  cond itions (R afa i an d  F odor, 1980; K ovács e t al., 1983). Se, v ita m in  E
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Table II I

A nti-horse g lobulin  t itre s  (log 2) a t  th e  tim e  of th e  im m unological profile  study

Day
Group ------------------- :------------------------------------

7 10 14 17

Control n
x ± S D

8
4.63 ±  1.3

6
5.17 ±  0.75

6
5.67 ±  0.82

6
6.67 ±  1.03

1
n

x ± S D
P

7
5.14 ±  1.07 

NS

5
5.6 ±  0.89 

NS

4
6.75 ±  1.5 

NS

4
7.75 ±  1.5 

NS

2
n

X ±  SD 
P

8
4.63 ±  0.92 

NS

6
5.67 ±  1.03 

NS

6
6.5 ±  0.84 

NS

6
7.33 ±  1.63 

NS

3
n

X zh SD 
P

8
4.63 ±  0.92 

NS

6
5.67 ±  0.82 

NS

6
6.83 ±  0.98 

NS

6
7.67 ±  1.51 

NS

4
n

X zb SD 
P

8
4.75 ±  0.46 

NS

6
5.83 ±  0.98 

NS

6
6.5 ±  1.22 

NS

6
7.33 ±  1.21 

NS

5
n

X zb SD 
P

8
5.0 ±  1.07 

NS

6
5.83 ±  0.98 

NS

6
6.50 ±  0.84 

NS

6
7.33 ±  1.03 

NS

a n d  rib o flav in  c o n te n t of th e  feed d id  n o t a lte r  ad renal co rtex  function , as 
o p p o sed  to  th e  ex p e rim en ta l resu lts  o f W a tso n  an d  P e tro  (1982), according 
to  w h ich  in  m ice th e  increase of d ie ta ry  v ita m in  E c o n te n t resu lted  in  a 
decrease  of b lood p la sm a  co rticoste rone  co n cen tra tio n . W a tso n  and  P e tro  
(1982) suggested  th a t  reduced  co rtico ste ro n e  p ro d u c tio n  w as associated  w ith  
th e  increased  T  ly m p h o cy te  a c tiv ity  m easu red  b y  th em .

T hough  th e  im m u n o stim u la tin g  effect o f Se and  v ita m in  E given in  
excess o f th e  req u irem en ts  has been  p roved  b y  num erous experim en ts on 
la b o ra to ry  ro d en ts  a n d , o f th e  dom estic  an im als, on p o u ltry , few d a ta  are  
a v a ilab le  on sw ine in  th is  respect. In  th is  experim en t, on days 7, 10, 14 an d  
17 o f  th e  im m unopro file  s tu d y  th e  an ti-h o rse  gam m a globulin  titre s  of th e  
e x p e rim e n ta l p ig le ts w ere higher th a n  th o se  m easured  in  th e  con tro l an im als. 
T h is  ind ica tes th a t  excess Se, v ita m in  E  an d  rib o flav in  given in  th e  d iet fa v o u r
a b ly  a ffec t th e  h u m o ra l im m une response o f grow ing pig lets. T his find ing  co n 
f irm s  th e  d a ta  o b ta in e d  b y  Ellis a n d  Y orhies (1976) w ith  an  Escherichia coli 
v acc in e  in  p ig lets, i.e. th a t  on th e  effect of a daily  dose o f 100,000 IU  v i ta 
m in  E , given in  excess of th e  req u irem en ts , in  th e  p rim ary  im m une response  
th e  H A  titre s  of p ig le ts  im m unized  w ith  fo rm a lin -in ac tiv a ted  E . coli were 2 to  
3 tim es  higher th a n  th o se  of th e  co n tro l an im als. Pep low sk i e t al. (1981) 
im m u n ized  pig lets w ith  red  blood cell (R B C ) an tigen  a t  7 -day  in te rv a ls , an d  
fo u n d  th a t  Se an d  v ita m in  E , e ith e r  sep a ra te ly  or in  com bina tion , e lev a ted  
th e  H A  titre s . T h e  re su lt o f B lodget e t al. (1984/1985) is in  co n trad ic tio n  to
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d a ta  of th e  above a u th o rs  an d  also to  ou r fin d in g s. T h ey  found  th a t  su p p le 
m en ta tio n  of th e  feed  w ith  0.3 to  1.5 m g Se p er kg  failed  to  a lte r  th e  h u m o ra l 
im m une response to  lysozym e an d  ribonucléase g iven  as an tig en ; n e ith e r d id  
i t  change ce rta in  ind ices of cell-m ediated  im m u n e  response (results o f th e  
in tra d e rm a l P H A  te s t) .  K ruse  e t al. (1985) also fa iled  to  d em o n stra te  d iffe
rences betw een  p ig le ts  fed  a d iet su p p lem en ted  w ith  v a ry in g  am oun ts o f v i ta 
m in  E  an d  con tro l p ig le ts  given th e  basa l ra tio n , in  h u m o ra l im m une response 
elic ited  b y  25 m g/p ig  b o v in e  serum  a lbum in  as an tig en .

T hough in  a v a ry in g  degree, th e  feed su p p le m e n ta tio n  used  in  th is  ex p eri
m en t exerted  fav o u rab le  in fluence on th e  in  vitro  indices o f cell-m ediated  
im m u n ity  te s ted . B o th  th e  ra te  o f P H A -induced  an d  horse gam m a globulin  
induced  blastogenesis a n d  th e  p ropo rtio n  of ro se tte -fo rm in g  cells were th e  
h ighest, of th e  five  d iffe re n t feeding groups, in  G roup 4 , th e  group  given 0.5 m g 
Se, 100 m g v ita m in  E  a n d  5 m g ribo flav in  p er kg  o f feed . In  experim en ts w ith  
w eaned  pig lets, L a rsen  a n d  T o llersrud  (1981) also fo u n d  th a t  su p p lem en ta tio n  
o f th e  feed w ith  Se a n d /o r  v itam in  E  enhanced  ly m p h o c y te  stim u la tio n  b y  
P H A . S im ilar resu lts  w ere rep o rted  b y  R ed d y  e t al. (1986) for calves tre a te d  
w ith  v itam in  E . In  th e  ex p erim en ts  of L arsen  e t al. (1986) w ith  lam bs, su p p le 
m e n ta tio n  of th e  feed  w ith  0.1 or 0.5 m g Se p er kg  feed  enhanced , while th a t  
w ith  1.0 m g Se p er kg  reduced , th e  response of ly m p h o cy tes  to  s tim u la tio n  
w ith  nonspecific m itogens. As opposed to  th e  in  vitro  ly m p h o cy te  s tim u la tio n  
te s ts , th e  in tra d e rm a l P H A  reaction  (a ty p e  IV  allerg ic reaction) was n o t 
enh an ced  b y  Se, v ita m in  E  an d  ribo flav in  su p p lem en ta tio n . This find ing  seem s 
to  su p p o rt th e  re su lts  o f  B lodget e t al. (1984/1985).
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IMMUNIZATION OF CALVES WITH LIVE AND 
INACTIVATED WHOLE-CELL VACCINES AGAINST 

S A L M O N E L L A  T Y P H I M U R I U M  INFECTION

I .  M lK U L A ,  J .  R o SOCHA  and E .  P lL I P C I N E C

D e p artm en t o f M icrobiology, Im m u n o lo g y  and H ygiene o f D om estic  A nim als, 
U n iv ersity  o f V e te rin a ry  M edicine, K om enského  73, Kosice 041 81, C zechoslovakia

(R eceived  N o vem ber 9, 1988)

E ig h t calves were im m unized  w ith  live au x o tro p h ic  Salm onella typ h im u riu m  
m u ta n ts  (aro - SL 1479, gal E  3821) a n d  tw elve calves w ith  phenol-k illed  whole-cell
S. typ h im u r iu m  vaccine , re sp ec tive ly . T h e  clinical s ta tu s  o f th e  anim als w as follow ed 
an d  serial re iso la tio n  of vaccine and  challenge stra ins from  faeces w as a tte m p te d .

T he im m u n iza tio n  of calves w ith  th e  live a ro - a u x o tro p h ic  S. typ h im u r iu m  
SL 1479 m u ta n t  p ro v ed  to  be  u n su itab le  due to th e  d e a th  o f calves a fte r rev acc in a tio n .

The calves im m unized  w ith  live  au x o troph ic  gal E  S . typ h im u r iu m  CCM 3821 
m u ta n t  p roved  to  be p ro tec ted  a g a in s t challenge w ith  v iru le n t S. typ h im u r iu m  4/5 
s tra in  adm in iste red  ora lly  a t  a dose of 106 colony form ing u n its  (C FU ). T he p o stv acc in a 
tio n  com plications show ed serious shortcom ings.

T he im m u n iza tio n  of calves w ith  th ree  doses o f w hole-cell in ac tiv a te d  vaccine 
co n ta in ing  5 s tra in s  o f S. typ h im u r iu m  w as effective aga in st o ra l challenge w ith  v iru len t 
S. typ h im u r iu m  4/5 a t  a dose of 106 C FU .

K eyw ords: V acc ination , gal E  a n d  a ro -  S. typ h im u r iu m  m u ta n ts , in ac tiv a te d  
whole-cell vaccine , calves.

P resen t know ledge on th e  m echanism s of p a th o g en esis  of Salm onella 
in fec tions in  an im als an d  th e  p a th o g en e tic  fac to rs of salm onellae  leads to  a 
c ritica l re -ev a lu a tio n  o f th e  vaccines availab le  now adays.

T he p resen t e ffo rts  are  based  u p o n  th e  developm ent o f live vaccines, sub- 
cellu lar vaccines, in a c tiv a te d  w hole-cell vaccines an d  o th e r  form s o f p ro te c 
tio n  ag a in st salm onellosis.

T he a tte n u a te d  s tra in s  for p ro d u c tio n  of Salm onella vaccines are  e ith e r 
d ep en d en t on a ro m a tic  am ino acids, o th e r  arom atic  com pounds, an tib io tics , 
sugars, or rep resen t ro u g h  Salm onella m u ta n ts  (V ladoianu e t al., 1975; Iv a n o ff  
e t  al., 1982; S tocker e t al., 1983; W ra y  and  Sojka, 1984).

S ubcellu lar vaccines, i.e. ribosom al vaccines, vaccines con ta in ing  en d o 
to x in -p ro te in  an d  a vaccine consisting  o f B oivin en d o to x in  are also cu rre n tly  
te s te d  for th e  pu rpose  of im m uno p ro p h y lax is  of salm onellosis (A ngerm an  
an d  E isenste in , 1978).

K illed  w hole-cell vaccines are ab le  to  induce b o th  h u m o ra l an d  cellu lar 
im m u n e  response (N akoneczna an d  H su , 1983). The p rocess of Salm onella 
in a c tiv a tio n  is com m only  carried  o u t b y  hea tin g  or b y  chem icals such as ace
to n e , pheno l, fo rm aldehyde , ch loroform , e tc . (H erzberg  e t  a l., 1972; S evertsova  
e t al., 1979; N auciel e t al., 1981; Ja szo v sk a , 1982; M ikula e t al., 1986a).
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Passive im m u n iza tio n  (Jack s , 1978) an d  th e  su b s titu tio n  o f th e  in tes tin a l 
m ic ro flo ra  in chickens (B a lje r , 1984) are also em ployed  in  th e  im m u n o p ro p h y l
ax is  o f  Salm onella in fec tio n s.

T he aim  of th is  s tu d y  w as to  com pare th e  efficacy  o f  tw o  live vaccines 
a n d  one phenol-killed w hole-cell vaccine ag a in s t salm onellosis in  calves u n d er 
la b o ra to ry  conditions.

Table I

C haracteristics o f in d iv id u a l stra in s  used  for p rep ara tio n  of in ac tiv a te d  vaccine

Characteristics tested 3/5 6/5 10/5 12/5 27/5

A dhesiveness (x) :
en terocy tes 19.60 17.74 13.29 19.24 12.17
V E R O  cells 24.26 10.75 12.20 31.56 14.06
M D B K  cells 23.96 13.82 12.85 19.50 14.32

P ro d u c tio n  of enterotoxin:
sk in  tes t on rabbits -{- + + — +
V E R O  cells 4* + "П — —
C H O  cells + + - f — —
lig . loops of calf + + + — —

S eru m  resistance (% ): 20.26 15.99 240.55 1.18 474.40
S e ren y  te s t : + (4 8  h) — + (7 2  h) — + (7 2  h)
P ro d u c tio n  of colicin: — — — T" —

R estric tio n  endonuclease p lasm id  
pro file  : n o t i d e n  t  i c a  1

Table I I

O ral im m uniza tion  a n d  challenge of calves

Age of 
calves 
(days)

Group I Group I I Group I I I

Type of vaccine Dose Type of vaccine Dose T ype of vaccine Dose

SL 1479 l x i o 8 CCM 3821 4 X 107 CCM 3821 4 X 107
(aro ~ ) (gal E) (gal E)

SL 1479 l x i o 10 CCM 3821 4 x  107 CCM 3821 4 x  107
( a r o ) (gal E) (gal E )

17 SL 1479 l x i o 10 Challenged w ith Challenged w ith
(aro- ) S. typh im urium S. typh im urium

4/5 a t  a dose of 1 X 106 4/5 a t  a dose of 1 X 109

Challenged w ith
26 S. typh im urium — —

4/5 a t a dose of 1 X  106

E ach group con ta ins tw o  calves
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M aterials an d  m ethods

Bacterial strains

T he fo llow ing s tra in s  of S. typ h im u riu m  w ere used in  th is  s tu d y :
a) S. typ h im u riu m  SL 1479, d es ig n a ted  as au x o tro p ic  m u ta n t (aro-), 

w as received from  P ro f. B . A. D. S tocker (U SA ) in  1982. T his s tra in  is a v iru 
len t to  th e  in b re d  m ouse line B A LB /c (up  to  an  i.p . dose o f 3 .5 x 1 0 °  C FU ) 
an d  calves (up to  an  oral dose of 1 .5 x lO u  C F U ; S tocker e t al., 1983).

b) S. typ h im u r iu m  CCM 3821 (the  gal E  m u ta n t  s tra in  used  b y  B io v e ta , 
Ivanov ice  n a  H an é , for p ro duc tion  of live vaccine).

c) F ive  s tra in s  o f S. typh im urium  (3/5, 6/5, 10/5, 12/5 an d  27/5) w ere 
o b ta ined  from  th e  collection o f our d e p a r tm e n t (Table I).

d) S. typ h im u r iu m  4/5, a s tra in  fu lly  v iru le n t for m ice an d  calves an d  
used  for challenge.

The preparation  o f  live and killed whole-cell vaccines

a) F o r th e  p re p a ra tio n  of live, av iru len t vaccine , S. typ h im u riu m  SL 1479 
was grow n in  B H I  (b ra in -h e a r t  infusion, O xoid) b ro th  for 18 h a t  37 °C w ith 
o u t shaking  an d  ae ra tio n . A fter en u m era tio n  o f salm onellae (by  th e  p la te -  
-coun t m ethod), th e  b ro th  cu ltu re  was d ilu te d  or co n cen tra ted  in  o rder to  
co n ta in  108 or 1010 C FU  per ml.

b) “ V accine ag a in s t salm onellosis in  ca lves”  (m ade b y  B io v e ta , Ivan o v ice  
n a  H ané) was ap p lied  as show n in T able I I .

w ith  live S. typ h im u riu m  vaccines

Group IV Group V Group VI

Type of vaccine Dose Control Control

CCM 3821 
(gal E)

4 X  107 — -

CCM 3821 
(gal E) X

 X
 

о
 о о 

о — —

Challenged w ith  
S. typh im urium  

4/5 a t  a dose of 1 X  109

Infected  w ith  
S. typh im urium  

4/5 a t a dose of 1 X  10°

In fec ted  w ith  
S. typh im urium  

4/5 a t  a dose of 1 X  109
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c) T he pheno l-k illed  w hole-cell vacc ines p rep ared  from  S . typ h im u riu m  
s tra in s  3/5, 6/5, 10/5, 12/5 and  27/5 w ere grow n in  B H I b ro th  a t  37 °C u n d e r 
a e ra tio n  for 18 h . T h e  b ac te ria l s tra in s  w ere pooled a t  a m u tu a l ra tio  o f  1 : 1 
to  a f in a l co n cen tra tio n  of l x l O 10 C F U . In a c tiv a tio n  was done w ith  0 .5%  
pheno l.

A n im a ls

Calves of b o th  sexes (5 days old) w ere inc luded  in  th is  t r ia l  (S lovak  red- 
-w hite  ca ttle ). E ach  ca lf  was k ep t in  a s e p a ra te  pen  and  fed  w ith  m ilk  rep lace r 
(L a k ta v it , com m ercial p roduct) th re e  tim e s  daily .

The im m u n iza tio n  and  challenge schedu les of calves are show n in  T ab les 
I I  an d  I I I .  L ive o ra l vaccine was g iven  a lto g e th e r  to  e ig h t calves in  fo u r g roups 
w ith  tw o calves in  each . The con tro l g ro u p  consisted  of fou r an im als o f w hich 
tw o  calves were in fec ted  a t  a dose o f 10e C FU  and  th e  o th e r tw o w ith  10° C FU  
(T able I I ) .

In a c tiv a te d  w hole-cell vaccine w as g iven  a lto g e th e r to  tw elve  an im als 
o f  w hich 10 calves received  th ree  doses o f  th is  vaccine an d  tw o an im a ls  were 
im m unized  by  tw o  doses only. Six ca lves were included  in  th e  c o n tro l g roup  
(T ab le  I I I ) .

Table III

In tram u scu la r  im m u n iza tio n  of calves w ith  a n  in ac tiv a te d  whole-cell vaccine a t  a dose of 1 X 1010
C FU

Group
Imm uniza

tion
Age of 
calves 
(days)

Number
of

calves
Infection

Body tem pera
tu re  range after 

infection
Protection

%
Average period of survival 

after infection

I 3x
2-3
7-8

14-15
10 10« 39.1-40.8 100 K illed on  d ay  21

и 2x
4 -6

10-12 2 106 38.6-40.7 50
One calf died  on d ay  3, 
one calf w as killed 

on day  21

h i control 19-24 6 10s 39.7-41.4 0 9 days

Oral infection  on  d ay  9 after the  la s t im m u n iza tio n  w ith  S. typh im urium  4/5 a t  a dose of 
1 X 106 CFU

Excretion rate o f  the live vaccine and  challenge organisms

A tte m p ts  w ere m ade to  re -iso la te  salm onellae from  faecal sam ples ta k e n  
from  th e  am pu lla  re c ti every m orn in g  th ro u g h o u t th e  tr ia l. Calves t h a t  h ad  
d ied  were necropsied . F o r the  e n u m e ra tio n  o f v iab le  b ac te ria  of th e  vaccine 
an d  challenge s tra in  (CFU ), sam ples w ere ta k e n  post m ortem  from  each  in 
te s tin a l segm ent. C u ltiva tion  was ca rr ied  o u t on E nd o  ag ar p la tes.
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R esults

T ria l 1

Im m u n iza tio n  o f  calves w ith aro~ auxotrophic S . typ h im u riu m  S L  1479 m utant
(Table I I )

W ith in  24 h  o f v acc in a tio n  calves in  g roup  I  developed  m ild illness w ith  
rec ta l te m p e ra tu re  increased  b y  1.3 to  1.7 °C as com pared  to  th e  values before 
v acc in a tio n . On th e  second d ay  w eakness an d  profuse d iarrhoea  appeared , 
accom pan ied  b y  an  increased  te m p e ra tu re  in  th e  range  o f  1.6—2.7 °C over th e  
physio logical lim it. T he an im als’ h ea lth  s ta tu s  was th e  sam e on th e  4 th  day .

S . typ h im u riu m  s tra in  SL 1479 was re iso la ted  on th e  1st d ay  p o stv acc i
n a tio n  (3.9 X  103 C FU  p e r gram  of faeces), w hile its  m ax im u m  coun ts (7.9 X  107 
C FU  p e r gram  o f faeces) were d e tec ted  on th e  5 th  d a y  p .v . In te re s tin g ly , a 
su d d en  decline o f E . coli C FU  p er g faeces occurred  w ith in  1-2 days a fte r 
v acc in a tio n  (expressed as a decline of tw o orders of m agn itude).

On th e  5 th  d ay  calves were rev acc in a ted  o ra lly  w ith  S . typh im urium  
s tra in  SL  1479 a t  a dose o f 1 X  1010 C FU . T he calves d ied  w ith in  24 h  p .v . and  
show ed gross p a tho log ica l an d  h is topa tho log ica l lesions ty p ic a l o f salm onel
losis. Salm onella  w as iso la ted  from  th e  d uodenum , je ju n u m , ileum , spleen, 
liver an d  th e  m esen teric  ly m p h  nodes.

T ria l 2

Im m u n iza tio n  o f  calves with S . typ h im u riu jn  C C M  3821 vaccine produced  
by Bioveta, Ivanovice na H ané (Table I I )

A ll calves o f g roups I I ,  I I I  an d  IV  w ere ora lly  v acc in a ted  w ith  a dose 
of 4 X  107 C FU  a t th e  age o f 5 days. A n e leva ted  bo d y  te m p e ra tu re  was recorded  
a lread y  on th e  2nd  d ay  p .v . in  th e  im m unized  calves. T h ere  was a change in  
th e  consistency  o f th e  faeces of calves a fte r  v acc in a tio n , rev acc in a tio n  and  
challenge. A ll calves su rv iv ed  b o th  v acc in a tio n  an d  rev acc in atio n . A fter vacci
n a tio n  an d  rev acc in a tio n , reduced  E . coli coun ts were fo u n d  in  th e  faeces and  
S . typ h im u riu m  CCM 3821 was also d e tec ted .

T h e  calves w ere challenged  w ith  S . typ h im u riu m  s tra in s  4/5 on th e  7 th  
d ay  a fte r  rev acc in atio n . T he calves o f th e  second group su rv iv ed  th e  challenge. 
One o u t o f th e  tw o  calves in  group I I I  died  on th e  4 th  d ay  postchallenge, and  
b o th  calves o f g roup  IV  su rv ived  challenge w ith  1 X 109 C FU .

Tw o calves in  th e  con tro l group (Table I I ,  g roups У  an d  V I) th a t  were 
in fec ted  w ith  an  oral dose o f 10e CFU  died  by  th e  12th  d ay , an d  th e  o th e r tw o 
calves in fec ted  w ith  a dose o f  109 died b y  th e  7 th  d ay  a fte r  o ra l ad m in is tra tio n .
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T r ia l 3

Im m uniza tion  o f  calves with phenol-killed  whole-cell vaccine ( Table I I I )

Ten calves in  g ro u p  I  received  pheno l-k illed  vaccine in  th re e  doses given 
in tram u scu la rly  (each  dose co n ta in ed  l x l O 10 C FU  in 2 ml) on th e  5 th  and  
1 2 th  day  after th e  f i r s t  vacc in a tio n . A sligh t e levation  of b o d y  te m p e ra tu re  
w as recorded in  ca lves a fte r th e  v acc in a tio n , rev acc in a tio n  an d  challenge, 
respective ly . No loca l reac tion  was fo u n d  a fte r  in tra m u sc u la r  ap p lica tio n . The 
ca lves survived cha llenge  w ith  a dose o f 1 X Ю6 C FU . D iarrh o ea  was n o t o b 
se rv ed  in  any  o f th e  calves d u rin g  th e  w hole 21 -day  period . T he challenge 
s tr a in  was re iso la ted  from  faeces on th e  2nd , 3 rd  and  12 th  d ay  a fte r  in fection . 
O ne ou t of th e  2 ca lves of group I I  su rv iv ed  th e  challenge. A n e lev a ted  b o d y  
te m p e ra tu re  was reco rd ed  in  calves a fte r  challenge. S . typ h im u riu m  challenge 
s t r a in  4/5 was ra re ly  recovered  b e tw een  days 8 an d  10 from  th e  single calf 
t h a t  survived p o stchallenge. In  th e  o th e r ca lf  th a t  died 5 day s a fte r  challenge, 
S . typh im urium  4/5 co u n ts  reach ed  values o f 3.2 X  102 to  4.5 X 103 C FU  p er 
g ra m  of faeces.

A fter th e  2 1 -d ay  postchallenge period , calves were k illed an d  necropsied. 
T h e  in testina l t r a c t  an d  p a ren ch y m al organs were exam ined  m icrobiologically . 
D u rin g  this in v es tig a tio n , th e  challenge s tra in  was re iso la ted  from  th e  in te rn a l 
o rg an s, i.e. from  th e  ileal ly m p h  nodes an d /o r th e  walls o f  ileum  an d  large 
in te s tin e  h u t n o t fro m  th e  liver an d  spleen.

The m icrobiological find ings o b ta in ed  for th e  con tro l g roup  (Table I I I ,  
g ro u p  I I I )  were s im ila r  to  those  o f th e  con tro l calves (T able I I ,  group V).

D iscussion

S. typ h im u riu m  G 30D m u ta n t , a s tra in  belonging to  th e  gal E  group , 
is o ften  used as live  vaccine ag a in st salm onellosis. G erm anicr (1972) concluded  
t h a t  vaccination  w ith  live gal E  m u ta n t  gave rise to  a b e tte r  p ro tec tio n .

A vaccine p re p a re d  b y  W ra y  e t al. (1977) was effective in  conferring  
p ro tec tio n  on m ice, calves an d  p o u ltry  challenged  w ith  h igh doses o f S. 
typh im urium .

O ur resu lts  o b ta in e d  on 5 day s old calves v acc in a ted  w ith  live S . typ h i
m uriu m  gal E m u ta n t  are essen tia lly  co nsisten t w ith  th e  resu lts  o f W ray  
e t  al. (1983).

B airey (1978) rep o rted  p ro tec tio n  o f th ree  to  six w eeks old calves a fte r  
using  the fo rm aldehyde-k illed  w hole-cell vaccine co n ta in in g  A l(O H )3 gel and  
adm in istered  su b cu tan eo u sly .

On the  o th e r  h an d , S m ith  e t al. (1980) achieved good p ro tec tio n  b y  
im m unization  w ith  live v iru len t S . typh im u riu m  s tra in s .
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Solid im m une  response was o b ta ined  b y  A itk en  e t al. (1982) a fte r i n t r a 
derm al ap p lica tio n  o f tw o doses of h ea t-k illed  S . dublin  organism s. H ow ever, 
th e se  au tho rs d id  n o t ta k e  in to  accoun t the  possible age-re lated  resis tan ce  
ag a in st Salm onella infection .

H e a t- in a c tiv a te d  vaccine adsorbed  on A l(O H )3 gel was p repared  b y  
R o b ertso n  et al. (1983). T he average su rv iv a l period  o f calves a fte r th e  c h a l
lenge was 21 days. S im ilarly  to  our ex p erim en ts , th e  challenge s tra in  w as 
recovered  from  th e  faeces a lread y  during  th e  f irs t 5 days postchallenge.

W e believe t h a t  p a th o g en ic ity  fac to rs (T able I I I )  shou ld  be ta k e n  in to  
considera tion  in  th e  p ro d u c tio n  of vaccine (M ikula an d  Pilipcinec, 1983; 
M ikula e t ah, 19866).

The vaccine p rep a red  in  our la b o ra to ry  p ro v ed  to  be effective in  th e  
m odel exp erim en t in  th ree  vaccinations. In  ou r opinion its  use in  field  o u t
b reak s of salm onellosis could enable us to  f in d  s tra in s  w ith  new  charac teris tic  
in d iv id u a l p ro p ertie s . Iso la tes o b ta ined  from  v a cc in a ted  calves will be su b 
je c te d  to  a s tu d y  o f p a th o g en ic ity  fac to rs an d  p rov ide  an  o p p o rtu n ity  fo r 
vaccine im p ro v em en t.

The p resen ted  resu lts  in d ica te  th a t  th e  d raw backs o f th e  live vaccine 
s tra in  were due to  th e  follow ing adverse effects:

1) In  im m unized  an im als th e  p o stv acc in a tio n  reac tio n  appeared  in  
a lte re d  values of T B P  (fever, increased re sp ira to ry  an d  h e a r t  ra te ) and  in  th e  
consistency  of faeces (sem i-solid or liqu id , p ro fuse  d iarrhoea).

2) F aecal sh edd ing  o f vaccine s tra in  d u rin g  th e  p o stv acc in a tio n  period  
(C larke and  G yles, 1986; M ikula, 1988).

3) The p o te n tia l  risk  of transm ission  o f  v iru le n t p lasm ids canno t be 
excluded  a fte r v acc in a tio n  (B aljer, 1984).
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ADAPTATION OF 5’-DEIODINATION TO 
HYPOTHYROID CONDITIONS FOLLOWING SURGICAL 

AND/OR RADIOTHYROIDECTOMY IN CHICKENS*

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

D e p artm en t o f Physio logy, U n iv e rs ity  o f V e te rin a ry  Science, H -1400  B u d ap est,
P . O. B ox  2, H u n g ary

(R eceived  A u g u st 29, 1988)

The effect of th y ro id e c to m y  on serum  levels of th y ro id  ho rm o n es (th y rox ine , 
T 4; triio d o th y ro n in e , T3) a n d  on  tissu e  levels o f T3 as well as on  5’-d e io d in a tio n  (5’-D I) 
in  liver, k id n ey  an d  b ra in  o f ch ickens was investiga ted .

The m ost effective w ay  of th y ro id ec to m y  was a com bined  surg ical (Tx) p lus 
ra d io th y ro id ec to m y  (R T x) w ith  low  am o u n ts  o f 131-1 (N a l). T h e  la t te r  d estroyed  
e x tra -th y ro id a l horm one p ro d u c tio n .

I t  was found  th a t  even  if  a f te r  T x  and  R T x  th e  serum  leve ls o f T4 and  T3 were 
close to  th e  d e tec tio n  lim it, th e  tis su e  T3 level was only h a lf  o f  n o rm al in  liver a n d  
k id n ey  and  rem ain ed  no rm al in  th e  b ra in . I t  is suggested th a t  lo w ered  S’-deiod ination  
is a n  im p o rta n t b u t  n o t exclusive  fac to r co n trib u tin g  to  th is  a d a p ta t io n  of cells to  
h y p o th y ro id  conditions.

K eyw ords: Surgical th y ro id e c to m y , rad io th y ro id ec to m y , th y ro x in e , tr iio d o 
th y ro n in e , 5’-d e iod ination , chicken .

T h y ro id ec to m y  has w idely been  used in  th e  chicken ( Gallus domeslicus) 
fo r d iffe ren t exp erim en ta l purposes. F irs t of all, th y ro id  p h y sio logy  can read ily  
be s tu d ie d  w hen th is  endocrine g land  is e x tirp a te d  and  rep lacem en t stud ies 
give im p o r ta n t in fo rm a tio n  a b o u t th e  p ro d u c tio n  ra te  o f th y ro id  horm ones 
(M ellen an d  W en tw o rth , 1962). Secondly , th e  role of th e  th y ro id  in  an im al 
p ro d u c tio n  as well as in  th e  m a in ten an ce  of endocrine b a lan ce  in  co rrelation  
w ith  o th e r  endocrine organs could  b e tte r  be s tud ied  in  th e  th y ro id ec to m ized  
ch ick en  as a m odel (A stier e t al., 1978).

W ith  th e  specific rad io im m u n o assay  for thy ro x in e  (T4) a n d  tr iio d o th y ro 
n ine  (T3), d e te rm in a tio n  of th e  se ru m  level o f these  horm ones becam e possible. 
As i t  w as sum m arized  recen tly  b y  o th ers  (H arv ey  e t al., 1983) a n d  show n also 
b y  th is  research  g roup  (R u d as a n d  P e thes, 1980; Péczely e t  ah , 1980), th e  
c o n c e n tra tio n  of th y ro id  horm ones in  th e  serum  of th y ro id ec to m ized  chickens 
d id  n o t  d isappear to ta lly  an d  in  m o st of th e  cases i t  rem ain ed  w ell de tec tab le  
ev en  w eeks a fte r th y ro id ec to m y .

T he presence of th y ro id  ho rm one  in  th e  blood serum  a f te r  th y ro id ec to m y  
can  be  exp lained  b y  several fac to rs . F irs t of all, in  some cases one should pre-

* A  p a r t  o f th is  w ork  w as p re sen te d  a t  th e  5 0 th  A nnual M eeting  o f th e  H un g arian  
Physio log ica l Society, B u d ap es t, 3 -4  J u ly  1985, A bstr. No 187.
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б и т е  a failure to  rem ove  th e  whole g land . A second reaso n  m ay  he th e  a c tiv a 
tio n  o f  som e em b ry o n ica lly  d ispersed s tem  cells, as p ro p o sed  b y  N albandov  
(1974) in  m am m als. T h e  presence of non -ho rm onal im m u n o reac tiv e  substance  
sh o u ld  also be in v e s tig a te d  in  th e  b ird  (A stier an d  N ew com er, 1978).

Also th e  role o f th e  b in d in g  p ro te in s , nam ely  th e  changes in  th e ir  ab ility  
to  b in d  T4 and T3, m a y  c o n tr ib u te  to  th e  phenom enon . Since i t  has been 
p ro v e d  (R udas and  P e th e s , 1984) th a t  th e  conversion o f  th y ro x in e  to  triio d o 
th y ro n in e  is more e x ten s iv e  in  chickens th a n  in  ra ts , a n d  also  th a t  h y p o th y ro id 
ism  can  affect th y ro id  ho rm o n e  a c tiv a tio n  in  ra ts  (S ilva e t ah , 1984), i t  is of 
in te re s t  to  investig a te  th e  in v o lv em en t o f  periphera l d e io d in a tio n  in shap ing  
se ru m  an d  tissue levels o f  th y ro id  horm ones a fte r th y ro id ec to m y .

Materials and methods

E xperim en ta l anim als

H u n n iah y b rid  ch ick en s were used  th ro u g h o u t. T h e  b ird s  were 1-2 weeks 
o ld  w hen  tran sfe rred  to  th e  la b o ra to ry  from  th e  fa rm . A 1-week a d a p ta tio n  
p e rio d  was applied in  th e  case of con tro ls. Surgical th y ro id ec to m ies  w ere done 
som e days after a rr iv a l. R oom  te m p e ra tu re  was k e p t a t  23 °C, w ater and  food 
w ere  availab le ad lib itu m . C ontinuous ligh ting  (24 L , O D) was applied  in  
o rd e r to  elim inate d iu rn a l flu c tu a tio n s .

Thyroidectomies (Tx)

Surgical th y ro id e c to m y  was carried  ou t un d er N e m b u ta l (25 m g/kg body 
m ass) narcosis. B o th  th e  r ig h t an d  th e  left g lands w ere rem oved w ith o u t 
d am ag in g  any of th e  a irsacs. The w ound  was su tu red  w ith  only 2 -5  stitches. 
O xy te tracy c lin e  (T e tra n  pu lv is , Chinoin, B udapest) w as used  to  p rev en t b ac 
te r ia l  grow th.

T hyro idectom y w as considered to  he com plete w h en  b o th  th e  rig h t and  
th e  le f t organs could b e  rem oved in  th e ir  u n h u rt capsu les.

All thy ro id ec to m ies  w ere follow ed b y  blood sam p lin g  for basal levels of 
th y ro id  horm ones.

T he effectiveness o f  surgical th y ro id ec to m y  w as checked  by determ in ing  
th e  serum  level of th y ro id  horm ones (see la te r) and  also b y  p o stm o rtem  in v e s ti
g a tio n  o f th e  area o f th e  orig inal lo ca tio n  of th e  g lands.

H istological e x a m in a tio n  (h aem ato x y lin -eo s in  s ta in in g ) was also carried  
o u t in  several cases w h ere  v isual in spec tion  could co n firm  no th y ro id  rem n an ts . 
I n  experim en t 2 h isto lo g ica l in v es tig a tio n  of th is  a rea  w as done a fte r rep ea ted  
th y ro tro p in  (bovine T S H , Sigm a Chem . Co., St. L ouis) t re a tm e n t, th e  aim  of 
w h ich  was to  s tim u la te  th e  g row th  of p u ta tiv e  re m n a n ts  o f th e  original th y ro id

A da  Vcterinaria Hungarica 37, 1989



THYROIDECTOMY ON 5'-DEIODINATION IN CHICKENS 229

tissue. A n o th e r w ay to  check th e  rem n an ts  was th e  in jec tio n  of 131-1 (N a l)  
in trav en o u sly . In  these  tria ls  th e  accu m u la tio n  o f 131-1 in  th e  neck  a rea  could 
be de tec ted  b u t no specific rise of a c tiv ity  was confirm ed  on th e  o rig inal site  
of th e  g land . This spoke in  fav o u r of no o p era tio n a l m istake .

Radiothyroidectom y  (R Tx)

C arrier-free 131-1 (N a l)  o f 1200 Ci/m m ol specific a c tiv ity  w as used  in  
all experim en ts. A nim als w ere in jec ted  in tra p e rito n e a lly  w ith  600 pCi o f  th e  
131-1, in  0.5 m l saline/100 g bo d y  m ass. C ontrols were in jec ted  w ith  saline 
alone. All sam ples, ta k e n  before an d  d u ring  th is  o p era tio n , were deep frozen 
for m ore th a n  3 m o n th s (below  —20 °C) in  o rd er to  e lim inate  131-1 a c tiv ity . 
This period  (m ore th a n  10 tim es of th e  half-life of th e  131-1) allow ed th a t  th e  
ra d io a c tiv ity  of th e  sam ples (e ith e r blood or organs) d id  n o t in te rfe re  w ith  
any  of th e  d e te rm in a tio n s used. T his w as confirm ed  in  all an a ly tica l p ro ce 
dures, b u t  d e ta iled  d escrip tion  is n o t g iven here.

D eterm ination o f  T4 and T3 p lasm a  concentrations

H igh ly  specific rad io im m u n o assay  was used  for th e  d e te rm in a tio n  o f  T4 
and  T3 (P e th es  e t ah, 1978a, b). The in tra a ssa y  va rian ce  of th e  d e te rm in a tio n s  
ranged  betw een  5 -7  p er cen t. A lth o u g h  th e  in te ra ssay  v ariance  was also u n d e r  
10 p er cen t in  all th e  series of m easu rem en ts, for a m ore precise com parison , 
sam ples from  para lle l ex p erim en ts  were processed in  th e  sam e assay  ru n . T he 
sen s itiv ity  o f th e  assay  is o f m a jo r im p o rtan ce  h ere : th e  de tec tio n  lim it was 
0.168 nmol/1 and  1.285 nxnol/1 for T3 an d  T4, respective ly . Cross r e a c tiv ity  of 
th e  an tise ra  used  in  th is  ex p erim en t w ith  o th e r iod o th y ro n in es  was low  enough  
no t to  d is tu rb  th e  m easu rem en t even in  th e  low est con cen tra tio n s (R u d as, 1983).

T3 content o f  tissue sam ples

The co n cen tra tio n  o f T3 in  th e  tissue sam ples w as dete rm in ed  b y  th e  
alcoholic e x tra c tio n  p rocedure  described  b y  N ejad  e t al. (1975). E x tra c tio n  
efficiency ran g ed  from  85 to  90%  for T3 (R udas, 1983). T he tissue level m ea
su rem en ts were v a lid a ted  b y  th e  following m eth o d . 125-I-T 3 w as in jec ted  
in trav en o u sly  an d  th e  tissue  to  serum  ra tio  (T/S) o f T3 was de te rm in ed  a t  th e  
m ax im um  of th e  tissue u p ta k e  curve. (P ap er ch ro m a to g rap h y  w as u sed  to  
m ake sure th a t  only  th e  125-1 a c tiv ity  com ing from  labelled  T3 an d  n o t  from  
o th e r m etab o lites  he considered .) This ra tio  was th e n  used  to  ca lcu la te  an  
e s tim a te  of th e  tissue  T3 co n cen tra tio n  using  th e  se rum  T3 value o b ta in e d  b y  
R IA . T he resu lts  of such  e s tim a tes  agreed  w ith  th e  tissu e  T3 R IA  w ith in  10%  
(coefficient o f va ria tio n ).

Acta Veterinaria Hungarica 37, 1989



230 RUDAS and P E T H E S

5 ’-deiodinase assay

The ac tiv itie s  o f liver, b ra in  and  k id n e y  deiodinases were d e te rm ined  
accord ing  to  th e  m e th o d  described  earlie r (Scanes e t ah , 1983) a n d  m odified  
slig h tly  la te r  (R u d a s , 1986). B riefly , i t  en ta iled  th e  d e te rm in a tio n  o f th e  5’-de- 
iod inase  (type  I) enzym e a c tiv ity  b y  m easu rin g  th e  T3 p roduced  from  know n 
a m o u n t of T4 ad d e d  b y  tissue hom ogenates. R esu lts  are expressed  as pm ol T3 
p roduced /m g tissu e  p ro te in /h . P ro te in  d e te rm in a tio n s  w ere carried  o u t acco rd 
in g  to  th e  m eth o d  described  b y  L ow ry  e t al. (1951).

E xperim en t 1

The aim  o f th is  ex p erim en t was to  co m p are  th e  effectiveness o f tw o typ es 
o f  th y ro id ec to m ies . Surg ical th y ro id ec to m y  w as perfo rm ed  on 15 chickens 
from  which te n  w ere selected  on th e  basis of w h e th e r th e  capsule of th e  rem oved 
g lan d  was in ta c t.  A n o th e r group o f 10 b ird s  w ere in jec ted  w ith  131-1 (600 
pCi/100 g b o d y  m ass). B lood sam ples w ere ta k e n  im m ed ia te ly  before and  4, 
7, 12, 17 and  21 d ay s  a fte r  th e  in jec tio n  of 131-1.

E xperim ent 2

This tr ia l  w as perfo rm ed  to  check w h e th e r th e  horm one p roducing  cells 
ex is tin g  tw o w eeks a f te r  surg ical th y ro id e c to m y  are responsive to  th y ro tro p in . 
B ov ine th y ro tro p in  (bT S H ; 200 fig/100 g b o d y  m ass, S igm a Chem . Co., S t. 
Louis) was used  in  te n  7-w eek-old su rg ica lly  th y ro id ec to m ized  chickens 19, 25 
a n d  30 days a f te r  th y ro id e c to m y  to  check th e  responsiveness of serum  th y r 
oxine level up o n  b T S H  tre a tm e n t, in  co m p ariso n  to  te n  n o n tre a te d , th y ro id 
ectom ized b ird s. B lood  sam ples w ere ta k e n  reg u la rly  as in d ica ted  in  “ R esu lts” .

E xperim ent 3

The a c tiv ity  o f  th e  liver an d  k id n ey  5 ’-deiodinase as well as th e  tissue 
level of tr iid o th y ro n in e  w ere observed  in  th is  ex p erim en t. T h ree  groups of 
b ird s  were fo rm ed . G roup I served  as co n tro l (C). G roup I I  invo lved  chickens 
th y ro id ec to m ized  su rg ica lly  (Tx) an d  g roup  I I I  consisted  o f b ird s  th y ro id 
ectom ized  su rg ica lly  an d  in jec ted  w ith  a low  dose of 131-1, th a t  is w ith  300 
pCi/100 g bo d y  m ass in trap e rito n ea lly . T h is w as done on th e  basis o f a form er 
exp erim en t (Y eresegyházy  e t al., 1986) w here th is  co m bina tion  was found  to  
be  th e  least s tre ss in g  an d  m ost effective th y ro id e c to m y  (R T x). T w en ty  b irds 
in  each m ain  g ro u p  (I, I I ,  I I I )  were d iv ided  in to  subgroups of 10 b ird s each.

S ubgroups “ a ”  w ere u n tre a te d  co n tro ls , subgroups “ b ”  w ere tre a te d  
w ith  iopanoic ac id  (IO P ), a c o n tra s t ag en t kn o w n  as a com plete  blocker of 
S’-deiod ination  (10 m g/100 g bo d y  m ass) 24 an d  12 h  before k illing  th e  chickens. 
T he ab ility  of th is  d ru g  to  block d e iod ina tion  in  th e  chicken w as checked in  a
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p ilo t ex p erim en t, w here 100 m g IOP/IOOO g bo d y  m ass was given p e r os to  
b ird s  in  groups of th re e  ind iv iduals each . L iver S’-deiod ination  was th e n  m e a 
su red  in  these  b ird s  0, 4, 8, 16 an d  24 h  a fte r  ad m in is tra tio n  of IO P . Seven  
days a fte r  T x  an d  14 days a fte r R T x , on  th e  day  of th e  exp erim en t th e  b ird s  
w ere killed , b lood, liver, k idney  a n d  b ra in  (w ith o u t p itu ita ry  and  cerebellum ) 
sam ples were ta k e n  an d  k ep t frozen  u n til  de te rm in a tio n s. L ivers w ere c a re 
fu lly  w ashed  o u t w ith  0.9%  NaCl (4 °C) th ro u g h  th e  v en a  p o rtae  in  o rd e r to  
e m p ty  th e  tissue o f blood serum . R eg u la r blood sam pling  was also carried  o u t 
d u rin g  th e  ex p erim en t so th a t  th e  se ru m  levels o f th y ro id  horm ones cou ld  be 
follow ed th ro u g h o u t.

S ta tis tic a l analysis  included com p ariso n  of groups b y  m eans of S tu d e n t’s
t-te s t.

<5

T3
i

Fig. 1. T h e  effect of surg ical (open bars) a n d  rad io th y ro id ec to m y  (shaded  b a rs) on th e  se ru m  
levels (nmol/1) of th y ro x in e  (T4) and on th a t  o f tr iio d o th y ro n in e  (T3) in  tw o-w eek-old ch ickens 
one d a y  before  ( —1) a n d  several days ( + 4 — [-21) a f te r  th y ro idectom ies. R ad io th y ro id ec to m y  
w as pe rfo rm ed  using  600 /«Ci 131-I-(N aI)/100  g b o d y  m ass ip. A rrow s show d e tec tio n  lim its  
( +  2 s ta n d a rd  d ev ia tio n  fro m  “ 0”  s ta n d ard ). D o ts  above or o n  th e  b a rs  rep re sen t n o rm al, 
no n -th y ro id ec to m ized  v a lu es of serum  T4 a n d  o f T3 a t  th e  respec tive  age. L a tte r  v a lu es are  
ta k e n  fro m  a fo rm er lo n g itu d in a l s tu d y  on th e  sam e breed  of chickens (R udas, 1983) a n d  are  
given h ere  fo r com parison . (x ± S E M ; N  =  8 -1 0 ; *P  <  0.05 vs. —1 d ay ; no s ta tis tic s  w ere 

m ad e  on groups a t  o r below  d e tec tio n  lim it)
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R esults

M easuring se ru m  concen tra tion  o f  th y ro id  horm ones before an d  a fte r  
su rg ica l or rad io th y ro id ec to m y  in E x p . 1, one could observe d e tec tab le  h o r
m one levels a fte r su rg ica l in te rv en tio n , b u t  no th y ro id  horm ones a fte r  ra d io 
th y ro id ec to m y  (see F ig . 1).

I t  appears from  F ig . I th a t  600 /rCi 131 -I/I00  g body  m ass destroys th e  
th y ro id  of b irds to ta l ly .  In  fu rth e r  ex p e rim en ts  w ith  chickens (E x p . 3) 
T x  -f- 300 pCi 131-1 w as selected to  ach ieve  to ta l  th y ro id ec to m y  w ith o u t 
a p p ly in g  too  high doses (V eresegyházy e t a l., 1986).

I t  is obvious fro m  th e  d a ta  th a t  low  level of iinm u n o reac tiv e  th y ro id  
h o rm o n e  is p resen t in  surgically  th y ro id ec to m ized , b u t n o t in  rad io th y ro id - 
ec tom ized  birds. T riio d o th y ro n in e  levels seem  to  norm alize a fte r  ab o u t th ree  
w eeks while th is  is n o t  th e  case w ith  T4.

I t  should be n o te d , how ever, t h a t  in  som e cases th e  “ u n d e te c ta b le ”  
h o rm o n e  level in  rad io th y ro id ec to m ized  b ird s  seems to  be on th e  bo rderline  
o f th e  sensitiv ity  o f  th e  assay. N ote also th a t  even if  th e  overall in tra a ssa y  
v a ria n c e  of th e  R IA  procedures app lied  is a b o u t 5 -7  per cen t, i t  is th e  n a tu re  
o f th is  ana ly tica l m e th o d  th a t  a t b o th  ends of th e  s ta n d a rd  curve  (high an d  
low  concen tra tions) one has to  coun t w ith  h ig h er error.

T he fu rth e r  in v es tig a tio n  of th e  n a tu re  of im m u n o reac tiv e  ho rm o n al 
“ re m n a n ts” in  th e  se ru m  was carried  o u t in  E x p . 2. I f  no T S H  tre a tm e n t w as

TX 
I  I

F ig . 2. Two groups of 7-w eek-old chickens, 10 b ird s  in  each, were surgically  th y ro id ec to m ized  
in  th is  experim ent. O n  d a y  19, 25 and 30 a f te r  th y ro id e c to m y  (T X ) one group  ( —®  —) w as 
in je c te d  w ith  bovine th y ro tro p in  (TSH: 200 //g/100 g b o d y  m ass, im .). T he o th e r group ( — О —) 
se rv ed  as control. T h e  leve l o f thy rox ine  (T4) in  th e  blood serum  was m easured  b y  R IA . 
D e tec tio n  lim it ( + 2  s ta n d a rd  dev ia tion  from  “ 0”  s ta n d a rd )  is in d ica ted  b y  an  arrow , (nm ol 

T 4/L  se ru m ; x ^ S E M ; N =  8 -1 0 ; *P  0.05 — O — vs. — O —)
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done (Fig. 2), T4 co n cen tra tio n s averaged  1.0-1.5 nmol/1 vs. 21.4 ^  1.8 nmol/1 
in  non -thy ro idectom ized  b ird s. H ow ever, w hen reg u la r t r e a tm e n t  w ith  bT S H  
w as carried  o u t, a s ign ifican t increase of serum  th y ro x in e  co n cen tra tio n  could 
be d e tec ted  (F ig. 2).

Serum  co n cen tra tio n  o f th y ro id  horm ones in  E x p . 3 fo r T x , R T x  a n d  C 
an im als was found  to  be s im ila r to  th a t  d em o n stra ted  in  F ig . 1 for E x p . 1 
(resu lts  n o t show n here).

The effect o f surgical (Tx) an d  com bined  surgical -j- rad io th y ro id ec to m y  
(R T x) on th e  tissue levels o f th e  ac tive  th y ro id  ho rm one , th a t  is o f T 3, is 
show n in Fig. 3. W hile serum  co n cen tra tio n s of th y ro id  horm ones are  close 
to  th e  detec tion  lim it (sec above), th e  tissue co n cen tra tio n s are  depressed only 
to  th e  h a lf o f th e  orig inal level o f sham -opera ted  con tro ls (C). T his is th e  case 
w ith  liver and  k idney . T he level o f T3 in  th e  b ra in  rem ain s a t  th e  p re -th y ro id 
ec to m y  concen tra tion .

I t  can  be seen th a t  iopano ic  acid th a t  blocks T4 to  T3 conversion com 
p le te ly  (see la te r) has no fu r th e r  depressing effect on th e  tissu e  level o f T3 
w hen  adm in istered  to  th y ro id ec to m ized  (e ither T x  or R T x) an im als. H ow ever, 
i t  is a p o ten t suppressor of th e  tissue co n cen tra tio n  o f tr io d o th y ro n in e  in  
n o rm al, n o n -thy ro idec tom ized  con tro ls. I t  is of in te re s t th a t  th e  decreased

F ig . 3. T issue levels of tr iio d o th y ro n in e  (T3) in th ree  groups of chickens. C =  con tro ls; T x  =  
=  surg ically  th y ro idectom ized  a t  4 w eeks of age; R T x  =  surgically  th y ro id ec to m ized  a t  3 weeks 
o f  age follow ed b y  300 /(Ci 1 3 1 -I-(N aI)/1 0 0  g bo d y  m ass ip. All b ird s w ere sacrificed  on th e  sam e 
d a y  a t  5 weeks of age. IO P  + =  b ird s in  th ese  groups were tre a te d  w ith  10 m g iopanoic acid  
(IO P )/100  g body  m ass 24 and  12 h  before  sacrificing them . IO P  — =  no IO P  t re a tm e n t, 
(pm ol T 3/g fresh  tissue ; x J^S E M ; N  =  8 -1 0 ; *P <  0.05 vs. re sp ec tiv e  co n tro l; + P  <  0.05

I O P +  vs. I O P - )
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tissu e  co n cen tra tio n  ach iev ed  b y  in  vivo  ad m in is tra tio n  o f  IO P  equals th a t  
fo u n d  in  th y ro id ec to m ized  an im als.

T he a c tiv ity  of th e  tissu e  5’-deiodinase was m easu red  b o th  in  th e  presence 
(10 mM ) and  in  th e  absence  o f  th e  co facto r (D TT). R esu lts  a re  show n in Fig. 4. 
T h e  orig inal enzym e a c tiv ity , th a t  is th e  n o n -s tim u la te d  enzym e a c tiv ity  
(D T T ) o f th e  liver an d  k id n e y  of th y ro id ec to m ized  ch ickens, w as sign ifican tly  
low er th a n  th a t  fo u n d  in  con tro ls . R ough ly , b o th  w ays o f thy ro idectom ies 
cau sed  a ha lv ing  o f th e  orig inal enzym e a c tiv ity . W hen  th e  cofactor (DTT) 
w as ad d ed  in  vitro to  th e  sy s tem , th e  a c tiv ity  of 5’-deiod inase  in  th e  liver and  
in  th e  k idney  of th y ro id ec to m ized  an im als reached  th e  c a ta ly tic  a c tiv ity  of 
th e  con tro ls . R locking o f  th e  enzym e a c tiv ity  in  vivo b y  g iv ing  IO P  caused a 
d ra m a tic  drop in  th e  liv e r, k id n ey  an d  b ra in  5’-d e io d in a tio n  o f all groups and  
th e re  was no sign ifican t in fluence  o f th y ro id ec to m y  on  th is  inh ib ition .

T he b ra in  tissu e  ( th a t  co n ta in ed  th e  w hole b ra in  ex cep t p itu ita ry  and  
cerebellum ) d isting u ish ed  itse lf  from  th e  o th e r tw o tissues b o th  in  its  response 
to  th y ro id ec to m y  an d  in  sen s itiv ity  to  D TT. The 5’-deiodinase a c tiv ity  in  the  
b ra in  was found n o t to  be  in flu en ced  b y  th y ro id ec to m y  a n d  i t  was no t s tim u 
la te d  b y  th e  cofactor, D T T . I n  vivo tre a tm e n t w ith  IO P  w as able to  depress 
b ra in  levels o f T3 to  th e  h a lf  o f th e  orig inal co n cen tra tio n .

DTT

Liver i  Kidney ! Brain

F ig . 4. T he a c tiv ity  o f 5’-deiod inase  (5’-D I) in th ree  groups of ch ickens. C =  contro ls; T x  =  
=  su rg ically  th y ro id ec to m ized  a t  4 w eeks of age; R T x  =  surgically  th y ro id ec to m ized  a t  3 weeks 
o f age follow ed b y  300 /tCi 1 3 1 -I-(N aI)/1 0 0  g bod y  m ass ip. A ll an im a ls  sacrificed  on th e  sam e 
d a y  a t  5 weeks of age. D T T  - j- =  enzym e a c tiv ity  m easu red  in  th e  p resence  of 10 mM dithio- 
th re ito l  (D TT); DTT — =  no  D T T  added . T he enzym e a c tiv ity  is expressed  as th e  am o u n t 
o f  T 3  produced  from  exogen o u sly  added  T4 b y  tissue  h o m ogenates p e r u n it  o f tim e (pm ol 
T 3 /m g/m in  =  pm ol T3 p ro d u ced /m g  of tissu e /m in u te ; x  ^  SE M ; N  =  8 -1 0 ; *P <  0.05 vs. 

re sp ec tiv e  co n tro l; + P  <  0.05 D TT -f- vs. D T T —)
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pmol Tj/mg/min 
i

Fig. 5. P ilo t e x p erim en t on th e  effectiveness o f o ra lly  adm in iste red  iopano ic  acid (IO P ) on  
th e  a c tiv ity  o f liv e r 5’-deiodinase (5’-D I) in  4-w eek-old chickens. 10 m g IOP/lOO g body  m ass 
w as g iven  a t  tim e  “ 0” . T he 5’-D I w as m easu red  as th e  a m o u n t of tr iio d o th y ro n in e  (T3) p ro 
duced  from  exogenously  ad ded  th y ro x in e  b y  liv e r hom ogenates, (pm ol T 3 p ro d u ced  by  m g of 

liver pe r one m in u te ; x ^ S E M ;  N  =  6 ; *P  <  0.05 vs. “ 0”  tim e)

T he tim e  dependence of th e  effect o f IO P  in  th e  p ilo t ex p erim en t show ed 
th a t  24 h  p o s t- tre a tm e n t th e re  was an  a lm o st to ta l  (> 9 5 % )  b locking  of 5’-de- 
io d in a tio n  (F ig . 5).

D iscussion

T he q u estio n  of w h e th e r surg ical th y ro id ec to m y  an d /o r rad io th y ro id 
ec tom y  can  y ie ld  to ta lly  a th y reo tic  an im als has been raised  from  tim e  to  tim e. 
In  re la tio n  to  th e  chicken th e  f irs t o b se rv a tio n  of a th y reo tic  conditions a fte r  
ra d io th y ro id ec to m y  (W en tw o rth , 1949) w as th o ro u g h ly  re in v es tig a ted  b y  
M ellen an d  W en tw o rth  (1962). T he dose th e y  app lied  was eq u a l to  th e  h ighest 
dose (1200 pCi/100 g body  m ass) in jec ted  in  one of our fo rm er experim ents 
(V eresegyházy e t a l., 1986). In  c o n tra s t to  ou r re su lts , how ever, a lm ost no loss 
o f b irds due to  rad io th y ro id ec to m y  was seen b y  Mellen an d  W en tw o rth  (1962). 
I t  was concluded  th a t  if  rad io th y ro id ec to m y  is com plete, no ho rm o n al a c tiv ity  
can be d e tec ted  in  th e  serum  of b irds. T h is speaks in  fav o u r o f o u r experim en t 
b u t th e  f in a l conclusion th a t  can  be d raw n  from  th e  com parison  of surgical 
an d  rad io th y ro id ec to m y  does n o t confirm  th e  view  of th e  above-m entioned  
a u th o rs . In  o u r opinion th e  presence o f low  levels of th y ro id  horm ones in  th e  
serum  of su rg ica lly  th y ro id ec to m ized  b ird s  ta k e s  its  origin n o t from  th e  th y ro i
dal rem n an ts  o f unsuccessfully  o p era ted  b ird s  h u t  as a re su lt o f o th e r facts.
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P rovocation  w ith  b T S H  s tim u la te d  th e  T4 level in  th e  serum  of su rg ica lly  
th y ro id ec to m ized  ch ickens. The increase was sign ifican t; how ever, i t  w as less 
th a n  th a t  found in  n o rm a l chickens in  previous s tu d ies  (R u d as, 1983). T his 
sp eak s  in  favour of o u r fo rm er suppositio n , nam ely  th a t  e x tra th y ro id a l th y ro id  
h o rm o n e  producing a c tiv itie s  m ay  ex is t. Since no th y ro id  re m n a n t was found  
e ith e r  w ith  inspection  o r w ith  h isto logy  on th e  area  from  w hich th e  g lands 
w ere rem oved, we be lieve  th a t  th e  source of th e  h o rm o n a l a c tiv ity  m ig h t be 
o rig in a te d  e ither from  d ispersed  em bryon ic  cells on th e  neck  area as p roposed  
b y  N a lh an d o v  (1974), o r from  io d in a te d  album in  from  th e  b lood pool as sug 
g es ted  b y  S hulm an e t  al. (1957). T he fac t th a t  a f te r  rad io th y ro id ec to m y  th e  
lev e l o f  thy ro id  h o rm o n es was closer to  or below  th e  de tec tio n  lim it m ig h t 
su g g est th a t  io d in a ted  p ro te in s  e ith e r  from  in te rn a l o r ex te rn a l (food) origin 
p la y  a m inor role in  rep len ish ing  th e  d isappearing  b lood  th y ro id  horm one pool 
a f te r  th y ro idec tom y .

A no ther fac t is a change in  th e  p e riphera l h an d lin g  and  th y ro id a l m e ta 
b o lism  of th y ro id  ho rm o n es by  th e  tissu es  as an  effect o f  th y ro id ec to m y . This 
is s tro n g ly  supp o rted  b y  th e  p resen t re su lts .

F irs t, T3 levels no rm alized  a fte r  th ree  weeks o f th y ro id ec to m y  b u t  T4 
levels d id  no t. This re fe rs  to  an  im p o r ta n t sh ift in  th e  overall T4 T3 co n 
v ersio n  in  order to  a t ta in  close to  n o rm a l T3 co n cen tra tio n s.

Second, th e  m o st im p o r ta n t fin d in g  in  our p re se n t experim en ts is th a t  
th e  tissu e  level of th y ro id ec to m ized  b ird s  decreased to  a fa r less e x te n t th a n  
se ru m  levels. Beside th e  excellent ag reem en t of th is  fac t in  b irds w ith  find ings 
o f O bregon et al. (1981) in  ra ts , it  raises th e  possib ility  o f a p reserv ing  m ech an 
ism  function ing  in  th y ro id ec to m ized  an im als w hich m ig h t involve a series o f 
fa c to rs  one of w hich  is th e  low ered in te n s ity  of th e  5 ’-deiod ination  o f th e  
th y ro x in e  available. T o  th is  la t te r  m echan ism  a series o f o thers jo in , e.g. th e  
d ecreased  clearance, i.e . increased residence tim e  of tr iio d o th y ro n in e  w ith in  
th e  cells. As can be concluded  from  tissue  levels of tr iio d o th y ro n in e , th e re  
e x is ts  a well defined  low est lim it o f  T3 co n cen tra tio n  th a t  is m a in ta in ed  b y  
th e  organism  for a v e ry  long tim e  a f te r  th y ro id ec to m y . I t  is of in te re s t th a t  
th is  p o rtion  of in tra c e llu la r  T3 (ab o u t 50%  of th e  n o rm a l in trace llu la r T3 level) 
w ill n o t d isappear from  th e  cell even a long tim e  (70 days, a u th o rs ’ u n p u b lish ed  
o b serva tion ) a fte r th y ro id e c to m y . I t  is know n from  stud ies on ra ts  (L arsen  
a n d  S ilva, 1983) th a t  a b o u t th is  p o rtio n  of in trace llu la r T3 pool is m a in ta in ed  
b y  deiod ination  in  t h a t  species. Since i t  was proved  th a t  IO P  is a p o te n t in h ib i
to r  o f  T4 to  T3 conversion  in th e  ch icken  also (D ecuypere e t ah , 1982; R u d as 
a n d  P e thes, 1984; a n d  resu lts  in  E x p . 3, as well as th e  p ilo t ex p erim en t on 
IO P  action) and  since th e  level o f in trace llu la r T3 is depressed  to  th e  sam e 
degree b y  in vivo a d m in is tra tio n  of IO P  as is by  th y ro id ec to m y , one can  suggest 
t h a t  th e  decreased liv e r  an d  k id n ey  5’-deiod ination  is a m a jo r b u t  n o t single 
fa c to r  in  the  a d a p ta t io n  to  h y p o th y ro id ism  of th e  io d o th y ro n in e  d ep riv ed
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cells. The e x te n t o f th e  de iod inase-independen t p o rtio n  o f in trace llu la r T3 pool 
is sim ilar to  th a t  fo u n d  in  ra ts  (Silva e t al., 1984). Since th e  enzym e a c tiv i ty  
p resen t in  th y ro id ec to m ized  chickens can  read ily  be s tim u la te d  by  D TT, one 
has to  presum e th a t  th e  im p aired  av a ilab ility  of red u c in g  equ ivalen ts in  h y p o 
thy ro id ism , w hich resu lts  in  a low er level o f S H  groups, is invo lved  as a m a jo r 
cause in  th e  decreased  5’-deiod ination . O therw ise, th e  syn th esis  and  th u s  th e  
in trace llu la r c o n cen tra tio n  o f th e  enzym e is p ro b ab ly  n o t  in fluenced  b y  t h y 
ro idectom y. R ecen t p u b lica tions (L arsen  a n d  Silva, 1983; V isser e t al., 1983) 
called a tte n tio n  to  a new  ty p e  of 5’-deiodinase, w hich d istingu ishes itse lf  fro m  
th e  ty p e -I  enzym e in  its  re la tiv e  in se n s itiv ity  to  th e  b lock ing  effect o f P T U  
(ty p e  II).

The b ra in  d isting u ish ed  itse lf  w ith  no response to  th y ro id ec to m y  as for 
tissu e  level o f T3 a n d  5 ’-D I a c tiv ity . T h e  co n cen tra tio n  o f  tr iio d o th y ro n in e  
m ain ta in ed  a t  th e  p re -th y ro id ec to m y  level will gain  fu ll exp lana tion  o n ly  
w hen, beside deio d in a tio n  a c tiv ity , th e  c learance  ra te  o f  T3 from  b ra in  cells 
will be e s tim a ted . A tte m p ts  should  be m ade also to  d iffe ren tia te  betw een  th e  
a lte ra tio n s  in  enzym e popu la tio n s w ith in  th e  b ra in  a f te r  th y ro id ec to m y . I t  
m ig h t be th a t  b eh in d  unchanged  5’-D I- ty p e  I  a c tiv itie s  o th e r de iod ination  
ro u te s  m ay change th e ir  ac tiv ity .

IO P  tr e a tm e n t depressed  orig inal tissue  T3 levels to  th e  sam e degree 
in  th e  b ra in  as w as seen in  th e  liver an d  in  th e  k idney . T h is fu rth e r su p p o rts  
th e  view  th a t  p a th w a y s  o f de iod ination  are  invo lved  in  th e  a d a p ta tio n  o f 
b ra in  cells to  h y p o th y ro id ism , even if  th e re  m u st be a series of o ther fa c to rs  
c o n trib u tin g  to  th is  phenom enon.

I t  was found  th a t  su p p lem en ta tio n  o f th e  in c u b a tio n  m edium  w ith  D T T  
enhanced  deio d in a tio n  a c tiv ity  in  liver an d  in  k idney  h om ogenates b u t a t  th e  
sam e tim e th e  d ifference o f 5’-D I a c tiv ity  betw een  th y ro idec tom ized  a n d  
co n tro l birds d isap p eared . T his fac t n o t on ly  su p p o rts  th e  v iew  th a t  the  a m o u n t 
o f th e  enzym e p re se n t in  th e  cell m igh t be no rm al (see above) b u t calls th e  
a tte n tio n  to  a m ethodo log ical p roblem  as well. N am ely , t h a t  th e  rou tine m e th o d  
o f in v estiga ting  deio d in a tio n  in  th e  presence o f s tim u la to r  (D TT) m ight co v er 
up  im p o rta n t de ta ils . I t  is suggested  th e re fo re  th a t  th e  low  b u t in fo rm ativ e  
5’-D I ac tiv ities in  th e  absence of th e  s tim u la to r  shou ld  also be reg a rd ed . 
A sim ilar conclusion has been  d raw n fro m  r a t  s tud ies re c e n tly  (L eonard  e t 
a l., 1983).

The au th o rs  believe th a t  these  find ings, to g e th e r w ith  several recen tly  
p u b lished  resu lts  in  th e  l ite ra tu re  (for rev iew  see S ilva e t a l., 1984), fu r th e r  
su p p o rt th e  v iew  th a t  th e  deiodinase sy s tem  an d  th e  p e rip h era l hand ling  o f 
th y ro id  horm ones rep re sen t a special au to reg u la tiv e  defense m echanism  ag a in s t 
e ith e r  h y p o th y ro id ism  or o th e r en v iro n m en ta l in fluence  w h en  th e  dem and on 
availab le  th y ro id  horm ones is a lte red  (R u d as an d  P e tlies, 1980).

4 Acta Veterinaria Hungarica 37, 1989



238 RUDAS and PETHES

A cknow ledgem ent

T h e  e x p ert tech n ica l assistance of Mrs. E rz séb e t K raiss is g ra te fu lly  acknow ledged.

R eferences

A stie r, H ., D aniel, J .  Y . a n d  Ja llageas, M. (1978): E stim a tio n  of th y ro x in e  co n cen tra tio n  in  
ducks in  re la tio n  to  d ifferen t en v iro n m en ta l an d  experim ental cond itions. E x p erien tia  
3 4 ,  1228-1230.

A s tie r , H . an d  N ew com er, W . S. (1978): E x tra th y ro d ia l  conversion of th y ro x in e  to  tr iid o th y - 
ron in e  in  a b ird : th e  Peking duck. Gen. Com p. E ndocr. 35, 496-499 .

D ecu y p ere , E ., K ü h n , E . R ., C lyim ans, B ., N o u w en , E . J .  and M ichels, H . (1982): P re n a ta l  
p e rip h era l m onodeiod ination  in  th e  ch ick  em bryo . Gen. Com p. E n d o cr. 4 7 ,  15-17.

H a rv e y , S., S terling , R . J .  an d  K landorf, H . (1983): C oncentrations o f tr iio d o th y ro n in e , g ro w th  
h o rm one, an d  lu te in inz ing  horm one in  th e  p lasm a of th y ro id ec to m ised  fowl (Gallus 
dom esticus). Gen. Com p. E ndocr. 5 0 ,  275—281.

L a rsen , P . R . and  Silva, J .  E . (1983): I n t r a p i tu i ta r y  m echanism  in  th e  co n tro l o f T S H  secre
tio n . In : O ppenheim er, J . H. and  S am u els, H . H . (eds) M olecular Basis of T h y ro id  
H o rm one A ction. A cadem ic Press, N ew  Y o rk , pp . 351-385.

L eo n a rd , J .  L ., M ellen, S. A. and  L arsen , P . R . (1983): T hyroxine 5’-deiod inase  in  b row n  ad i
pose tissue. E ndocrino logy  1 1 2 ,  1153—1155.

L o w ry , O. H ., R o senbrough , N. J . ,  F a rr , A. L. a n d  R andall, J . (1951): P ro te in  m easu rem en t 
w ith  Fo lin  reag en t. J .  Biol. Chem. 1 9 3 ,  235—239.

M ellen, W . J .  and  W en tw o rth , B. C. (1962): O b serv a tio n s on rad io th y ro id ec to m ized  b irds. 
P o u ltry  Sei. 4 1 ,  134-141.

N a lb an d o v , C. (1974): R ep roductive  P h y sio logy  o f M am m als an d  B irds. A cadem ic Press, 
N ew  Y ork , pp . 277.

N e jad , I .,  B ollinger, J . ,  M itn ick , M. A., S u lliv an , P . an d  Reichlin, S. (1975): M easurem en t of 
p lasm a  and  tissu e  tr iid o th y ro n in e  c o n ce n tra tio n s  in  th e  r a t  b y  rad io im m unoassay . 
E ndocrino logy  9 6 ,  773-780.

O bregon , M. J . ,  M alloe, J . ,  E scobar, del R . a n d  E sco b ar, de M. (1981): P resence  of L -th y ro x in e  
a n d  3’5,3’-triio d o -L -th y ro n in e  in  tissu es fro m  th y ro idectom ized  ra ts . E ndocrino logy  
1 0 9 ,  908-913.

P écze ly , P ., P e th es , G. an d  R u das, P . (1980): In te rre la tio n sh ip  be tw een  th y ro id  an d  g o n ad al 
fu n c tio n  in  fem ale Jap an ese  quail k e p t u n d e r  sh o rt and long pho to p erio d s. J .  E n d o 
crinol. 8 7 ,  55-63.

P e th es , G ., R udas, P . an d  Losonczy, S. (1978a): S h o rt  periodical changes in  th e  c o n cen tra tio n  
of horm ones of th e  th y ro id  g land in  th e  se ru m  of bulls and cows M agyar Á lla to rvosok  
L ap ja  3 3 ,  237-240.

P e th e s , G ., Losonczy, S. an d  R u d as, P. (19786): M easurem ent of se ru m  triio d o th y ro n in e  by  
rad io im m u n o assay . M agyar Á lla to rv o so k  L a p ja  33, 177-182.

R u d a s , P . (1983): P e rip h era l m etabo lism  of th y ro id  horm ones in ch ickens. P h . D. T hesis. 
H u n g a rian  A cadem y of Sciences, B u d a p e s t,  1983.

R u d a s , P . (1986): C om parison of ty p e  I 5’-d e io d in a tio n  of th y ro x in e  a n d  of rev erse -triio d o 
th y ro n in e  in r a t  an d  chicken liver hom o g en a tes . Gen. Com p. E n d o cr. 6 3 ,  657—660.

R u d a s , P . an d  P eth es , G. (1980): E ffect o f cold a n d  w arm  exposure on  th y ro x in e  m etab o lism  
in  th e  chick. (The reg u la to ry  role o f th e  p e riphery ). In : P e th es , G., Péczely, P . and  
R u d as, P . (eds) A dv. Physiol. Sei. Yol. 33. R ec. Adv. of A v ian  E ndocrino l. B u d ap es t, 
1980. pp. 269-279.

R u d a s , P . an d  P eth es , G. (1984): S tudies on  co n v ersio n  of th y rox ine  to  3 ,5 ,3’-triio d o th y ro n in e  
in  n o rm al and  th y ro idectom ized  chick. G en. Com p. E ndocr. 5 4 ,  154—161.

Scanes, C. G., M arsh, J . ,  D ecuypere, E . a n d  R u d a s , P . (1983): A b n o rm alitie s  in  th e  p lasm a 
co n cen tra tio n s of th y ro x in e  tr iio d o th y ro n in e  an d  grow th ho rm o n e  in  sex-linked  d w a rf 
a n d  au tosom al d w arf w hite  L eghorn  d o m estic  fowl (Gallus dom esticus). J .  E n docr. 9 7 ,  
127-135.

S h u lm an , S., R ose, W . R . and  W itebsky , E . (1957): T hyralbum in . F ed . P roc. A m er. Soc. E x p . 
Biol. 1 6 ,  433-438.

Acta Veterinaria Hungarica 37, 1989



THYROIDECTOMY ON 5'-DEIODINATION IN CHICKENS 239

Silva , E . J . ,  G ordon, M. B ., C ran tz , F . R ., L eo n ard , J .  L. and  L arsen , P . R . (1984): Q u a lita tiv e  
and  q u a n tita tiv e  differences in  th e  p a th w ay s of e x tra th y ro id a l triio d o th y ro n in e  gene
ra tio n  betw een  eu th y ro id  a n d  h y p o th y ro id  ra ts . J .  Clin. In v e s t.  73, 898-907.

V eresegyházy , T ., P e th es , G. an d  R u d a s , P . (1986): C om bined surgical p lu s  ra d io th y ro id ec to m y  
in chickens (R esearch  notes). A c ta  Y et. H ung. 34, 117-120.

V isser, T. J . ,  K ap lan , M. M., L eo n ard , J .  L . an d  L arsen , P . R . (1983): E v id e n ce  for two p a th 
w ays of io d o th y ro n in e  5’-d e io d in a tio n  in  r a t  p i tu i ta ry  th a t  d iffer in  k inetics o f p ro 
py lth iou racil sen sitiv ity , an d  response  to  hy p o th y ro id ism . J .  Clin. In v e s t.  71, 992—1002.

W en tw o rth , B. C. (1949): c it.: M ellen a n d  W en tw o rth  (1962).

4* A da Veterinaria Hungarica 37, 1989





Acta Veterinaria Hungarica 37 (3), pp. 241—246 (1989)

RESTRICTED FEED INTAKE INFLUENCES 
THYROID HORMONE PRODUCTION AND PERIPHERAL  

DEIODINATION IN CHICKENS

T. B artha , P . R u d a s , S. F e k e t e* and G. P ethes

D e p artm en t of Physio logy and  ‘ D e p a rtm e n t o f A nim al N u tr itio n , 
U n iv ersity  of V e terin ary  Science, H -1400 B u d ap est, P .O .B . 2, H u n g a ry

(R eceived A u g u s t 24, 1988)

T hyro id  horm ones are of m ajo r im p o rta n ce  in d e te rm in ing  m etabolic  s ta te  b o th  
in  m am m als an d  in  b irds. W h eth er or n o t feed  in ta k e  itself h a s  a n  au to reg u la to ry  ro le 
in  ad ju s tin g  th e  se tp o in t o f th y ro id  ho rm o n e  a c tiv ity  is y e t n o t  w ell understood . T he 
p re sen t w ork in v estig a te s  th e  effects of re s tr ic te d  feed in ta k e  on  th e  serum  levels and  
on th e  p e rip h eral m etabolism  of th y ro id  horm ones. Also, th e  se n sitiv ity  of the p i tu i t
a ry - th y ro id  ax is w as looked a t  by  m eans of th y ro tro p in  re leasing  ho rm one p rovocation  
te s t.  Several g ro u p s of H u n n iah y b rid  ch ickens aged 2-6  w eeks w ere used . R estric tio n  
w as m ade by  p ro v id in g  th e  ex p erim en ta l an im als  70 an d  85 p e rc e n t of th e  am o u n t o f 
food consum ed in  th e  ad lib itum  fed co n tro l group . I t  was fo u n d  t h a t  feed re s tr ic tio n  
low ers c ircu la tin g  co n cen tra tio n  of tr iio d o th y ro n in e  p ro b ab ly  b y  in h ib itin g  th e  a c tiv ity  
of liver deiodinase an d  also decreases th e  sen sitiv ity  of th e  p itu i ta ry - th y ro id  ax is 
m eaning th a t  b o th  cen tra l and  p e rip h era l re g u la to ry  m echanism s of th y ro id  econom y 
are affected  by  feed restric tion .

K eyw ords: T h y rox ine , triio d o th y ro n in e , de iod ination , en erg y  in tak e , dom estic
fowl.

One of th e  b est know n effects of th y ro id  horm ones is th a t  o f influencing 
m etabo lic  s ta te . I t  is generally  accep ted  th a t  th e  active ho rm one in  th is respect 
is tr iio d o th y ro n in e  th a t  firm ly  bounds to  nu c lea r and  o th e r cellu lar receptors 
an d  exerts  th erm ogen ic  action  m ain ly  b y  increasing  fu tile  cycles of energy 
ex p en d itu re  (Ism ail-B eig i e t al., 1979). T he la s t decade has b ro u g h t a tre m e n 
dous am o u n t of in fo rm atio n  regard ing  th e  in tr ic a te  m echan ism  b y  w hich th e  
a v a ilab ility  of tr iio d o th y ro n in e  for th e  in d iv id u a l cells is reg u la ted . In  th e  
cen tre  of th is  m echan ism  s tan d s  th e  deiodinase enzym e th a t  can  convert 
th y ro x in e  p roduced  b y  th e  th y ro id  g land  e ith e r  to  active tr iio d o th y ro n in e  or 
to  in ac tiv e  rev e rse -triio d o th y ro n in e , d ep en d in g  on th e  a c tu a l needs of th e  
organ ism  (Silva an d  L arsen , 1985). These p henom ena  are tru e  also for dom estic 
b ird s  (D ecuypere e t ah , 1981; R udas an d  P e th es , 1984; H ughes an d  M cN abb, 
1986). A m ong a series o f factors th a t  m ig h t in fluence  th is  sy s tem  is th e  av a il
a b ility  of energy equ iv a len ts  to  th e  cells. T h is m igh t be of g rea t im portance  
in  an im al n u tr itio n . T he aim  of th e  p re se n t p ap er was to  d em o n stra te  th a t  
th e  a m o u n t of food ingested  affects th y ro id  econom y an d  th e  know ledge o f 
th is  in fluence m ig h t change our view  a b o u t o p tim al feeding conditions.
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M aterials a n d  m ethods

F o rty -five  H u n n ia h y b r id  chickens were raised  in  g roups of 5 b ird s  in  
each  cage. F rom  d a y  one to  week fo u r  o f age chickens w ere prov ided  w ith  
feed  an d  w ater ad lib itu m  from  a u to m a tic  troughs. L ig h tin g  regim e (16 h ours 
lig h t:  8 hours dark ) a n d  te m p e ra tu re  co n tro l (age-d ep en d en t room  te m p e ra 
tu re )  was set b y  an  a u to m a te d  tim e  sw itch  and  th e rm o s ta t ,  respective ly . On 
d a y  28 of age th e  b ird s  w ere a llo tted  to  th re e  m ajo r g roups ( 3 x 5  b irds): co n tro l 
(1 0 0 % ), feed in ta k e  re s tr ic te d  to  7 0 %  o f contro l (70% ) an d  feed in ta k e  re 
s tr ic te d  to  85%  o f c o n tro l (85% ). T he a m o u n t of food p ro v id ed  to  th e  ex p e ri
m e n ta l groups w as d e te rm in ed  on th e  basis of th e  d a ily  food consum ption  of 
th e  con tro l group. O n d a y  32 of age (4 th  d ay  of feed restric tio n ) blood sam ples 
w ere  ta k e n  from  5 b ird s  in  each g roup . T his was follow ed b y  an  iv . in jec tio n  
o f  th y ro tro p in  re leasin g  horm one (T R H ) (5 pg/100 g b o d y  m ass). E x a c tly  30 
m in  th e rea fte r a n o th e r  blood sam p lin g  took  place from  th e  c o n tra la te ra l 
b ra c h ia l vein. A n o th e r  5 ind iv iduals from  each group  w ere bled by  cerv ica l 
d islocation . L iver w as ta k e n  ou t from  these  b irds an d  w as deep frozen u n til  
de te rm in a tio n s. T h e  ab o v e  procedure  w as rep ea ted  on  d ay  40 of age (12 th  
d a y  o f feed re s tr ic tio n ) and  on d ay  47 o f age (19 th  d a y  o f feed res tric tio n ). 
T h e  rem aining 15 b ird s  were su b jec ted  to  blood sam pling  an d  th e  T R H  p ro v o 
c a tio n  te s t was c a rr ie d  o u t on d ay  19. T he n ex t day  th e  sam e b irds w ere b led  
a n d  livers were p rocessed  as above.

T hyroxine (T4) a n d  tr iio d o th y ro n in e  (T3) co n cen tra tio n s in  th e  b lood  
se ru m  and in  h o m o g en a tes  were d e te rm in ed  accord ing  to  th e  rad io im m u n o 
assay  procedure describ ed  fo rm erly  fo r chicken (P e th e s  e t al., 1978). T he 
log it-log  procedure suggested  b y  R o d b a rd  and  Lew ald (1970) was used fo r th e  
co m p u te r  program  t h a t  ev a lu a ted  R IA  resu lts. The d e iod ina tion  a c tiv ity  of 
th e  liver was d e te rm in e d  according to  ou r fo rm er p ro ced u re  (Scanes e t al., 
1983) as m odified re c e n tly  (R udas a n d  P ethes, 1986). In  sh o rt, th is  p ro ced u re  
invo lves the  h om ogen iza tion  of th e  liv e r  sam ple in  p h o sp h a te  buffer (p H  7.4, 
0.15 M) followed b y  g en tle  (1000 g, 4 °C, 10 min) cen trifu g a tio n . The su p e r
n a ta n t  is in cu b a ted  w ith  know n a m o u n t of T4 (0.67 pM ) an d  th e  T3 p roduced  
a f te r  60 m in is d e te rm in e d  following an  alcoholic p rec ip ita tio n . C ofactor (di- 
th io th re ito l, D TT) is also p resen t (8 mM). The resu lts  are  expressed as T3 
p roduced /hour/g  liv e r  p ro te in .

The resu lts o f  th e  T R H  p ro v o ca tio n  te s t are  g iven  as th e  p ercen tile  
increase  in  serum  T 4  co n cen tra tio n  caused  by  th e  single in trav en o u s in jec tio n  
o f  2 pg/100 g b o d y  m ass T R H .

S ta tis tica l an a ly s is  en ta iled  S tu d e n t’s i-tes t fo r com parison  of groups. 
D ifferences were ac c e p ted  as sig n ifican t if  P  was less th a n  0.05.
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R esults

Pooled d a ta  of th e  d iffe ren t tim e  po in ts  (4 th , 12 th , 19 th  d ay  o f feed 
restric tio n ) co rresponded  to  th e  re su lts  o b ta in e d  on th e  se p a ra te  ex p e rim en ta l 
days. T hus ex cep t for de iod ination , pooled  resu lts are show n here.

T ab le  I  sum m arizes th e  re su lts  o f serum  T4 an d  T3 co n cen tra tio n s  for 
th e  tw o  ex p erim en ta l and  for th e  co n tro l g roup . S epara te  d a ta  for th e  d iffe ren t 
tim e  po in ts  were sim ilar. T3 serum  co n cen tra tio n s  are s ig n ifican tly  low er, while 
T4 levels are co n sis ten tly  h igher in  feed re s tr ic te d  anim als.

Table I

C oncentration  of triiodo thyron ine  (T3) an d  th y ro x in e  (T4) in  th e  blood serum  of chickens a fte r
feed re s tr ic tio n  (ng/m l)

Available food
(in per cent of the ad libitum  group) 70% 85% 100%

average 0.608*** 0.591*** 1.296
T3 ± S E M 0.076 0.081 0.138

N 15 14 15
average 18.28*** 19.58*** 7.43

T4 ± S E M 2.02 2.16 1.43
N 15 15 13

*** P  <  0.01 vs 100%

T he resu lts  o f th e  T R H  p ro v o ca tio n  te s t  are sum m arized  in  T ab le  I I .  
T he ex p erim en ta l groups (70%  an d  85% ) ex h ib it a lm ost fu ll in se n s itiv ity  to  
T R H  stim ulus. 85%  feed restric tio n  is a lm o st as effective as 70%  in  th is  respect.

Table II

The effect of T R H  provocation  te s t u p o n  p lasm a level of T4 afte r feed re s tr ic tio n  (%  change
versus baseline T4 level)

Available food
(in per cent of the ad libitum  group) 70% 85% 100%

%  increase in T 4 average 28.5*** 39.4*** 160.2
serum  level 30 min ± S E M 9.83 11.3 38.9
afte r i.v. T R H  inj. N 14 15 15

*** P  <  0.01 v s 100%

T he pooled d a ta  of th e  deiod in a tiv e  a c tiv ity  of liver sam ples (T able I I I )  
reveals no sign ifican t difference am ong  th e  groups in v estig a ted . H ow ever th is  
p a ra m e te r  was n o t iden tica l d u ring  th e  w hole experim en t. T he low er p anel of 
th is  ta b le  shows th a t  w hen d a ta  from  th e  4 th  d ay  of feed re s tr ic tio n  are  sepa-
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Table III

A c tiv ity  of liver 5’-deiod inase  a fte r  feed re stric tio n  in  chickens (pm ol T3 produced/hour/g  liver)

Available food
(in per cent of the ad libitum  group) 70% 85% 100%

average 20.6 20.6 21.7
pooled d a ta ±SE M 1.91 2.85 2.39

N 15 14 14
4 th  d ay  o f feed average 16.8* 19.7 23.2

re s tr ic tio n ±SE M 1.93 2.54 4.86
N 5 5 5

* P  <  0.05 vs 100%

r a te d  from  th e  poo led  values th en  a s ig n ifican tly  low er d eiod ination  ra te  could  
be  confirm ed in  th e  70%  group versus th e  100%  co n tro l. D eiod ination  ra te  
is also  lower in  th e  85 %  group, how ever th is  d ifference is n o t s ta tis tic a lly  
sign ifican t.

Table IV

B ody mass of ch ickens used  in the  experim ents as m easured  a t  d ifferen t tim e points (g)

A vailable food
(in per cent o f th e  ad libitum  group) 70% 85% 100%

average 891 960 910
4 th  d a y ±SEM 44.9 73.1 68.3

N 5 5 5

average 1300 1304 1495
12th  d a y ±SEM 51.8 49.1 50.1

N 5 5 5

average 1238** 1422 1602
19th  d a y ±SE M 70.5 61.6 91.1

N 5 5 5

** P  <  0.02 v s 100%

Tabic IV  c o n ta in s  d a ta  on th e  b o d y  m ass o f th e  d iffe ren t groups o f a n i
m als. I t  is obvious fro m  th is  tab le  th a t  b o d y  m ass d ifferences accum ulate  a n d  
becom e sign ifican t a t  th e  end of th e  te s t  period.

D iscussion

On the  basis o f  feeding experim en ts i t  w as p o s tu la te d  b y  K lan d o rf  e t  al. 
(1981) th a t  liver de io d in a tio n  m igh t be a possible tr ig g e r for a sy s tem a tic  
d ro p  of serum  T3 c o n cen tra tio n  seen a fte r  feed re s tr ic tio n . The above resu lts  
sp e a k  in  favour o f  th e  above supposition . I t  is c lear from  th e  d a ta  th a t  as
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soon as 4 days a f te r  feed re s tric tio n  liv er 5 ’-deiod in a tio n  dim inishes s ign i
f ican tly .

D a ta  p re sen ted  here  are in  accordance w ith  th e  find ings of H arris  e t al. 
(1979) who d e m o n s tra te d  th a t  th e  increase in  th e  a v a ilab ility  of energy e q u iv a 
len ts  resu lts  in  a N A D  P H  dependen t increase of th e  h ep a tic  deiodinase a c tiv ity  
in  ra ts , and  also w ith  th e  d a ta  th a t  d e m o n s tra te  a sim ilar p a tte rn  fo r th e  
dom estic hen  (D ecuypere  and K u h n , 1984). T he increased  a c tiv ity  of th e  liv e r 
to  co n v ert T4 to T 3  is one of th e  ex p lan a tio n s fo r th e  increased  triio d o th y ro n in e  
level observed in  th e  serum  of chickens in  th e  100%  group . W hen re s tr ic tio n  
o f  feed in tak e  occurs th e re  is an o th e r consequence o f th e  low ered u p ta k e  of 
th y ro x in e  b y  th e  liv e r  (and  p ro b ab ly  k idney) cells: serum  T4 co n cen tra tio n s 
rise  due to  lack  o f u p ta k e  by  these  sites or, as p o s tu la te d  b y  o thers, due to  th e  
presence in  th e  p la sm a  of some u n d e te rm in ed  m etab o lite s  th a t  in te ra c t w ith  
T4 (C hopra e t a l., 1979). The in sen sitiv ity  o f th e  p itu i ta ry - th y ro id  ax is to  
T R H  provoca tion  is due to  th e  e leva ted  se rum  T4 co n cen tra tions. This h igh  
level of T4 in  th e  b lo o d  is a negative feed b ack  signal p ro b ab ly  v ia  th e  p i tu i ta ry  
ty p e - I I  deiodinase sy s tem  (Silva an d  L arsen , 1985) in  th e  r a t .  In  chickens i t  
w as show n re c e n tly  (B a rth a  e t al., su b m itte d  fo r p u b lica tion ) th a t  p i tu i ta ry  
deiodinases b eh av e  sim ilarly  and  can  c o n tr ib u te  to  rh y th m ic  changes in  th e  
se ru m  level of th y ro id  horm ones. O n th e  basis o f th e  resu lts  one m igh t suppose 
t h a t  th y ro id a l T4 o u tp u t  is also decreased  in  feed re s tric tio n . The con troversia l 
h igh level o f T4 in  th e  serum  of th e  feed re s tr ic te d  g roups is due to  a ba lance  
ex isting  betw een  T4 p ro d u c tio n  an d  d eg rad a tio n : i t  should  be supposed th a t  
T4, even if  p ro d u ced  a t  a lower ra te , e levates in  th e  serum  since th e  decrease 
in  its  d eg rad a tio n  exceeds th e  decline in  its  p ro d u c tio n .

I t  was seen th a t  de iodination  is low er in  th e  feed re s tric ted  groups on 
d ay  4, b u t  la te r  on (d a y  12 and 19) th e  d ifference d isappears. This fac t su g 
gests th a t  th e  re g u la to ry  role of d e io d ina tion  m ig h t occur earlier th a n  th e  
in v es tig a ted  period . O th e r investiga tions concern ing  th e  factors affecting  
d e iod ina tion  in th e  ch icken  have a lread y  called  a t te n tio n  to  th e  very  q u ick  
response of th is  re g u la to ry  m echanism . C hanges in  env iro n m en ta l te m p e ra 
tu re  m ay  elicit a response  of th e  d e iod ina tion  sy s tem  as early  as 4 h a fte r m ild  
cold exposure in  th e  ch icken  (R udas an d  P e th es , 1980). W h e th e r or n o t such  
a ra p id  response is also  elicited b y  feed re s tr ic tio n  rem ains to  be answ ered.
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H-1400 B u d ap es t, P .O . B ox  2, H u n g a ry

(R eceived S ep tem b er 23, 1988)

A fter in tra ru m in a l in fusion  of b u ty ra te  to  sheep a t  dose ra te s  o f 0.25, 0.5, 1 and  
2 g sodium  n -b u ty ra te  per kg  bod y  m ass, b u ty ra te  co n cen tra tio n  o f th e  rum en  flu id  
and  to ta l secre ted  insulin  rose in  d irec t p ro p o rtio n  to  th e  b u ty ra te  dose infused. T he 
half-life o f b u ty ra te  in  th e  ru m en  w as alw ays longer th a n  th a t  o f insu lin . A t 90 m in  
a fte r  th e  in fusion  o f 1 g b u ty ra te  pe r kg  b o d y  m ass, b u ty ra te  co n ce n tra tio n  in  th e  
rum inal p ap illae  reach ed  th e  level correspond ing  to  a n  ex trace llu la r  co n cen tra tio n  
th a t  reduced  cell d iv is ion  b y  50%  in  vitro. I t  can  be concluded  t h a t  b u ty ra te  m ay  be 
p resen t in  th e  ru m in a l pap illae  in  c o n cen tra tio n s  in h ib itin g  cell p ro life ra tio n , sim ul
taneously  w ith  th e  presence of blood p lasm a  insu lin  c o n cen tra tio n s  s tim u la tin g  th e  
p ro life ra tion  of ru m in a l ep ithe lia l cells.

K eyw ords: Sheep, in tra ru m in a l infusion , b u ty ra te , cell d iv ision , rum inal ep i
thelia l cells, in su lin .

In  ru m in an ts , th e  ep ithe lium  lin ing  th e  ru m en  has num ero u s physio logi
ca l functions inc lud ing  tra n sp o rta tio n  o f vo la tile  f a t ty  acids (V FA ) p roduced  
in  th e  rum en. U n d is tu rb ed  an d  sa tis fa c to ry  ab so rp tio n  req u ires  an  o p tim ally  
developed  and  su ffic ien tly  th ick  ru m in a l ep ithe lium . T he s ta tu s  an d  num ber 
o f s t r a ta  of th e  ru m in a l ep ithe lium  depend  on th e  d iv ision  ra te  of th e  cells 
c o n s titu tin g  it.

E arlie r in  vitro  s tud ies (G álfi e t al., 1981) have  show n th a t  n -b u ty ra te  
decreases the  d iv ision  ra te  of ovine ru m in a l ep ithe lia l cells (R E C ). F o r these  
cells, th e  ex trace llu lar co n cen tra tio n  o f b u ty ra te  th a t  reduces cell division by  
5 0 % , is 0.2 mmol/1 (G álfi e t al., 1988).

H ow ever, accord ing  to  S a k a ta  an d  T a m a te  (1976) an d  o u r experim en ts 
(G álfi e t al., 1986), in  th e  case of ra p id  in tra ru m in a l in fusion  n -b u ty ra te  
increases th e  d iv ision  ra te  of R E C  in  vivo. I t  p ro b ab ly  exerts  th is  effect th ro u g h  
a m ed ia to r  or m ed ia to rs . One of th e  possible m ed ia to rs  is in su lin  (S a k a ta  e t al., 
1980). This suggestion  is su p p o rted  b y  th e  o b se rv a tio n  th a t  in su lin  secretion  
in  ru m in a n ts  is enhanced  b y  e leva ted  b u ty ra te  co n cen tra tio n s in  th e  blood 
(B rockm an , 1978).

In  our earlie r in  vitro ex perim en ts in su lin  was found  to  enhance  D N A  
sy n th es is  of R E C  b o th  in  20 an d  in  200 /xU/ml co n cen tra tio n s. I f  b u ty ra te  
an d  in su lin  were p re se n t in  th e  m ed ium  sim u ltaneously , in  d iffe ren t concen
tra tio n s , th e  cell d iv ision  ra te  depended  on th e  ra tio  o f th ese  tw o  com pounds 
(N eogrády  et al., 1989).
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To e lucidate  th e  effect of b u ty ra te  an d  insu lin  on ru m in a l ep ith e liu m  
in  vivo, th e  changes o f th e  b u ty ra te  c o n cen tra tio n  o f th e  ru m en  flu id , ru m in a l 
p ap illae  an d  p lasm a, as well as of p la sm a  insu lin  level, w ere d e te rm in ed  in  
sheep g iven  a single in tra ru m in a l in fusion  of b u ty ra te .

M aterials a n d  m ethods

A n im a ls  and feed . F ive  M erino ew es (no. 1-5) o f 35 to  40 kg bo d y  m ass, 
h av in g  a p e rm an en t ru m e n  fis tu la , w ere used. P r io r  to  th e  ex perim en ts th e  
an im als h ad  received alfalfa  h ay  ad lib itum  and  300 g co n cen tra te  da ily , in  
tw o p a r ts .

Treatm ent. O n th e  evening before  th e  d ay  o f in tra ru m in a l in fusion  of 
sod ium  n -b u ty ra te , feed  was w ith d raw n  from  th e  an im als. T he n e x t m orning , 
a t  th e  tim e  of th e  feed ing , a c a th e te r  w as in serted  in to  th e  le ft ju g u la r  vein . 
H a lf  an  h our la te r  0 .25, 0.5, 1 an d  2 g sodium  n -b u ty ra te  p er kg b o d y  m ass 
w as in fused  in to  th e  ru m en  of sheep 1 -4 , respective ly , in  10%  aqueous solu
tio n . Sheep no. 5 se rv ed  as contro l. A fte r  th e  in fusion  th e  ru m en  co n te n t was 
th o ro u g h ly  m ixed th ro u g h  the  f is tu la . Sheep no. 3 received  an o th e r in fusion  
of 1 g sodium  n -b u ty ra te  per kg b o d y  m ass a w eek la te r .

Sam pling . Im m e d ia te ly  before a n d  15, 30, 45, 60, 90, 120, 150, 180 an d  
240 m in  a fte r b u ty ra te  infusion sam ples were ta k e n  from  th e  ru m en  co n te n t 
an d  th e  ju g u la r  ve in . In  one case (sheep no. 3, second  infusion) sam ples were 
ta k e n  o n ly  90 m in  a f te r  infusion from  th e  ru m en  c o n te n t, ru m in a l m ucosa, 
p o r ta l  an d  ju g u la r  ve in . R um inal m ucosa sam ples w ere ta k e n  th ro u g h  th e  
f is tu la  from  four d iffe ren t sites (c ran ia l b lind  sac, v e n tra l  an d  la te ra l p a r t  o f 
th e  v e n tra l  sac, do rsa l sac) on each occasion.

Laboratory tests. R um en  flu id  sam ples were p u rified  b y  f iltra tio n  and  
a c id ifica tio n  (C oueno tte  e t ah, 1979). T he p lasm a sam ples o b ta in ed  from  
h ep arin ized  blood w ere p repared  accord ing  to  th e  m e th o d  of H ú sv é th  an d
G aál (1987).

T he excised ru m e n  m ucosa pieces were d iv id ed  in  tw o  p a r ts : one was 
hom ogenized  in  P B S  ( +  4 °C, 3000 rp m , 15 min) an d  cen trifu g ed  a t  -(-4 °C w ith  
5000 rp m  for 15 m in . T he su p e rn a ta n t was p u rified  fu r th e r  in  th e  sam e w ay  
as th e  p lasm a, an d  w as fina lly  used  fo r d e te rm in a tio n  o f b u ty ra te  c o n c e n tra 
tio n . T h e  o th e r h a lf  o f th e  rum en  m ucosa sam ple w as w eighed, dried  a t  105 °C 
u n til  c o n s ta n t m ass, an d  th e  b u ty ra te  co n cen tra tio n  o f th e  ru m in a l pap illae  
w as re la te d  to  th e  m ass u n it d e te rm in ed  in th is  w ay .

T he sam ples (ru m en  flu id , ru m in a l papillae , p lasm a) were assayed  for 
n -b u ty ra te  co n cen tra tio n  w ith  a CHRO M -42 gas ch ro m a to g rap h  f i t te d  up  
w ith  a flam e-io n iza tio n  detec to r.

B lood glucose co n cen tra tio n  w as m easured  im m ed ia te ly  a fte r  blood sam p 
ling  b y  an  enzym atic  m eth o d  (G lu co stra t te s t, G ödecke).
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P lasm a insulin  co n cen tra tio n  was dete rm in ed  w ith  an  in su lin -R IA  k it 
( In s t i tu te  of Iso topes, H u n g a ria n  A cadem y of Sciences, B u d ap est)  using  ovine 
insu lin  (Sigm a) as s ta n d a rd . T h e  resu lts  were ca lcu la ted  an d  te s te d  b y  linear 
and  ex p o n en tia l regression analysis and  b y  trap ezo id  an d  S im pson m ethods 
(insulin  response areas above baseline co n cen tra tions be tw een  0 an d  240 min) 
(M cCann an d  R eim ers, 19856). E x p o n en tia l rem o v a l-ra te  eq u a tio n s for con
c e n tra tio n s  of in jec ted  b u ty ra te  in  ru m en  and  secreted  in su lin  in  p lasm a were 
ca lcu la ted  from  th e  regression  equations. The an tilog  v a lu e  of th e  y-axis 
in te rc e p t was su b s titu te d  for A 0 (concen tra tion  o f insu lin  in  p lasm a a t  tim e 
zero), th e  slope of th e  regression  line w as su b s titu te d  for K E (frac tio n a l rem oval 
ra te  co n stan t) (M cCann an d  R eim ers, 1985a). B iological half-life (f 1/2) was 
ca lcu la ted  as 0.693: K E b y  R itsch e l’s m ethod  (1980).

R esults

R u m in a l b u ty ra te  an d  p lasm a insu lin  co n cen tra tio n s follow ing b u ty ra te  
infusions are show n in Fig. 1. (Values o b ta ined  a fte r  th e  in fusion  of 0.5 g/kg 
n -b u ty ra te  are show n only in  T ab le  I.) B u ty ra te  c o n c e n tra tio n  in  th e  ru m en  
c o n te n t w as considerab ly  e lev a ted  a t th e  firs t d e te rm in a tio n  (5 th  m in) a fte r

F ig. 1. B u ty ra te  co n cen tra tio n  of th e  ru m en  flu id  and insu lin  co n ce n tra tio n  of th e  p lasm a 
a f te r  in tra ru m in a l infusion  of n -b u ty ra te
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Table I

R em o v a l ra te  of sodium  га-b u ty ra te  from  th e  rum en  an d  secretion  of insu lin  a fte r  in tra ru m in a l
infusion  of sodium  ra-butyrate

Sodium n-butyrate 
(g/kg body mass) 0 0.25 0.5 1.0 2.0

A 0* (mmol/1) — 18.3 47.02 80.28 105.57
K E** ( m i n 1) — 0.013 0.014 0.016 0.009
t  1/2*** (min) 54.9 50.7 42.5 78.7
Secreted insulin 
(^U /m l/m in) 7.1 11.9 11.3 22.5 30.6

*, **, *** co n cen tra tio n  of n -b u ty ra te  in th e  ru m en  flu id
A 0 =  concentra tion  of b u ty ra te  a t  tim e 0 (у -axis in te rcep t o f th e  rem oval ra te  curve)
K E =  rem oval ra te  c o n s ta n t 
t  1/2 =  biological half-life

th e  in fusion  and  i t  g ra d u a lly  decreased th e re a f te r . P la sm a  in su lin  co n cen tra 
t io n  w as also su b s ta n tia lly  e leva ted  a t  15 m in  a fte r  th e  in fusion  (20-120 mU/1) 
a n d  subsequen tly  i t  declined  rap id ly . P la sm a  insu lin  co n cen tra tio n  alw ays 
re tu rn e d  sooner to  th e  p re-in fusion  values th a n  d id  b u ty ra te  co n cen tra tio n  in  
th e  ru m en  con ten t. T h e  “ in se r ts” show  th e  lo g -tran sfo rm ed  co n cen tra tions: 
fo r  insu lin , only values o b ta in e d  a fte r th e  2 g /kg dose are show n, since only 
th e se  could be f i t te d  to  th e  regression line.

The ch arac teris tic s  o f th e  regression lines an d  th e  to ta l  secre ted  insu lin  
a re  show n in T able I .  T h e  A 0 value of b u ty ra te  c o n cen tra tio n  was d irectly  
co rre la ted  w ith  th e  b u ty ra te  dose in fused  (r =  0.9489). K E decreased  only

01__ , __ ,__________ . „
0 0.25 0.5 1.0 2.0

bulyrate infusion (g/kg body mass)

F ig . 2. Correlation b e tw een  th e  infused ra-butyrate  dose an d  to ta l  in su lin  secre ted  betw een
0 and  240 m in  (n  =  5)
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a fte r  th e  2 g /kg dose: a fte r low er doses o f  n -b u ty ra te  i t  w as n ea rly  id en tica l. 
T  1/2 s lig h tly  decreased up  to  a dose o f  1 g /kg, w hereas i t  increased  a fte r  th e  
2 g/kg dose. A fte r th e  infusion of 2 g /kg  re-butyrate  th e  A 0, K E an d  t  1/2 of 
th e  rem o v al ra te  eq u a tio n  of secreted  in su lin  was 181.3 /iU /m l, 0.040 m in  an d  
17.3 m in, respec tive ly  (results n o t show n in  Table I). T o ta l secreted  in su lin  
was in  lin e a r  co rre la tion  w ith  th e  dose o f b u ty ra te  in fused . T here was a close 
co rre la tion  (r =  0.9774) betw een  in su lin  secre ted  (0-240 m in) and  th e  concen
tra tio n  o f in fused  b u ty ra te  (Fig. 2).

B lood glucose concen tra tions are  show n in Fig. 3. As com pared  to  th e  
pre-in fusion  values (2 .0-2 .9  mmol/1), ta k e n  as 0 for easier rep re sen ta tio n , a t  
15 m in a m ean  e levation  o f ab o u t 0.5 m M , w hile a t  30-60 m in  a m ean  decrease 
of th e  sam e v a lu e  was d em o n stra ted . A t la te r  sam plings b lood  glucose concen 
tra tio n s  w ere found  sim ilar to  th e  p re -in fu sio n  values.

Glucose (mmol/l )
♦ 1

0

- 1  -

15 3 0 - 6 0  9 0 - 2 4 0
Minutes

Fig. 3. B lood glucose co n cen tra tio n  a fte r  in tra ru m in a l  infusion of re-butyrate . T he va lue  
show n as 0 a c tu a lly  rep resen ts an  in itia l glucose co n ce n tra tio n  of 2.0 to  2.9 mmol/1 (n  =  4;

x ± S D )

Tabic I I

B u ty ra te  co n cen tra tio n  in  th e  rum en  flu id , ru m in a l p ap illae  and p lasm a 90 m in  a fte r in tra ru m in a l 
in fusion  of 1 g sodium  n -b u ty ra te  p e r kg  body m ass (sheep no. 3)

n b u t y r a t e  (m m о I/O

rumen fluid ruminal papillae + portal
vein

jugular
vein

43.69 0.25 ±  0.08“ 
(0.72 ±  0.23)*

4.65 0.04

+ m ean  of sam ples tak en  from  four d ifferen t s ites of the  rum inal m ucosa 
a mmol/1 (x  ±  SD)
* //m ol/g tissue (x ±  SD)
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T able I I  show s th e  b u ty ra te  co n cen tra tio n s  in  th e  ru m e n  flu id , ru m in a l 
p ap illae  and  p lasm a m easu red  90 m in  a fte r  th e  second 1 g /kg b u ty ra te  in fusion  
(sheep  no. 3). In  th e  ru m en  flu id  b u ty ra te  co n cen tra tio n  w as 43.69 mmol/1, 
w hile in  th e  ru m in a l pap illae  a m uch  low er co n cen tra tio n  (0.25 mmol/1) w as 
m easu red . P lasm a b u ty ra te  ta k e n  from  th e  p o rta l ve in  was 4.65 mmol/1, an d  
t h a t  from  the  ju g u la r  vein  was found  to  he as low  as 0.04 mmol/1.

D iscussion

In  th is  ex p e rim e n t, th e  rem oval r a te  o f b u ty ra te  from  th e  rum en  co rre 
la te d  w ith  th e  in fu sed  dose of b u ty ra te . T h e  decrease of K E an d  th e  increase  
o f  t  1/2 a fte r th e  in fu sio n  of 2 g/kg b u ty ra te  suggested  th a t  th is  co n cen tra tio n  
exceeded  th e  b u ty ra te -e lim in a tin g  c a p a c ity  o f th e  ru m en . T he A0, K E an d  
t  1/2 values of th e  rem o v a l ra te  o f secre ted  insu lin  from  b lood  were d e te rm in ed  
a f te r  th e  infusion o f 2 g/kg b u ty ra te . K E w as h igh an d  t  1/2 (17.3 m in) w as 
a b o u t 22%  of t h a t  o f b u ty ra te . A fte r an  in fusion  of 20 to  200 m U /kg, th e  
t  1/2 of insulin  in  c a tt le  was rep o rted  to  he 5 to  13 m in  (M cCann and  R eim ers, 
1985a), w hich is in  good agreem ent w ith  th e  values m easu red  b y  us in  sheep .

Considering th e  t  1/2 of b u ty ra te  in  th e  ru m en  flu id  (42.5 to  78.7 m in), 
i t  appears th a t  th e  rem oval of b u ty ra te  from  th e  ru m en  flu id  takes lo n g er 
tim e  th a n  th a t  o f in su lin  from  th e  p lasm a. As R E C  possess specific in su lin - 
-b ind ing  recep to rs (N eogrády  e t a l., 1987), th e  sh o rte r  t  1/2 m easured in  th e  
b lood  does n o t necessarily  m ean  th a t  in su lin  can n o t e x e rt its  action  on  th e  
cells, since insu lin  m olecules m ay  be b o u n d  to  recep to rs of R E C  for a long tim e .

As to ta l  sec re ted  insulin  was fo u n d  to  he closely co rre la ted  w ith  th e  
b u ty ra te  dose a d m in is te red  (as opposed to  b lood  glucose co n cen tra tio n  w hich  
does n o t show a close co rre la tion  e ith e r  w ith  in fused  b u ty ra te  or w ith  sec re ted  
in su lin ), i t  seems p ro b ab le  th a t ,  for a ce rta in  a m o u n t of tim e , b u ty ra te  ab so rb ed  
from  th e  rum en  in to  R E C  and  insu lin  b o u n d  to  th e  recep to rs  o f cells m a y  a c t 
s im u ltaneously  on  R E C .

In  th is re sp ec t, in  our earlier ex p erim en ts  i t  was fo u n d  th a t ,  in c e r ta in  
co n cen tra tio n s, in su lin  m ay  affect cell d iv ision  also in  th e  presence of b u ty ra te .  
T w o pm ol/m l b u ty ra te  decreased th e  d iv ision  ra te  o f R E C  to  one-th ird  in  vitro. 
W hen , on th e  o th e r  h an d , 2 pm ol/m l b u ty ra te  an d  20 ^U /m l insu lin  w ere 
p re se n t s im u ltan eo u sly  in  th e  m ed ium , th e  in te n s ity  o f cell division w as th e  
sam e as th a t  o f th e  con tro l cells, i.e. in su lin  n eu tra lized  th e  cell division in h ib i t 
in g  effect of b u ty ra te  (N eogrády  e t al., 1989).

As a su b s ta n tia l p ropo rtio n  of b u ty ra te  is m etabo lized  in  th e  ru m in a l 
pap illae , i t  was o f in te re s t  to  m o n ito r th e  a c tu a l b u ty ra te  co n cen tra tio n  in  th e  
ru m in a l papillae a f te r  b u ty ra te  in fusion  a n d  to  d e te rm in e  w hether b u ty ra te  
con cen tra tio n s cap ab le  of in h ib itin g  th e  d iv ision  o f R E C  w ere p resen t in  vivo.
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A t 90 m in  a fte r in fusion  o f 1 g/kg b u ty ra te  th e  ex trace llu la r p lus in trace llu la r 
b u ty ra te  co n cen tra tio n  o f ru m in a l pap illae  w as 0.25 minol/1. A ccord ing  to  th e  
re su lts  of our earlier s tu d ies , th is  b u ty ra te  co n cen tra tio n  in h ib its  cell division 
in  vitro, as an  ex trace llu la r  b u ty ra te  c o n cen tra tio n  of 0.2 mmol/1 w as show n to  
in h ib it R E C  division  in  50%  (G álfi e t ah , 1988).

F ro m  these  re su lts  i t  appears th a t  b u ty ra te  an d  in su lin  con cen tra tio n s 
capab le  of in fluencing  th e  division of R E C  m ay  be p resen t in  th e  ru m in a l p ap il
lae an d  in  th e  b lood, respective ly , also s im u ltaneously . T he tim e-course  of th e  
e lev a tio n  of h u ty ra te  an d  insu lin  levels depends on th e  feeding cond itions an d  
th e  ty p e  of m icrobial fe rm en ta tio n . T his, in  tu rn ,  de term ines th e  com bined 
an d  sep a ra te  effects o f th e  tw o substances on R E C  division.
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EFFECT OF HEAT TREATMENT AND SUBSEQUENT 
UREA SUPPLEMENTATION OF SUNFLOWER MEAL 

ON THE I N  V IT R O  RUMINAL DEGRADABILITY 
OF CRUDE PROTEIN CONTENT 

AND ITS POSTRUMINAL DIGESTIBILITY

T. V e r e s e g y h á z y ,1 F . K u t a s ,1 S. F e k e t e 2 an d  J .  Cs a pó3

’D e p a rtm en t of P h y sio logy , d e p a r tm e n t  of A nim al N u tritio n , U n iv e rs ity  o f V e terinary  
Science, H-1400 B u d a p e s t, P . O. B ox 2; an d  3C en tra l L ab o ra to ry  of th e  A gricu ltu ral 
U n iversity , K esz th ely , F a c u lty  of A nim al Science, H-7401 K a p o sv á r, D énesm ajor 2,

H u n g ary

(R eceived S ep tem ber 15, 1988)

A th ree -p h ase  lab o ra to ry  procedure  w as u sed  for p re d ic tin g  th e  d eg rad ab ility  
of th e  p ro te in  o f e x tra c te d  sunflow er m eal before (SFM ) a n d  a f te r  h e a t t re a tm e n t 
(H SFM ). T he ru m en  f lu id  deg raded  69.1%  a n d  67 .1%  of th e  SFM  a n d  H SFM  p ro te in , 
respectively . T he d ig es tib ility  values of ru m en  u n d eg rad ed  p ro te in  (U D P ) were 57 .3%  
(SFM ) and  57 .0%  (H S FM ) w ith  pepsin  a n d  17.6%  (SFM ) a n d  15 .9%  (H SFM ) w ith  
p an crea tin . U rea  su p p le m e n ta tio n  p rac tica lly  d id  n o t  a lte r  th e  ru m en  d eg rad ab ility  
o f H SFM  p ro te in , w hile  th e  pepsin  d iges tib ility  o f  U D P  decreased  to  47 .2% .

F o u r frac tio n s  (N H 3, dissolved am ino acids, o ligopeptides a n d  p ro te in s) of ru m en  
degradable  crude  p ro te in  (R D P ) were also d e te rm in ed  in  vitro: 81 to  9 2 %  of th e  degraded  
crude p ro te in  w as fo u n d  in  th e  frac tions te s te d . H e a t t r e a tm e n t  red u ced  free N H 3 
c o n ten t b u t  d id  n o t  a lte r  th e  o th er th ree  frac tio n s . U rea  su p p le m e n ta tio n  decreased 
th e  q u a n tity  o f N H 3, p ep tid es and  p ro te in s as well.

K eyw ords: I n  vitro, p ro te in  d eg rad ab ility  in  ru m en , d ig es tib ility , ex trac ted  
sunflow er m eal, h e a t  t r e a tm e n t, u rea  su p p lem en ta tio n , d ig es tio n  of crude p ro te in , 
crude p ro te in  frac tio n s , ru m en  degradable  p ro te in .

F o r th e ir  tissu e  m etabo lism , ru m in a n ts  req u ire  am ino  acids absorbable 
from  th e  sm all in te s tin e , in  v a ry in g  q u an titie s  depend ing  on th e ir  physiological 
s ta tu s  an d  in te n s ity  o f  p rod u c tio n . P ro te in s  g e ttin g  in to  th e  ru m en  w ith  th e  
feed w ill be tra n sfo rm e d  b y  th e  catabo lic  a n d  anabo lic  processes going on 
th e re . This fac t offers su b s ta n tia l ad v an tag e  fo r ru m in a n ts  i f  th e  biological 
v a lu e  o f th e  p ro te in  en te rin g  th e  ru m en  is low . A t such  tim e s  th e  new ly sy n 
th esized  m icrobial p ro te in  m ay  m eet th e  h o s t an im al’s req u irem en ts  b e tte r  
th a n  d ie ta ry  p ro te in  does. T he p ro te in  syn th esized  b y  th e  ru m e n  m icroorgan
ism s, how ever, m ee ts  on ly  th e  req u irem en ts  o f m a in ten an ce , slow grow th, 
g e s ta tio n  and  la te  la c ta tio n  (C halupa, 1975; K em p to n  e t a l., 1977). T herefore, 
d u rin g  rap id  g ro w th  a n d  early  la c ta tio n  ru m in a n ts  need  p ro te in  sources th a t  
escape deg rad a tio n  in  th e  ru m en  and , a fte r p o s tru m in a l d igestion , serve d irec tly  
for supp ly ing  th e  h o s t an im al w ith  am ino acids (rum en  un d eg rad ab le  p ro te in  
U D P ). M atters  are  fu r th e r  com plicated  b y  th e  fa c t t h a t  m irob ia l p ro teins
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c o n ta in  certa in  am ino  acids essen tia l fo r ru m in an ts  only  in  low  co n cen tra tio n s. 
T h ese  am ino acids ca n  be supp lied  e ith e r  in  th e  form  o f p ro te c te d  am ino  acids 
(B h a rg av a  et al., 1977; L u n d q u is t e t  a l., 1985) or w ith  p ro te in s  th a t  escape 
d eg rad a tio n  in  th e  ru m e n  (0 rsk o v , 1982). N a tu ra l feeds also co n ta in  U D P . 
T h e ir  U D P  co n ten t can  he in c reased  b y  d ifferen t ph y sica l o r chem ical t r e a t 
m e n ts . One of th e  m o s t w idely u sed  procedures is h e a t t re a tm e n t b y  w hich 
th e  p roportion  o f  U D P  can  be  in c reased  (Schingoethe a n d  A h ra r, 1979; 
B ro d erick  and  C raig, 1980; K u n g  e t ah , 1983; M adsen a n d  H v e lp lu n d , 1985).

There are m a n y  d a ta  in  th e  l i te ra tu re  on th e  ru m e n  d eg rad ab ility  of 
u n tre a te d  e x tra c te d  sunflow er m eal (SFM ) (Setala e t ah , 1984; V eresegyházy  
e t  ah , 1984; M adsen an d  H v e lp lu n d , 1985), b u t our know ledge is scarce as 
re g a rd s  th e  p ro te in  d eg rad ab ility  o f  h e a t- tre a te d  e x tra c te d  sunflow er m eal 
(H S F M ) and  th e  ch a rac te ris tic s  o f  th e  ru m en  d eg rad ab le  p ro te in  frac tio n . 
I n  th e  p resen t ex p erim en ts , th e re fo re , besides th e  in  vitro  p ro te in  d eg rad ab ility  
o f  SFM  and H SFM , som e crude p ro te in  (CP) fractions o f th e  deg raded  p ro te in  
w ere also de te rm in ed . F u rth e rm o re , th e  effect of u rea  su p p le m e n ta tio n  on th e  
d eg rad ab ility  of H S F M  pro te in s a n d  on th e  crude p ro te in  frac tio n s o f th e  
d eg rad ed  p ro te in  w ere also s tu d ie d .

M ateria ls an d  m ethods

T he com m ercially  availab le  SFM  (crude p ro te in  c o n te n t: 424 g/kg feed) 
w as used  as u n tre a te d  feed. T he f i r s t  s tep  of th e  p ro d u c tio n  process w as a 
m echan ical dehulling . T his was fo llow ed b y  hea tin g  up  to  70 -80  °C, ex tru s io n ,

T able  I

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

Ingredients
Groups

I I I I I I

Ground corn g ra in , kg 1.07 1.07 1.07
SFM*, kg 0.25 — —

HSFM **, kg — 0.25 0.25
Alfalfa h ay , kg 0.20 0.20 0.20
W heat s traw , kg 0.10 0.10 0.10
Mineral, g 16.00 16.00 16.00
Urea, g — — 9.00

Specifications:
D ry m a tte r  in tak e , kg 1.454 1.454 1.463
Digestible energy  in take , M J 20.94 20.94 20.94
Crude p ro te in  in tak e , g 219.0 217.0 243.0
Ca in take , g 4.1 4.1 4.1
P  in take , g 3.3 3.3 3.3

* SFM =  Sunflow er meal 
** HSFM =  H e a t-trea ted  sunflow er m eal
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th e n  chem ical e x tra c tio n  a t  40 °C. So lven t residues were rem o v ed  b y  to a s tin g , 
a n d  f in a lly  th e  e x tra c te d  sunflow er seeds were ground. T he p ro te in  was b rie fly  
ex p o sed  to  a te m p e ra tu re  of 100 ÖC d uring  th e  m a n u fa c tu rin g  process.

SFM  was h e a t tre a te d  in  a la b o ra to ry  exsiccator a t  120 °C for 45 m in , 
in  a  d ry ing  b a sk e t ( 3 0 x 3 0 x 2 5  cm ) lined  w ith  f ilte r  p ap e r. T h e  b ask e t, w hich 
c o n ta in e d  500 g SFM  a t  a tim e , w as suspended  on a ra c k  a n d  p laced in  th e  
ex sicca to r. H e a t tran sm issio n  b y  co nduction  was th u s  p re v e n te d  an d  un ifo rm  
h e a t  tre a tm e n t o f th e  ab o u t 3 cm  th ic k  feed lay er was en su red . D uring  th e  
h e a t  tre a tm e n t th e  crude p ro te in  c o n te n t of SFM  decreased  to  417 g/kg feed. 
B efore th e  in  vivo  d e te rm in a tio n s th e  partic le  size o f th e  te s t  m ateria l w as 
a d ju s te d  to  1 to  2 m m  b y  siftin g  i t  tw ice. R um en  flu id  w as ob ta ined  from  
fo u r  m a tu re  H u n g a rian  W orsted  M erino w ethers f i t te d  u p  w ith  a chronic ru m en  
f is tu la . The an im als received SFM  (G roup I), H SFM  (G roup I I )  an d  H SFM  -f- 
u re a  (G roup I I I )  in  a L a tin  sq u a re  a rran g em en t (Table I) . F o r th e  in  vitro  
s tu d ie s  th e  ru m en  flu id  was co llec ted  a fte r a 10-day a d a p ta t io n  period.

F ig . 1. T he scheme of th e  th ree -p h ase  in  vitro  m ethod  for th e  e s tim a tio n  of p ro te in  d eg rad a 
b ility  an d  d ig es tib ility  in  ru m in a n ts
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D igestibility experim ents

In  vitro d igestio n  w as done b y  th e  th ree -p h ase  la b o ra to ry  m ethod  
described  by  us ea rlie r (V eresegyházy e t a l., 1987; Y eresegyházy  e t al., 1989). 
T h e  princip le  of th e  m e th o d  is show n in  F ig . 1. In  th e  f i r s t  p h ase , 5 x 2  in cu b a 
tio n s  were done w ith  th e  ru m en  flu id  o f each  anim al, u sing  500 m g te s t  m ateria l 
p e r  incuba tion . U rea  w as dissolved in  M cD ougall’s b u ffe r  (1948) in  a concen
t r a t io n  of 1.25 g urea/1 b u ffe r. E ach  m easu rem en t series in c lu d ed  a b lind  te s t 
( in cu b a tio n  w ith o u t te s t  m ateria l). A t th e  end  of th e  48-h  in cu b a tio n  period, 
d igestion  was s to p p e d  b y  add ing  5%  H gC l2 solution , a n d  th e  m ix tu res  were 
cen trifuged . F ro m  h a lf  o f th e  cen trifuged  sam ples (5 para lle ls) th e  su p e rn a ta n t 
w as discarded an d  th e  sed im ents w ere d igested  fu r th e r  w ith  pepsin  an d  pan- 
c re a tin  in  th e  second a n d  th ird  phase, respective ly . T he sed im en ts  of th e  o ther 
h a lf  o f th e  sam ples (5 paralle ls) were u sed  for d e te rm in in g  ru m en  undegraded  
p ro te in  (U D P), w hile th e ir  su p e rn a ta n ts  served fo r d e te rm in in g  th e  crude 
p ro te in  fractions o f  ru m e n  degradab le  p ro te in  (R D P ).

D eterm ination o f  crude pro tein  content

F o r U D P  d e te rm in a tio n , crude p ro te in  was m easu red  in  th e  firs t-p h ase  
sed im en ts, while fo r de te rm in in g  th e  p epsin  and  p a n c re a tin  d igestib ility  of 
U D P  i t  was m easu red  in  th e  su p e rn a ta n ts  from  th e  second  an d  th ird  phases. 
T h e  d e te rm in a tio n s w ere perfo rm ed  w ith  a  K jell-Foss in s tru m e n t, in  th e  p re 
sence o f m ercuric ox ide  as ca ta ly s t, p o tassiu m  su lp h a te  to  raise th e  boiling 
p o in t, and  hydrogen  pero x id e  as oxidizer. C rude p ro te in  w as o b ta in ed  by  m u lti
p ly in g  th e n  N c o n te n t b y  6.25. F o r th e  la ck  of h om ogene ity  th e  en tire  sed im ent 
w as used  up.

D eterm ination o f  the crude protein fractions o f  R D P

W ith  1 m l o f  th e  phase  one su p e rn a ta n ts  th e  b iu re t reac tio n  was p e r
fo rm ed  to  estim a te  to ta l  dissolved p ep tid e  plus p ro te in  q u a n ti ty . B ovine serum  
a lb u m in  of d iffe ren t co n cen tra tio n s, dissolved in  0 .9%  N aCl, was used as 
s ta n d a rd  solu tion .

2.5 m l of th e  p h ase  one su p e rn a ta n t was dep ro te in ized  w ith  th e  sam e 
vo lum e of 10%  trich lo ro ace tic  acid. A fte r  cen trifu g a tio n  th e  su p e rn a ta n t was 
u sed  for th e  b iu re t re a c tio n , Sorensen’s form ol t i t r a t io n  (Sós, 1974) an d  am m o
n ia  d e te rm in a tio n  b y  B e rth e lo t’s m e th o d  (K eller e t a l., 1967).

O ligopeptide co n cen tra tio n  was de te rm ined  b y  th e  b iu re t reac tion  in  th e  
depro te in ized  su p e rn a ta n t. T he q u a n ti ty  o f dissolved p ro te in  was ca lcu la ted  
fro m  ex tinc tion  d ifferences betw een  th e  in itia l an d  th e  dep ro te in ized  su p er
n a ta n t .
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T he co n cen tra tio n  o f free am ino acids was o b ta in e d  b y  m u ltip ly ing  by  
120 (m ean m olecu lar m ass of am ino acids) th e  moles o f  th e  N aO H  used  up  in 
form ol titra tio n .

A m m onia co n cen tra tio n  was d e te rm in ed  b y  B e rth e lo t’s m ethod . To 0.2 m l 
of th e  phase one depro te in ized  su p e rn a ta n t 2 ml so lu tio n  A* and  2 m l so lu tio n  
B** were added . A fter shaking  th em  th o ro u g h ly , th e  m ix tu re s  were in c u b a te d  
a t  37 °C for 15 m in  and  th e  in te n s ity  o f th e  b lue co lour reac tio n  was m easu red  
b y  p h o to m e try  a t  550 nm  w aveleng th . (N H 4)2S 0 4 so lu tio n  of 10 m g/m l co n 
c e n tra tio n  was used  as s ta n d a rd  so lu tion .

Results

D igestibility o f  crude protein

Crude pro te in  digestibility  was o b ta in ed  as th e  difference betw een  th e  
in itia l m a te ria l an d  th e  phase one sed im en t in  crude p ro te in  con ten t. T he in d i
v id u a l values o f crude p ro te in  m easured  in  th e  phase one sed im ents are  g iven

Table II

The crude p ro te in  and  U D P 1 co n ten t of SFM 2, H SFM 3 a n d  H SFM  +  U 4

Sample

A n i m a l s

g/kg 1 2 3 4

Undegradable pro te in  g/kg

127 104 118 155
89 115 164 128

SFM 2 424 94 167 118 136
135 128 154 145
161 108 118 152

106 130 153 183
114 165 159 175

H SFM 3 417 141 186 230 200
176 101 175 192
183 127 154 144

159 156 195 127
417 (HSFM ) 156 137 132 241

H SFM  +  U 4 291 (Urea) 135 125 168 121
155 111 166 117

708 150 173 161 186

1 U D P =  R u m en  undegradable  p ro te in
2 SFM =  Sunflow er m eal
3 HSFM  =  H e a t-trea ted  sunflow er m eal
4 HSFM  -j- U  =  H ea t-trea ted  sunflow er m eal w ith  u rea  supp lem en ta tio n

* Solu tion  A: dissolve 5 g phenol an d  25 m g sodium  n itro p ru ss id e  in 500 m l d is tilled
w a te r

** Solu tion  B : dissolve 2.5 g N aO H  an d  5 m l cc. HOC1 in  500 m l d istilled  w a ter
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Table III

I n  vitro d ig es tib ility  of U D P 1 co n te n t o f SFM 2, H SFM 3 and  H S FM  ; U 4

Crude protein fraction 
of R D P5

A n i m a l s
Mean

% of crude 
proteinItem Iй 2a 3a 

m g/g
4a

R D P 5 SFM2 303 299 290 281 293 69.1
H SFM 3 273 275 243 238 257 61.6
HSFM  +  U 4 266 277 253 259 264 63.3

U D P 1 SFM 2 121 125 135 143 131 30.9
H SFM 3 144 142 174 179 160 38.3
H SFM  +  U 4 151 141 164 158 154 36.9

P ep sin  • HC1 SFM 2 75 75 75 75 75 17.7
digestib le H SFM 3 80 100 100 85 91 21.8
U D P 1 H SFM  +  U 4 90 100 45 55 73 17.5

P an c rea tin SFM2 11 33 24 25 23 5.4
digestib le H SFM 3 17 21 29 36 26 6.2
U D P 1 HSFM  +  U 4 29 22 22 22 24 5.8

T o ta l digestible SFM 2 86 108 99 100 98 23.1
U D P 1 H SFM 3 97 121 129 121 117 28.1

H SFM  +  l 1 119 122 67 77 96 23.0

1 U D P  =  R u m en  undegradable  p ro te in
2 SFM =  Sunflow er m eal
3 HSFM  =  H e a t- tre a te d  sunflow er m eal
4 HSFM  4- U  =  H ea t-trea ted  sunflow er m eal w ith  u rea  supp lem en tation
5 R D P  =  R u m en  degradable p ro te in
a each value rep resen ts 5 ex am inations

in  T ab le  I I .  T he th re e  te s t  m a te ria ls  s ig n ifican tly  differed in  m ean  R D P  an d  
U D P  co n ten t (T able I I I ) .  As in  th e  H S F M  only  61.6%  o f th e  crude p ro te in  
w as degraded , in  H SFM  -j- U a n d  SFM  th is  va lu e  was 63.3 a n d  69 .1% , respec
tiv e ly . The U D P  q u an titie s  used  fo r fu r th e r  d igestib ility  s tu d ie s  in  th e  second 
a n d  th ird  phase w ere as follow: 131 (SFM ), 160 (H SFM ) an d  154 (H SFM  +  U) 
g /kg  d ry  m a tte r . H e a t tre a tm e n t re su lte d  in  a sign ifican t rise  of th e  U D P  
c o n te n t (P  <  0.01 an d  P  <  0.05 fo r H S F M  an d  H SFM  -f- U , respectively ).

The digestibility o f  U D P  w ith p e p s in  w as nearly  th e  sam e for SFM  an d  
H S F M  (57.3 vs. 57 .0% ). H ow ever, because  o f th e  bigger U D P  q u a n ti ty  th is  
m e a n t sig n ifican tly  m ore d igested  p ro te in  in  th e  case of H S F M  (75 vs. 91 g/kg 
d ry  m a tte r) . T h is in d ex  was th e  low est fo r u re a  su p p lem en ta tio n  (H S F M  -j- U ; 
4 7 .2 % ), b u t  for H SFM  +  U th e  q u a n ti ty  o f pepsin-d igested  U D P  was n ea rly  
id en tica l w ith  t h a t  o b ta in ed  for SFM  (75 vs. 73 g/kg d ry  m a tte r ) .

The digestibility o f  U D P  with pancrea tin  was n early  th e  sam e for all th ree  
p ro te in  sources (17 .6% , 15.9%  an d  15.3%  an d  23.1, 25.4 a n d  23.5 g/kg d ry  
m a tte r  for SFM , H SFM  and  H S F M  +  U , respectively). T he q u a n ti ty  o f to ta l  
d igestib le  U D P  w as th e  b iggest for H S F M , b u t  its  p ro p o rtio n  w ith in  U D P  was 
a lm o st th e  sam e for H SFM  an d  SFM  (73.0 vs. 74 .9% ). D ue  to  its  poorer
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Table IV

Crude p ro te in  frac tions o f R D P 1 a fte r  in  vitro in cubation

Crude protein fraction 
of RD P Item

1

A n i m a l s

2 3 
mg CP2/g feed

4
Mean ±  SEM 

(n =  20)

Dissolved SFM 3 68 36 26 40 43 ±  4.8
p ro te ins H SFM 4 36 25 47 25 33 ±  5.0

HSFM  +  U 5 5 46 41 20 28 ±  5.2

Dissolved SFM 3 34 19 34 30 29 ±  2.5
oligopeptides HSFM 4 33 34 16 13 24 ±  2.5

HSFM  +  U 5 14 11 0 23 12 ±  3.2

F ree  am ino acis SFM 3 94 124 123 113 114 ±  8.6
( /im o lx  120) HSFM 4 118 146 119 150 133 ±  8.8

HSFM  +  U 5 75 163 75 104 104 ±  14.9

A m m onia-N  X 6.25 SFM3 84 108 66 86 86 ±  4.4
H SFM 4 64 9 72 40 46 ±  5.8
HSFM  +  U 5 34 66 81 95 69 ±  5.8

Sum  of d ifferen t SFM 3 280 287 249 269 271
crude  p ro te in H SFM 4 251 214 254 228 237
frac tio n s HSFM  +  U 5 128 286 197 242 213

1 R D P  =  R u m en  degradable p ro te in
2 CP =  Crude p ro te in
3 SFM  =  Sunflow er m eal
4 H SFM  =  H e a t-trea ted  sunflow er m eal
6 H SFM  -f- U  =  H ea t-trea ted  sunflow er m eal w ith  u rea  supplem en tation

d ig es tib ility  w ith  pepsin , th e  to ta l  d igestib le  U D P  of H SFM  -f- U was low er 
(6 2 .5 % ); how ever, because o f th e  h igh  s ta n d a rd  d ev ia tio n  th is  difference 
d id  n o t p rove  sign ifican t.

Crude pro tein  fractions o f  R D P

E ig h ty -o n e  %  (H SFM  +  U) an d  92%  (SFM  and  H SFM ) o f th e  ru m en  
d eg rad ab le  p ro te in  (R D P ) could  be recovered  in  th e  fo u r frac tio n s te s te d  
(T able IV ). T he single h e a t t r e a tm e n t decreased  only th e  am m onia  N co n te n t 
s ig n ifican tly  (by  46 an d  2 0 % ; P  <  0.01). U rea  su p p lem en ta tio n  d id  n o t cause 
a su b s ta n tia l change in  free am ino acid  co n cen tra tio n  b u t  i t  d id  a s ig n ifican t 
decrease th e  o th e r  th re e  frac tio n s (d issolved p ro te in  an d  am m o n ia : P  <  0.05; 
d isso lved  p ep tid es: P  <  0.001).

D iscussion

E x tra c te d  sunflow er m eal, w hich is o b ta in ed  in  large q u a n titie s  as a by- 
-p ro d u c t o f oil in d u s try , m ay  h av e  an  im p o r ta n t role in  th e  p ro te in  su p p ly  of 
ru m in a n ts . T he am ino acid com position  o f  its  ra th e r  h igh  (33 to  44% ) p ro te in
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c o n te n t is favourab le , b u t  m ost of th is  p ro te in  is deg raded  in  th e  ru m en . M icro
b ia l p ro teo lysis w as e s tim a ted  a t 7 2 -8 1 %  (Ja rr ig e , 1978), 73%  (M adsen and  
H v e lp lu n d , 1985) a n d , depend ing  on th e  feed ing  level, 55 to  82%  (ARC 
S u p p lem en t, 1984). T hese  d a ta  were m a in ly  o b ta in ed  b y  an  in  situ  ( in  sacco) 
m e th o d . In  th is s tu d y  a  sim ilar v a lue  (69 .4% ) was o b ta in ed  by  an  in  vitro 
m e th o d . Santos a n d  F igueredo  N unes (1984) found  th e  in  vitro d eg rad ab ility  
o f c ru d e  p ro te in  to  b e  7 7 % . In  our s tu d y , th e  d ig estib ility  o f th e  U D P  frac tio n  
w ith  pepsin  and p a n c re a tin  was h igh (57.3 a n d  17 .6% , respective ly ), an d  th u s  
92 .2%  o f th e  to ta l  c ru d e  p ro te in  was d eg rad ed  d u ring  th e  th ree  phases o f th e  
d igestion  applied.

T he rum en  d e g ra d a b ility  of th e  d iffe ren t feeds can  be in fluenced  b y  h e a t 
t r e a tm e n t. D epend ing  on its  d u ra tio n , h e a t t r e a tm e n t could  reduce th e  ru m en  
d e g ra d a tio n  of c o tto n seed  m eal p ro te in  even  to  50%  (B roderick  an d  C raig, 
1980). T he orig inally  60%  ru m en  d eg rad ab ility  o f soybean  m eal p ro te in  could 
be red u ced  to  a level as low  as 18% , d epend ing  on th e  te m p e ra tu re  used (M adsen 
a n d  H velp lu n d , 1985). A ltho u g h  during  th e  processing of sunflow er seeds th e ir  
p ro te in  in  exposed to  h e a t  for a sh o rt tim e , th is  h e a t exposure seem s to  be 
in su ffic ien t to  cause p ro te in  d é n a tu ra tio n . T h is is su p p o rted  b y  th e  observ a
tio n  th a t  a 45-m in ex p o su re  to  120 °C s ig n ifican tly  increased  th e  p ro p o rtio n  
o f U D P  (from  30.9%  to  38 .3% ). H e a t t re a tm e n t d id  n o t a ffec t th e  d igestib ility  
o f U D P  w ith  pepsin  a n d  p an c rea tin  (57.0%  an d  15 .9% , respective ly ), th u s  in  
th e  second and th ird  p h ase , due to  th e  b igger U D P  q u a n tity , m ore p ro te in  
w as tran sfo rm ed  to  p ep tid e s  or free am ino  acids abso rbab le  from  th e  sm all 
in te s tin e .

T hough  c rude  p ro te in  d igestib ility  of H SFM  (R D P  -)- to ta l  digestib le 
U D P ) was som ew hat, b u t  n o t sign ifican tly , low er (89.6% ) th a n  th a t  of th e  
u n tre a te d  te s t m a te r ia l, h e a t t re a tm e n t m ark ed ly  increased  th e  q u a n ti ty  of 
d igestib le  p ro te in  re a c h in g  th e  sm all in te s tin e  (from  98 m g/g feed to  117 m g/g 
feed ; T ab le  I I I ) .  U rea  su p p lem en ta tio n  p ra c tic a lly  d id  n o t change th e  U D P  
c o n te n t o f H SFM . T h o u g h  am m onia-N  derived  from  u rea  sp littin g  is an  easily 
accessib le su b s tra te  fo r  m icrobial p ro te in  syn th esis , th e  h igher am m onia con
c e n tra tio n  did n o t re d u c e  th e  ra te  of p ro teo lysis . T his o b se rv a tio n  is consisten t 
w ith  re su lts  of th e  in  vivo  experim en ts o f R o h r  e t al. (1983). B ac te ria l p ro te in  
sy n th esized  from  u re a , w hich w ould h av e  increased  th e  U D P  frac tion , was 
d istingu ishab le  from  U D P  of th e  te s t  m a te r ia l b y  add ing  u re a  to  th e  b lind  
te s t .  T h e  m ean  c ru d e  p ro te in  co n ten t o f th e  b lin d  te s ts  (n =  8) m ade from  
th e  ru m e n  flu id  of an im a ls  fed u n tre a te d  an d  h e a t- tre a te d  e x tra c te d  sunflow er 
m eal w as m uch low er (49.0 mg) th a n  th a t  o f an im als given u rea  su p p lem en t
a tio n  (88.5 m g; n — 4). T he d igestib ility  o f U D P  w ith  pepsin  an d  p a n c rea tin  
(T able  I I I )  was s lig h tly  low er in  th e  H SFM  -f- U  g roup  th a n  in  th e  o th e r tw o 
g roups. T hus, th e  d ig es tib ility  of orig inal c rude  p ro te in  (86.2% ) was also low er 
th a n  t h a t  o b ta ined  fo r th e  u n tre a te d  an d  h e a t- tre a te d  e x tra c te d  sunflow er m eal.
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A n a lysis  o f  the crude protein fractions o f  the superna tan t revealed  th a t  
only  a sm aller p a r t  o f  R D P  is deg raded  to  am m onia  a n d  o rganic  acids, m ost 
o f i t  is only d issolved o r degraded  to  p ep tides an d  free am ino  acids. F ro m  these  
resu lts  i t  can he assu m ed  th a t  n o t on ly  th e  feed p ro te in  h ith e r to  considered 
U D P  reaches th e  ab o m asu m  and  is d igested  th e re , h u t  also a ce rta in  p a r t  o f th e  
R D P  serves d irec tly  fo r supp ly ing  th e  host an im al w ith  am ino  acids.

D uring  th e  f i r s t  phase  of d igestion, a s ign ifican t difference betw een  SFM  
and  H SFM  was fo u n d  only  in  th e  am m onia  co n te n t o f th e  su p e rn a ta n t. T his 
was accom pan ied  b y  a rise of th e  free am ino  acid  c o n te n t in  th e  h e a t- tre a te d  
sam ples (though th is  increase was n o t sign ifican t; T ab le  IV ). F ro m  com bined  
ev a lu a tio n  of th ese  tw o  d a ta  i t  appears th a t  in  these  sam ples d eam in a tio n  of 
th e  am ino acids p ro b a b ly  decreased.

The recovery  ra te  o f crude p ro te in  from  th e  su p e rn a ta n t  o f H SFM  4- U 
was considerab ly  low er th a n  from  th a t  o f th e  o th e r tw o  sam ples (SFM : 92 .5% ; 
H S F M : 92 .2% ; H S F M  -+- U : 80 .7% ), a fac to r th a t  m akes in te rp re ta tio n  of th e  
re su lts  d ifficu lt. In te rp o la tin g  th e  resu lts  to  id en tica l c rude  p ro te in  recovery  
ra te s  (92% ), only  th e  p ro p o rtio n  o f dissolved p ro te in  (30 .7% ) an d  th a t  o f d is
solved pep tide  (13 .2% ) w ere low er as com pared  to  SFM .

T he p resen t s tu d ie s  have revealed  th a t  h e a t t r e a tm e n t reduces th e  ru m en  
d eg rad ab ility  o f th e  c ru d e  p ro te in  o f e x tra c te d  sunflow er m eal. U rea su p p le 
m e n ta tio n  does n o t a ffec t th e  d eg rad ab ility  of th e  h e a t- tre a te d  p ro te in . D u r
ing p ro te in  d eg rad a tio n  in  th e  ru m en , only  a p a r t  o f  th e  R D P  frac tio n  is 
deg raded  to  organic acids an d  am m onia, an d  th e  o th e r p a r t  is only p a rtia lly  
deg raded  (to  d isso lved  p ro te in , pep tid es  an d  am ino  acids). H av in g  re ta in ed  
th e ir  am ino  group , th e  la t te r  com pounds also serve as d irec t am ino  acid sources 
fo r th e  host an im al.
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RECENT FINDINGS AND FUTURE PERSPECTIVES 
OF DIGESTIVE PHYSIOLOGY IN RABBITS:

A REVIEW*

S . F e k e t e

D e p a rtm e n t o f A nim al N u tr itio 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 a ry

(R eceived  D ecem ber 14, 1988)

T he r a b b it  is one of th e  m o st com m on la b o ra to ry  anim als. C onsequently , th e re  
is a n  enorm ous n u m b er o f p u b lica tio n s concern ing  its  physio logy. T he p re sen t rev iew  
is re s tr ic ted  to  a  special field  a n d  deals w ith  th e  new  fin d in g s o f th e  ra b b it’s d igestive  
physio logy. F o r  th e  sake of b e tte r  in te llig ib ility  th e  m ost im p o rta n t an teced en ts  a re  also 
given.

F irs t  th e  p a rticu la ritie s  o f feed in ta k e  re g u la tio n  are d em o n stra ted . T he s tro n g  
con tro l m ech an ism  can  be d is tu rb ed  b y  feed a n tin u tr it iv e s , m ycotox ins an d  h igh  e n 
v iro n m en ta l te m p e ra tu re . C aeco trophy  depends on  th ree  m ain  facto rs: s tim u la tio n  of 
rec ta l m ech an o recep to rs, p e rcep tio n  of th e  specific odour of th e  soft faeces, an d  th e  
in n er m otive  d e te rm in ed  b y  th e  b lood level o f m etab o lites  and  horm ones.

T he species ch arac te ris tic s  of p ro p o rtio n s , p H  cond itions, m icroflora a n d  -fau n a  
of th e  ra b b it ’s d igestive  t ra c t  a re  g iven. T he d igestion  an d  ab so rp tio n  of d ie ta ry  n u t r i 
en ts  are d iscussed . Special sections deal w ith  th e  so rp tio n  of e lectro ly tes and  Y F A s in  
th e  gu t, th e  caecal d igestive  process, th e  fo rm atio n  o f h a rd  an d  so ft faeces an d  th e  role 
o f th e  c aeco tro p h  in  sto m ach al ca rb o h y d ra te  d eg rad a tio n .

A re la tiv e ly  new  area , i.e. th e  dev elo p m en t a n d  m a tu ra tio n  of th e  g a s tro in te s ti
na l t r a c t ,  is also show n. T he p o s tn a ta l  ev o lu tion  of d igestive  enzym e a c tiv ity  is also 
sum m arized . T h e  m ain  endogenic fac to rs  (b reed , sex, age, s tress, caeco trophy , p resence  
of h a irb a ll in  th e  stom ach) in fluencing  th e  d igestion  of d ie ta ry  n u trie n ts  are also des
cribed . T he p ro b ab le  fu tu re  tre n d s  are  given, too.

Keywords: R a b b it ,  d igestive  physio logy , review .

Tlte r a b b it  is one of th e  m ost com m on la b o ra to ry  an im als. C onsequently , 
th e re  is an  enorm ous n u m b er o f pu b lica tio n s concern ing  its  physiology. As an  
exam ple , th e  ex ce llen t review  o f N ord io -B ak lissera  (1980) can  be m en tioned , 
w hich d ea lt w ith  rep ro d u c tiv e  an d  d igestive physio logy , con ta in ing  60 pages 
a n d  based  on 426 artic les. C onsidering th e  lim ited  p re sen ta tio n  tim e , th e  
in v ite d  lec tu re rs  o f th e  3rd W orld  R a b b it  Congress confined  th e ir  p a p e r  to  
one special to p ic : n am ely  G allouin  (1984) spoke a b o u t th e  caeco tro p h y -re la ted  
questions. T he p re se n t rev iew  deals m ain ly  w ith  new  find ings in  d igestive  
physio logy  of ra b b its , w ith o u t giv ing fu ll de ta ils  of th e  prev ious, fu n d a m e n ta l 
d a ta . F o r a m ore d e ta iled , m ethod ica l, u p -to -d a te  descrip tion  of th e  th em e  see 
Cheeke (1987).

* B ased on  th e  m ain  p ap er o f th e  Physio logical Section  of th e  4 th  W orld R a b b it C ongress 
(B u d ap es t, 12 O c to b er 1988)
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Feed in take regulation

T h e ra b b it’s feed  in ta k e  depends basica lly  on tw o fac to rs, i.e. on th e  
feeling  o f hunger an d  a p p e tite . T he f irs t  is th e  re su lt o f som e ob jec tive  physio 
log ica l functions: th e  decrease of th e  b lood  glucose, am ino acid , lac tic  and  
v o la tile  f a t ty  acid level, th e  desiccation  o f bucca l an d  p h a ry n g ea l m ucous 
m em b ran es , and  th e  co n trac tio n s  o f th e  e m p ty  s tom ach  (Le B ars , 1976; 
H ö rn ick e , 1978). On th e  c o n tra ry , a p p e tite  is a  sub jec tive , acq u ired  p h en o 
m en o n , w hich con ta in s n o t only th e  h a b it  o f th e  feeding tim e , b u t  also th e  
p re fe rence  of th e  an im al. T he la t te r  is especially  im p o rta n t in  ra b b its , because 
th e  in d iv id u a l differences are  g rea t (C heeke, 1974; F ek e te  an d  L ebas, 1983).

“ F eed  in tak e  accord ing  to  energy”  is a cha rac teris tic  fea tu re  of th e  
ra b b i t .  I t  m eans th a t ,  b e tw een  ce rta in  lim its , th e  daily  d ry  m a tte r  in ta k e  is d e te r
m in ed  b y  th e  ac tu a l energy  need  of th e  an im al (Lebas, 1975; D ehalle , 1981; 
M aerten s and  De G roote , 1981). T h is se lf-regu la ting  cap ac ity  is s till u n d e r
deve loped  in  young an im als an d  i t  can  be considered  to  be of fu ll va lu e  ap p ro x i
m a te ly  from  th e  35 th  d a y  of life (F ek e te  a n d  G ippert, 1985).

T h e  regu la ting  m echan ism  can  be d is tu rb e d  b y  som e a n tin u tr i t iv e  su b 
stan ces  of feeds (C ham pe an d  M aurice, 1983). C ontinuous co n su m p tio n  of a 
d ie t o f sub tox ic  T-2 co n cen tra tio n s (12.5 a n d  25 p pm , i.e. 0.19 an d  0.28 m g 
p e r  k g  b o d y  mass) decreased  v o lu n ta ry  feed  in ta k e  b y  60 an d  70%  resp ec tiv e ly  
(F e k e te  e t al., 1988a). A m ong th e  o th e r in flu en c in g  factors one has to  em phasize 
th e  en v iro n m en ta l te m p e ra tu re : above th e  o p tim a l 15-17 °C th e  feed in tak e  
decreases (P app  e t al., 1983).

F o r  th e  sake o f logical u n ity  th e  reg u la tio n  of caeco tro p h y  shou ld  be 
describ ed  here. I t  depends on th ree  m ain  fac to rs , i.e. th e  s tim u la tio n  o f re c ta l 
m echanorecep to rs, th e  pe rcep tio n  o f th e  specific  odour of th e  soft faeces, and  
th e  in n e r  m otive d e te rm in ed  by  th e  b lood  level of m e tabo lites an d  horm ones. 
F o r  th e  la t te r  we h av e  o n ly  in d irec t ev idences. N am ely , in  case o f an  energy  
d efic iency  of th e  organism  th e  ra b b it  consum es th e  to ta l  q u a n ti ty  o f th e  p ro 
d u ced  caeco troph  (K alug in , 1980). D u rin g  ad lib itum  feeding th e  d ry  m a tte r  
in ta k e  depends on th e  p ro te in  re q u irem en t o f th e  an im al or, m ore precisely , 
on  th e  p ro te in  an d  f ib re  level of its  r a t io n  (F ek e te  an d  B okori, 1985). This 
m ean s th a t  caeco tro p h y  is h igher i f  th e  feed m ix tu re  co n ta in s less p ro te in  
a n d /o r  m ore fib re . T his has been co n firm ed  in d irec tly  b y  De B ias e t al. (1986) 
w ho observed  a decrease in  th e  sto m ach a l caeco troph  co n ten t on a low -fibre 
d ie t, p resu m ab ly  ow ing to  a reduced  in ta k e . These find ings are  close to  those  
o f  R o g er an d  L eung (1973) w ho found  in  ca ts  a depression of feed in ta k e  and  
av o id an ce  of diets co n ta in in g  an  excess of am ino acids. T he m ost com m only  
a c c e p ted  idea  is th a t  th e  m etabo lites m ed ia tin g  th e  am ino acid effect are  th e  
am in o  acids them selves, th ro u g h  som e re c e p to r system  in  th e  g as tro in te s tin a l 
t r a c t ,  liv e r and /o r th e  b ra in . T he p ro d u c tio n  o f th e  soft faeces is p rac tica lly
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in d e p e n d e n t of th e  am o u n t an d  com position  of th e  ra tio n  (L ap lace, 1978). I t  
is th e  com position  of th e  caeco troph  th a t  varies according to  th e  d ie t (P ro to , 
1968).

T h e  tim e  o f feed in tak e  is a re g u la tin g  fac to r of d rink ing , k in e tic  a c tiv ity , 
an d  excre tion  o f urine and  faeces (Jilge , 1986).

D igestion and absorption. Species characteristics

T h e re la tiv e  vo lum e of th e  d iffe ren t sections of th e  d igestive  tr a c t  is d if
fe re n t from  th a t  in  o th e r dom estic an im als. F ro m  th e  fu n c tio n a l p o in t o f v iew  
i t  is w o rth  m en tion ing  th a t  th e  ra b b it  has th e  largest s to m a c h  an d  caecum  
(35.5 vs. 42 .8%  o f th e  to ta l  w et c o n te n t respective ly ) am ong  th e  m onogastric  
an im als  (Lebas an d  L aplace, 1972). T here  is a sign ifican t d ifference betw een  
th e  s ta tic  an d  th e  so-called fu n c tio n a l vo lum e, th e  la t te r  e s tim a te d  a t  0.67 k P a  
overp ressu re : 53 vs. 297 iu l/W 0-75 (H erd  an d  H arrop , 1978). T he p H  value 
varies  in  th e  d iffe ren t p a r ts  of th e  d igestive  t r a c t :  on an  av erag e , i t  is 2.0—2.2 
in  th e  sto m ach , 6.1 in  th e  duodenum , 7.3 in  th e  je ju n u m , 7.2 in  th e  ileum , 
5 .7 -6 .1  in  th e  caecum  and  6 .1-6 .5  in  th e  colon (M atthes, 1981; M orisse e t ah, 
1985). T he d ry  m a tte r  co n ten t o f th e  caecal m ateria l is 20—2 5 % . T he acidic 
p H  o f th e  caecal co n ten t is due to  m icrob ia l fe rm en ta tio n  w hich  produces 
V F A s fro m  fib re  (M arty  an d  R a y n a u d , 1966; V ernay  an d  R a y n a u d , 1975).

T he to ta l  germ  co u n t in  th e  caecum  is 109/gram  c o n te n t, in  th e  colon 
an d  re c tu m  it  is 108 and  in  th e  je ju n u m  it  is 104_5/gram . R ac te ria  of th e  genus 
Bacteroides occur in  th e  larg est n u m b ers  (102~9/g). Owing to  th e  feeding, lacto - 
bacilli, c lo strid ia  an d  E . coli b a c te ria  (101_3/g) can  ap p ear (W eber e t ah, 1974; 
M a tth es , 1981). F o rsy th e  an d  P a rk e r  (1985a) rep o rted  on a  rabb it-specific  
saccharom yces, Cyniclomyces gu ttu la tu lus  (10e/g) in  th e  caecum . In  th e  sam e 
d igestive  section  of th e  h e a lth y  ra b b it  Lelkes an d  Chang (1987) found  p ro tozoa  
in  a co n cen tra tio n  of 10G/m l of co n ten t.

D igestion and absorption o f  dietary nutrients

T here  are  few  d a ta  concern ing  th e  charac teristics o f th e  secretion  an d  
com p o sitio n  o f sa liva  in  ra b b its . I t  is w idely  accep ted  th a t ,  as in  o th e r m am 
m als, saliva is form ed b y  a tw o-stage  process in  w hich an  iso ton ic  p rim ary  
f lu id  w ith  co n stan t, p lasm a-like e lec tro ly te  com position  is f ir s t  fo rm ed by  th e  
sec re to ry  endpieces and  th e n  m odified  in  th e  g land ex cu rren t d u c t system  b y  
re a b so rp tio n  o f sodium  an d  chloride an d  secretion  of p o tass iu m  an d  b ica rb o 
n a te  (Y oung a n d  Y an L ennep , 1979). Case e t al. (1981) s tu d ie d  th e  role o f 
ex tra c e llu la r  anions in  bo th  phases. N e ith e r o f th e  m a jo r ex trace llu la r  anions 
(Cl~ or H CO7 ) is essen tia l for p rim a ry  f lu id  secretion , p ro v id ed  th a t  e x tra 
ce llu lar p H  is m a in ta in ed  a t  7.4. W ith  re sp ec t to  d u c ta l m o d ifica tio n  of th e
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p r im a ry  saliva, HCO^- om ission in h ib its  d u c ta l N a + ab so rp tio n  (i.e. sa liv a ry  
so d iu m  co n cen tra tio n  w ill rise).

T h e  d eg rad a tio n  o f  p ro te in s begins in  th e  s to m ach  u n d e r th e  in fluence  
o f p e p sin -h y d ro ch lo ric  ac id  com plex , w hich  is capab le  o f hydro lysing  p ep tid e  
b o n d s  o f m ost p ro te in s , m ucin  being  one im p o r ta n t ex cep tio n  (T ennan t an d  
H o rn b u ck le , 1980). T h e  m icrobial p ro te in  of th e  caeco tro p h  can be d igested  
o n ly  a fte r  p re tre a tm e n t o f a specific b ac te rio ly tic  fac to r , p resu m ab ly  equal to  
colonic lysozym e w h ich  is in co rp o ra ted  in  th e  soft faeces an d  b y  m eans of 
caeco tro p h y  i t  is tra n s fe r re d  to  th e  s to m ach  (V illard a n d  R ay n au d , 1968; 
C am ara  and  P rie u r, 1984). T he d igestion  of p ro te in s  con tin u es in  th e  sm all 
in te s tin e  owing to  th e  a c tiv ity  of p a n c re a tic  try p s in , c h y m o try p sin , an d  c a rb 
oxypep tid ases  A a n d  B . T h e  in te s tin a l m ucosa co n ta in s a w ide range of am ino- 
p ep tid ases  which co m p le te  th e  process o f  p ro te in  d igestion . A m ino acids e n te r  
th e  ra b b it  je ju n a l b ru sh  b u rd e r m em b ran e  vesicle v ia  th re e  m ajo r ro u te s : 
n o n sa tu ra b le  sim ple d iffusion , N a-in d ep en d en t ca rrie rs , an d  N a-d ep en d en t 
ca rrie rs  (S tevens e t a l., 1982). The re la tiv e  co n tr ib u tio n  o f  tra n sp o r t  p a th w a y s  
depends on th e  c o n c e n tra tio n  of th e  am ino  acid in  q u estio n . Six fu n d am en ta l 
ca tegories of tra n s p o r t  system s have  been  described: sim ple diffusion, N B B , 
IM IN O , P H E , y+  a n d  L . T ra n sp o rt across b a so la te ra l m em branes occurs v ia  
p assive  diffusion a n d  th e  N a-in d ep en d en t (L) an d  N -d ep en d en t (A, ASC) 
ca rrie rs , found u n iv e rsa lly  in  non ep ith e lia l m em branes (S tevens e t ah, 1984). 
T h e  residue of d ie ta ry  p ro te in  an d  d igestive  enzym es gets in to  th e  caecum , 
w here  i t  xvill be u tiliz e d  b y  th e  m icroorganism s.

T he digestion  a n d  ab so rp tio n  o f lip ids ta k e  p lace sim ilarly  as in  o th e r  
m onogastric  an im als b y  m eans o f p an c rea tic  lipase, s te ro l ester h y d ro lase , 
phospho lipase A, b ile  sa lts  an d  a co-lipase (C arey e t a l., 1983). The m ost im p o r
t a n t  bile acid of th e  ra b b i t  is g lycochenodeoxycholic  ac id . U rsodeoxycholic 
an d  ly thocholic  acids also  occur b u t  in  sm aller q u a n titie s . A verage bile p ro d u c 
tio n  p e r hour varies  b e tw een  3.7 an d  9.2 m l, th e  to ta l  acid co n cen tra tio n  
(m g/100 m l bile) ran g es  from  72 to  299. T he bile acids are  ex cre ted  co n ju g a ted  
m ain ly  w ith  glycine a n d  in  a sm aller p ro p o rtio n  w ith  ta u r in e  (Gregg and  P o ley ,
1966). O n th e  c o n tra ry , D ehb i e t al. (1985) found  t h a t  deoxycholic acid  an d  
ly thocho lic  acid are  d o m in a n t and  th e  a m o u n t o f cholic a n d  cheno-deoxycholic 
acids is negligible. T h e  p ro d u c tio n  show s a c ircad ian  rh y th m . This c o n tra d ic 
tio n  p ro b ab ly  derives from  th e  d iffe ren t ex p e rim en ta l techn iques. A p p ro x i
m a te ly  70%  of th e  r a b b i t ’s bile p ig m en ts  is b iliverd in  b ecause , due to  th e  low  
b iliv erd in  red u c tase  a c t iv i ty  of th e  liver, th e  syn th esis  o f  b ilirub in  is lim ited  
(M unoz e t al., 1986).

T he read ily  av a ilab le  ca rb o h y d ra tes  (sugars, s ta rc h )  can  be d igested  
co m p le te ly  and  th e ir  ab so rb ed  end p ro d u c ts  are glucose, fru c to se  and  galactose. 
I t  is w orth  m e n tio n in g  th a t  th e  u p -to -d a te  m odel o f tran sep ith e lia l glucose 
tr a n s p o r t  is based  on  experim en ts  using  ra b b it’s je ju n a l b ru sh -b o rd er a n d  r a t
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b aso la te ra l m em branes. I t  w as s ta te d  th a t  glucose crosses th e  in te s tin a l b rush- 
-bu rder v ia  one d iffusive a n d  tw o  sa tu rab le  sy stem s (K au n itz  an d  W righ t, 
1983). T he in d ep en d en t glucose ca rrie r o f e n te ro cy te  b a so la te ra l m em brane  
resem bles th e  fa c ilita te d  glucose ca rrie r o f o th e r m em b ran es. T he hydro lysis 
of fib re  com ponen ts (p ec tin , hem icellulose, cellulose) is accom plished  b y  th e  
in te s tin a l b ac te ria , m o stly  th o se  of th e  caecum . T he end  p ro d u c ts  o f th a t  fer
m en ta tio n  are sh o rt-ch a in  f a t ty  acids. T he p ro p o rtio n  o f Y FA s in  th e  digestive 
tra c t  reflec ts  th is  p rocess: sm all in te s tin e  ( to ta l) : 4 .8 , ileum : 11.1, caecum : 
15.4, colon: 11.7 m eq/100 g ram  c o n te n t (M arty  an d  C arles, 1973; M a rty  e t ah, 
1973). Y FA  co n cen tra tio n  (especially  th a t  o f b u ty r ic  acid) falls a f te r  s ta rv a tio n .

T he p roduced  V F  As (form ic, acetic , p rop ion ic , b u ty ric ) an d  th e  o ther 
organic acids, rem ain in g  from  th e  feed  (m alonic, fu m aric , succinic acid) are 
ac tive ly  absorbed  th ro u g h  th e  caecal and  colonic w all in to  th e  b lood . The 
in te s tin a l w all u tilizes a p a r t  o f these  acids (m a in ly  b u ty ra te )  as a source of 
energy, so th e  end  p ro d u c t o f th is  process, lac tic  ac id , w ill get in to  th e  blood 
too  (B eauville e t ah , 1974). T h e  p ro p o rtio n  of th e  th re e  m ain  sho rt-c lia in  fa t ty  
acids, acetic , p rop ion ic  an d  b u ty r ic  acid  in  th e  caecum  is 10 : 1 : 1 .5 -3  (Morisse 
e t ah, 1985).

H e a t an d  chem ical t r e a tm e n t influences th e  d ig estib ility  of s ta rc h . B lood 
glucose an d  insu lin  c o n c e n tra tio n  does n o t increase in  ra b b its  fed  w ith  crude 
s ta rch . H e a t tre a tm e n t (100 °C) enhances th e  h y d ro ly sis . T he q u ickest h y d ro 
lysis an d  ab so rp tio n  can  he o b ta in ed  b y  feeding a c e ty la ted  d is ta rch  ad ip a te  
(Lee e t ah , 1985).

Sorption o f  electrolytes and  V F  A s  in  the gut

T he duodenal m ucosa possesses a considerab le  c a p a c ity  for b ica rb o n a te  
secretion . T he a b so rp tio n  o f HCOj" b y  th e  je ju n u m  is a n  ac tive , m etabo lica lly  
driven  process. T he ra b b it  ileum  has a considerab le  c a p a c ity  for a lcalization  
(b icarbona te  secretion) o f chym e. T here is an  in te rre la tio n sh ip  betw een  b ica rb o 
n a te  secretion  an d  N aC l a b so rp tio n  (H opfer a n d  L ied tk e , 1987). N a ab so rp tio n  
an d  Cl ab so rp tio n  in  th e  ileu m  are lin k ed  an d  can  be exp la ined  b y  N a H  
an d  Cl <-*■ H C O j exchanges (N ellans e t ah , 1974). D u rin g  th e  excre tion  o f h a rd  
faeces, chloride will be a c tiv e ly  absorbed  from  th e  p ro x im a l colon an d  secreted  
in  th e  d is ta l colon. I ts  ab so rp tio n  from  th e  caecum  is passive , i.e. th e  chloride 
co n cen tra tio n  of th e  caecal co n te n t has to  exceed th a t  o f th e  b lood  p lasm a 
(95 meq/1). T here is no  К  m o v em en t in  an y  d irec tio n  in  th e  caecum  (Leng, 
1978). T he caecal a p p en d ix  secretes an  alcaline f lu id  o f  h igh  b ica rb o n a te  con
c e n tra tio n  (W illiam  e t ah , 1961). F ro m  th e  caecum  th e re  is a r a th e r  passive 
abso rp tio n  of b ica rb o n a te : th e  th resh o ld  is 19 meq/1. T h e  tra n sp o r t  o f chloride 
an d  th a t  o f b ica rb o n a te  are  in  connection . The p ro x im a l colon ac tiv e ly  absorbs 
w ate r, sodium  an d  ch loride, an d  secretes b ica rb o n a te  a n d  po tassiu m , w hereas
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th e  d ista l colon ab so rb s sod ium  an d  w ater an d  secretes p o tassiu m  a n d  chloride 
(C lauss, 1978, 1985). T he b ic a rb o n a te  secretion  o f th e  colon m o d era tes  th e  p H  
fa ll ow ing to  th e  ris in g  Y F A  level (G arcia e t  al., 1982; Y e rn ay  e t a l., 1984; 
V ern ay , 1986).

In trace llu la r Ca (w ith  calm odulin) is in v o lved  in  th e  re g u la tio n  o f NaCl 
ab so rp tio n  in  ra b b i t  ileum  a n d  К  secretion  in  th e  descending colon. M ost of 
th e  effect of Ca on in te s tin a l tr a n s p o r t  is m ed ia ted  b y  in itia tio n  o f arach idon ic  
a c id  m etabo lism  (P G E 2). In c rease  in  in te s tin a l cA M P also a lte rs  ac tiv e  N a, 
Cl an d  К  tra n sp o r t . A gents th a t  increase in te s tin a l cA M P c o n te n t (e.g. b ac te ria l 
to x in s , bile salts e tc .) w ill in h ib it ab so rp tio n  o f sodium  an d  ch lo ride an d  increase 
К  secretion  (D onow itz  an d  W elsh , 1986).

Digestive processes in  the caecum

The co n cen tra tio n  of th e  b ac te ria l flo ra  in  th e  caecum  is 109-11/g ram , 
w i th  th e  p redom inance  of th e  s tr ic tly  anaerob ic  Bacterioidcs. T he  m ain  N 
source  for th e  b a c te r ia  is N H 3 p roduced  b y  th e ir  dezam inase  a n d  u rease a c ti
v i ty .  C ellulolytic a c itiv ity  is low , so th e  energy  req u ired  fo r th e  assim ilation  
o f  am m onia  will be  o b ta in ed  from  th e  d eg rad a tio n  of sugars, p e c tin  an d  xilase. 
I n  case of an  incom ple te  p ro te in  su p p ly  th e  b lood  u rea  will be ex c re te d  in  th e  
caecum . A certa in  a m o u n t of u re a  derives from  th e  feed (K n u tso n  e t ah , 1977). 
T h e  b iu re t can  be  a m ore e ffic ien t N source th a n  u rea  (P ro to  an d  Gioffrc, 
1986). U rea will be  h y d ro ly sed  m ain ly  b y  b a c te ria  adh erin g  to  th e  m ucous 
m em b ran e : C lostridium  coccoides, Cl. innocuum , Peptostreptococcus productus, 
P . m icrus, Peptococcus m agnus, Fusobacterium russii (F o rsy th e  an d  P ark e r, 
1985a).

As a fu n c tio n  o f th e  p ro te in  level of th e  feed and  th e  N H 3 co n cen tra tio n  
o f  th e  caecal c o n te n t, th e  p ro d u ced  am m onia will be b u ilt in to  th e  b ac te ria  
a n d  will be u tilized  b y  c aeco tro p h y  (R obinson  e t ah , 1986). T he described 
u tiliz a tio n  of u re a  is h in d ered  b y  feeding an tim icro b ia l su b stan ces  (H o u p t, 
1963). Besides th e  p ro te in  co n cen tra tio n  of th e  feed m ix tu re s  req u ired  for 
p rod u c tio n , th e  N H 3-assim ila ting  cap ac ity  o f th e  caecal f lo ra  is tr if lin g , so 
su p p lem en ta tio n  o f th e  r a b b it’s feed w ith  u rea  does n o t re su lt in  p rac tica l 
b en e fit. N am ely, th e  average am m o n ia  co n cen tra tio n  of th e  caecu m  is 5 mmol/1, 
w hile the  effective N H 3-assim ila tion  occurs a t  ab o u t 1 mmol/1 (F o rsy th e  and  
P a rk e r , 19856). I t  is w o rth  m en tio n in g  th a t  a ce rta in  p ro p o rtio n  o f am m onia 
p ro d u ced  in  th e  m ucous m em b ran e  gets in to  th e  blood again .

Caecotrophy

T axonom ically  d is ta n t m am m als (some ro d en t species, b eav er, h e rb i
vo rous m onkeys etc .) developed  a p a rtic u la r  m echan ism  allow ing th e  sep ara te  
ex cre tio n  of th e  caecal c o n te n t rich  in  n u tr ie n ts  an d  th e  n o rm a l, h a rd  faeces
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poor in  va lu ab le  m a te ria l. T he re in g estio n  of caecal co n te n t (caecotroph) 
m akes possible th e  b e tte r  u tiliz a tio n  o f n u tr ien ts . T he caeco troph  will be 
sw allow ed w ith o u t chew ing. T he ty p ic a l com position  o f th e  tw o ty p es  of 
faeces is th e  follow ing: d ry  m a tte r  52.7 vs. 38.6, crude p ro te in  15.4 vs. 34.0, 
e th e r  e x tra c t 3.0 vs. 5.3, crude fib re  30.0 vs. 17.8, ash 13.7 vs. 15.2, N -free 
e x tra c t 37.9 vs. 3 6 .7 % , gross energy  18.2 vs. 19.0 M J fo r h a rd  faeces an d  
caeco troph , respec tive ly  (F ekete  an d  B okori, 1985). T he caeco troph  an d  th e  
h a rd  faeces will be p roduced  in  th e  p ro x im al colon, a t  d iffe ren t tim es. D urin g  
th e  p ro d u c tio n  of h a rd  faeces a se p a ra tin g  m echanism , b y  th e  con cen tra tio n s 
of th e  colonic h a u s tra e , rem oves th e  f lu id  and  sm all pa rtic le s  in  th e  caecum . 
T he process is helped  b y  th e  ac tive  w a te r  secretion  of th e  colon (E hrle in  e t ah , 
1983). T he fusus coli is supposed to  b e  th e  p acem ak er of th e  co n trac tio n s 
(R u ck eb u sch  and  F io ram o n ti, 1976). T h e  described sep a ra tin g  m echanism  
does n o t ac t du ring  th e  excre tion  o f  th e  caeco troph , w hich is fu n d am en ta lly  
a caecal co n ten t, enclosed by  m ucin  p ro d u ced  b y  th e  colonic cells (B onnafous 
an d  R a y n a u d , 1967; B jö rnhag , 1972; G allouin  an d  D em au x , 1980). T he m u ci
lag inous m em brane in h ib its  th e  d iffusion  o f ions and  a b so rp tio n  of e lectro ly tes.

D u rin g  th e  fo rm a tio n  of h a rd  faeces th e  caecal co n te n t will th o ro u g h ly  
be tran sfo rm ed  in  th e  colon. T he w all o f th e  p rox im al colon produces a ly tic  
fa c to r  w hich  dissolves th e  b ac te ria , especially  th o se  o f low  ca rb o h y d ra te  
c o n te n t (B onnafous an d  R ay n au d , 1978). T he d is ta l colon produces, m ain ly  
in  th e  so ft faeces phase , a species-specific lysozym e, w hich  will get in to  th e  
s to m ach  w ith  th e  caeco troph  an d  th e re  i t  has a b ac te rio ly tic  role (C am ara an d  
P rieu r, 1984).

T he sodium , w a te r  and  chloride a b so rp tio n  of som e p a r ts  o f th e  p rox im al, 
and th e  to ta l  d is ta l colon increases d u rin g  th e  h a rd  faeces phase (H örn icke 
e t al., 1984). I t  is a ldosterone  secre tion  w hich  is responsib le for th e  en h an cem en t 
o f these  tra n sp o r ts  (V ernay , 1985), b u t  N a +, C l- , H C O j'a n d  w a te r ab so rp tio n  
in  th e  caecum , as w ell as Cl~ secre tion  in  th e  d ista l colon, are in d ep en d en t o f 
th e  b lood  glucocorticoid  level (S chäfer, 1985).

Clause an d  H örn icke  (1979) k e p t ra b b its  in  reg u la ted  lig h t c ircum stances 
(12 d a rk  an d  12 lig h t hours). C aeco trophy  fell be tw een  8 an d  12 hours. A ldo 
sterone  co n cen tra tio n  of th e  b lood p la sm a  and  th e  electric  p o te n tia l difference 
show ed a d iu rn a l rh y th m . The N a to  К  ra tio  of ex c re tu m  v aried  betw een  0 .2 -  
1.2 an d  reached  its  m ax im um  in  th e  so ft faeces phase. B lood a ldosterone con
c e n tra tio n  is th e  low est in  th e  caeco tro p h  phase, con seq u en tly  th e  sod ium  
level an d  th e  N a to  К  ra tio  of th e  caeco tro p h  will be h ig h er th a n  in  th e  h a rd  
faeces (Clause, 1985). A ccording to  F e k e te  e t al. (1988) th e  N a  to  К  ra tio  o f 
th e  caeco troph  is 0.6 an d  th a t  of th e  h a rd  faeces is 0.4. I n  abso lu te  v a lue  th e  
caeco tro p h  co n ta in ed  m ore from  b o th  elem ents. A C TH  tre a tm e n t also h a d  
an  a ldosterone-like effect on th e  h a rd  faeces sodium  to  p o tassiu m  ra tio , w hich 
sh ifted  to  0.3. This is close to  th e  re su lt o f D ü rr an d  Clauss (1984) who des

6* Acla Veterinaria Hungarica 37, 1989



272 FEKETE

c rib ed  s tim u la tio n  o f th e  N a +-p e rm eab ility  of th e  descending colon b y  dexa- 
m etbasone  or a ld o ste ro n e .

The role o f  caecotroph in  stomachal carbohydrate degradation

The s ta rc h  o f  th e  feed will be h y d ro ly sed  u n d er th e  ac tio n  of am ylase  
in to  glucose m olecules. A m ylase can  derive  from  th ree  sources: feed, sa liva  
a n d  caeco troph  b a c te r ia . The th ird  is th e  m ost im p o rta n t since i t  is less sensi
t iv e  to  th e  acid ic  m ilieu . The p ro d u ced  glucose diffuses in to  th e  caeco troph  
b a lls  and  will be tran sfo rm ed  in to  la c tic  acid  and  carb o n  dioxide (G riffiths 
a n d  D avies, 1963). L ac tic  acid red iffuses in to  th e  lum en: its  ab so rp tio n  begins 
in  th e  stom ach  b u t  is com pleted  on ly  in  th e  sm all in te s tin e  (H örnicke and  
M ackiew icz, 1976). T he m ucous m em b ran e , su rround ing  caeco troph  pelle ts , 
p lay s  an  im p o r ta n t  ro le: i t  p ro tec ts  th e  b ac te ria  from  th e  in fluence  o f gastric  
ju ices  (H örn icke, 1986). In  m y opin ion , th e  im p o rtan ce  of th e  described p h en o 
m en o n  is n o t th e  en e rg y  supp ly  b y  lac tic  acid , b u t ra th e r  th e  ligh ten ing  of th e  
h in d  b u t’s c a rb o h y d ra te  overload, as p an c rea tic  am ylase p ro d u c tio n  of th e  
ra b b i t  is re la tiv e ly  m o d est (C atala  an d  B onnafous, 1979), an d  th e  ac id ifica tion  
o f  th e  s tom acha l c o n te n t and  a c tiv a tio n  o f pepsinogen.

Development and  m aturation o f  the gastrointestinal tract

The r a b b i t ’s d igestive tr a c t  reaches its  ad u lt p ro p o rtio n s in  th e  4 th  
m o n th  of life (L eb as an d  L aplace, 1972). M arked changes occur in  villous 
m em b ran e  com p o sitio n , ep ithelial cell d iffe ren tia tio n  an d  tra n s p o r t  processes 
d u rin g  th is  p erio d . T h e  m a tu ra tio n  o f th e  sm all in te s tin e  fu n c tio n a l u n it (i.e. 
th e  cryp t-v illu s s tru c tu re )  is v e ry  im p o r ta n t  in  th e  d igestive  processes. T he 
p h ospho lip id  a n d  cholestero l c o n cen tra tio n  an d  specific f a t ty  acid co n ten t o f 
th e  m icrovillous m em b ran e  of th e  sm all in te s tin e  change w ith  age (P an g  
e t  ah , 1983: S chw arz  e t ah, 1984). T h e  resu lts  o b ta in ed  on ra ts  suggest th a t  
th e re  are essen tia l deve lopm en ta l changes in  th e  g lycopro te in  co n ten t and  c o a t 
o f  th e  in te s tin a l m ucous m em brane, to o  (S heard  an d  W alk er, 1988). T hese 
d ifferences a ffec t m em b ran e  f lu id ity , o rgan iza tion  an d  recep to r function . T he 
m ucosal b a rrie r fu n c tio n  is also im m a tu re  in  th e  new born  ra b b it:  in te s tin a l 
an tig en  in tak e  a n d  en d o to x in  b ind ing  are  g rea te r th a n  in  a d u lt anim als (U dall 
e t  ah , 1981; B resso n  e t ah , 1984). T he feed an tigens arc abso rbed  m ore read ily  
in to  th e  c ircu la tio n  during  th e  f irs t  w eeks of life. A ccord ing  to  Lecce an d  
B ro u g h to n  (1973), th is  period la s ts  u p  to  th e  23rd d ay  o f life. In  th e  opinion 
o f  S tëp àn k o v a  e t ah  (1983) only th e  f irs t 8 hours are im p o r ta n t in  th is  respec t.

The described  processes are n o t in d ep en d en t of th e  feeding. The sm all 
in te s tin e  of ra b b its  fed  w ith  doe’s co lo stru m  will be g rea te r, heav ier, an d  co n 
ta in  m ore D N A  th a n  th a t  of young ra b b its  fed  a rtific ia lly  d u rin g  th e  f irs t d a y  
a f te r  b ir th  (H a ll a n d  W iddow son, 1979). These resu lts  suggest th e  presence
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o f a specific tro p h ic  an d /o r s tim u la tin g  effect on th e  d evelopm en t of th e  
g astro in te s tin a l t r a c t .  T here is som e evidence of th e  p o te n tia l  role of co lostral 
ep iderm al g row th  fac to r (E G F ), nerv e  g row th  fac to r (N G F ), som atom edin-C , 
insu lin-like g row th  fac to r, in su lin , co rticostero ids, th y ro x in e , ta u r in , g lu ta 
m ine and  am ino sugars (S heard  an d  W alker, 1988). G as tro in te s tin a l horm ones 
(p rim arily  en teroglucagon, g a s tr in  and  m otilin) in d u ced  b y  feeding m ay  also 
m odify  th e  w hole process. T he fo rm a tio n  of th e  n o rm al e n te ra l m icroflora  is 
a v e ry  im p o r ta n t fac to r in  th e  d eve lopm en t of ileal villi (B o o t e t ah , 1985).

Development o f  digestive enzym e activity

The a c tiv ity  of d igestive enzym es o f th e  suckling  period , excep t lac tase , 
is low  in  th e  f irs t  tw o  weeks (D eren , 1971). In  th e  th ird  w eek, para lle l w ith  th e  
decrease of lac tase  a c tiv ity , th e  p ro d u c tio n  of saccharase, m altase , try p s in , 
ch y m o try p sin  an d  am ylase increases (L ebas e t ah , 1971; H enschel, 1973; Alus 
an d  E d w ard s, 1976). As to  th e  p ro teo ly tic  enzym es, th is  is a so-called tw o-step  
developm ent o f enzym e a c tiv ity  (C orring  e t ah, 1982). B ile acid p ro d u c tio n  
undergoes a th reefo ld  increase d u rin g  th e  f irs t  20 days (C ro izat an d  L am b io tte , 
1971).

The above-m en tioned  change is n o t caused b y  w ean ing  (i.e. th e  change 
o f  feeding), h u t  b y  th e  h o rm o n a l s ta tu s  o f th e  organism . C orring  e t ah (1972) 
found  th a t  p ro longa tion  o f th e  suck ling  period  d id  n o t in fluence  e ith e r th e  
tim e  of in te s tin a l closure or th e  d evelopm en t of p an c re a tic  am ylase , lipase 
a n d  ch y m o try p sin  a c tiv ity , a lth o u g h  th e  lac tase  a c tiv ity  cou ld  be m a in ta in ed . 
T h e  fib re -s ta rch  ra tio  o f th e  p o stw ean in g  feed h a d  no in fluence  on am ylase 
excre tion  b y  u rine  (F eke te  e t ah , 19886). O n th e  basis o f r a t  experim en ts 
D aniels e t ah (1972), Chan e t ah  (1973) an d  H enn ing  (1985) exp la in  th e  cessa
tio n  of in te s tin a l m acrom olecule u p ta k e  b y  th e  e leva tion  of blood cortiso l an d  
th y ro x in e . E xogeneous g lucocortico id  an d  A CTH  in jec tio n s s tim u la te  th e  
p ro d u c tio n  o f pepsinogen an d  p an c rea tic  enzym es (C o u rto t, 1972) as well as 
th a t  o f sucrase, m altase , tre h a la se , am ino  p ep tidase  (G alan d  an d  F o rs tn e r,
1974) and  alcaline p h o sp h a tase  (Moog, 1953). A d m in is tra tio n  o f T 4 or T 3 has 
also been show n to  cause a precocious decline of je ju n a l la c ta se  a c tiv ity  and  
ileal lysosom al hydro lases (P a u l an d  F la tz , 1983; K o ld o v sk y  and  H erb st, 
1971) and  precocious increases in  je ju n a l sucrase an d  m alta se  a c tiv ity  (Ju m a- 
w an  and  K oldow sky, 1978).

A lthough  som e of th e  d a ta  derive from  ra t  an d  m ouse experim en ts, one 
can  s ta te  th a t  th e  developm ent o f th e  digestive enzym e se t depends upon  
th e  fu nc tion  o f th e  h y p o p h y se a l-a d re n a l axis. T he com pounds of th e  feed 
(as su b stra te s) c o n trib u te  to  th e  h o rm o n a l stim ulus, s tab iliz in g  th e  p ro d u c tio n  
o f  th e  enzym es (“ enzym e, s tab ilized  b y  its  su b s tra te ” ).
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M a in  endogenic factors in fluencing  digestion, evaluated by digestibility trials

The d ig es tib ility  o f n u tr ie n ts  is s lig h tly  low er in  th e  C alifornian  th a n  
in  th e  New Z ea lan d  W h ite  ra b b it  (H u llá r an d  G ip p ert, 1986). N o sex d iffer
ences were found  in  re sp ec t o f d igestion  e ith e r in  th e  grow ing  or in  th e  a d u lt 
ra b b it . The d igestion  coeffic ien t o f p ro te in  is b y  3.16%  h ig h er in  th e  grow ing 
r a b b it  th a n  in  th e  a d u lts  (F eke te  an d  L ebas, 1983; F ek e te  a n d  B okori, 1986a).

The s tim u la te d  “ physio logic”  stress (0.5 IU  A C T H /kg b o d y  m ass/day  
im .) did n o t in fluence  th e  d igestib ility  o f n u tr ie n ts , e ith e r  w ith  or w ith o u t a n ti
b io tic  su p p lem en ta tio n . A t th e  sam e tim e  sodium  to  p o ta ss iu m  ra tio  o f th e  
faeces changed (F e k e te  e t al., 1988).

A d  lib itum  fed  ra b b its  consum e th e ir  soft faeces (caeco troph) according 
to  th e  “ p ro te in  m in u s f ib re ”  level o f th e  ra tio n . This m eans t h a t  th e  re la tiv e  
p ro te in  deficiency or fib re  surp lus enhance, while th e  inverse  s itu a tio n  d im in 
ishes caeco trophy  a n d  m ay  m odify  th e  m easured  d ig es tib ility  coefficient 
(F ek e te  and  B okori, 1985).

The presence o f h a irb a ll in  th e  s tom ach  reduced  p ro te in  an d  fib re  d igesti
b il i ty  and  resu lted  in  a n egative  a p p a re n t ab so rp tio n  coeffic ien t of ash, w ith  
th e  sim ultaneous e lev a tio n  o f th e  b lood  glucocortico id  level (F eke te  an d  
B okori, 1986b).

F uture trends

The la s t te n  or f if te e n  years have  b ro u g h t u n ex p ec ted  progress in  research  
in to  th e  digestive physio logy  of ra b b its . S till, g rea t challenges h av e  rem ained . 
I n  years to  com e, re search  will p ro b ab ly  co n cen tra te  on som e o f th e  follow ing 
top ics.

— P a rticu la ritie s  o f  th e  reg u la tio n  of feed an d  caeco tro p h  in tak e .
— The process a n d  con tro l o f m a tu ra tio n  of th e  g a s tro -in te s tin a l t ra c t.
— D evelopm en ta l aspects  o f d igestion : enzym atic  a n d  tra n s p o r t  develop

m ent, fo rm a tio n  o f m icrobial d igestion  in  th e  large in testin e .
— D etails o f d igestion  an d  ab so rp tio n  o f n u tr ie n ts . T he in flu en ce  of physio 

logical s ta tu s  (e.g. sexual cycle), presence of g a s tro in te s tin a l p a rasites 
etc.

— F u rth e r  in v e s tig a tio n  of th e  m orphology  an d  b io ch em is try  o f th e  r a b b it’s 
in te stin a l f lo ra , its  role in  th e  d igestion , possible b io techno log ica l a lte ra 
tions.

— Control an d  in te g ra tio n  of g a s tro in te s tin a l fu nc tions w ith  special em 
phasis on g a s tro in te s tin a l horm ones an d  on n eu ra l an d  ho rm o n al con tro l 
of in te s tin a l ion tra n sp o rt.
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DEVELOPMENT OF PORCINE DIGESTIVE ENZYMES 
WITH SPECIAL REFERENCE TO RIBONUCLEASE

К . B a I N T N E R 1 a n d  J. F A R K A S 2

R esearch  In s t i tu te  for A nim al N u tr itio n , R esearch  C enter for A n im al P ro d u c tio n  
and N u tr itio n , H -2053 H erceghalom , H u n g a ry

(R eceived  D ecem ber 6, 1988)

T he a c tiv ity  of d igestive  enzym es w as d e te rm in ed  in  th e  g a s tro in te s tin a l t r a c t  
of new born , 1-, 3- an d  5-w eek-old p ig le ts and  in  a d u lt pigs. T he p an creas of n ew b o rn  
p ig le ts co n ta in ed  considerab le  rib o n u cléase  (R N ase) a c tiv ity , w h ich  co n tin u ed  to  in 
crease w ith  age. A fte r th e  in itia l v a lu es a n  opposite  ten d en cy  w as fo u n d  in  th e  in te s tin a l 
co n ten ts , p ro b ab ly  due to  th e  increase  o f p ro teo ly tic  d eg rad a tio n  w ith  advan c in g  age. 
Serum  R N ase  show ed little  age dependence. T he tim e-course  o f develo p m en t o f p a n 
creatic  R N ase  resem bled  m ore t h a t  o f p ro teo ly tic  enzym es th a n  t h a t  o f am ylase.

T he d a ta  in d ica te  th a t  a  h ig h  p a n c re a tic  secre tion  of R N ase  com m ences m u ch  
before th e  app earan ce  of R N A  in  th e  d iet.

K eyw ords: D igestive enzym es, ribonucléase , age d ep en d en ce , pig.

P an crea tic  ribonucléase (R N ase) ca ta lyzes th e  f irs t  s tep  in  th e  d e g ra d a 
tio n  of d ie ta ry  R N A , allow ing th e  u tiliz a tio n  o f nucleo tide com p o n en ts : p h o s
p h a te , ribose, pyrim id ines an d  pu rin es . R N ase  also c o n s titu te s  a firs t-lin e  
defence against foreign genetic  in fo rm a tio n . A lthough  n u m ero u s w orkers 
s tu d ie d  th e  occurrence an d  m o lecu lar p ro p erties  of p an c rea tic  R N ase , we are 
n o t aw are of th e  occurrence an d  fu n c tio n  of R N ase  in  th e  suck ling  age, w hen  
th e  u su a l d ie t, m ilk, is free of nucleic  acid. T herefore, we d e te rm in ed  R N ase  
a c tiv ity  in  th e  p an creas , in te s tin a l co n ten ts  a n d  serum  o f p ig le ts  o f d iffe ren t 
age. F o r com parison , th e  a c tiv ity  o f severa l o th e r d igestive enzym es w as 
m easu red , too.

M aterials and methods

S eventeen  L arge W hite  X L an d race  p ig lets of d iffe ren t age an d  from  
d iffe ren t litte rs  w ere sacrificed . T he new born , 1-w eek-old an d  3-w eek-old 
p ig le ts were suckled  b y  th e  sow , h u t  th e  5-w eek-old p ig lets h a d  been  w ean ed  
to  p re s ta r te r  (ad  lib itum )  5 to  7 day s before k illing  an d  w ere k e p t in  cages in  
th e  la s t days. T he age of p ig lets in  th is  g roup  w as d e te rm in ed  w ith  an  e rro r  of 
:L2 days and  for th e  re s t o f p ig le ts  w ith  ^ h a l f  day . T he y o u n g est g ro u p  o f

1 P resen t address: P an n o n ian  U n iv e rs ity  o f A g ricu ltu ra l Sciences, K esz thely , F a c u lty  
o f A nim al Science, H-7401 K ap o sv ár, D énesm ajo r 2; an d

2 P resen t address: In s t i tu te  for P h a rm ac eu tica l R esearch , B u d a p es t, S zabadságharcosok  
ú t ja  47 -49 , H u n g a ry
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p ig lets w as bo rn  a t  n ig h t , sucked co lo stru m  n o rm ally  a n d  was k illed  in  th e  
m orn ing . A group o f a d u lt  pigs w ith  a b o u t 110 kg live m ass was s lau g h te red  
a f te r  a p p ro x im a te ly  6 h  of s ta rv a tio n .

B lood, p a n c re a tic  tissue and  g a s tro in te s tin a l c o n ten ts  were ta k e n  from  
th e  anim als a t  s la u g h te r . B lood was allow ed to  clo t an d  serum  w as rem oved . 
Sam ples w ere re fr ig e ra te d  u n til use.

F rom  th e  p a n c re a s , fa t and  connective  tissu e  w ere rem oved an d  th e  
re s t w as g round  in  a m o r ta r , to g e th e r w ith  a few  d rops o f 0.05 M CaCl2 so lu tion , 
th e n  filled up  w ith  th e  sam e solution  to  a 1 : 100 f in a l d ilu tion . In te s tin a l and  
gastric  con ten ts w ere w eighed and  d ilu ted  1 : 100 w ith  saline.

Before d e te rm in in g  pancreatic  p ro teo ly tic  ac tiv itie s , zym ogens were 
a c tiv a te d  w ith  p o rc in e  duodenal e x tra c t  co n ta in in g  en te ro k in ase . F ive  //1 of 
duo d en a l e x tra c t w as ad d ed  to  5 m l p an c re a tic  e x tra c t a n d  filled  up  to  7.5 ml 
w ith  0.1 M, p H  8.0 T ris-H C l buffer. T he m ix tu re  w as in c u b a te d  a t  40 °C for 
15 m in  in  a w a te r  h a th .

T he duodenal e x tra c t  was p rep a red  as follows: 10 cm  duodenum  of an  
a d u lt  pig was slit o pen  an d  carefully  rin sed  in  saline. T h en  th e  m ucosa was 
d is in teg ra ted  b y  a g ita tin g  th e  tissue w ith  a glass ro d  in  a ten fo ld  vo lum e of 
saline. A fte r c e n tr ifu g a tio n  a t 8000 g fo r 10 m in, th e  c lear su p ern a te  w as used 
fo r ac tiv a tio n .

R ibonucléase w as determ ined  accord ing  to  M cD onald  (1955) in  0.1 M, 
p H  5.0 ace ta te  b u ffe r  a t  40 °C. U nd ig ested  su b s tra te  w as p re c ip ita te d  b y  
M cF ad y en ’s reag en t a n d  rem oved b y  cen trifu g a tio n . D igested  R N A  was read  
a t  260 n m  in  th e  su p e rn a te . Y east R N A  su b s tra te  (M erck) was p u rified  b y  
p re c ip ita tio n  in  e th a n o l, before use. W h en  dete rm in in g  serum  R N ase , R N A - 
-free serum  b lanks w ere incuba ted  p a ra lle l w ith  th e  ex p erim en ta l tu b es . I n 
cu b a tio n  of b lan k  w as fo u n d  superfluous fo r p an crea tic  an d  in te s tin a l sam ples.

A lpha-am ylase  w as determ ined  b y  th e  io d in e -s ta rch  m eth o d  of Som ogyi 
(1938) an d  gastric  p ro te o ly tic  a c tiv ity  (pepsin) w ith  d e n a tu re d  haem oglobin  
in  0.06 M HC1, acco rd in g  to  Anson (1938). P an c rea tic  a n d  in te s tin a l p ro teo ly tic  
ac tiv itie s  were m easu red  in  0.1 M, p H  8 T ris-H C l b u ffe r. A zocasein su b s tra te  
w as p rep ared  acco rd ing  to  B ergm eyer (1970) and  used  for th e  d e te rm in a tio n  
o f to ta l  alkaline p ro te o ly tic  ac tiv ity . T ry p sin  an d  c h y m o try p s in  w ere d e te r
m ined  b y  d irect sp ec tro p h o to m etric  read in g  w ith  benzoy l-L -arg in ine  e th y l 
e s te r (B A E E ) an d  benzoy l-L -ty rosine  e th y l e s te r (B T E E ) su b s tra te s , re s
p ec tiv e ly  (Schw ert a n d  T akenaka, 1955). The values w ere co rrec ted  by  
3 .75% /°C , w hen te m p e ra tu re  d iffered fro m  25 °C. R e n n e t a c tiv ity  w as de
te c te d  q u a lita tiv e ly  b y  c lo tting  of com m ercial cow ’s m ilk  (Soxhlet, 1877).

A ctiv ities w ere ca lcu la ted  to  g w et tissu e  or w et g a s tro in te s tin a l co n ten t 
or to  m l of serum . A m ylase  ac tiv ity  w as expressed  in  Som ogyi u n its , r ib o n u 
cléase, pepsin  an d  to ta l  alkaline p ro tease  ac tiv ities in  sp ec tro p h o to m e te r  u n its  
(change o f one u n it  o f  op tical d ensity  p e r  m in). T ry p tic  an d  ch y m o try p tic
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activ ities w ere ca lcu la ted  to  enzym e p.g b y  d iv id ing  sp ec tro p h o to m etric  u n its  
b y  12 and  24, respective ly .

M ean an d  s ta n d a rd  dev ia tion  w ere ca lcu la ted  from  th e  data .

R esults an d  discussion

S am pling  of p ancreas requ ired  k illing  of an im als an d  th is  fact lim ite d  
th e  size of th e  ex p erim en ta l groups, h u t  s till allow ed th e  d e tec tio n  of ten d en c ies  
in  enzym e d ev e lo p m en t. O nly th e  a d u lt  pigs were s ta rv e d  before s la u g h te r  
and , th ere fo re , p epsin  values of th is  g roup  are  n o t re a lly  com parable  w ith  
those of th e  o th e r groups.

Fig. 1. R iboim clease a c tiv ity  o f pigs s ta n d a rd  dev ia tion ). N u m b er o f anim als in th e  g ro u p s 
(as in  th e  follow ing figures): ha lf day : 4, 1 week: 5; 3 weeks: 4 ; 5 weeks: 4; ad u lt: 8
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D espite th a t  sow ’s m ilk does n o t  co n ta in  R N A , th e  p ancreas of th e  
n ew b o rn  p ig let show ed considerable R N a se  ac tiv ity , w hich  co n tin u ed  to  in 
crease  w ith  ad v an c in g  age (Fig. 1). In te s t in a l  R N ase va lu es  d id  n o t re flec t 
th o se  o f th e  pan creas  an d  opposite te n d e n c ie s  were found  in  th e  tw o organs 
a f te r  th e  in itia l v a lu es . One of th e  possib le  exp lanations fo r th e  decreasing  
in te s tin a l R N ase ac tiv itie s  is th e  increase  o f  in testin a l p ro teases  a t least from  
3 w eeks of age (F ig . 3) resu lting  in  fa s te r  p ro teo ly tic  d e g rad a tio n  of R N ase . 
S erum  R N ase a c tiv itie s  d id  no t change m u ch  during th e  suck ling  period , h u t  
th e  a d u lt values w ere non -sign ifican tly  low er (Fig. 1). So th e  p resen t s tu d y  
does n o t p rovide a clue to  th e  origin o f  se ru m  RN ase.

In  ag reem ent w ith  lite ra ry  d a ta  (W alk er, 1959a; C orring  an d  A u m aitre , 
1971), pancreatic am ylase  activ ities show ed  a clear ten d en cy  to  increase d u rin g  
deve lo p m en t, b eg inn ing  w ith  very  low  levels in  the new born  (F ig . 2). A sim ilar 
increase  was found fo r sm all in te s tin a l am y lase  b y  W alker (19595), w hile n o t
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m uch change Avas d em o n stra ted  d u rin g  th e  suckling age in  th e  p resen t s tu d y  
(F ig. 2).

P ro te o ly tic  ac tiv ities (Figs 3 -5 ) also ten d ed  to  increase b o th  in  pan creas  
an d  sm all in te stin e . C hym otrypsin  c learly  fell back  a fte r  w eaning (5-w eek-old 
group). C o n tra ry  to  th e  find ings o f C orring  and  A u m aitre  (1971), th e  ra tio  of 
try p s in  to  c h y m o try p sin  m arked ly  increased  d u rin g  deve lopm en t b o th  in  
p ancreas an d  sm all in te s tin e . The tim e-co u rse  of p an c rea tic  R N ase resem bled  
th a t  o f p an crea tic  p ro teo ly tic  ac tiv itie s  m ore th a n  th e  changes o f p an c rea tic  
am ylase. T he failu re  to  de tec t t ry p s in  in  th e  in te s tin a l co n ten t o f n ew born  
pig lets is due p a r tly  to  ingestion  o f in h ib ito r  w ith  co lostrum , as i t  w as show n 
earlier (B a in tn e r, 1973).

In  ag reem en t w ith  th e  find ings o f  Lewis e t al. (1957), acid p ro teo ly tic  
a c tiv ity  (pepsin) te n d e d  to  increase w ith  age in  th e  gastric content (F ig . 6). 
The exceedingly  h igh p ep tic  a c tiv ity  in  th e  a d u lt s to m ach  m igh t be due b o th  
to  age difference an d  to  th e  fac t th a t  th e  an im als w ere a t  th e  end  of th e  d igest-
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F ig. 5. In tes tin a l t ry p s in  a n d  ch y m o try p sin  a c tiv ity

F ig. 4. P ancrea tic  t ry p s in  an d  c h y m o try p sin  a c tiv ity
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ive phase  a fte r  ingestion  o f m eal, i.e. a t  th e  co m m encem en t of s ta rv a tio n . 
R en n e t a c tiv ity  could he d e tec ted  in  all new born  p ig le ts  an d  in  one o f th e  
1-week-old an im als, b u t i t  w as lack ing  th e rea fte r .

In  th e  new born  p ig lets th e  colon s till con ta ined  m econ ium , w hich was 
n o t sam pled . In  th e  o lder p ig lets th e  sm all in te s tin a l enzym es usually  m uch  
su rpassed  th e  colonic ones (F igs 1-3 an d  F ig . 5), w ith  th e  excep tion  o f th e  
high colonic R N ase a c tiv ity . B ac te ria l enzym es m ig h t c o n tr ib u te  to  R N ase, 
am ylase an d  azocaseinase ac tiv itie s  m easu red  in  th e  colon co n ten t, an d  to  th e  
d eg rad a tio n  o f try p s in  an d  c h y m o try p sin  of p an crea tic  origin. These la t te r  
ac tiv ities show ed m ax im u m  in  th e  colon a t  3 an d  5 w eeks, respectively .
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T w e n ty  M erino lam bs of four age groups (1 d ay , 2, 4 a n d  7 weeks) an d  8 a d u lt  
Merino w e th ers  w ere killed. T he developm en t o f p an crea tic  a n d  g a stro in te stin a l enzym es 
was follow ed b y  d e term in ing  R N ase , am ylase, lipase , t ry p s in , ch y m o try p sin  a n d  to ta l  
p ro teo ly tic  (azocaseinase) ac tiv ity . P a n c rea tic  p ro te in  c o n te n t, ru m en  an d  ab om asal 
p H  and  a b o m asa l c lo ttin g  tim e  w ere also de te rm in ed .

P a n c re a tic  R N ase was a lread y  p re sen t in  th e  n ew b o rn  lam b s an d  sign ifican tly  
rose in th e  f i r s t  2 w eeks of life an d  before reach in g  a d u lt  v a lues. T he increase was m ore 
m arked  a n d  w e n t to  h igher a d u lt values th a n  in  th e  p ig  (B a in tn e r and  F a rk as , 1989). 
T he tim e-course  resem bled  t h a t  o f p an crea tic  am ylase  a n d  ch y m o try p sin ; p an crea tic  
try p sin  an d  azocaseinase  also show ed som e sim ilarities , b u t  p an crea tic  lipase h a d  a  d if
fe ren t tim e course. Sm all in te s tin a l R N ase also changed  d iffe ren tly ; i t  show ed a m a x i
m um  a t 4 w eeks a n d  h ad  tren d s  opposite  to  to ta l  p ro teo ly tic  a c tiv ity , ind ica ting  p a r tia l  
d igestion o f th e  enzym e by  in te s tin a l p ro teases. R u m en  a n d  caecal R N ase ac tiv itie s  
m ay  be in d ic a tiv e  o f  m icrobial g row th  an d  fe rm e n ta tio n  r a te ;  th e y  show ed m o stly  o p 
posite  ten d en cies  in  th e  tw o localities.

In  c o n tra s t  to  th e  pig (B a in tn e r an d  F a rk a s , 1989), p an crea tic  and  sm all in 
tes tin a l try p s in :c h y m o try p s in  ra tio s  d id  n o t show  sig n ifican t increase du ring  develop
m en t in  sheep.

Keywords: D igestive enzym e, ribonucléase , age d ependence , developm en t, sheep.

N u trien ts  u n d erg o  m icrobial fe rm en ta tio n  in  th e  forestom achs of a d u lt 
ru m in an ts . A t th e  sam e tim e , some n u tr ie n ts  are in c o rp o ra te d  in to , o r sy n th e 
sized by , th e  g row ing  m icrobial p o p u la tio n . T he ru m e n  liquor, con ta in ing  
suspended  m icrobes an d  feed partic les, passes to  m ore d is ta l p a r ts  o f th e  
g as tro in te s tin a l t r a c t  fo r d igestion . This suspension  co n ta in s  m uch less s ta rc h  
th a n  a usual r a t io n , little  lip id , b u t  m uch  m icrob ial p ro te in  an d  nucleic acid , 
th e  la tte r  being m o s tly  b ac te ria l R N A . R u m in a n ts  h av e  ad a p te d  evo lu tionarily  
to  th e  d igestion  o f  fe rm en ted  feed: th e  p an c rea tic  ju ice  of a d u lt ru m in a n ts  
has low am ylase (W alker, 1959a) an d  lipase ac tiv itie s , b u t  m uch R N ase (B a rn 
a rd , 1969) an d  zym ogens of p ro teases (W alker, 19596; H u b e r et a l., 1961). 
N ucleic acid d eg rad in g  enzym es save d ie ta ry  a n d  sa liv a ry  (recycling) p h o s
p h a te s  from  b e ing  ex cre ted  in  th e  faeces. O th e r co m p o n en ts  of nucleic acids 
a re  also reused : ab so rb ed  ribose su p p o rts  g luconeogenesis, while nucleo tide  
bases are reused  v ia  th e  “ salvage p a th w a y ”  in  th e  h o st.

* P resen t ad d ress : D e p a rtm en t o f Physio logy , F a c u lty  o f A nim al Science, P an n o n ian  
U n iv ersity  o f A g ricu ltu re , H-7401 K ap o sv ár, P . 0 .  B. 16, H u n g a ry

Acta Veterinaria Hungarica 37, 1989 
Akadémiai Kiadó, Budapest



290 BAINTNER and SZABÓ

In  previous experim en ts R N ase  a c tiv ity  was d e m o n s tra te d  in  th e  p a n 
creas an d  in te s tin a l co n ten ts  o f th e  p ig  (B a in tn e r an d  F a rk a s , 1989) an d  r a t  
(B a in tn e r, u n p u b lish ed  resu lts), a lre a d y  in  th e  new born  an im als. In  th e  
p re se n t w ork th e  deve lopm en t o f p a n c re a tic  R N ase w as ex am in ed  in  grow ing 
lam b s. F or com parison , several o th e r  d igestive  enzym es w ere also  d e te rm in ed  
in  th e  pancreas, ru m e n , abom asum  a n d  in testin es .

Materials and methods

T w enty  M erino lam bs of b o th  sexes an d  o f d ifferen t age, o b ta in ed  from  
a cooperative fa rm , w ere used fo r th e  s tu d y . M ost of th e  lam b s w ere b o rn  a t  
n ig h t and  were k illed  e ither n e x t d a y  or tw o , four or seven  w eeks la te r . E ach  
exp erim en ta l g roup  consisted  of 5 lam b s. E ig h t ad u lt M erino sheep  w ere also 
s lau g h te red . T hey  cam e from  a n o th e r  flock  an d  were 1.5 to  3 y e a r  old w ethers.

Lam bing b eg an  in  la te  a u tu m n  a n d  th e  la s t sheep w ere s lau g h te red  in  
F e b ru a ry . The ewes w ere k ep t in  an  u n h e a te d , tra d itio n a l sheep  s ta ll on s traw  
l i t t e r  and  were fed h ig h -q u a lity  a lfa lfa  h a y  an d  co n cen tra te . T he lam b s suckled  
th e  ewes and  h a d  free access to  b o th  feed an d  w ater. M ed iu m -q u a lity  grass 
o r  a lfa lfa  h ay  an d  co n cen tra te  w ere fed  to  th e  a d u lt w ethers.

B o th  lam bs a n d  ad u lt w eth ers  w ere b led  a t  s lau g h te r. T w ins occurred  
o n ly  once; one o f th e m  was k illed  as new born , so th e re  w as no com petitio n  
fo r  m ilk. Sam ples w ere tak en  from  th e  pancreas and  from  th e  co n ten ts  of 
d iffe ren t portions o f  th e  g a s tro in te s tin a l t r a c t .  M iddle je ju n a l c o n te n t was 
sam p led  in th e  w e th e rs , b u t in  th e  lam b s th e  w hole sm all in te s tin a l co n te n t 
w as pressed ou t a n d  m ixed. T he sam ples w ere k e p t frozen  u n til  analysed .

Preparation o f sam ples

R um en liq u o r w as p repared  b y  pressing  th e  liqu id  p h ase  o f th e  ru m en  
c o n te n ts  th ro u g h  a c o tto n  lay er b y  h a n d . A bom asal an d  in te s tin a l co n ten ts  
w ere  w eighed an d  d ilu ted  w ith  d is tilled  w a te r. T he pan creas  w as c leaned  of 
f a t  an d  hom ogenized in  ice-cold sa line  in  a P o tte r-E lv e h je m  hom ogenizer. 
T h e  p ro te in  c o n te n t o f th e  h o m o g en a te  w as de term ined  b y  th e  m e th o d  of 
L ow ry  e t al. (1951) as m odified b y  H e r t (1971), using bov ine  a lb u m in  as 
reference  s tan d a rd .

P ancrea tic  hom ogenate  w as a c tiv a te d  as follows: 0.3 m l h om ogenate  
(20-fold d ilu tion  w ith  saline); 0.2 m l en te ro k in ase  so lu tion  (2 m g/m l in  0.15 M 
N aC l, Sigm a); 1.0 m l 0.05 M, p H  5.6 c itra te  buffer.
T h e  m ix tu re  was in c u b a te d  a t  37 °C fo r 60 m in in  a w a te r b a th .
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D eterm ination o f  enzyme activities

Ribonucléase was d e te rm in ed  w ith  y e a s t R N A  (EG A -Chem ie) as su b 
s tra te  (M cD onald, 1955). Sm all m olecular m ass R N A  debris  was e lim in a ted  
b y  e thano l p rec ip ita tio n  o f th e  h igh  m olecular m ass frac tio n . D e te rm in a tio n  
o f amylase w as perform ed w ith  th e  P h ad eb as  A m ylase T e s t K it  (P h arm acia ). 
L ipase  was m easu red  w ith  oleic acid  b e ta -n a p h th y l e s te r  as su b s tra te  (Schon 
e t  al., 1961). T ryp tic  and  chym otryptic  ac tiv ities were fo llow ed b y  d irect spectro - 
p h o to m etric  read ing , w ith  benzoy l-L -arg in ine e th y l e s te r  (B A E E ) an d  ben- 
zoy l-L -ty rosine  e th y l este r (B T E E ) su b stra te s , re sp ec tiv e ly  (Schw ert an d  
T ak en ak a , 1955). T he values w ere co rrec ted  b y  3% , i f  th e  te m p e ra tu re  d iffered  
1 °C from  25 °C. T o ta l p ro teo ly tic  a c tiv ity  (“ azocaseinase” ) was m easu red  
in  0.1 M, p H  8.0 tris-H C l b u ffe r  in  th e  case of p a n c re a tic  hom ogenate  an d  
in te s tin a l co n ten ts  an d  in  0.1 M, p H  6.5 p h o sp h a te  b u ffe r in  th e  case o f ru m e n  
c o n te n t (B a in tn e r, 1981). A zocasein su b s tra te  w as p re p a re d  accord ing  to  
B ergm eyer (1970). C lotting  tim e , th e  recip rocal o f w hich  is ind ica tiv e  o f rennet 
a c tiv ity , was m easured  by  th e  c lo ttin g  of 1 m l com m ercial cow’s m ilk b y  5 pi 
abo m asa l ju ice  a t  40 °C.

T ry p sin  a n d  ch y m o try p sin  were expressed  in  enzym e pg, lipase, azo
caseinase an d  ribonucléase ac tiv itie s  in  tran sfo rm ed  s u b s tra te  per m in  an d  
am ylase  a c tiv ity  in  n k a ta l. A ctiv ities were re la ted  to  1 mg of pan crea tic  p ro 
te in , to  1 ml o f ru m en  liq u o r or to  1 g o f g a s tro in te s tin a l co n ten ts .

Other methods

A n OP-211 R adelk is (B u d ap est) p H  m ete r was u sed  for th e  d e te rm in a 
tio n  o f p H  an d  a S pek trom on  195 (MOM, B udapest) sp ec tro p h o to m e te r for 
p h o to m e try .

M ean an d  s ta n d a rd  d ev ia tio n  were ca lcu la ted  from  th e  d a ta . G roup m eans 
w ere com pared  b y  S tu d e n t’s t te s t.

R esults

D evelopm en ta l changes o f ru m en  p H , R N ase an d  azocaseinase are show n 
in  Fig. 1, live m ass, abom asal p H  an d  c lo ttin g  tim e  in  F ig . 2, pan crea tic  p ro 
te in , R N ase a n d  lipase in  F ig . 3, pan crea tic  am ylase, try p s in , ch y m o try p sin  
a n d  azocaseinase in  F ig . 4, in te s tin a l am ylase and  R N ase  in  F ig . 5 an d  in te s t i
n a l try p s in , ch y m o try p sin  an d  azocaseinase in  Fig. 6.

T ry p sin  an d  c h y m o try p sin  could  n o t be d e tec ted  in  th e  caecal co n ten ts  
o f  1-day-old an d  2-w eek-old lam b s an d  all caecal sam ples w ere free of th ese  
ac tiv itie s  th e re a fte r .
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F ig . 1. R um en  R N ase, azocaseinase  and  p H  ±  s ta n d a rd  dev ia tio n  (sfc : sign ifican t difference
a t  P  <  0.05)

I------- -----------,------------------------------------------------ ,_______
0 2 U 7 weeks

Fig. 2. L ive m ass, abom asal p H  an d  c lo ttin g  tim e ±  s ta n d a rd  dev ia tion
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Fig. 3. R N ase an d  lip ase  ac tiv ities a n d  p ro te in  c o n cen tra tio n  in  th e  p an creas ; s ta n d a rd  
dev ia tio n . S ign ifican t d ifferences: #  : P  <  0.05; : P  <  0.01

D iscussion

B o th  ewes an d  lam bs were h e a lth y  during  th e  w hole ex p erim en ta l period. 
S tillb irth s  did n o t occur. All newborn lam bs (designated  as one-day-old) h a d  
a lread y  suckled co lostrum  before k illed. The ru m en , sm all in te s tin e  and  caecum  
co n ta in ed  chym e o f m o stly  co lostral origin, b u t  th e  colon s till held  brow n 
m econium  (d iscarded). In  th is  age group , th e  ru m en  c o n te n ts  o f th ree  o u t of 
five  lam bs c lo tted  th e  m ilk  added  to  th e  sam ples in  vitro , in d ica tin g  a re flu x  
o f abom asal co n ten t du ring  th e  kill. T herefore, th e  ru m en  c o n ten ts  o f new born  
an im als were n o t u sed  fo r enzym e de te rm in a tio n s.

In  previous ex perim en ts tw o  so rts o f protease inhibitor  w ere found  in  th e  
a lim en ta ry  tr a c t  o f th e  new born  lam b : co lostral try p s in  in h ib ito r  (B ain tn er,
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F ig . 4. A c tiv ity  o f azocaseinase, try p s in , c h y m o try p s in  and  am ylase  in  th e  p an creas (re la ted  
to  m g p ro te in  ±  s ta n d a rd  d ev ia tion ). S ig n ifican t differences: Ж- : P  <  0.05; ^  : P  <  0.01

1976) an d  th e  p ro tease  in h ib ito r  fa c to r  o f th e  m econ ium  (B a in tn e r, 1980). 
T h e  la t te r  m ay  be secre ted  b y  th e  la rg e  in tes tin a l m ucosa. E w e’s co lostrum  
h as m uch  less try p s in  in h ib ito r  th a n  sow ’s co lostrum  an d  try p s in  gets dom in 
ance  over th e  in h ib ito r  in  th e  a lim e n ta ry  tra c t  soon a fte r  b ir th , u su a lly  still 
befo re  12 hours o f age (B a in tn e r, 1976). In  th e  p resen t ex p e rim en t, therefo re , 
we could  n o t d e tec t free try p s in  in h ib ito r  in  th e  sm all in te s tin e , a lth o u g h  
try p s in -b o u n d  in h ib ito r  could  rem a in  und e tec ted .

T he average live m ass show ed a slow  b u t s tead y  increase  (F ig . 2). W ith  
a d v an c in g  developm en ta l s ta te  th e  n a tu ra l  feed of th e  an im als changed  and  
th is  d irec tly  affected  th e  ru m en  c o n te n t. The rum en  co n ta in ed  on ly  co lostrum  
in  th e  new born  an im als, an d  p rog ressive ly  less m ilk an d  m ore roughage in  th e  
tw o -, four- and  seven-w eek-old ones. I n  th e  la tte r , o n ly  roughage could be 
fo u n d  in  th e  ru m en  co n te n t, a lth o u g h  th e  lam bs still suck led .
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F ig . 5. R N ase an d  am ylase  ac tiv ities  in  th e  in te s tin a l co n ten ts - r  s ta n d a rd  dev ia tion . Signi
f ic a n t d ifferences: #  P  <  0.05; ^  ^  : P  <  0.01

H ig h -q u a lity  a lfa lfa  h a y  w as fed  to  la c ta tin g  ewes a n d  grow ing lam bs 
a n d  m ed iu m -q u a lity  h a y  to  th e  non -p roduc ing  ad u lt an im als . T his difference 
m ig h t be reflec ted  in  h igher R N ase an d  azocaseinase a c tiv itie s  an d  lower p H  
in  th e  rum en  co n ten t o f 7-w eek-old lam bs th a n  in  th e  a d u lt  an im als (Fig. 1), 
in d ic a tin g  h igher m icrob ia l c o n cen tra tio n  an d  faste r fe rm e n ta tio n  in  th e  young .

Low b u t d e fin ite  R N a se  a c tiv ity  w as a lready  p re se n t in  th e  pancreas 
o f  th e  new born  lam bs (F ig. 3). O vine values surpassed  th o se  o f  th e  pig (B ain t- 
n e r an d  F ark as, 1989) a t  every  age.

Sim ilar S -shape tim e-courses w ere n o ted  in b o th  species: a m arked  in 
crease in  th e  early  p o s tn a ta l period , a s tag n a tio n  and  f in a lly  a n o th e r  elevation  
befo re  reaching  a d u lt values.

A ccording to  d a ta  pub lished  b y  B a rn a rd  (1969), ovine a d u lt  pancrea tic  
R N ase  a c tiv ity  is 13.5-fold h igher th a n  th a t  of th e  pig. B y  com paring  values 
from  th e  p resen t w ork  to  those  from  an  earlier s tu d y  p erfo rm ed  on pigs (B ain t- 
n e r  an d  F ark as, 1989), a 26-fold in terspecies difference w as fo u n d  betw een th e  
a d u lts , while only a 4-fold difference was dem onstrab le  b e tw een  th e  new born  
an im als. So th e  tim e-course of ovine p an crea tic  R N ase show s a m uch s teeper 
e lev a tio n  th a n  th a t  o f th e  pig.
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F ig . 6. T rypsin , c h y m o try p s in  and  azocaseinase activ ities in  th e  sm all in te s tin a l and  caecal 
c o n te n ts  i  s ta n d a rd  d e v ia tio n  ( ^ :  P  <c 0.05)

D evelopm ent o f pan c rea tic  R N ase  h a d  a sim ilar tim e-course  to  pan crea tic  
am y lase  and ch y m o try p s in . P an c rea tic  try p s in  an d  azocaseinase ac tiv ities 
also  show ed some s im ila rity . All these  ac tiv ities increased  sig n ifican tly  during  
th e  f irs t tw o weeks o f  life an d  show ed an  unexp lained , n o n -sig n ifican t decrease 
a t  7 weeks. The tim e-co u rse  of p an c rea tic  lipase, in te s tin a l enzym es and  o th e r 
p a ra m e te rs  m easured  in  th e  g as tro in te s tin a l tra c t c learly  d iffered  from  th a t  
o f  pancrea tic  R N ase.

Pancreatic and  sm a ll intestinal R N a se  ac tiv ities show ed d ifferen t tim e- 
-courses; th e  la t te r  h a d  a m ax im um  a t  4 w eeks, w hich co rresp o n d ed  to  a m in i
m u m  of sm all in te s tin a l p ro teo ly tic  a c tiv ity  (Fig. 6). W e conclude, therefo re , 
t h a t  decrease of sm all in te s tin a l R N ase a c tiv ity  a fte r 4 w eeks is th e  re su lt of 
p rogressive im p ro v em en t o f p ro te in  d igestion  in  older lam b s an d  in  th e  ad u lt.
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A sim ilar tim e-course o f sm all in te s tin a l R N ase a c tiv ity  w as found  in  th e  pig 
(B a in tn e r and  F a rk a s , 1989), b u t  w ith  a m ax im u m  a t  1 w eek.

Sm all in testina l an d  especially  caecal R N a se  (F ig . 5) h ad  h igh  a c tiv ity  
in  th e  new born. W e c a n n o t assess th e  co n tr ib u tio n  o f b ac te ria l R N ase in  th e  
sm all in testin e . R u m en  R N a se  (Fig. 1) a c tiv ity  m ig h t re flec t m icrobial g ro w th  
and  fe rm e n ta tio n  ra te  w ith  negligible co n tr ib u tio n  b y  p la n t R N ases. Im p ro v e 
m en t o f ru m en  fe rm e n ta tio n  decreases n u tr ie n t co n cen tra tio n  an d  b a c te ria l 
g row th  in  th e  caecum , w hich explains decreasing tend en c ies  o f caecal R N ase  
w ith  advanc ing  age (F ig . 5).

In  c o n tra s t to  p an c rea tic  an d  in te s tin a l p ro teases  o f th e  p ig  (B a in tn e r 
an d  F a rk as , 1989), ov ine sm all in te s tin a l try p s in :  chym otrypsin  ratio d id  n o t 
show  a ten d en cy  to  increase d u ring  deve lopm en t. In  th e  p ancreas th e  ra tio  
was inconsisten t.

In  ag reem ent w ith  ou r find ings, H u b e r e t al. (1961) found  sign ifican t 
e lev a tio n  of p an c rea tic  p ro teo ly tic  an d  am ylase ac tiv itie s  in  calves in  th e  f irs t 
week of life. H ow ever, th e y  found  th e  sam e e lev a tio n  fo r lipase, too , w hile we 
did  n o t. T im e-courses found  b y  W alker (19596) fo r ovine p an c rea tic  an d  sm all 
in te s tin a l p ro teo ly tic  ac tiv ities do n o t agree w ith  our d a ta .

Serum  R N ase  is n o t inc luded  in  th e  p re sen t p ap e r, because tu rb id ity  
th a t  developed in  th e  sam ples d u rin g  in cu b a tio n , re su lte d  in  erroneously  h igh  
R N ase  values. A bom asal acidic p ro teo ly tic  a c tiv ity  w as also o m itted  due to  a 
tech n ica l error.
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DETERMINATION OF GLYCOHAEMOGLOBIN LEVELS 
IN KETONURIC AND NON-KETONURIC COWS

(SH O R T  COM M UN ICATION)

L. B á r d o s  and K lára  O p p e l

D e p a rtm e n t of A nim al Physio logy a n d  H ygiene, U n iv ersity  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 eceived  O ctober 2, 1988)

G lycohaem oglobin  (G H b) w as e s tim a ted  in  haem o ly sa te  fro m  da iry  cows b y  
co lorim etric  (th io b a rb itu ric  acid  reac tio n ) and  ion-exchange (b a tc h  ch ro m ato g rap h ic) 
m eth o d s.

T he p e rcen tag e  of th e  n o n -en zy m atic  g lycosy la tion  o f re d  blood cell h aem o 
g lob in  depends on  th e  blood su g ar level. I n  consequence of th e  low  blood sugar level o f 
bov ines, bov ine G H b ex h ib its  a low er va lue  th a n  th a t  o f th e  o th e r  m am m als. G H b  
leve l was 2 .18%  (± 0 .7 3 )  an d  2 .3 9 %  (± 1 .0 3 )  in  k e to n u ric  a n d  non -k e to n u ric  cows, 
respec tive ly .

T he a u th o rs  suggest th a t  th e  low er G H b level of cows w ith  subclin ical k e to s is  
(k e to n u ria ) is a n  in d ica to r o f th e  an im als’ energy-defic ien t s ta tu s  in  th e  p rev ious 
weeks.

K eyw ords: H atch  ch ro m a to g rap h y , bovine g lycohaem oglobin , k e to n u ria , th io 
b a rb itu r ic  acid  reac tio n .

A ccord ing  to  its  e lu tion  b eh av io u r on a ca tion  exchange resin, a d u lt  
h u m a n  haem oglobin  (H bA ) can  he d iv ided  in to  su b frac tio n s. A few m inor 
fa s t  haem oglob in  frac tio n s (H b A la lb> lc ) ap p ear before th e  m ain  com ponen t 
(H b A 0). These fin d in g s were f irs t  re p o rte d  in  th e  la te  ’fifties b y  Allen e t  al. 
(1958). A ccording to  resu lts  o b ta in ed  la te r , an  e lec tro p h o re tica lly  less p ositive  
h aem og lob in  frac tio n  can  be d e tec ted  in  e levated  q u a n ti ty  in  d iabe tic  p a tie n ts  
(R a h b a r  e t al., 1969). O f th e  ch ro m ato g rap h ica lly  fa s t frac tio n s , H bA lo w as 
id e n tic a l w ith  th is  d iabetic  frac tio n . T he chem ical n a tu re  o f  th is  haem oglobin  
c o m p o n en t was e lu c id a ted  b y  s tru c tu ra l  analysis. I t  is a g lycopro te in  g lyco
h aem og lob in  (G H b) con ta in in g  a glucose m olecule on th e  N -te rm in a l o f th e  
b e ta -g lo b in  chain  (B u n n  e t al., 1975). B u n n  e t al. (1976) fo u n d  th a t  th e  g lycosy
la tio n  o f haem oglob in  tak es  p lace b y  n on-enzym atic  processes in  th e  m a tu re  
red  b lood  cells. T he p ercen tage  o f th is  p o s t- tran s la tio n a l g lycosy la tion  depends 
on th e  b lood  su g ar level (K oenig  a n d  Ceram i, 1975).

As th e  life sp an  of G H b is eq u a l w ith  th a t  o f th e  red  b lood cells, its  
d e te rm in a tio n  is a pow erfu l too l fo r re tro sp ec tiv e  ev a lu a tio n  o f th e  blood su g ar 
s ta tu s . F o r th is  reason , G H b m easu rem en t is in  th e  focus o f in te re s t o f h u m a n  
d iab e to lo g is ts . T h is explains w h y  d a ta  of th e  l ite ra tu re  p e r ta in  m o stly  to  
h u m an s. O nly few  rep o rts  are  av a ilab le  on no n -h u m an  species. These in v esti-
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g âtio n s have been  c o n d u c ted  on la b o ra to ry  (d iabetes-m odel) an im als (E noki 
e t a l., 1986; H iggins e t  a l., 1982; K oen ig  an d  C eram i, 1975; Y ia lettes e t al., 
1982; Y ue et al., 1982).

In  our opinion d e te rm in a tio n  o f th e  G H b  level can  be a va lu ab le  aid  in  
e v a lu a tin g  th e  ch ro n ic  energy  defic iency  (critica lly  low  b lood  sugar level) of 
cow s.

The studies w ere  perfo rm ed  on d a iry  (H o lste in -F riesian  an d  H u n g a rian  
F leck v ieh  X H o ls te in -F rie s ian  F ,)  cow s o f  d iffe ren t la rge  farm s. V enous 
b lood  sam ples w ere t a k e n  from  cows in to  heparin ized  tu b e s . T he urine  of th e  
cow s w as te s ted  w ith  so d iu m  n itro p ru ssid e  (N a2Fe(C N )3N O) for ke tone  bodies. 
T h e  cen trifuged  p a c k e d  cells were w ash ed  w ith  saline th re e  tim es, an d  su b 
seq u en tly  th e y  w ere haem olysed  w ith  a  d e te rg en t so lu tio n  (0.3 mM sodium  
dodecy l su lfate). G H b  dete rm in a tio n s w ere m ade from  th e  haem olysates 
e ith e r  b y  th e  m od ified  th io b a rb itu ric  acid  (TBA) m eth o d  w ith  te s t  k it (R eanal, 
B u d a p e s t, H u n g ary ) o r b y  cation  exchange b a tch  ch ro m a to g rap h y  on CM- 
-S ep h ad ex  A-50 (P h a rm a c ia , U ppsala , Sweden) (B árdos an d  O ppel, 1987).

T he results o b ta in e d  from  th e  bov ine  G H b m easu rem en ts are sum m arized 
in  T ab le  I. The level o f  bovine G H b is n e a r  to  2 .5%  o f th e  to ta l  haem oglobin . 
T h is is h a lf  of th e  h u m a n  value (4 .5 -6 .5 % ; M iedem a a n d  C asparie, 1984). 
T h e  life span  of red  b lo o d  cells of h u m an s is a ro u n d  120 day s ( W in trobe , 1953), 
a n d  th a t  of bovine R B C s is 135-162 d ay s (K aneko  a n d  C ornelius, 1971). The 
glucose exposure p e rio d  o f th e  red  b lood  cell haem oglob in  in  th ese  ru m in an ts  
is s im ila r to  th a t  in  h u m a n s . F o r th is  reason , th e  low er bov ine  G H b concen
tra t io n  can be ex p la in ed  b y  th e ir  low er b lood  sugar level.

Table I

G lycohaem oglobin co n te n t o f  red  blood cell haem oglobin  in k e tonuric  an d  non-ketonuric  cows1

Sodium nitroprusside 
te st of urine

Cows

positive negative

N o. o f cows 36 125
G H b , % x 2.18 2.39

± S D 0.73 1.03

'V a lu e s  ob tained  b y  T B A  and b a tch  chrom atograph ic  m ethods, respectively

In  ca ttle , th e  physio log ica l blood su g a r level is o n e -th ird  (1 .6-3.3 mmol/1) 
o f t h a t  m easured in  o th e r  m am m als (R ic h te r  and  W ern er, 1963; B ergm an, 
1977) This is a ph y lo g én ie  p ro p e rty  o rig in a tin g  from  c a rb o h y d ra te  fe rm en ta 
tio n  in  th e ir  ru m en . F o r  th is  reason, w hen  th e  g luconeogenetic p a th w ay s 
p ro d u c in g  hlood su g a r  are  h indered , th e  q u a n tity  o f k e to n e  bodies will in 
crease  easily. This re su lts  in  a ke to -ac ido tic  s ta tu s , th e  so-called ketosis (B erg
m a n , 1977). K e to tic  an im als  lose th e ir  a p p e tite  an d  th e ir  m ilk  p ro duc tion
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decreases. K e to n u ria  is an  in d ic a to r  o f in tensive  k e to n e  bo d y  p ro d u c tio n . 
This cond ition  occurs if  th e  easily  oxidizable blood su g ar is n o t su ffic ien t for 
energy  p ro d u c tio n  requ ired  for th e  m etabolism . O u r re su lts  show  th a t  ke to n - 
u ric  cows have  a low er G H b  level th a n  n o n -k e to n u ric  ones. In  sp ite  o f th e  
lack  of p rev ious b lood  su g ar m easu rem en t, th is  low er G H b  level in d ica tes  
th a t  th e  b lood  su g ar level of th e se  cows w as low in  th e  la s t  tw o  m o n th s.
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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  accep ted  on th e  b asis o f sc ien tific  significance a n d  su itab ility  for p u b li
ca 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 c ce p tan c e  depends o n  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 r ia l B oard . P a p e rs  accep ted  for p u b lica tio n  are  s u b je c t  to  ed ito ria l rev is ion .

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  an d  concisely  w ritten . T h e y  
sh o u ld  be ty p e d  d o u b le  spaced w ith  w id e  m argins. T w o  copies o f th e  m a n u sc r ip t shou ld  b e  
su b m itte d .

F O R M  O F M A N U S C R IP T

T itle . T he t i t le  sh o u ld  be a clear a n d  concise s ta te m e n t  o f th e  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  title  of n o t  m ore  th a n  40 le t te r s  should  a lso b e  supplied . T h is is 
fo llow ed b y  th e  a u th o r s ’ in itia ls  (full f i r s t  nam e of w o m 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  w as done. T h e  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 bstract. T h is  sh o u ld  n o t exceed 200 words a n d  sh o u ld  o u tline  b r ie f ly  th e  purpose o f  th e  
s tu d y  a n d  de ta il im p o r ta n t  findings a n d  th e  au th o rs’ p r in c ip a l conclusions. R e d u n d a n t p h ra se s , 
g en era lly  know n in fo rm a tio n  and  re p e tit io n  should h e  av o id ed .

In tro d u ctio n . T h is  p a r t  should s ta te  b riefly  th e  n a tu r e  an d  p u rpose  o f  th e  w ork a n d  c ite  
re ce n t im p o r ta n t w o rk  b y  o thers.

M aterials a n d  m eth o d s. 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 p ro c e 
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  a llow  o th e r  au th o rs  to  rep ro d u ce  th e  re su lts .  
T h is p a r t  m ay  h a v e  su bhead ings.

R esu lts . T h e  ex p e rim e n ta l d a ta  sho u ld  he p re se n te d  clearly  a n d  concisely. A void  r e 
p e a tin g  in fo rm a tio n  p re se n te d  in  tab 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 e x p erim en ta l find ings. Do n o t  
re p e a t  l ite ra ry  d a ta  p re se n te d  in  th e  In tro d u c tio n  o r in fo rm a tio n  given in  R esu lts . R eferences 
sh o u ld  b e  c ited  as fo llow s: e.g. . . .  as o b se rv ed  b y  F a i th  a n d  T ru m p  (1976); o r in  pa ren th eses : 
. . w ere found  (S ta r r  e t  ah , 1978; M anson  an d  S ta rr , 1979).

A cknow ledgem ent o f  g ran ts a n d  techn ica l he lp .

R eferences. C ite  o n ly  essential references. T h ey  sh o u ld  be a rran g ed  in  a lp h ab etica l o rd e r  
o f  th e  a u th o rs’ su rn a m es , w ith o u t se ria l num bers . T h e  reference  lis t a t  th e  en d  of th e  p a p e r  
sh o u ld  contain

— fo r jo u rn a ls : n a m e s  an d  in itia ls  o f a ll au th o rs , y e a r  o f  pu b lica tio n  (in  pa ren th eses), co lo n , 
E ng lish  t it le  o f  th e  pap er (if th e  orig inal t i t le  is n o t  English , in d ic a te  in  pa ren th eses , 
e.g . [in F re n c h ]) , jo u rn a l title  a b b re v ia te d  acco rd in g  to  th e  sty le  u se d  in  In d ex  V e te ri-  
n a riu s , vo lu m e n u m b e r, issue n u m b e r  in  p a ren th ese s , f i r s t  an d  la s t  pages;

— fo r  books: n a m e s  a n d  in itials 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 e r, 
p lace  of p u b lic a tio n , page n u m b e r.

Tables. T h ey  sh o u ld  he ty p ed  o n  sep ara te  sh e e ts  a n d  have  a concise  head ing  e ac h . 
T ab les  a re  to  be n u m b e re d  sequentially  b y  R om an n u m b ers .

F igures. 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  c lea r line  draw ings in  
In d ia n  in k  are a ccep ted . T h e  num ber o f  th e  figure, th e  a u th o r ’s nam e a n d  th e  to p  of th e  f ig u re  
sho u ld  be  in d ica ted  l ig h t ly  in  soft pencil o n  th e  b ack . T h e  figu res are to  b e  n u m b ered  seq u en 
tia lly  b y  A rabic n u m b e rs . Captions sh o u ld  he p ro v id ed  o n  a  sep ara te  sh ee t. A ll figures sh o u ld  
be  re fe rred  to  in  th e  t e x t  a n d  th e ir ap p ro x im a te  p lace in d ic a te d  on th e  m arg in .

A bbreviations a n d  sym bols. Q u a n titie s  should be  ex p ressed  in  S I u n its .  All a b b rev ia tio n s  
shou ld  be  spelled o u t  w h e n  f irs t  used in  th e  tex t. P lease id e n tify  u n usual sy m b o ls in  th e  m arg in .

Proofs and re p rin ts . Two sets o f  proofs w ill be  p ro v id ed , w hich  a re  req u ested  to  h e  
re tu rn e d  w ith in  48 h o u rs  o f  receip t to  th e  E d ito r. A lte ra tio n s  in  th e  te x t  a n d  especially in  th e  
illu s tra tio n s  are e x p en s iv e  an d  should be  avo ided . One h u n d re d  rep rin ts  o f eac h  p ap er are su p 
p lied  free  o f charge. A d d itio n a l re p rin ts  can  be ordered  a t  co s t price a t  th e  tim e  th e  page p ro o f 
is re tu rn e d .
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VARIABILITY OF TOOTH ERUPTION IN CATTLE

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

A rchaeological In s t i tu te  o f th e  H u n garian  A c a d e m y  o f Sciences, H-1250 B u d ap es t, U ri u . 49,
H u n g a ry

(R eceived M a rch  20, 1989)

A bsolu te  an d  re la tiv e  ages o f in c iso r  an d  canine e ru p tio n  w ere reco rded  in  152 
H o lste in -F riesian  a n d  154 Lim ousine X H u n g a r ia n  F leckvieh  cows k e p t  u n d e r  co m m er
cia l c ircum stances. W hile  significant d iffe ren ce  w as found  only betw een  th e  em ergence 
o f th e  f irs t  incisor re la tiv e  to  th e  can in e , a  b ro a d er com parison  of several b reed s as 
p u b lish ed  by  a v a r ie ty  o f au thors p u t  th e  fin d in g s  w ith in  th e  r ig h t con tex t. R esu lts  o f a 
d isc rim in an t analysis suggested th a t  th e  ab so lu te  ages o f to o th  e ru p tio n  are  h eav ily  
in flu en ced  b y  th e  en v iro n m en t. T y p o lo g ica l inferences m ay  be m ade s tu d y in g  to o th  
e ru p tio n  ages re la tiv e  to  each other. I n  archaeozoo logy , aging based  on m o d ern  to o th -  
w ear analogies m ay  be  b iased  by  these  tw o  in sep arab le  effects.

K eyw ords: C a ttle  aging, to o th  e ru p tio n , m a tu ra tio n  types, d isc rim in an t analysis

O b serv a tio n  o f to o th  erup tion  a n d  to o th w e a r  in  various dom estic  an im als 
has b een  o f  in te re s t since classical t im e s . C om m ercial c a ttle  b reed ing  an d  beef 
in d u s try , how ever, developed  m ore b u sin ess-o rien ted  system s for e v a lu a tin g  
o p tim a l stages for m an ip u la tin g  th e  liv e s  o f an im als from  w ean ing  u n til  
s lau g h te r. B o th  tra d it io n a l  aging b a se d  on  d en ta l developm ent a n d  m odern  
rea rin g  technologies u sin g  w eight d a ta  focus on biological age.

T h e  com parison  o f  th e  tw o m e th o d s  o f  aging using abso lu te  age as a  com 
m on d en o m in a to r is n o t  to ta lly  effec tiv e  w hen  only to o th  e ru p tio n  d a ta  are  
av a ilab le  because p e rm a n e n t te e th  u s u a lly  ap p ea r in  th e  o ra l c a v ity  w h en  th e  
f irs t , m o st dynam ic in crease  of liv ew e ig h t has a lie ad y  ended. T h u s, overall 
q u a n ti ta t iv e  grow th  d a ta  are  no t easily  co n v e rtab le  in to  to o th  e ru p tio n  p a t 
te rn s .

T h e  aim  o f th is  p a p e r  is to  iso la te  c h a rac te ris tic s  o f g row th  in te n s i ty  in  
tw o  b reed s o f d ifferen t pu rpose  on th e  b a s is  o f b o th  m ethodologies.

A lth o u g h  th is  a r tic le  is p a r t o f  a  w id e r on togenetic  s tu d y  concern ing  
c a ttle , re su lts  discussed here  m ay be  o f  p a r tic u la r  in te re s t in  archaeozoology , 
w here  q u ite  o ften  th e  o n ly  evidence a v a ila b le  for reco n stru c tin g  k ill-off p a tte rn s  
is th e  analy sis  of to o th w e a r  in  th e  fa u n a l m a te ria l. This w ork , how ever, is v e ry  
m u ch  d ep en d en t on m o d e rn  analogies a s  is show n b y  tendencies o f th e  m ost 
p rogressive  research  in  th is  top ic  (e.g. P a y n e , 1973).

T o o th w ear itse lf  is a resu lt o f a v e r y  com plex process invo lv in g  b o th  
en v iro n m e n ta l and  genetic  factors. T o o th  e ru p tio n  is o f basic  im p o rta n c e  as i t

1* Acta Veterinaria Hungarica 37 , 1989 
Akadémiai K iadó , Budapest



304 BARTOSIEWICZ

F ig . 1. The effects o f  gen o ty p e  (d ashed  lines) an d  e n v iro n m en t (con tinuous lines) on  t o o th
eru p tio n  an d  to o th w ea r resp ec tiv e ly

rep resen ts  th e  beginning  of to o th w e a r an d  m a y  in te ra c t in  m an y  w ays in f lu e n c 
in g  even re la tiv e  ag in g  carried  o u t b y  to o th w e a r  analysis. T hese in te r-c o n n e c 
tio n s  are show n in  F ig . 1. This is th e  p o in t a t  w h ich  th e  conclusions of th is  p a p e r  
m a y  co n tr ib u te  to  th e  general know ledge o f  ag ing  based  on d a ta  derived  f ro m  
th e  condition  o f  th e  d en ta l sy stem .

H ypothesis an d  te s t im plications

The d a ta  o f  th is  s tu d y  w ere used  to  te s t  w ith in  species v a r ia b ili ty  o f  
to o th  erup tion . A sid e  from  th e  tw o  b reeds co m p ared  here , th e  resu lts  w ere a lso  
an a ly zed  ag a in s t a b ack g ro u n d  o f a la rge  series o f d a ta  from  th e  l i te ra tu re  to  
t e s t  th e  follow ing prob lem s:

1. How g e n e ra l g row th  a n d  d ev e lo p m en t ch a rac te ris tic s  are  re f le c te d  
in  th e  age o f e ru p tio n  for th e  te e th  s tu d ie d  ( te s ted  b y  th e  co n sid e ra tio n  o f  
livew eigh t g ro w th  d a ta  and  in te r-b re e d  com p ariso n  using  u n iv a ria te  s ta tis t ic s ) .

2. Are th e re  s ta tis tic a lly  sep arab le  m a tu r i ty  groups to  be d is tin g u ish ed  
(including  th e  tw o  b reeds u n d er s tu d y  here) w hich  correspond  to  th e  p ra c tic a l

Acta Veterinaria Hungarica 37, 1989
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c la ss ifica tio n  of H ab erm eh l (1961), t e s te d  b y  a stepw ise d isc rim in an t analysis 
(J e n n r ic h  an d  Sam pson, 1977).

T h e  te s t  im p lica tio n  fo r th e  a p p lie d  ca lcu la tions was a p ^  0.05 level o f 
s ign ificance  for d ifferences betw een  m e a n  values.

M aterials a n d  m ethods

T h is  s tu d y  is b ased  on  th e  to o th  e ru p tio n  p a tte rn s  of 152 cows s tu d ie d  a t 
th e  E x p e rim e n ta l F a rm  o f th e  H u n g a ria n  A cadem y o f Sciences, M arto n v ásá r, 
an d  154 cows from  th e  “ Táncsics”  A g ric u ltu ra l C o-opera tive , M ezőhék. 
T h e  f i r s t  group consisted  o f  H o ls te in -F ries ian  d a iry  c a ttle , w hile  th e  second 
in c lu d ed  ind iv iduals fro m  th e  firs t g e n e ra tio n  o f th e  beef-o rien ted  crossing of 
d u a l-p u rp o se  H u n g arian  F leckvieh  an d  L im ousine  c a ttle . As fa r  as th is  sam ple 
w as concerned , only fem ale  ca ttle  w ere u se d . U n fo rtu n a te ly , th e  h e te ro g en e ity  
o f  d a ta  d eriv ed  from  th e  li te ra tu re  also d id  n o t p rov ide a basis fo r te s t in g  sexual 
d im o rp h ism  (H aberm eh l, 1961; B row n e t  a l., 1960; Schm id, 1972; H o rn , 1976) 
p o te n tia lly  m anifested  in  to o th  e ru p tio n . I n  th is  resp ec t one has to  re ly  on th e  
conclusion  of Brow n e t  al. (1960) w ho fo u n d  no consisten t d ifferences in  th e  
ch ro n o lo g y  of to o th  deve lopm en t b e tw e e n  cows an d  bulls u sing  a sam ple  of 
869 an im als .

“ A n te rio r te e th ”  (G raham  and  P r ic e , 1982) of c a ttle  p ro v id e d  th e  m ain  
focus o f  th is  analysis.

T h e  den ta l fo rm u la  fo r p e rm a n e n t te e th  in  c a ttle  is as follow s:

0033

3133

T h e  six  incisors o f  c a tt le  ap p ear o n ly  in  th e  m and ib le  an d  fo rm  a con
tin u o u s  row  w ith  th e  can ine  w hich is o f te n  considered  th e  “ fo u r th ”  incisor. 
T h is to o th  in  ca ttle , how ever, is a t r u e  can in e  w hich since th e  O ligocène has 
c h an g ed  its  form  and  becam e  aligned b e s id e  th e  th ird  incisor (L oom is, 1925).

In  th e  tw o p o p u la tio n s , e rup tion  o f  t h e  th re e  left incisors a n d  can in e  w ere 
re c o rd e d  during  overall m easu rem en t w o rk . A lthough  th e  tim e  o f e ru p tio n  
m a y  b e  d ifferen t for th e  tw o  sides, d ev e lo p m en ta l processes occur alm ost 
s im u ltan eo u sly  for each  o f  a  pa ir of in c iso rs  so th a t  th e y  m ay  b e  tr e a te d  as 
id e n tic a l ones (Brow n e t  a l., 1960; M u rp h y , 1981).

T h e  tim e  of e ru p tio n  fo r p rem olars a n d  m olars in to  th e  o ra l c a v ity  is also 
o f in te re s t ,  b u t th e  a c c u ra te  in  vivo s tu d y  o f th ese  te e th  p ro v ed  d ifficu lt i.e. 
seem ed  to  be  a g rea t source  of bias. T h is  p ro b lem  th erefo re  is b ey o n d  th e  focus 
o f  th is  p ap e r.

I n  ad d itio n  to  th e  ages w hen to o th  e ru p tio n  was f irs t o b serv ed  (recorded  
in  d ay s a n d  m onths respec tive ly ), th e  occu rrence  o f each inc iso r re la tiv e  to

Acta Veterinaria Hungarica 37, 1989



306 BARTOSIEWICZ

th e  tim e  of can ine  e ru p tio n  was ca lcu la ted . T his re su lte d  in  percen tages show ing  
th e  to o th ’s p o s itio n  w ith in  th e  t im e  in te rv a l b e tw een  b ir th  an d  th e  en d  o f  
te e th in g  in  th e  o ra l p a r t  o f th e  m and ib le .

The use o f  su c h  ra tio  values h as  been  c ritic ized  fo r p o ten tia l d is to r tio n s  
d u e  to  d ifferences betw een  th e  coefficien ts o f  v a r ia tio n  ca lcu la ted  fo r th e  
n u m e ra to r  an d  d en o m in a to r (A tch ley  e t al., 1976). I n  fac t, such  differences 
m a y  be observed  in  T ab le  I :  s ta n d a rd  dev ia tio n s re la tiv e  to  m ean  values i n 
crease  co n sis ten tly  w ith  age as is show n b y  th e  coeffic ien ts  o f v a ria tio n  e x p re s 
sed  in  percen tages. Since, how ever, co rre la tions m o st sensitive  to  such  b ias w ere  
n o t  stu d ied  in  th is  p a p e r, th e  in fo rm a tiv e  v a lu e  o f  su ch  com posite  d e sc rip to rs  
seem ed to  d o m in a te  over th e ir  d isad v an tag es .

R esults

T able I  show s th e  com parison  b e tw een  to o th  e ru p tio n  p a tte rn s  o f th e  
tw o  groups o f c a t t le  u n d er discussion. As show n b y  th e  resu lts , no s ig n if ic a n t 
d ifferences o ccu rred  betw een  th e  tw o  breeds in  te rm s  o f th e  abso lu te  ages o f  
to o th  erup tion . T h e  p ro b ab ility  o f  co inc id en ta l d ifferences in  th e  case o f th e s e  
v a riab les  is s lig h tly  b eyond  th e  lim it se t in  th e  te s t  im p lica tions. T he lack  o f  
sign ifican t d ifferences, how ever, pe rfec tly  co rresp o n d s to  observations b y  
T u llo h  (1962), w ho reco rded  th e  tim e  o f e ru p tio n  fo r th e  f irs t  p a ir  o f p e rm a n e n t

Table I

In c iso r and canine e ru p tio n  in  two b reeds fro m  H u n g a ry

Absolute age (days) Relative age (%)

Incisor 1 Incisor 2 Incisor 3 Canine
Incisor 1 Incisor 2 Incisor 3

Canine

H olste in -F riesian

n 48 25 43 36 35 25 35

X (day) 674 982 1174 1336 50.4 73.5 87.9

sd (day) 15.2 23.4 151.2 212.3 2.1 2.3 8.4

c v  (% ) 2.2 2.4 12.9 15.9 4.1 3.1 9.6

L im ousine X H u n g a rian  
Fleckvieh

n 36 41 39 38 36 38 38

X (day) 686 970 1104 1223 56.1 79.3 90.3

sd  (day) 11.1 24.1 142.0 207.1 1.9 2.4 8.4

cv  (% ) 1.6 2.5 12.9 16.9 3.5 3.1 9.4

d f 82 64 80 71 69 61 71

t - te s t ,  P — — — — 0.05 — —
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inc iso rs in  36 beef s tee rs  (S h o rth o rn , H erefo rd  an d  A berdeen  A ngus resp ec
tiv e ly ) . T he e ru p tio n  o f  th e  firs t in c iso r in  th e  o ra l c a v ity  occurs s lig h tly  earlie r 
in  H o lste in -F riesian s, a lth o u g h  th is  b re e d  show s g rea te r s ta n d a rd  dev ia tions 
th a n  th e  o th e r an d  th e  b ee f breeds s tu d ie d  b y  T u lloh  (1962). T h e  e ru p tio n  o f 
th e  second  incisor follow s p rac tica lly  s im u ltan eo u sly  in  th e  tw o  g roups, w hile 
d u rin g  th e  rest o f o n to g en y  th e  th ird  in c iso r an d  can ine occur so m ew h at ea rlie r 
in  H u n g a ria n  F leckv ieh  an d  L im ousine crosses. T his la t te r  p h en o m en o n  m ay  be 
due to  th e  fac t th a t  b e e f  ca ttle  are se lec ted  for especially  in ten s iv e  d eve lopm en t 
a n d  m a y  also be in flu en ced  by  p ossib le  heterosis in  th e  Fj  ̂ g en e ra tio n  u n d e r 
s tu d y  here.

T h e  inclusion o f  p ercen tu a l to o th  e ru p tio n  d a ta  p ro v id ed  m ore  m ark ed  
d ifferences. The f irs t a n d  second inc iso rs  e ru p t la te r  in  re la tiv e  te rm s  in  th e  beef 
crosses. T he basic p a t te rn ,  how ever, is  th a t  o f convergence b e tw een  th e  tw o  
b reed s w ith  th e  ad v an cem en t of o n to g e n y .

W hile  ra tio  v a lu es  are  usually  p e rce iv ed  as being less in flu en ced  b y  en 
v iro n m e n ta l effects, m a rk ed  d ifferences b e tw een  th e  early  re a r in g  o f th e se  
d a iry  a n d  beef c a ttle  u n d e r th e  c ircu m stan ces  of m odern , specialized  fa rm ing  
m u st b e  po in ted  ou t here . I t  is possib le  t h a t  ran g ed  beef heifers c a tc h  up  la te r  
w ith  H o lste in  calves b ro u g h t up  in  a  m ore con tro lled  en v iro n m en t. Conse
q u e n tly , w hile d ifferences in  to o th  e ru p tio n  f i t  th e  general n o tio n  th a t  b eef 
calves selected  for a co m p arab ly  sm a lle r  b ir th  w eight grow  m o re  dy n am ica lly , 
th e  phenom enon  o bserved  in  th e  re la tiv e  tim in g  of incisor e ru p tio n  m ay , 
to  som e ex ten t, exem plify  co m p en sa tio n a l g row th , evening  o u t en v iro n m en ta l

T ab le  I I

Changes in  th e  livew eigh t o f heifers

Age (day)
Growth stages

1 2 3 4
0-120 121-240 241-380 381 or more

H olste in-F riesian

n 22 16 17 27

x  (kg) 56.0 160.0 298.4 409.9

sd (kg) 40.9 24.3 74.1 70.6

cv (% ) 73.0 15.2 24.8 17.2

L im ousine X H u n g arian  
F leckvieh

n 37 19 17 21

X (kg) 56.7 181.6 291.3 452.6

sd  (kg) 30.7 29.3 36.6 96.0

cv  (% ) 54.1 16.2 12.6 21.2

d f 57 33 32 46
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differences th ro u g h o u t ea rly  on togeny  (W incheste r e t a l., 1957). T his phen o m e
n o n , how ever, cou ld  o n ly  be ex ac tly  observed  in  a p lan n ed , large-scale ex p eri
m e n t, ra th e r  th a n  u s in g  a random  sam ple  o f an im als.

In  T able  I I  one  m a y  observe sim ilar ten d en c ies  in  th e  early  p o s tn a ta l  
o n to g en y  of fem ale ca lves an d  young  heifers. A lth o u g h  due to  th e  sm all n u m b er 
o f  cases th e  m a jo rity  o f  th e  differences are  n o t s ig n ifican t, it  is w o rth y  of n o te  
t h a t  a f te r  a sim ilar beg inn ing , H o lste in -F riesian  calves show  a less dynam ic  
b u t  s te a d y  g row th  in  th e  four d ev e lo p m en ta l stages se p a ra te d  on th e  basis o f  
g ro w th  curves a n a ly sed  d u ring  prev ious re search  (G ere an d  B artosiew icz, 1979). 
T hese  groups differ f ro m  tho se  in  T ab le  I  due to  overlaps in  to o th  e ru p tio n . 
S ta n d a rd  dev ia tions in  T ab le  I I  are  re la tiv e ly  la rg e  because  of th e  long tim e  
in te rv a ls  rep resen ted  b y  th e  age groups. I n  sp ite  o f  th is , a som ew hat sm aller 
v a r ia b ili ty  of liv ew eig h t is observable  in  th e  case o f th e  b eef ty p e  H u n g a rian  
F leck v ieh  X L im ousine cross calves. T h is te n d e n c y  is, how ever, n o t as u n a m 
biguous as in  th e  case o f  th e  coefficien ts of v a r ia tio n  o f  incisor (and  canine) 
e ru p tio n .

F inally  th e  re su lts  concerning th e  ch rono logy  o f to o th  e ru p tio n  are  
s tu d ie d  in  a w ider, in tra sp ec ific  c o n te x t. A lth o u g h  d a ta  ob ta in ed  from  th e  
l i te ra tu re  were n o t a lw ay s pub lished  w ith  s ta tis tic a l de ta ils , i t  seem ed reaso n 
ab le  to  ou tline a fra m e w o rk  for th e  above p resen ted  d a ta  using  a t least m ean  
va lues. In  th is  w ay  a r ic h  lis t of breeds (or in  som e cases form s of breeds) could

Table II I

T o o th  e ru p tio n  d a ta  for early  m atu rin g  c a tt le  (in  m onths)

h I, b C Breed Source

14.0 17.0 22.0 32.0 “ early  m a tu rin g ” Schum er in  H aberm ehl, 1961

17.0 22.0 32.0 36.0 “ early  m a tu rin g ” Z ie tschm ann  e t al., 1943

17.0 22.0 32.0 36.0 “ early  m a tu rin g ” E llenberger and  B aum , 1908

18.0 23.0 31.5 40.0 R ed P ied  L ow land Schw enken, 1955

18.0 27.0 36.0 45.0 B lack P ied  Low land H ab erm eh l, 1961

18.0 30.0 33.0 42.0 general K room  in  H aberm ehl, 1961

18.0 30.0 42.0 54.0 general Schönberg , 1928

19.5 21.5 31.0 40.0 general S ilver, 1963

19.5 28.5 34.5 43.5 Yellow F ran k ish Schaper, 1927

20.0 26.0 33.0 42.0 S im m enthal H aberm eh l, 1961

20.0 26.0 36.0 46.0 general Schm id, 1972

20.0 28.0 37.0 44.0 B lack P ied  Low land 
(in tensive)

M anns, 1924

21.0 27.0 36.0 42.0 B lack P ied  Low land S ch lü ter, 1923

21.0 27.0 36.0 45.0 “ m edium  m atu rin g ” Z ie tschm ann e t al., 1943

21.0 27.0 36.0 45.0 “ m edium  m atu rin g ” E llenberger and B aum , 1908
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b e  com piled, offering  an  o p p o rtu n ity  fo r a m ore global e v a lu a tio n  of th e  p re 
v io u sly  stud ied  tw o groups. The m a jo r i ty  o f d a ta  is fo rm ed  b y  la rg e ly  tra d i t io n 
al b reeds of local im p o rtan ce  fro m  th e  te r r i to ry  o f G e rm a n y  an d  P o lan d  
reco rd ed  during th e  h e y d a y  of such o don to log ica l stud ies b e tw een  th e  tw o w orld  
w ars  an d  sum m arized  b y  H ab erm eh l (1961). In  a d d itio n  to  th e se  and  d a ta  of 
T a b le  I ,  some m o d ern  breeds w ere also  inc luded  (Tables I I I ,  IV  and  V).

In  arrang ing  th e se  d a ta , H a b e rm e h l’s classification  m odel was app lied  
w ith  som e s im p lifica tion : th e  d a ta  w ere  d istingu ished  as com ing  from  early

T ab le  IV

T o o th  e ru p tio n  da ta  for m ed iu m  m atu rin g  ca ttle  (in  m o n th s)

L I, I, c Breed Source

21.0 29.0 37.0 46.0 A llgau B row n G attin g er, 1927
21.0 32.0 36.0 48.0 genera l H orn , 1976
21.5 27.5 33.5 38.5 S h o rth o rn K ohnke, 1923
21.5 30.2 35.7 43.5 H o ls te in  F riesian B row n e t a l., 1960
22.0 28.0 36.0 45.0 P in zg au  (“ la te ” ) G attin g er, 1927
22.0 30.0 36.0 45.0 com m ercial cross Miller in  S ilver, 1963
22.0 30.0 39.0 48.0 Y ogelsberger G attin g er, 1927
22.0 30.0 39.0 48.0 A llgau b row n G attin g er, 1927
22.0 31.0 40.0 48.0 B row n ca ttle H aberm eh l, 1961
22.1 32.2 38.5 43.8 H o lste in -F riesian B artosiew icz
22.6 27.5 34.5 42.7 general A ndrew s, 1974
22.5 30.0 39.0 45.0 M aas-R hein-Y ssel 

R ed  P ie d  Lowland
P lank , 1922

22.5 31.8 36.2 40.1 L im ousine and H u n 
g a ria n  F leckvieh 
cross

B artosiew icz

23.0 28.0 36.0 43.0 B lack  P ie d  Low land H eld t, 1922
23.0 29.0 38.0 45.0 H in te rw a ld er H aberm eh l, 1961
23.0 31.0 39.0 48.0 S im m en th a l G a ttin g er, 1927
23.0 33.0 42.0 57.0 ra n ch  c a tt le Miller in  S ilver 1963
23.1 31.0 34.8 41.0 H erefo rd B row n e t al. 1960
23.5 29.0 35.5 44.5 A ngler ( “ m edium ” ) K ohnke, 1923
23.6 30.0 35.0 42.0 G uernsey Brown e t ah , 1960
24.0 28.5 36.5 49.0 Schlesw ig H olstein  

R ed  P ie d  Low land
H aberm eh l, 1961

24.0 30.0 36.0 41.0 A b erd een  Angus Brown e t a l., 1960
24.0 30.0 38.0 45.0 H arz  c a t t le Schaper, 1927
24.0 30.0 38.0 48.0 P in zg au W inkelm ann , 1948
24.0 30.0 42.0 48.0 F leckv ieh  (“ m edium ” ) H aberm ehl, 1961
24.0 32.0 40.0 49.6 m ean  o f five  breeds G raham  an d  P rice , 1982
24.0 33.0 39.0 50.0 B row n Swiss Glauss, 1932
24.0 33.5 40.5 50.5 B lack  P ied  Lowland M anns, 1924
24.0 36.0 48.0 55.0 M iddle G erm an H aberm ehl, 1961
25.0 31.0 40.0 47.0 F ra n k ish Schaper, 1927
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m atu rin g , m ed ium  a n d  la te  m a tu rin g  g roups based  o n  th e  averages o f th e  
m ax im u m  an d  m in im u m  v alues reco rd ed  for each g ro u p . In  o rder to  te s t  
som e possible d ev ia tio n s  from  H ab e rm e h l’s c lassifica tion  an d  locate  th e  tw o 
b reed s discussed in  th is  s tu d y  a stepw ise d isc rim in an t an a ly sis  w as perform ed.

Table V

T o o th  e ru p tio n  d a ta  for la te  m a tu rin g  ca ttle  (in  m o n th s)

h I. h c Breed Source

25.0 32.0 40.0 52.0 “ la te  m a tu r in g ” Z ie tsch m an n  e t al., 1943

25.0 32.0 40.0 52.0 “ la te  m a tu r in g ” E llenberger and B aum , 1908

25.0 32.0 41.0 51.0 H arz  ca ttle  (extensive) Schaper, 1927

25.0 33.0 40.0 42.0 “ la te  m a tu r in g ” Schum m er in  H aberm ehl, 1961

25.5 33.0 42.0 49.0 R hine ca ttle  
(“ m ed ium ” )

H ab erm eh l, 1961

26.0 32.0 40.0 46.0 W eser m arsh  cattle F ran k sen , 1941

26.0 32.0 42.0 48.0 B lack P ied  L ow land H ab erm eh l, 1961

28.0 35.5 43.0 51.5 B lack P ied  E a s t 
F riesian

V ogelsang, 1948

29.5 35.0 46.5 57.0 B lack P ied  Low land 
(extensive)

M anns, 1924

31.2 44.0 59.6 65.9 H ooghly zebu O bend’ha l, 1981

50.3 66.7 75.2 88.0 P u ru lia  zebu O bend’h a l, 1981

Table VI

Incisor and  can ine e ru p tio n  in  th ree  m a tu ra tio n  groups of c a tt le  (H aberm eh l’s criteria)

Absolute age (months) Relative age (%)

Incisor 1 Incisor 2 Incisor 3 Canine
Incisor 1 Incisor 2 Incisor 3

Canine

E arly  m aturing  n  =  15

X 18.6 25.6 34.4 42.9 44.1 60.1 80.2

sd 1.9 3.7 4.6 5.8 4.9 4.8 4.9

cv (% ) 9.9 14.3 13.5 13.5 11.0 7.9 6.1

M edium  m atu rin g  n  =  30

X 22.8 30.5 37.8 46.1 49.9 66.4 82.3

sd 1.0 1.9 3.0 4.2 4.5 4.9 4.3

cv (% ) 4.5 6.5 7.9 9.1 9.1 7.4 5.2

L a te  m aturing  n  =  11

X 28.8 37.0 46.3 54.8 52.6 67.4 84.6

sd 7.4 10.5 11.1 12.6 4.1 5.8 5.6

cv (% ) 25.8 28.5 24.0 23.0 7.9 8.6 6.6
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T ab le  V I sum m arizes th e  m ean  v alues, s ta n d a rd  d ev ia tio n s, an d  coeffi
c ien ts  o f v a ria tio n  fo r  th e  th re e  g ro u p s (H o lste in -F riesian  cows an d  L im ousine 
crosses b o th  occur in  th e  “ m ed iu m ”  g roup). On th e  basis  o f  w ith in  sam ple  
v a ria tio n s  only m o d ern  H o lste in -F riesian s an d  som e fo rm s o f  brow n h ig h lan d  
c a tt le  were re -g rouped  as m ed ium  fo rm s (c lustered  w ith  H ig h lan d  F leckv ieh , 
G erm an  R ed an d  A ngler c a ttle  fo r  exam ple) as opposed  to  b reeds considered  
ea rly  m a tu rin g  b y  H ab erm eh l (R e d  an d  W h ite  L ow land  c a ttle , S h o rth o rn , 
S im m en ta l, etc .). I t  is qu ite  possib le , how ever, t h a t  th e  inc lusion  of m odern  
b reed s k e p t u n d er m ore  in tensive  c ircu m stan ces sh ifted  th e  low er lim it o f th e  
m ed iu m  group to w a rd  earlier m a tu ra tio n .

T he process o f d is tingu ish ing  b e tw een  th e  th re e  m a tu ra t io n  groups u n d e r 
s tu d y  began w ith  th e  recogn ition  o f  w h ich  to o th  has th e  g re a te s t d isc rim in a tin g  
pow er (Table V II). I n  o rd er to  se lec t su ch  v a riab les F  te s ts  w ere ca lcu la ted  an d  
th e  te e th  show ing th e  h ighest F  v a lu e  w ere  id en tified  as inc iso r 1 (bo th  in  te rm s  
o f abso lu te  age an d  re la tiv e  to  can in e  eru p tio n ) a n d  th e  age a t w hich can ine  
occurred . A t th e  sam e tim e , a U s ta t is t ic  w as ca lcu la ted  to  t e s t  th e  e q u a lity  of 
g roup  m eans.

T he F  v alue  in d ica tes  th e  im p o rta n c e  o f th e  re la tio n sh ip  betw een  th e  
f i r s t  incisor’s an d  th e  can in e ’s tim e  o f e ru p tio n  in  d is tin g u ish in g  b e tw een  c a ttle  
fo rm s on th e  basis o f incisor a n d  can in e  deve lopm en t resp ec tiv e ly .

F ina l conclusions w ere b ased  on  th e  c lassifica tion  fu n c tio n s b y  w hich  
th e  d iv ision  o b ta in ed  in  th is  s tu d y  co rresponds to  th e  m a tu ra tio n  groups de
fin ed  b y  th e  c rite ria  o f H ab erm eh l (1961) in  85 .7%  o f th e  cases (Tables V I I I

T able  VII

T he selection of d iscrim inating  variables

Step Variable used F  value to  enter U  statis tic  d f

1 incisor 1 26.856 0.492 2 52

2 incisor 1/canine 4.422 0.419 4 102

3 canine 11.624 0.286 6 100

T able  V III

C lassification  functions

Coefficients for
Groups by  m aturation

E arly Medium Late

Incisor 1 — 149.8 - 1 5 3 .7 - 1 5 4 .6

Canine 82.8 85.1 85.9

Incisor 1/Canine 83.9 86.4 87.3

C onstan t — 2225.9 -2 3 6 4 .2 -2 4 2 0 .6
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Table IX

Ja c k k n ife d  classification m atrix

N um ber of 
individual 

breeds

Groups obtained Criteria by Percent
correct

Early Medium Late 1961

E arly  m atu rin g 14 l 0 15 93.3

M edium  m atu rin g 2 27 l 30 90.0

L ate  m atu rin g 0 4 7 11 63.6

T otal 16 32 8 56 86.7

a n d  IX ) . This sligh t d isc rep an cy  is in  p a r t  d u e  to  th e  fa c t t h a t  re la tiv e  to o th  
e ru p tio n  d a ta  w ere also ta k e n  in to  considera tion .

T h e  calcu lations w ere  ca rried  ou t using  a so-called “ ja c k n ife d  classifica
t io n ”  in  w hich D 2 values w ere  com pu ted  fo r th e  d istance  from  each case to  th e  
g ro u p s form ed b y  th e  re m a in in g  in d iv id u a l b reeds.

In  te rm s of th e  d is tin c tio n  based  on th e  th re e  v a riab le s  o f m ost d isc rim 
in a tin g  value, th e  B lack  P ie d  L ow land c a tt le  recorded  b y  S ch lü te r (1923) was 
re-c lassified  as m ed ium  m a tu rin g . On th e  o th e r h an d , tw o  m em bers o f th e  
m ed iu m  m a tu rin g  g ro u p , A llgau  B row n b y  G a ttin g e r (1927) an d  th e  general 
n o rm  pub lished  b y  H o rn  (1976) m ore re c e n tly , w ould  be  considered early  
m a tu r in g  in  H ab e rm eh l’s 1961 classifica tion  w hich , in  p a r t ,  is b ased  on t r a d i 
t io n a l , if  n o t p rim itiv e  b reed s . W ith in  th e  m ed ium  m a tu rin g  g roup  only  A b er
d een  A ngus ca ttle , as d esc rib ed  b y  B row n e t al. (1960), w ou ld  fall in to  th e  la te  
m a tu r in g  group on th e  b as is  o f its  to o th  e ru p tio n  schedu le  ch a rac te rized  b y  
a  s h o r t  in te rv a l b e tw een  th e  occurrence o f th e  f ir s t  incisor a n d  th e  can ine te e th . 
I n  th e  least clearly  d e fin ed  g ro u p  of la te  m a tu r in g  c a ttle , th e  ea rly  e ru p tio n  of 
th e  f i r s t  incisor re la tiv e  to  th e  can ine to o th  p laces th e  H arz  (S chaper, 1929) an d  
B h in e  (H aberm ehl, 1961) b reed s  am ong th e  m ed ium  m a tu rin g  c a ttle  to g e th e r  
w ith  th e  general norm s fo r  la te  d en ta l m a tu ra tio n  suggested  b y  th e  early  w ork  
o f  E llenberger and  B a u m  (1908) as well as Z ie tsch m an n  e t al. (1943). Cor
resp o n d in g ly , th e  p e rc e n ta g e  o f  co rrec t c lassifications is low est in  th is  th ird  
g ro u p .

Conclusions

General remarks

H olste in -F riesians a n d  th e  L im ousine b reed  crossed  w ith  H u n g a rian  
F leck v ieh  analysed  in  th e  f i r s t  p a r t  of th is  s tu d y  are f irm ly  p o sitioned  w ith in  
th e  g roup  of m edium  m a tu r in g  ca ttle . W hile th e se  tw o m o d e rn  breeds d isp lay  
no  d ram a tic  differences in  to o th  e ru p tio n  u n d e r th e  c ircu m stan ces ch a rac te r-
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Canonical variable 1

Fig. 2. T he o u tlin e  o f early  (E ), m ed iu m  (M) an d  la te  (L ) m a tu rin g  g ro u p s  according to  H aber- 
m ehl’s c lassifica tion  (1961). T h e  le t te rs  s ta n d  for g roup  m eans, d a ta  p o in ts  sym bolize mis-

classified cases

is tic  of com m ercial rea rin g , th e y  deserve a tte n tio n  as p a r t  o f  a b ro ad ly  b ased  
in trasp ec ific  com parison.

R esu lts  o f  th e  d isc rim in an t analysis are  su m m arized  in  Fig. 2 w h ich  is 
based  on th e  sc a tte rg ram  o f  tw o  canonical variab les ex p ressin g  th e  re la tio n sh ip s  
betw een  to o th  e ru p tio n  d a ta  an d  th e  codes labelling  th e  early , m ed ium  and  
la te  m a tu ra tio n  groups in to  w h ich  th e  sam ple  o f ca ttle  b reed s  was su b -d iv ided . 
I t  is n o te w o rth y  th a t  m in o r dev ia tions from  H ab e rm eh l’s c lassification  b ased  
on abso lu te  to o th  e ru p tio n  chronologies alone, occur a long  th e  X  axis (canon ical 
variab le  1) in  th e  form  o f o v erlap s a t th e  ex trem e ends o f th e  m edium  m a tu rin g  
group . T hese “ in co rrec t”  c lassifica tions m ay  be re la te d  to  th e  inclusion o f  m ore 
m odern  c a tt le  b reeds in  a d d itio n  to  a n u m b e r of b reed s  recorded  in  C en tra l 
E u rope  d u rin g  th e  1920’s. I n  Fig. 3, d a ta  po in ts  re p re se n tin g  th re e  d iffe ren t

Fig. 3. T he p o sitio n  of H o lste in -F riesian s (H ) an d  crosses be tw een  L im ousine and H u n g a ria n  
F leckvieh  ( F J  w ith in  th e  c o n fig u ra tio n  of d a ta  p o in ts . Fu ll circles a n d  dashed  line show  th e  
effect o f decreasing  levels o f n u tr i t io n  on B lack  P ied  L ow land c a tt le  ( r ig h t  to  left; M anns, 1924). 

D y n am ica lly  growing (beef) b reeds are encirc led
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p la n e s  o f n u tr itio n  in  B lack  P ied  L ow land  c a tt le  in  th e  M azur reg ion  (M anns, 
1924) each fall in to  one o f  th e  th re e  m a tu ra tio n  groups re sp ec tiv e ly , th u s  fo rm 
in g  a  clear tre n d  t h a t  ru n s  p ara lle l w ith  X  axis (first can o n ica l variab le ). 
C on seq u en tly , d is tr ib u tio n  o f th e  f irs t  can o n ica l variab le  seem s to  be  stro n g ly  
in flu e n c e d  b y  th e  m odes o f  keep ing  an d  en v iro n m en t in  genera l.

Specia lized  types

T h e erup tion  o f  th e  f ir s t  incisor re la tiv e  to  th e  can in e , how ever, ad d ed  
a  n ew  dim ension to  th e  d a ta  se t, rep re sen ted  b y  th e  second can o n ica l variab le . 
W h ile  th e  range a long  th e  Y  axis assoc ia ted  w ith  th is  t r a i t  is sm aller an d  th u s  
m o re  d ifficu lt to  an a ly se , th e  ex trem es deserve p a rtic u la r  a t te n tio n . The h ighest 
v a lu e s  of Y  are re la te d  to  ea rly  record ings o f d en ta l m a tu ra t io n  (E llenberger 
a n d  B au m , 1908), d a ta  on  p ro b a b ly  m ore p rim itiv e  breeds su ch  as th e  p rev io u s
ly  m en tio n ed  B lack  P ie d  L ow land  c a ttle  b e tw een  th e  tw o  w orld  w ars (e.g. 
M a n n s , 1924), an d  th e  slow ly m a tu rin g  zebu  (O bend’h a l, 1981). E x tre m e  
n e g a tiv e  values, on th e  o th e r  h a n d , occur a ro u n d  th e  F 1 g e n e ra tio n  beef crosses 
s tu d ie d  from  H u n g a ry  (L im ousine an d  H u n g a ria n  F leck v ieh ) and  inc lude  
H e re fo rd  (Brow n e t  a l., 1960), S h o rth o rn  (K ohnke , 1923) as well as ea rly  
m a tu r in g  G uernsey c a tt le  (B row n e t al., 1960). T he case o f  th e  “ m isclassified” 
A b e rd e e n  Angus b re e d  (B row n e t ah , 1960) fu r th e r  su p p o rts  th e  o bserva tion  
t h a t  d is trib u tio n  a long  th e  Y  axis show s m ore  genetically  de te rm in ed  early  
m a tu ra t io n  th a n  i ts  m an ife s ta tio n  re la te d  to  e n v iro n m en ta l c ircum stances 
(B artosiew icz  et al., 1987). T h e  d is tr ib u tio n  o f d a ta  po in ts in  th e  p lane defined  
b y  th e s e  tw o can o n ica l v a riab le s , how ever, expresses th e  m assive effect of 
e n v iro n m e n t on a b so lu te  age w hen  te e th  e ru p t.

T h e  req u irem en ts  o f  m odern  an im al h u sb a n d ry  cause  a decrease in  th e  
v a r ia b ili ty  of specialized  p o p u la tio n s. T h is is a conscious e ffo rt in  th e  selection  
o n  th e  basis of p ro d u c tio n  ch a rac te ris tic s , b u t  also resid ts  in  th e  evo lu tion  o f 
q u a litie s  w hich are  n o t  d irec tly  effected  b y  th e  b reed ing  w o rk  (L auvergne,
1975). The head a n d  d e n ta l s tru c tu re , on th e  o ther h a n d , a re  considered to  
c h a n g e  slowly re la tiv e  to  o th e r  tr a i ts  d ire c tly  exposed to  conscious selection . 
T h u s , to o th  e ru p tio n  schedules of th e  sm all group of d y n am ica lly  grow ing 
(m o s tly  beef) c a ttle  s u p p o r t th e  p o in t ra ised  b y  G raham  a n d  P rice  (1982) th a t  
d e n ta l  age can be o b je c tiv e  an d  observab le  in  th e  live an im al, y ield ing  a m ore 
p rec ise  estim ate  o f ch rono log ica l age an d  h as  th e  p o ten tia l to  rep lace  physio log
ic a l age estim ation  fo r  b e e f carcasses. B rookes and  H odges (1979) claim  to  
h a v e  observed a s ig n if ican t b reed  effect in  th e  e ru p tio n  of th e  f i r s t  incisor (H e re 
fo rd  36 days la te r  th a n  d a iry  S h o rth o rn ), a lth o u g h  th e  leve l o f  n u tr itio n  w as 
fo u n d  to  have a t  le a s t as g rea t effect as b reed . The sam e d ifference betw een  
th e s e  tw o  breeds w as re p o r te d  b y  T ulloh  (1962), while H e re fo rd  w as no t d iffe r
e n t  from  A berdeen A ngus in  th a t  s tu d y .
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In  less specialized  form s a n d  u n d e r less in ten siv e ly  in d u s tr ia liz e d  c ircu m 
stan ces  a  g re a te r  h e te ro g en e ity  m a y  be expec ted  such  as w as seen w ith  zebu 
ra n g e d  b y  t r a d it io n a l  m eth o d s in  tw o  ecological reg ions o f In d ia  (O bend’h a l,
1981).

Archaeozoological aspects

C onclusions for app lied  archaeozoological research  shou ld  he b ased  on 
th e  rea liza tio n  o f to o th  e ru p tio n ’s im p o rtan ce  in  shap ing  th e  f in a l ap p earan ce  
o f  to o th w e a r . T h is la t te r  g re a tly  depends on th e  d u ra tio n  o f  use to  w hich  th e  
to o th  was exposed  (M urphy, 1969). W ith  th e  inclusion  o f a n u m b er o f c a ttle  
b reed s , a g rea t v a r ia b ility  o f to o th  e ru p tio n  p a tte rn s  w as observed  w hich  
in d ire c tly  in flu en ce  f in a l to o th w e a r , u sua lly  considered  to  h e  in d ic a tiv e  of 
a b so lu te  age.

A lth o u g h  in  th is  p ap e r d e n titio n  chronologies o f  c a tt le  o f  d iffe ren t 
p u rp o ses  w ere fo u n d  to  be d iffe ren t, a n d  such in fo rm a tio n  shou ld  he o f g rea t 
im p o rta n c e  fo r archaeological in te rp re ta t io n  (P ay n e , 1973), th e se  ch a ra c te ris 
tic s  d id  n o t re flec t d irec tly  th e  g ro w th  tendencies o f livew eigh t. K now ledge o f 
th is  la t te r ,  how ever, is o f basic  im p o rta n c e  for re la tiv e  aging. T h e  d irec t co r
re la tio n  b e tw een  d e n titio n  an d  b o d y  w eigh t was observed  o n ly  w hen  th e  p re s 
ence, i.e . e ru p tio n , o f ce rta in  te e th  as a quasi con tinuous q u a n ti ta t iv e  ch a ra c te r  
(F á b iá n , 1965) w as s tu d ied  re la tiv e  to  changes in  b o d y  w eigh t. T hus, th e  lack  
or p resence  o f low er th ird  m olars h as  been  co rre la ted  w ith  b o d y  w eigh t in  m ice 
(G rüneberg , 1951). Such ex trem e  changes, how ever, h av e  n o t been  s tu d ied  
in te n s iv e ly  in  c a tt le  u n d e r e x p e rim e n ta l c ircum stances.

E v e n  th e  ran d o m  d a ta  se t com piled  for th is  p ap e r ra ises an  im p o r ta n t 
p o in t. I n  lig h t o f  th e  in fluence  o f e v o lu tio n a ry  an d  reg ional effects on to o th  
e ru p tio n  (and  o th e r  fac to rs  affec ting  to o th w a te r  su b seq u en tly ), d e n ta l aging 
b ased  on  m odern  analogies m ay  be  m islead ing  in  archaeozoology. A fte r th e  
f if th  y e a r  o f age, d e n ta l ages b ecom e u n re liab le  in  red  deer s tag s  (B án  an d  
S zidnai, 1987), w hich  is a genetica lly  m ore hom ogeneous species th a n  an y  of 
th e  dom estic  A rtio d ac ty ls . Lowe (1967) used  m olar w ear stages fo r red  deer 
as w ell as fo u n d  th e m  usefu l “ to  som e effect”  for aging th e se  gam e an im als. 
T hese exam ples illu s tra te  how  essen tia l cau tiousness is w hen  d e n ta l ages from  
d iffe ren t periods an d  archaeological s ites are com pared .
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STUDY OF THE TOXIN-PRODUCING ABILITY OF 
P A S T E U R E L L A  M U L T O C I D A  IN MICE

T. Magyar

V e te r in a ry  M edical R esearch  I n s t i tu te ,  H u n g a rian  A cadem y of Sciences, H -1581 B u d ap es t,
P . O. B ox  Î8 , H u n g a ry

(R eceived  M arch 13, 1989)

Cell-free son icated  e x tra c ts  an d  b ro th  cu ltu res  of Pasteurella m últoddá  s tra in s  o f  
pig orig in  w ere ex am ined  fo r th e ir  lien o to x ic ity  in  mice. P. m últoddá  s tra in s  rep re sen ted  
cap su la r ty p es  A an d  D  w ith  o r w ith o u t d e rm o necro tox ic  (D N T) a c t iv ity  in  th e  g u in ea  
pig sk in  te s t.

M ouse lie n o to x ic ity  te s t  w as su itab le  fo r de term in ing  th e  to x ig en ic ity  o f P. 
múltoddá  s tra in s  on ly  w h en  b ac teriu m -free  e x tra c ts  were te s ted . I n  t h a t  case b o th  
tox igen ic  ty p e  A and  D s tra in s  w ere le th a l to  in trav en o u s ly  in o cu la ted  m ice and  caused  
a rem ark ab le  re d u c tio n  in  sp leen  m ass w hen  su b le th a l doses w ere u sed . T he e x tra c ts  o f 
a to x ic  s tra in s  were n o t le th a l  a n d  induced  sp len ic  hyperp lasia.

B y  te s tin g  v iab le  cells no co rre la tio n  w as dem onstrab le  b e tw een  to x in  p ro d u c tio n  
a n d  v iru lence  of P. m últoddá  to  m ice.

In  one e x p erim en t th e  c o n ce n tra ted  s te rile  cu ltu re  flu id s o f  a tox igen ic  ty p e  D 
P. múltoddá  an d  a to x ig en ic  B. bronchiseptica s tra in  were com pared . T h e  fo rm er caused  
d e a th s  and  splenic a tro p h y  am ong  m ice, w hile  th e  la t te r  w as n o n to x ic  and  in d u ced  
slig h t h y p erp lasia  o f th e  sp leen . T his fa c t in d ica tes  th a t  P. m últoddá  secretes i ts  to x in  
in to  th e  cu ltu re  f lu id .

Keywords: Pasteurella m últoddá, to x in ,  lieno tox ic ity , m ouse

F ro m  d a ta  o f th e  l i te ra tu re  i t  is obvious th a t  to x ig en ic  Pasteurella  
m ú lto d d á  s tra in s  p lay  an  im p o r ta n t  ro le  in  th e  aetiology o f  a tro p h ic  rh in itis  
(A R ) o f  sw ine (P edersen  a n d  B arfo d , 1981; R u tte r  and  R o jas , 1982; C h an te r 
e t a l., 1986). T here  are d iffe ren t m eth o d s fo r de term in ing  th e  to x in -p ro d u c in g  
a b ili ty  o f P . m últoddá  : th e  gu in ea  p ig  sk in  te s t  (de Jo n g  e t a l., 1980), to x ic ity  
to  em bryon ic  bov ine  lu n g  cells (R u tte r  a n d  L u th e r, 1984), a n d  le th a lity  in  
in tra p e r ito n e a lly  in o cu la ted  m ice (R u tte r , 1983). All th e se  m e th o d s  em ploy 
b ac te riu m -free  son ica ted  e x tra c ts  o f P . m ú ltoddá .

É liás  et al. (1986) reco m m en d ed  a  m ouse lien o to x ic ity  te s t  fo r th is  p u r 
pose. T h ey  found  th a t  b ro th  cu ltu re s  o f tox igen ic  P . m ú lto d d á  s tra in s  w ere 
le th a l  to  m ice a  few  h o u rs  a f te r  in tra v e n o u s  in jection . T h e  spleens of m ice 
su rv iv in g  u p  to  p o stin o cu la tio n  d ay  7 rem a in ed  alm ost u n a lte re d . O n th e  o th e r 
h a n d , in o cu la tio n  w ith  a to x ic  s tra in s  re su lted  in  m arked  sp len ic  h y p erp lasia .

T h e  aim  o f th e  p re se n t s tu d y  w as to  com pare  th e  effects o f  P . m últoddá  
b ro th  cu ltu res  a n d  cell-free so n ica ted  e x tra c ts  on mice fo llow ing in trav en o u s  
a d m in is tra tio n .
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M aterials an d  m ethods

Bacterial strains

E ig h t P . m ú lto d d á  s tra in s  an d  one Bordetella bronchiseptica  s tra in  iso la ted  
from  pigs w ere u sed . P . m últoddá  L F B 3  (tox igenic  ty p e  D) and  B . bronchi
septica  G F8 w ere k in d ly  supp lied  b y  D r. J .  M. R u t te r  (C om pton, U .K .). 
P . m últoddá  M444 (a to x ic  ty p e  D ), M297 (tox igenic  ty p e  A) an d  M439 (a tox ic  
ty p e  A) w ere k in d ly  p ro v id ed  b y  D r. P . K ie lste in  (J e n a , G D R ). P . m ú ltoddá  
s tra in s  d esigna ted  P 7 1 , P72, P81 a n d  P108 w ere iso la te d  from  d ifferen t p ig  
herds in  H u n g ary . T y p e  A stra in s  w ere id en tified  b y  th e ir  in h ib itio n  o f capsu le  
fo rm a tio n  w hen g row ing  n ear a h y a lu ro n id ase -p ro d u c in g  s tra in  of S taphylo 
coccus aureus (C a rte r  a n d  R undell, 1975). T ype D s tra in s  w ere id en tified  b y  
th e ir  a u to a g g lu tin a tio n  in  th e  p resence  o f a 1 : 1000 so lu tio n  of ac riflav in e  
n e u tra l  (C arter a n d  S u b ro n to , 1973).

Preparation o f  cell-free sonicated extracts

P . m últoddá  s tra in s  w ere p ro p a g a te d  on b lood  ag a r p la tes con ta in in g  5 
p er cen t sheep b lo o d  an d  su p p lem en ted  w ith  1%  y e a s t ex tra c t. T he p la tes  
w ere in c u b a te d  a t  37 °C for 18 h. T h e  b ac te ria l g ro w th s w ere w ashed tw ice  in  
p h o sp h a te  b u ffe red  sa line  (PB S) an d  a fte r  c e n tr ifu g a tio n  th e  pellets w ere 
resuspended  in  d is tille d  w a te r to  a  d ilu tio n  o f one in  te n  (w /v). The b a c te ria l 
suspensions w ere so n ic a te d  a t  1.5 A fo r 2 x 1  m in  w ith  an  in te rv a l o f 1 m in, 
d u rin g  cooling in  ic e -b a th . T he son ica tes w ere th e n  cen trifu g ed  a t  12.000 x  g 
fo r 60 m in  a t  4 °C a n d  th e  clear su p e rn a te s  w ere f i l te re d  th ro u g h  a 0.22 pva 
m em brane  f ilte r  (M illipore Corp., B edford ).

In  one e x p e rim e n t P . m ú ltoddá  L F B 3 an d  B . bronchiseptica  G F8 w ere 
c u ltiv a te d  in  b ra in  h e a r t  infusion (B H I) b ro th  (D ifco, D e tro it)  a t 37 °C fo r 18 h. 
T he cu ltu res w ere cen trifu g ed  an d  cell-free so n ica ted  e x tra c ts  w ere p re p a re d  
from  th e  pellets b y  th e  m eth o d  described  above. M oreover, th e  su p ern a tes  of 
th e  orig inal B H I  b r o th  cu ltu res w ere also filte red  th ro u g h  a 0.22 p m  m em b ran e  
f i l te r  an d  th e  f i l t r a te s  w ere co n c e n tra ted  ab o u t 10-fold  b y  dialysis ag a in s t 
p o ly e th y len e  glycol 20,000 (F lu k a  AG, Basel).

Guinea p ig  sk in  test

To te s t  for derm onecrosis, p rev io u sly  dep ila ted  g u in ea  pigs w eighing 300 
to  350 g w ere in o c u la te d  in tra d e rm a lly  w ith  0.1 m l o f  one of th e  b a c te ria l 
e x tra c ts . D erm o n ecro tic  lesions >  5 m m  w ere reco rd ed  a f te r  48 h.
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M ouse experim ents

In b re d  a lb ino  m ice o f C F L P  s tra in  (L A T I, Gödöllő) o f b o th  sexes, 16 to  
18 g in  b o d y  m ass, w ere used.

In  th e  f ir s t  ex p erim en t groups o f fiv e  m ice w ere in jec ted  in to  th e  la te ra l  
ta i l  ve in , w ith  0.2 m l o f one of serial 10-fold d ilu tions (10 _1 to  10 ~4) of 18 h  
P . m ú lto d d á  B H I  b ro th  cu ltu res (É liás e t al., 1986).

In  th e  second ex p erim en t groups o f f iv e  m ice w ere in o cu la ted  in t r a 
v en o u sly  w ith  0.2 m l o f one of serial 3-fold d ilu tions o f P . m últoddá  cell-free 
so n ica ted  e x tra c ts .

In  th e  th ird  ex p erim en t groups o f f iv e  m ice w ere in o cu la ted  in trav en o u s ly  
w ith  0.2 m l o f one o f seria l 3-fold d ilu tions o f B . bronchiseptica GF8 an d  P . 
m ú ltoddá  L F B 3  e x tra c ts  p repared  from  B H I b ro th  c u ltu re  pellets an d  th e  
f ilte re d  an d  c o n c e n tra ted  B H I b ro th  c u ltu re  su p e rn a te s , respective ly .

I n  all ex p erim en ts  dea th s  w ere reco rd ed  up  to  p o stin o cu la tio n  d ay  7, 
th e n  th e  su rv iv o rs  w ere killed and  th e ir  sp leen  m asses w ere d e te rm in ed . 
R e la tiv e  sp leen  m ass w as ca lcu la ted  fo r 10 g b o d y  m ass in  each  case.

Results

T h e re su lts  o f  capsu le  ty p in g  an d  guinea  pig sk in  te s t  as well as th o se  o f  
m ouse lie n o to x ic ity  te s t  w ith  B H I b ro th  cu ltu re s  of P . m ú ltoddá  are  show n in  
T ab le  I . In tra v e n o u s  in o cu la tio n  of m ice w ith  serial 10-fold d ilu tions of b ro th  
cu ltu res  o f th e  d iffe ren t P . m últoddá  s tra in s  re su lted  in  a v a ry in g  ra te  o f

Table I

M ouse lieno tox ic ity  tes t w ith  b ro th  cu ltu res of P. multocida

Strains
Capsule

type DNT

Dilution of 18-h B H I bro th  cultures

io--1 10 -2 10 - 3 10 - 4

le t sm let sm let sm let sm

L FB 3 D + 5/5 — 0/5 75* 0/5 92 0/5 79

P108 D + 5/5 - 3/5 87 0/5 83 0/5 54

P81 D — 3/5 66 0/5 82 0/5 72 0/5 60

M444 D — 5/5 - 0/5 104 1/5 75 0/5 64

M297 A + 1/5 81 0/5 81 0/5 106 0/5 90

P71 A + 5/5 - 5/5 — 0/5 63 0/5 48

M439 A — 3/5 64 0/5 78 0/5 70 0/5 85

P72 A — 5/5 — 5/5 — 5/5 - 3/5 95

* re la tiv e  spleen m ass o f contro l m ice: 55; D N T : derm onecro tox in  detected  in guinea p ig  
sk in  te s t;  B H I: b ra in  h e a r t  infusion; let: le th a li ty  (n um ber of mice th a t  d ied /num ber o f m ice 
in  th e  g roup); sm : re la tiv e  spleen mass
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Table П

M ouse lien o to x ic ity  te s t w ith  cell-free son icated  ex tra c ts  o f  P. m últoddá

Dilutions of extracts

Strain UD 1 : 3 1 : 9 1 :: 27 1 : 81 1 : 243

let sm let sm le t sm let sm let sm let sm

L F B 3  (toxic D )+ N D ND 5/5 — 5/5 — 5/5 — 3/5 21* 0/5 43
P108 (toxic D) N D ND 5/5 — 5/5 — 4/5 17 0/5 34 0/5 50
M 444 (a tox ic  D) 0/5 101 0/5 100 0/5 70 0/5 54 ND ND ND N D

P81 (atoxic D) 0/5 78 0/5 65 0/5 59 0/5 56 ND ND ND ND
M 297 (toxic A) ND ND 5/5 — 5/5 - 5/5 — 2/5 17 0/5 32

P71 (toxic A) ND ND 5/5 — 5/5 - 5/5 — 3/5 11 0/5 37
M439 (atoxic A) 0/5 85 0/5 67 0/5 59 0/5 57 ND ND ND ND

P72  (a toxic  A) 0/5 117 0/5 98 0/5 83 0/5 69 ND ND ND ND

LTD: u n d ilu te d ; N D : n o t determ ined; le t:  le th a li ty  (num ber o f mice th a t  d ied /num ber o f 
m ice in  the  group); sm : re la tiv e  spleen m ass; ‘ re la tiv e  spleen m ass o f con tro l mice: 55; +derm o- 
n ecro to x ic ity  in  gu inea pig sk in  te s t and cap su la r ty p e

m o rta lity . No close co rre la tio n  w as d em o n strab le  b e tw een  th e  m o rta lity  r a te  
a n d  D N T  p ro d u c tio n  o f th e  s tra in s . P . m ú lto d d á  s tra in  P72 (a tox ic  ty p e  A) 
w as m uch m ore  le th a l  th a n  s tra in  M 297 (tox ic  ty p e  A). T he D N T -positive  
s tr a in  L FB 3 a n d  th e  D N T -negative  s tr a in  M444 w ere sim ilar as regards le th a l
i ty .  F o r all s tra in s  b u t  P71 a v a ry in g  degree of increase  was fo u n d  in  
re la tiv e  spleen m ass, an d  no co rre la tio n  w as d em o n strab le  betw een  D N T - 
p ro d u c in g  a b ility  a n d  th e  change in  sp leen  m ass as co m p ared  to  th e  co n tro l.

On th e  o th e r  h a n d , am ong g roups o f  m ice in o cu la ted  w ith  P . m ú lto d d á  
c ru d e  e x tra c ts  sig n ifican t differences o ccu rred  b o th  in  le th a lity  an d  in  th e  
ch an g e  of sp leen m ass (T able I I ) . In  low er d ilu tions th e  e x tra c ts  o f th e  to x ic

Table III

Mouse lien o to x ic ity  te s t  w ith  th e  su p ernates an d  cell-free son icated  e x tra c ts  o f tox igen ic  
B . bronchiseptica and  P . m últoddá  b ro th  cu ltu res

Dilution

B. bronchiseptica GF8 P. millióddá LFB3

E xtract Supernate E xtract Supernate

let sm let sm let sm let sm

1 : 3 5/5 — 0/5 74 5/5 — 5/5 —

1 : 9 3/5 21 0/5 61 5/5 - 5/5 -
1 : 27 0/5 44 0/5 63 5/5 - 2/5 18

1 : 81 0/5 54 0/5 57 4/5 l i 0/5 31

1 : 243 0/5 57 0/5 60 2/5 14 0/5 61

let: le th a lity  (n u m b er o f mice th a t  d ied /n u m b er o f m ice in  th e  group); sm: re la tiv e  spleen
m ass
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s tra in s  (b o th  ty p e  A an d  ty p e  D) ra p id ly  caused  d ea th . T h e  sp leen  m ass o f m ice 
su rv iv in g  in o cu la tio n  w ith  h ig h e r d ilu tions o f th e  e x tra c ts  su b s ta n tia lly  
decreased . E x tra c ts  of th e  n o n -to x ig en ic  s tra in s  d id  n o t cause  d ea th s  b u t  th e y  
in c reased  th e  spleen m ass o f  th e  in o cu la ted  m ice in  a do se-d ep en d en t m anner.

T able I I I  shows th e  re su lts  o b ta in e d  b y  in trav en o u s  in o cu la tio n  o f m ice 
w ith  sterile  c o n cen tra ted  su p e rn a te s  of B H I b ro th  cu ltu re s  o f  a tox igen ic  
B . bronchiseptica  an d  P . m ú lto d d á  s tra in  an d  w ith  crude  to x in s  p rep a red  from  
th e  sed im ents b y  son ica tion . T h e  son ica ted  cell-free e x tra c ts  o f b o th  s tra in s  
e x e rte d  sim ilar effects on m ice. T h ey  w ere le th a l in  low er d ilu tio n s an d  caused 
m ark ed  a tro p h y  o f th e  sp leen  in  th e  su rv iv in g  m ice. T h e  on ly  difference w as 
t h a t  P . m ú ltoddá  L FB 3 w as m o re  to x ic  th a n  B . bronchiseptica  G F8. O n th e  
o th e r  h an d , th e  sterile  f i l t r a te  o f  B . bronchiseptica  G F8 w as n o t le th a l to  m ice 
a n d  th e  spleens becam e s lig h tly  h y p e rp la s tic , w hile th e  s te rile  f i l t ra te  o f P . 
m últo d d á  L F B 3 B H I b ro th  c u ltu re  w as le th a l an d  in d u ced  a  red u c tio n  in  
sp leen  m ass.

D iscussion

T he resu lts  in d ica te  t h a t  o n ly  b ac te riu m -free  son ica ted  e x tra c ts  or super- 
n a te s  of b ro th  cu ltu res a re  su ita b le  fo r ex ac t d e te rm in a tio n  o f th e  to x in  
p ro d u c tio n  of P .  m últoddá  s tra in s  in  th e  m ouse lien o to x ic ity  te s t .  In  low er 
d ilu tio n s th e  e x tra c ts  o f to x ig en ic  s tra in s  w ere le th a l to  m ice an d  in  m ice 
su rv iv in g  u p  to  p o stin o cu la tio n  d a y  7 th e y  caused  a re d u c tio n  in  spleen m ass 
th e  degree of w hich  w as in v e rse ly  re la te d  to  th a t  o f d ilu tio n . T he resu lts  o b 
ta in e d  in  th is  w ay  show ed good ag reem en t w ith  th o se  o f th e  gu inea pig sk in  
t e s t  aim ed a t  d em o n stra tin g  D N T  p ro d u c tio n .

In  th e  op in ion  o f É liá s  e t al. (1986), a f te r  in tra v e n o u s  inocu la tio n  o f 
P .  m últoddá  b ro th  cu ltu res  th e  u n ch an g ed  spleen m ass o f th e  su rv iv in g  m ice 
in d ica tes  to x ig en ic ity , w hile  th e  m ark ed  increase in  sp leen  m ass im plies th e  
la c k  o f to x in  p ro d u c tio n . U sing  th e  sam e m eth o d , in  th is  s tu d y  b o th  tox igen ic  
a n d  non-tox igen ic  s tra in s  w ere  fo u n d  to  cause an  increase  in  spleen m ass. 
T h e re  w as no con sis ten t c o rre la tio n  b e tw een  le th a lity  caused  b y  th e  s tra in s  and  
to x in  p ro d u c tio n  e ither. T h is agrees w ith  earlier o b serv a tio n s m ade b y  o th e r 
a u th o rs . C arte r an d  B ain  (1960) e s tab lished  th a t  no re la tio n  betw een  to x in  
p ro d u c tio n  an d  v iru lence  o r in fe c tiv ity  fo r m ice could be d e tec ted . B y  stu d y in g  
P . m últoddá  s tra in s  iso la ted  fro m  ra b b its  an d  pigs R im ler an d  B rogden  (1986) 
also found  th a t  th e  ab ility  to  p ro d u ce  to x in  d id  n o t confer v iru len ce  to  a sero- 
g ro u p  D P . m últoddá.

Éliás e t al. (1986) o b se rv ed  d ea th s  am ong guinea  pigs in tra d e rm a lly  
in o cu la ted  w ith  B H I b ro th  c u ltu re s  o f P . m últoddá. T his m a y  h av e  been  due to  
b a c te r ia l invasion , th o u g h  th e y  d id  n o t in v estig a te  th is  possib ility . F ro m  th e  
h e a r t  b lood o f  guinea pigs t h a t  d ied  a fte r  in tra d e rm a l in o cu la tio n  w ith  live
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c u ltu re s  of P . m ú lto d d á  w e successfully  recovered  large n u m b ers  of P. m últoddá . 
S tu d y in g  th e  to x ic ity  o f  P . m ú ltoddá  e x tra c ts  in  in tra p e rito n e a lly  in ocu la ted  
m ice, R u tte r  (1983) fo u n d  th a t  i t  w as essen tia l to  rem o v e  v iab le  b a c te ria  by  
f i l t ra t io n . I f  th is  w as n o t  done, som e n o n -le th a l f i l tra te s  gave false positive 
re su lts  an d  large n u m b e rs  o f P . m ú ltoddá  w ere c u ltu re d  from  th e  p erito n ea l 
c a v ity  of these  m ice a t  necropsy .

The resu lts o f th e  th i rd  ex p erim en t (Table I I I )  co n firm  th a t ,  as opposed  to  
B . bronchiseptica, P . m ú ltoddá  secretes its  to x in  in to  th e  cu ltu re  flu id . The 
co n cen tra ted , s te rile  f i l t r a te  o f P . m últoddá  L FB 3 b ro th  c u ltu re  w as found  to  
cause  deaths am ong  in tra v e n o u s ly  in o cu la ted  m ice sim ila rly  to  th e  cell-free 
so n ica ted  ex tra c t. A t a  su b le th a l dose th e  f i l t ra te  re su lte d  in  a tro p h y  o f th e  
sp leen , in d ica ting  t h a t  i t  w as also su itab le  for d e m o n s tra tin g  th e  to x in  in  th e  
lien o to x ic ity  te s t . T h e  q u estio n  arises w h e th e r or n o t th e  tw o  to x in s  a re  id en 
t ic a l.  K am p  et al. (1987) p u rified  P . m últoddá  D N T  from  b ac te riu m -free  b ro th  
c u ltu re  flu id  an d  i t  w as found  to  be  d ifferen t from  th e  to x in  purified  b y  N akai 
e t al. (1984) from  a  sonic  e x tra c t o f  P . m últoddá. F u r th e r  stud ies are  needed 
to  shed  ligh t on th is  p rob lem .

I t  also calls fo r  an  e x p lan a tio n  w h y  v iab le  P . m ú ltoddá  cells, w hich 
sec re te  to x in  in  th e  c u ltu re  flu id , fa il to  cause a tro p h y  o f th e  spleen a fte r 
in tra v e n o u s  in o cu la tio n . C on trarily , th e y  induce  an  in crease  in  spleen m ass, 
w hile  B . bronchiseptica  cells n o t secre ting  to x in  p roduce  sp len ic  a tro p h y  in  mice 
su rv iv in g  in tra v e n o u s  in o cu la tio n  w ith  D N T -positive  s tra in s  (K riiger and  
H o rsch , 1982).

T he resu lts  show  t h a t  th e  m ouse lien o to x ic ity  te s t  is su itab le  for stu d y in g  
th e  to x ic ity  of P . m ú lto d d á  b u t  on ly  i f  cell-free e x tra c ts  are  used. T he m ore 
to x ic  a s tra in , th e  h ig h e r  d ilu tions o f its  e x tra c t are  le th a l an d  th e  m ore severe 
a tro p h y  of th e  sp leen  develops in  th e  su rv iv ing  m ice.

F inally , i t  sh o u ld  be  em phasized  th a t  th o u g h  th e  m e th o d  p resen ted  here  
is su itab le  for d e m o n s tra tin g  th e  to x ic ity  of P . m ú lto d d á , in  vitro te s tin g  in  
cell cu ltu res, w here  ap p licab le , is a m uch m ore h u m an e  a n d  econom ical p ro 
cedure .
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INTERACTION OF T-2 FUSARIOTOXIN AND 
MONENSIN IN BROILER CHICKENS INFECTED 

WITH COCCIDIA

A. Y á n y i , G. S a l y i , G. M a j o r o s , R . G l á v i t s ,

G a b r i e l l a  S á n d o r  an d  G y . B a g ó

C en tra l V e terin ary  I n s t i tu te ,  V e te rin a ry  and  Fo o d  In sp e c tio n  Service, H-1581 B u d a p es t,
P . O. B ox 2, H u n g a ry

(R eceived M ay 16, 1989)

F ield  o b se rv a tio n s  suggest th a t  coccidiosis is a com m on cause o f d ea th  in  b ro ile r 
ch icken  flocks fed  d ie ts  co n ta in in g  suffic ien t a m o u n ts  o f ionophore  an tib io tic s  (m onen- 
sin, n a rasin , e tc .) a n d  c o n ta m in a te d  w ith  m y co to x in s, p a r tic u la r ly  w ith  T-2 fu sa rio to x in .

To s tu d y  th is  p h en om enon , bro iler ch ickens fed d ie ts  co n ta in in g  d ifferen t am o u n ts  
o f T-2 to x in  a n d  free  fro m  m onensin , or co n ta in in g  a p re v en tiv e  dose (100 m g/kg  o f 
feed) o f m onensin , w ere in fec ted  exp erim en ta lly  w ith  coccid ian  oocysts. In  all g roups fed  
a d ie t co n ta in in g  m o n en sin  p lu s T-2 to x in  severe  c lin ical sy m p to m s of coccidiosis 
(b lood-sta ined  faeces e tc), occurred . D eath s a n d  re ta rd e d  g ro w th  depended  on th e  to x in  
dose and  w ere considerab le .

T he b o d y  m ass g a in  o f chicks fed a  d ie t c o n ta in in g  m onensin  an d  T-2 to x in  b u t  
n o t  in fec ted  w ith  coccid ia  w as inferior to  t h a t  o f g ro u p s fed  d ie ts  w hich co n ta in ed  
e ith e r m onensin  o r  T-2 to x in  (ex p erim en t 2). O n  th e  basis  o f these  find ings a n e g a tiv e  
in te rac tio n  of th e  tw o  co m pounds is assum ed. T h is  seem s to  be  su p p o rted  by  th e  re su lts  
o f ex p erim en t 3, i. e. th e  fin d in g  th a t  th e  le th a l dose of n a rasin , a  com pound closely 
re la te d  to  m o n en sin  b o th  in  chem ical s tru c tu re  a n d  m echan ism  of ac tion , p roved  to  be 
m u ch  low er (L D 50 =  102 m g/kg  body  m ass) fo r  ch ickens fed a  d ie t su p p lem en ted  w ith  
T-2 to x in  th a n  fo r th e  co n tro l chickens (L D 50 =  176 m g/kg  b o d y  m ass).

T he p re se n t re su lts  suggest th a t  th e  feed ing  of d ie ts  Severely c o n tam in a ted  w ith  
T-2 to x in  m ay  a lte r  th e  an ticoccid ia l efficacy o f  m onensin .

K eyw ords: T -2 fu sa rio to x in , m onensin, coccidiosis

In. sp ite  o f th e  w ide use o f h igh ly  effec tive  an ticoccid ia ls (m onensin , 
lasalocid , sa linom ycin , n a ra s in , etc.), coccidiosis is r a th e r  com m on in  b ro ile r 
ch ickens. T he m ost f re q u e n t cause of th is  is t h a t  th e  an ticoccid ia l d rug  co n 
c e n tra tio n  of m ixed  feeds rem ains below  th e  c o n c e n tra tio n  req u ired  for p re 
v e n tiv e  purposes. I n  m a n y  cases, how ever, th e  absence o f an ticoccid ia l efficacy  
could  n o t be a t t r ib u te d  to  th e  lack , or in su ffic ien t q u a n tity , o f ac tiv e  s u b 
stances. In  a r a th e r  h ig h  p ro p o rtio n  of th e se  cases th e  feed w as found  to  be 
c o n ta m in a te d  w ith  m y co to x in s , especially  w ith  T-2 to x in . T his fin d in g  p ro m p 
te d  us to  s tu d y  th e  assu m ed  re la tionsh ip  b e tw een  m yco tox ins an d  coccidiosis.

M ycotoxins m a y  en h an ce  th e  su scep tib ility  o f th e  organ ism  to  in fec tions. 
A n in te ra c tio n  w as re p o r te d  to  exist b e tw een  a f la to x in  an d  caecal coccidiosis 
(E d d s e t al., 1973; W y a tt  e t al., 1975). M o rta lity  due  to  caecal coccidiosis 
doub led  in  chickens t r e a te d  w ith  afla tox in .
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A  pronounced  in te ra c tio n  w as e s tab lish ed  b e tw een  o ch ra to x in  A and  
coccid iosis, too  (H u ff a n d  R uff, 1981, 1982).

R ecen tly , H u n g a ria n  au th o rs  (S án d o r e t al., 1988; V ány i a n d  S ándor,
1988) h a v e  called a t te n tio n  to  th e  in te ra c tio n  betw een  d eo x y n iva leno l an d  
sw ine  d y sen te ry . B esides trig g e rin g  a n d  ag g rav a tin g  th e  d isease, d eo x y 
n iv a le n o l renders th e  o therw ise  effective t r e a tm e n t  unsuccessful.

T h e  ob jec tive  o f  th is  ex p e rim en t w as to  s tu d y  th e  in fluence  o f T-2 to x in  
on  th e  course of caecal coccidiosis; m ore  closely, to  d e te rm in e  w h e th e r o r n o t 
i t  a g g ra v a te s  th e  disease an d  reduces th e  efficacy  o f p rev en tiv e  an ticoccid ia l 
t r e a tm e n t .

M aterials an d  m ethods

Inoculum . T he  caecal c o n ten ts  o f  ch ickens th a t  h a d  d ied  o f caecal cocci
d iosis in  d ifferen t p laces w ere co llected , su spended  in  a la rge  vo lum e o f 2 %  
p o ta ss iu m  b ich ro m ate  a n d  p o u red  in to  P e tri-d ish es  to  fo rm  a th in  la y e r. The 
su sp en sio n  was k e p t a t  ro o m  te m p e ra tu re  fo r 3 days to  allow  all v iab le  oocysts 
to  sp o ru la te . S u b seq u en tly , th e  su sp en sio n  w as cen trifuged  a t  a  low  rp m  and  
th e  su p e rn a ta n t w as d iscarded . T h e  sed im en t of th e  la s t c e n tr ifu g a tio n  was 
m ad e  u p  to  100 m l w ith  ta p -w a te r  a n d  th e  oocyst cou n t (per ml) o f th is  sus
p en sio n  was d e te rm in ed  b y  m od ified  M cM aster’s m eth o d . O nly  sp o ru la ted  
o o cy sts  w ere co un ted . P ra c tic a lly  all oocysts  belonged to  th e  species E im eria  
tenella.

Inoculation  o f  chickens. A t th e  age o f 10 days, chickens of th e  ex p e ri
m e n ta l  g roups w ere in o c u la te d  in d iv id u a lly  w ith  2 m l of an  oocyst suspension  
c o n ta in in g  1.7 X 10s o o cysts , using  a th in  ru b b e r tu b e  f i t te d  on  a  sy ringe. 
O ne d a y  la te r  th e  sam e chickens w ere in fe c te d  in  groups b y  filling  th e ir  d rin k in g  
cu p s w ith  oocyst suspension  in s te a d  o f  d rin k in g  w a te r. T h e  c o n c e n tra tio n  of 
th is  suspension  was a d ju s te d  to  6 X 104 oocysts per 100 m l o f w a te r.

Production o f  T -2  tox in . F u sa riu m  tric inctum  ( sporotrichioides)  s tr a in  216, 
iso la te d  b y  us from  feed , w as in o cu la ted  on  s lan t S ab o u rau d  ag ar an d  in c u b a te d  
a t  26 °C for 7 days. S u b seq u en tly  s te rile  sa line  w as p o u red  on to  th e  c u ltu re , an d  
a  sp o re  suspension w as p rep a red  b y  m ild  stirrin g . One h u n d re d  g o f rice  was 
p la c e d  in  a w id e-m o u th ed , 500 m l E rlen m ey e r flask , th e n  100 m l o f  10%  
g lucose solu tion  w as ad d e d  an d  th e  f la sk  w as sealed w ith  a  c o tto n  p lug . T he 
m ix tu re  w as su b jec ted  to  f rac tio n a l a u to c lav in g  a t 120 °C fo r 30 m in  on  tw o 
co n secu tiv e  days. A fte r  cooling dow n, i t  w as in o cu la ted  w ith  th e  sp o re  sus
p en sio n .

T h e  suspension w as in c u b a te d  fo r th re e  w eeks, in  th e  f irs t  a n d  th i r d  w eek 
a t  20—22 °C and  in  th e  second w eek a t  5 -8  °C. S ubseq u en tly  th e  c u ltu re  was 
d r ie d  a t  60 °C, g round  to  fin e  flo u r, a n d  assayed  for T-2 to x in  co n te n t. T h is fine  
f lo u r  m a te ria l w as m ix ed  to  th e  ch ick en  d ie t in  th e  n ecessary  q u a n ti ty .  T he
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f in a l m ix tu re  w as checked  fo r T-2 to x in  co n ten t b y  a cap illa ry  gas c h ro m a to 
g raph ic  m e th o d  (Y ányi e t a l., 1982). T he T-2 to x in  co n te n t o f th e  fou r sam ples 
ran g ed  b e tw een  5.87 an d  6.0 m g/kg.

E xperim en t I .  E ig h t g roups, each  con ta in in g  10 H y b ro  day-o ld  chickens 
o f  b o th  sexes, w ere fo rm ed . All chickens received  an  an ticoccid ia l-free  bro iler 
s ta r te r  d ie t u p  to  7 days o ld. S ubseq u en tly  th e  d ie t o f  g roups 1, 2, 5 a n d  6 was 
su p p lem en ted  w ith  m onensin  sodium  (100 m g/kg o f feed) an d /o r T-2 to x in  
(6 m g/kg o f feed). Chickens o f groups 1 -4  w ere in fec ted  w ith  oocysts on d ay  10 
or 11 (T able I) . All g roups w ere k e p t u n d e r o b se rv a tio n  fo r 28 days a n d  th e  
ch ickens’ b o d y  m ass gain  w as m on ito red . T he organs o f chickens t h a t  died 
an d  tho se  k illed  on p o stin fec tio n  (P I) days 7 an d  14 w ere processed fo r h is to lo 
gical ex am in a tio n . T h e  caeca  w ere exam ined  m icroscop ically  to  assess th e  
sev e rity  o f coccidiosis a n d  to  com pare th e  ra tio  o f v a rio u s  deve lopm en ta l 
stages of coccidia. T he sp leen , liver, b u rsa  o f F ab ric iu s, caecal w all an d  fem ur 
were ex am in ed  h isto log ically .

E xperim en t I I .  E ig h t g roups w ere used  also in  th is  ex p erim en t. E ach  
g roup  co n ta in ed  25 b ird s . F ro m  d ay  6 u p  to  th e  end  o f th e  ex p e rim en t all 
chicks ex cep t th o se  of g roups 4, 5, 7 a n d  8 received  an ticocc id ia l (100 m g 
m onensin /kg  o f feed) an d /o r T-2 to x in  con ta in in g  d ie ts  as show n in  T ab le  I I .  
T he feed o f g roup  4 w as su p p lem en ted  w ith  30 m g/kg  v ita m in  E  a n d  0.15 
m g/kg selen ium  (sodium  selen ite). Chicks o f groups 1—6 w ere in fec ted  w ith  
coccidia as described  fo r E x p e rim en t I .  G roup 8 se rved  as u n tre a te d  con tro l. 
T h e  period  o f o b se rv a tio n  la s te d  28 days.

E xperim en t I I I .  Sexed  bro iler b reed er cockerel chicks w ere fed  a n ti
coccidial-free s ta r te r  d ie t from  day-o ld  up  to  3 w eeks old. A t th a t  age tw o 
g roups of 50 b ird s  each  w ere form ed. G roup A co n tin u ed  to  receive th e  sam e 
d iet as befo re , w hereas th e  d ie t o f g roup  В w as su p p lem en ted  w ith  2.5 m g/kg 
T-2 to x in . O n d ay  3 a f te r  th e  beg inn ing  o f  to x in  feed ing , 10 chicks o f b o th  
groups received , th ro u g h  a  tu b e , M on téban  100 p rem ix  correspond ing  to  60, 
100, 140, 180 an d  220 m g/kg  bo d y  m ass of na rasin , re sp ec tiv e ly , to  d e te rm in e  
th e  L D 50 v a lue .

T he n u m b e r of d e a th s  w ith in  48 hours follow ing th e  t re a tm e n t w as re c o rd 
ed. I t  shou ld  be m en tio n ed  th a t  a fte r th e  4 8 th  ho u r no fu r th e r  dea th s  occurred , 
th o u g h  clin ica lly  ill ch icks show ing recum bency , locom oto r d is tu rb an ces  and  
hang in g  th e ir  w ings w ere s till seen.

T he L D 50 of n a ra s in  w as ca lcu la ted  accord ing  to  D eichm ann  an d  Le 
B lanc.

R esults and  discussion

T he re su lts  a re  sum m arized  in  T ab les I  an d  I I .  I n  b o th  ex perim en ts 
chickens o f th e  n o n m ed ica ted  groups in fec ted  w ith  oocysts o f E . tenella devel-
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Table I

S tu d y  of coccidiosis in  b ro ile r chickens trea te d  w ith  T-2 to x in  (E x p erim en t I)

G roup No. of 
chickens

T reatm ents
Deaths

Scores of 
clinical 

symptom s

Mean body 
between day

m ass gain 
7 and 28

Total yield 
of groups*

%I A T g %

i/i 10 + + + 2 + + + 342 81 48.6

1/2 10 + + — — + 362 85.8 68.7

1/3 10 + — + 7 + + + 235 55.6 11.1

1/4 10 + — — 3 + + 360 85.3 42.6

1/5 10 — + + — — 395 93.6 93.6

1/6 10 — + — — — 423 100 100

1/7 10 — — + — — 430 102 102

1/8 10 - — — - - 422 100 100

I: infection w ith  coccid ian  oocysts (230,000 oocysts/chicken); A : anticoccid ia l supplem en
ta t io n  of th e  feed (100 m g m onensin  sodium /kg of feed); T : T-2 to x in  feeding (6 m g T-2 tox in /kg  of 
feed); * in  %  of the  con tro l

Table II

S tu d y  of coccidiosis in  b ro ile r chickens trea te d  w ith  T-2 to x in  (E x p erim en t I I )

Group No. of 
chickens

T reatm ents
Deaths

Scores of 
clinical 

symptom s

Mean body mass on 
day  28

Total 
yield+

%I A T g %

I I / l 25 + + 1 m g/kg — + 557 97.6 97.6

II/2 25 + + 2 m g/kg l + 506 88.6 85.1

II/3 25 + + 4 m g/kg 3 + + 501 87.7 77.2

II/4 * 25 + 0 0 2 + 475 83.2 68.8

II/5 25 + 0 0 7 +  +  + 503 88.1 63.4

II/6 25 + + 0 — + 554 97.0 97.0

II/7 25 0 0 1 m g/kg - — 502 87.9 87.9

II /8 25 0 0 0 - - 571 100 100

* given 30 mg v ita m in  E /k g  o f feed and  0.15 m g Se/kg of feed; + in  %  of th e  contro l

oped  caecal coccidiosis le ad in g  to  30 and  2 8%  m o rta lity , re spec tive ly . T he 
se v e rity  o f coccidiosis d ep en d ed  on th e  in te n s ity  o f in fec tion . A lthough  signs 
in d ic a tiv e  of coccidiosis (b lood-sta ined  faeces) occu rred  also in  groups g iven 
p re v e n tiv e  tre a tm e n t (g roup  1/2, group II/6 ), th e se  soon d isap p eared  an d  did  
n o t le ad  to  deaths.

In  infected  ch ickens w hose d ie t co n ta in ed  b o th  an ticocc id ia l an d  T-2 
to x in  (groups 1/1, I I / l ,  I I /2 , I I /3 ) , severe caecal coccidiosis developed. In  all 
g ro u p s b u t  group I I / l  v a ry in g  num bers o f d e a th s  also occurred . T here  w as a 
close co rre la tion  b e tw een  th e  sev erity  of clin ical sym p to m s a n d  th e  T-2 to x in
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c o n te n t of th e  d ie t. Coccidiosis w as th e  m ost severe in  th e  in fec ted  group fed  
a d ie t con ta in ing  6 m g/kg  to x in  (group 1/3). I n  th a t  g roup  70%  o f th e  b ird s  
d ied  an d  th e  su rv iv o rs  also becam e seriously  ill. T h is g roup  w as followed b y  
th e  g roup  fed  4 m g /k g  an d  th a t  fed  2 m g/kg  to x in  in  th e  feed . I n  chickens fed  
1 m g to x in /k g  o f  feed  no d ea th s  occurred  in  sp ite  o f th e  clin ical sym ptom s 
observed.

In  th e  n o n in fec ted  groups th e  to x in  doses fed  e ith e r  alone or in  com bina
tio n  w ith  an ticocc id ia l caused  n e ith e r  disease n o r d ea th s .

T here w ere s ig n ifican t differences in  b o d y  m ass gain. G roups in fec ted  
w ith  coccidia an d  fed  to x in  show ed su b s ta n tia l r e ta rd a tio n  in  b o d y  mass gain . 
T h e  reduced  gain  fo u n d  in  som e ex p erim en ta l g roups w as due  p a r tly  to  th e  
d ea th s  and  p a r t ly  to  th e  sm all average  b o d y  m ass of th e  su rv ivo rs.

A lthough  in  g ro u p s in fec ted  w ith  oocysts u n d e r an ticocc id ia l p ro tec tio n  
an d  n o t fed to x in  no  d ea th s  occurred , th e ir  b o d y  m ass gain  w as som ew hat 
in ferio r to  th a t  o f  th e  co n tro l groups.

M icroscopic e x am in a tio n  o f th e  caecal c o n ten ts  an d  m ucosal scrapings 
c learly  confirm ed  th e  clinical fin d in g  th a t  coccidiosis w as m o st severe in  th e  
to x in - tre a te d  groups.

Sim ilar f in d in g s w ere o b ta in ed  b y  m icroscopy  o f th e  cad av e rs’ caecum . 
In  th e  to x in - tre a te d  g roup  th e  fu ll w id th  o f th e  in te s tin a l m ucosa w as necro tic , 
w hile in  chickens n o t fed  to x in  necrosis w as lim ited  to  th e  ep ithelium  an d  
u p p e r th ird  of th e  la m in a  p ro p ria  (th is  w as t ru e  b o th  fo r th e  cad av ers  and  th e  
chickens killed d u rin g  th e  experim en t). In  chickens n o t fed to x in  th e  in te s tin a l 
w all w as often  in f i l t r a te d  w ith  v a rious in f la m m a to ry  cells, an d  dem arcation  
an d  rep a ir  w ith  an g io fib ro b last tissu e  w ere also seen. No ap p rec iab le  histo logical 
change occurred  in  th e  liver. H isto log ical ex am in a tio n  o f th e  fem u r revea led , 
th a t  th e  ch a rac te ris tic s  an d  th ick n ess  o f th e  vario u s o ssifica tion  zones w ere 
sim ilar in  th e  d iffe ren t ex p erim en ta l g roups. T he h isto log ica l p ic tu re  of th e  
spleen was also n o rm a l an d  co rresponded  to  th e  b ird s ’ age. On th e  o th e r h an d  
histo log ical e x a m in a tio n  of th e  b u rsa  o f F ab ric iu s  rev ea led  d ifferences betw een  
th e  groups. In  th e  b u rsa  of F ab ric iu s  of chickens k illed  in  th e  to x in - tre a te d  
g roups th e re  w as m o d e ra te  ly m p h o cy te  d ep le tion , w ith  necrosis o f 5 to  10%  
o f th e  ly m phocy tes. T h is w as accom pan ied  b y  m ild  in te rs t i t ia l  fibrosis. T he 
lesions w ere m ore  exp ressed  on P I  d ay  7 th a n  on P I  d ay  14. L ym phocy te  
dep le tion , w hich is in d ic a tiv e  o f T-2 to x in  ac tio n , w as c o rre la ted  n e ith e r w ith  
cocci d ial in fection  n o r w ith  th e  sev e rity  o f coccidiosis.

A lthough  th e  ex p e rim en ta l design an d  th e  te s tin g  m eth o d s used d id  n o t 
p e rm it an  u n am b ig u o u s d e te rm in a tio n  o f th e  m echan ism  b y  w hich  T-2 to x in  
in flu en ced  th e  se v e rity  o f  coccidiosis, th e  re su lts  allow  us to  assum e th a t  T-2 
to x in  exerts  th is  in flu en ce  p a r tly  b y  its  d irec t effect on th e  in te s tin a l m ucosa 
an d  p a r tly  b y  im p a irin g  im m unological responsiveness, f ir s t  o f all th e  local 
im m u n e  response. T-2 to x in  is k n o w n  to  decrease se rum  v ita m in  E  concentra-
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t io n  in  chickens (C offin an d  Com bs, 1981). Possib ly  th e  red u ced  a c tiv ity  o f th e  
d efence  m echanism  (p rim arily  nonspecific) is also responsib le  fo r th e  m ore 
sev e re  course o f in fec tion .

M oderate d is tu rb an ces  of b lood  co ag u la tio n  m ay  m ark ed ly  ag g ra v a te  th e  
c lin ica l p ic tu re  of coccidiosis. T ho u g h  haem orrhages are  h a rd ly  c h a ra c te ris tic  
o f  T -2 toxicosis, u n d e r fie ld  cond itions T-2 to x in  c o n ta m in a tio n  o f th e  feeds is 
o f te n  accom panied  b y  th e  p resence o f  o th e r  fu sario to x in s  (e.g. DAS) w hich 
ty p ic a lly  cause h aem o rrh ag es d iffuse ly  b u t  m ain ly  u n d e r  th e  d igestive  t r a c t  
m u co sa .

I t  was in te re s tin g  to  n o te  t h a t  g roups fed  m onensin  an d  T-2 to x in  
s im u ltan eo u sly  developed  less q u ick ly  th a n  d id  th e  con tro ls , desp ite  th e  fa c t 
t h a t  n e ith e r  m onensin  n o r T-2 to x in  possessed  a g row th -dep ressing  effect w hen  
g iv en  alone. T he tw o  com pounds seem  to  h av e  a n eg a tiv e  in te ra c tio n  also in  
th is  respec t. T he ex is ten ce  of such  a re la tio n sh ip  was con firm ed  b y  th e  resu lts  
o f  ex p erim en t I I I .  T he L D 50 of n a ra s in  w as found  to  be 176 m g/kg  b o d y  m ass. 
F e e d in g  chickens on th e  sam e d ie t b u t  con ta in in g  also T-2 to x in  su b s ta n tia lly  
low ered  th e  L D 50 (to  102 m g/kg b o d y  m ass). Since b o th  com pounds are  p r i
m a r ily  m etabo lized  in  th e  liver, th e  e n h an ced  to x ic ity  o f n a ra s in  can  p ro b ab ly  
b e  a t tr ib u te d  to  T-2 to x in  induced  fu n c tio n a l dam age o f  th e  liv e r p a ren ch y m a .

V itam in  E  a n d  selen ium  q u a n tit ie s  exceeding th e  req u irem en ts  o f  ch ick 
ens red u ce  th e  se v e rity  of coccidiosis a n d  enhance th e  b ird s ’ im m une  response 
to  d iffe ren t an tigens. F ro m  resu lts  o b ta in e d  for g roup  4 o f ex p e rim en t I I  i t  
a p p e a rs  th a t  a b u n d a n t v ita m in  E  a n d  selenium  su p p ly  red u ced  th e  sev e rity  of 
c lin ica l sym ptom s, decreased  th e  m o r ta l i ty  ra te , an d  in creased  th e  to ta l  y ie ld , 
in  ag reem en t w ith  th e  find ings o f C olnago e t al. (1984). T he few  s tu n te d  b u t 
su rv iv in g  chickens, how ever, so m ew h at low ered th e  av erag e  b o d y  m ass o f th a t  
g roup .

T he resu lts o b ta in ed  in  ex p e rim en ts  I  and  I I  seem  to  confirm  our p ra c tic a l 
o b se rv a tio n  th a t  con su m p tio n  o f  feeds conta in ing  T-2 to x in  ag g rav a te s  th e  
cou rse  of coccidial in fec tion . In  severe  coccidial in fec tion  th e  in g estio n  o f T-2 
to x in  m ay  b re a k  th ro u g h  th e  p ro te c tio n  conferred  b y  an ticoccid ia ls  (see 
ex p e rim en t I I ) , g iv ing  th e  sem blance  o f  resistance to  th e  g iven  com pound  
(m onensin).
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LIPID METABOLISM AND LOW MOLECULAR WEIGHT 
SOLUTE UPTAKE IN A S C A R I D I A  G A LLI

R a m a  A g g a r w a l , S . N . S a n y a l * an d  S . K h e r a

D e p a rtm e n t o f Zoology, P a n ja b  U n iv e rsity , C h an d igarh -160014 , In d ia  

(R eceived F e b ru a ry  27, 1989)

A d u lt A sca rid ia  galli, an  in te s tin a l n em a to d e  p a ra s ite  o f fowl, reveals a  large  
v a r ie ty  o f com plex  lip ids such  as p h o sp h o lip id s co n ta in in g  choline, e th an o lam in e , 
inosito l, serine  a n d  glycerol. L ysophospho lip id  species, v in y l e th e r  phospholip id  (p las
m alogen), n e u tra l  acylglycerols, cholestero l a n d  n o n -este rified  f a t ty  acids are also 
p resen t. S u g ar-co n ta in in g  lip ids, such as cerebrosides, su lp h a tid e s  an d  gangliosides a re  
a b u n d a n tly  p re sen t. Fem ale  p a ras ite s  co n ta in  m ore lip ids, p a r tic u la r ly  acylglycerols an d  
phospholip ids. A cylglycerols, p h o sp h a tid y l cho line , p h o sp h a tid y l e thano lam ine  an d  
g lycolipids in co rp o ra te  a larg e  a m o u n t o f rad io lab e lled  p recu rso r su b s tra te  in  A . galli. 
T he presence o f im p o r ta n t  enzym es o f lip id  b io sy n th es is  like  g lucose-6-phosphate  
dehydrogenase , m a la te  dehydrogenase  and  h y d ro x y m e th y l g lu tary l-C oA  red u ctase  as 
well as an  enzym e of lip id  e s te r  h y d ro lysis, tria cy lg ly ce ro l lipase  is de tected  in  th e  
p a rasite . T hese  enzym es show  subcellu lar d is tr ib u tio n  p a tte rn s  an d  M ichaelis-M enten  
k in e tic  ch ara c te ris tic s  com parab le  w ith  t h a t  fro m  r a t  liv e r  h o m ogenate . S tudies on  th e  
u p ta k e  of labe lled  p recu rso r m olecules fo r lip id  b io sy n th es is , glucose, ace ta te  and  pa lm - 
i ta te  show  t h a t  th e  p a ras ite s  can  tak e  u p  th e  iso topes re ad ily  in  a  tim e-d ep en d en t m an 
ner, show ing su b s tra te  sa tu ra tio n  k in e tics , dependence  u p o n  N a  ions, and  can  be in 
h ib ited  b y  th e  p resence o f th e  bile sa lts  so d iu m  ch o la te  an d  sod ium  deoxycholate . 
T he su b s tra te  a ffin ity  c o n s ta n t (K t) an d  m ax im u m  a p p a re n t v e lo c ity  o f glucose u p ta k e  
in  A . galli w ere fo u n d  to  be 9.09 mM  an d  26.67 mM  p e r 100 m g tissu e  d ry  w eigh t p e r 
m in  a t  37 °C.

K eyw ords: A scarid ia  galli, lip id  com position , lip id  b io syn thesis , solute u p ta k e

A scarid ia  ga lli (S chrank) is a p a th o g en ic  n em ato d e  occurring  in  th e  
in te s tin e  o f dom estic  fow l (S adun , 1950). I t  causes h aem o rrh ag e , en te ritis  an d  
severe anaem ia  a n d  re su lts  in  considerab le  econom ic losses because  of low ered 
egg an d  p o u ltry  p ro d u c tio n . A ltho u g h  c a rb o h y d ra te s  a re  th e  m a jo r energy  
reserve  in  n em ato d es (B a rre tt , 1981), th e  ro le  o f  lip id s c a n n o t be  overlooked. 
L ip ids are  in c o rp o ra te d  in to  eggs an d  are im p o r ta n t  c o n s titu e n ts  of m em branes. 
T h ey  undergo  tu rn o v e r  c o n stan tly . No re p o r t  is av a ilab le  on  th e  detailed  lip id  
com position  an d  lip id  b io syn thesis  from  sim ple  p recu rso rs in  A . galli. In  th is  
p ap e r, we p rov ide  ev idence th a t  A . galli co n ta in s  a la rg e  n u m b er of com plex 
lip ids an d  is capab le  o f in co rp o ra tin g  rad io c a rb o n  in to  th e  lip id  frac tions from  
14C -aceta te. Also, an  ex trem ely  ac tiv e  m e d ia ted  process is p resen t for th e  
u p ta k e  o f glucose, p a lm ita te  an d  ace ta te .

* P re sen t ad d ress : D e p a rtm en t o f B iophysics, P a n ja b  U n iv e rs ity , C handigarh-160014,
In d ia
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M aterials an d  m ethods

M aterials. A d u lt A . galli w ere co llec ted  from  th e  in te s tin e  o f fowl p ro cu red  
fro m  local p o u ltry  fa rm s. T he w orm s w ere  th o ro u g h ly  w ashed  in  sa line  in  o rder 
to  rem o v e  in te s tin a l debris and  a d h e rin g  m ateria ls .

Chemical ana lysis. L ipids w ere  e x tra c te d  in  ch lo ro fo rm : m e th an o l 
(2 : 1 v /v) follow ing th e  m ethods o f  F o lch  e t al. (1957). G anglioside-sialic  acid 
w as es tim a ted  in  th e  lip id  e x tra c t b y  th e  th io b a rb itu r ic  ac id  m e th o d . In d iv id u a l 
l ip id  classes o f n e u tra l  (N L), p hospho- (P L ) and  g lycosph ingo lip id  (GL) w ere 
se p a ra te d  b y  u n id im ensiona l c h ro m a to g ra p h y  on th in  la y e r  silica gel G p la tes  
as described  b y  S an y a l et al. (1986). V arious lip id  com ponen ts w ere id en tified  
b y  using  specific sp ra y  reag en ts  a n d  co ch ro m ato g rap h y  w ith  a u th e n tic  lip id  
s ta n d a rd s  (Supelco In c .) . L ip id  sp o ts  w ere  scraped  o ff th e  p la te s  a n d  e lu ted  
f ro m  th e  silica gel b y  re p e a te d  e x tra c tio n  w ith  a su itab le  so lv en t sy s tem  p rio r to  
q u a n ti ta t io n  b y  chrom ogenic  m e th o d s.

T o ta l lip ids w ere  q u a n ti ta te d  b y  th e  phosphovan illin  m e th o d  o f F rings 
a n d  D u n n  (1970). P hospho lip ids (P L ) w ere m easured  b y  p h o sp h o ru s analysis 
a f te r  d igestion  w ith  H C104 b y  th e  m e th o d  of B a r t le t t  (1959). C holesterols 
(Choi) w ere q u a n ti ta te d  b y  th e  ferric  ch lo ride—glacial ace tic  acid  m e th o d  o f Z ak  
(1957). N on-esterified  f a t ty  acids (N E F A ) w ere estim a ted  b y  th e  m e th o d  o f 
L o w ry  and  T insley  (1976). C erebrosides an d  su lfatides w ere q u a n t i ta te d  as 
th e i r  galactose m o ie ty  b y  th e  m e th o d  o f Svennerholm  (1956). P lasm alogens 
w ere  dete rm in ed  b y  th e  iod ine a b so rp tio n  m ethod  o f W illiam s e t al. (1962). 
A cylglycerols w ere q u a n ti ta te d  b y  g lycero l analysis accord ing  to  th e  m e th o d  of 
V an  H an d el an d  Z ilversm it (1957).

D ynam ics o f  l ip id  metabolism. In c o rp o ra tio n  o f (N a )- l-14C a c e ta te  in to  th e  
l ip id  classes was s tu d ie d  in  aerob ic  a tm o sp h ere  in  K reb s-R in g er b ic a rb o n a te  
b u ffe r , p H  6.6, c o n ta in in g  1.0 g g lucose in  a volum e o f 1 litre . 95 %  0 2- 5 %  C 0 2 
gas w as passed th ro u g h  th e  buffer. B a tch es  of fem ale an d  m ale A . galli w orm s, 
w eigh ing  100 to  150 m g, w ere in c u b a te d  in  E rlenm eyer fla sk s  in  a vo lum e of 
5 m l bu ffer co n ta in in g  2.27 pCi o f  (N a )- l-14C a c e ta te  (B h ab a  A tom ic  R esearch  
C en tre , B om bay, In d ia )  w ith  60.3 m C i/m m ol specific a c tiv ity  in  a D ubnoff- 
ty p e  m etabolic  sh ak e r a t  37 °C a t  110 oscillations p er m in  (to  av o id  th e  effects 
o f  u n s tirre d  w a te r  layers on u p ta k e ) . In cu b a tio n s  w ere te rm in a te d  a t  th e  
in d ic a te d  tim e  in te rv a ls  b y  ad d in g  la rg e  volum es o f ch illed  buffer. T h e  in c u b a 
t io n  m edium  w as p o u red  ou t o f th e  fla sk s , th e  w orm s w ere w ash ed  severa l 
tim e s  w ith  th e  b u ffe r an d  g en tly  b lo tte d  over a f ilte r  p a p e r  befo re  fu r th e r  
p rocessing . T here  w as no change in  th e  m o tility  of th e  w orm s a t  th e  en d  o f  th e  
in c u b a tio n  period.

L ipids w ere e x tra c te d  an d  fra c tio n a te d  as above. A fte r rem o v in g  I 2, th e  
sp o ts  o f in d iv id u a l lip id  classes w ere sc rap ed  off d irec tly  from  th e  developed  
ch ro m ato g ram s, su sp en d ed  in  a sm all vo lum e of w a te r an d  c o u n ted  fo r ra d io 
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a c tiv ity  using d ioxane-based  sc in tilla tio n  flu id  (B ra y ’s f lu id ; B u tle r, 1961). 
T he liqu id  sc in tilla tio n  c o u n te r  rev ea led  m ore th a n  9 0 %  efficiency for 14C 
co u n tin g  (R ack  B e ta  L iqu id  S c in tilla tio n  S p ec tro m eter, L K B  In s tru m en ts) .

E nzym e assays. T h e  w orm s’ a b ility  to  b iosyn thesize  lip id s was also te s te d  
b y  assay ing  th e  lipogenic enzym es, g lucose-6 -phosphate  dehydrogenase 
(G -6-PD H ) (Ju lia n  an d  R e ith a l, 1975), m ala te  d eh y d ro g en ase  (M DH) and  
h y d ro x y m e th y l-g lu ta ry l (HM G)-CoA reduc tase  (R ao  a n d  R am ak rish n an , 
1975). A 10%  hom ogenate  o f th e  p a ra s ite s  was cen tr ifu g ed  a t  2000 X g  for 30 
m in  a t 4 °C an d  th e  su p e rn a ta n t se rved  as th e  source  o f  enzym e a c tiv ity . 
G -6-P D H  an d  M D H  w ere assay ed  as a m easure of ch an g e  in  OD a t 340 nm  
o f th e  red u c tio n  of N A D P  an d  o x id a tio n  o f N A D H , re sp ec tiv e ly , in  a sp ec tro 
p h o to m ete r-reco rd e r (U vikon  860, K o n tro n  In s tru m e n ts ) , using  th e  k inetic  
m ode.

HM G-CoA red u c ta se  w as assay ed  in  sa lin e -a rse n a te  hom ogenate , p H  5.5, 
w ith  h y d ro x y lam in e  h y d ro ch lo rid e  as su b s tra te , w ith  a n d  w ith o u t add ing
4.5 M N aO H . T he ab ility  o f th e  w orm s to  hydro lyse lip id  este rs  was also te s te d  
b y  assay ing  triacy lg ly cero l (Tg) lipase  a c tiv ity  in  p a ra s ite  hom ogenates. 
T he released  f a t ty  acid was e s tim a te d  in  D ole’s reag en t (G oss an d  Lein, 1967). 
E nzym e p ro te in  w as q u a n ti ta te d  b y  a m odified so d iu m  dodecyl su lp h a te -  
L ow ry  procedure  (Lee an d  P a x m a n , 1972).

M ichaelis-M enten  k in e tic  p a ram e te rs , Vmax (m ax im u m  o f a p p a re n t 
in itia l enzym e velocity ) an d  K m  (su b s tra te  a ffin ity  c o n s ta n t)  of th e  pa rasitic  
enzym es w ere de te rm in ed  an d  co m p ared  w ith  r a t  liv er h o m o g en a tes  b y  assay ing  
th e  enzym e a t d iffe ren t su b s tra te  co ncen tra tions a n d  co n stru c tin g  a Line- 
w e a v e r-B u rk  double rec ip rocal p lo t o f su b s tra te  a n d  enzym e velocity  from  
th e re  o f (L inew eaver an d  B u rk , 1934).

Subcellular fractionation . A p ro ced u re  of d iffe ren tia l cen trifu g a tio n  w as 
a d o p te d  for subcellu lar fra c tio n a tio n  o f th e  p a ras ite s  in  a bu ffer con ta in ing  
0.25 M sucrose, 25 mM T ris-H C l, p H  7.3, and  1 m U  e th y len ed iam in e  t e t r a 
a c e ta te  (E D T A ), a t 4 °C. T he p a ra s ite  hom ogenate  w as b r ie f ly  son icated  an d  
cen trifu g ed  a t  3000 g  for 15 m in , th e n  a t  10,000 g fo r 30 m in  to  o b ta in  P x and  P 2 
frac tio n s, respective ly . 10 mM solid  CaCl2 was added  to  th e  su p e rn a ta n t in  cold, 
cen trifu g ed  a t 27,000 g  for 30 m in  a n d  th e  pellet (P 3) a n d  su p e rn a ta n t (S) w ere 
collected . F rac tio n s  P 1? P 2, P 3 a n d  S re fe rred  to  nucle i p lu s  debris, m ito ch o n 
d ria l, m icrosom al an d  cy toso lic  f ra c tio n s , resp ec tiv e ly . A ll frac tions w ere 
assayed  for enzym e a c tiv ity  in  th e  presence of 0 .1%  T r ito n  X -100 to  ensure 
com plete  lysis of organelles.

D eterm ination o f  labelled substrate uptake. F o r ra d io iso to p e  u p ta k e  stud ies, 
a d u lt w orm s w ere in c u b a te d  in  4 m l o f K rebs-R inger sa line , con ta in ing  25 mM 
T ris-(h y d ro x y m eth y l) am in o m eth an e-H C l buffer a t  p H  7.4 (K R T  of R ead  e t ah , 
1963), in  th e  presence o f  0.05 p d  o f  th e  designated  ra d io a c tiv e  com pounds. 
M aleate  was o m itte d  from  th e  b u ffe r system  of R ead  e t  al. as th is  com pound
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h as been re p o rte d  to  h av e  in h ib ito ry  effect on u p ta k e  (W elh , 1966). W orm s 
recovered  from  th e  in te s tin e s  o f fow l w ere rin sed  in  K R T  tw ice  a n d  random ised  
b y  h ost in to  g roups o f  2 -3 , each  g ro u p  co n stitu tin g  a sam ple . A fte r  incub a tio n  
fo r  2 m in a t  37 °C in  a  shak in g  w a te rb a th , th e  in cu b a tio n  m ed iu m  w as rap id ly  
rem oved  b y  a sp ira tio n . T h e  p a ra s ite s  w ere w ashed in  a t  le a s t  th re e  10 m l 
changes w ith  ice-cold  K R T  a n d  e x tra c te d  in  2 m l o f 7 0%  e th a n o l for 48 h . 
A liquo ts o f th e  e th a n o l e x tra c t w ere c o u n ted  fo r ra d io a c tiv ity  b y  liq u id  sc in til
la tio n  sp e c tro m e try  in  a B eck m an  in s tru m e n t using  4 g P P O , 50 m g P O P O P  -f- 
-)- 700 m l to lu en e  -f- 300 m l m e th an o l. T he d ry  w eights o f  e th a n o l-e x trac te d  
w orm s w ere o b ta in e d  from  sam ples h e a te d  in  ta re d  foil p a n s  fo r  24 h  a t  70 °C. 
To determ ine  th e  e ffec t o f o m ittin g  N a + on  glucose u p ta k e , th e  N a + co n cen tra 
t io n  of K R T  w as a lte re d  b y  rep lac in g  N aCl isosm otically  w ith  choline chloride, 
L iCl or KC1. E ffec ts  o f  b ile  sa lts  on  glucose an d  p a lm ita te  u p ta k e  w ere seen b y  
ad d in g  th e  bile sa lts  to  th e  in c u b a tio n  m edium . R ad io ac tiv e  su b stan ces  used in  
th is  w ork (U -14C-glucose, sp. a c t. =  160 m Ci/m m ol; (N a ) - l -14C ace ta te , sp. 
a c t . =  60.3 m C i/m m ol; an d  (N a )- l-14C p a lm ita te , sp. a c t . =  23.3 mCi/mmol) 
w ere  o b ta in ed  fro m  B h a b h a  A to m ic  R esearch  C entre, B o m b ay , In d ia . D a ta  on 
th e  u p tak e  o f hexose  as a 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 
using  p lo ts o f each  o f  3 lin ea r  tra n s fo rm a tio n s  of th e  M ichaelis—M enten eq u a 
tio n : th e  1/v versu s  1/S of L in ew eav er an d  B u rk , th e  У  v e rsu s V /S p lo t of E ad ie , 
a n d  th e  S/V versu s S p lo t o f W oolf. T h e  m ost su itab le  is E a d ie ’s p lo t since th is  
h as  been fo u n d  to  be  le a s t sen s itiv e  to  sy stem atic  d e v ia tio n  fro m  M ichaelis- 
M enten  k inetics (S ta rlin g  an d  F ish e r, 1975).

R esults

The q u a n ti ta t iv e  analysis o f lip id  classes of ad u lt m ale  a n d  fem ale A . galli 
a n d  th e  in c o rp o ra tio n  o f 14C -ace ta te  a re  sum m arized  in  T ab le s  I —IV . Fem ale 
w orm s show a la rg e r a m o u n t o f to ta l  lip id  w hile th e  rad io lab e l in co rp o ra tio n  is 
g rea te r  in  th e ir  m ale  c o u n te rp a r ts  (T able  I). T he difference in  to ta l  lip id  con ten t 
h as  been c o n tr ib u te d  b y  classes N L  an d  P L . Males have  m o re  G L th a n  fem ales. 
P L  com prise 5 5%  o f th e  to ta l  lip id  o f th e se  w orm s, fo llow ed b y  35%  N L an d  
10%  GL. H ow ever, th e  in c o rp o ra tio n  of label is g rea te r in  N L . T h e  am oun t of 
to ta l  po lar lip ids a n d  th e  p o la r/n o n p o la r ra tio  are s lig h tly  h ig h er in  m ales, 
w hile th e  P L /ch o leste ro l ra tio  is a lm o st th e  sam e in  b o th  sexes. T ab le  I I  shows 
th e  ind iv idual P L  com positions, o f  w hich p h o sp h a tid y l cho line  (PC) con
s titu te s  th e  h ig h es t a m o u n t w hile  th e  o th e r m a jo r P L  a re  p h o sp h a tid y l e thano l- 
am ine  (P E ), p h o sp h a tid y l serine  p h o sp h a tid y l in o s ito l (P S  -j- P I) an d  
sphingom yelin  (SM), in  decreasing  o rder.

The v iny l e th e r  a ldehydogen ic  P L , plasm alogen (choline -j- e thano lam ine  
com bined) is also p re sen t in  su b s ta n tia l  am o u n t in  b o th  sexes. O th er m inor
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T able  I

L ip id  com position and  inco rpora tion  of (N a ) - l-14C ace ta te  in to  th e  lip ids o f  a d u lt A . galli

Lipid class Male/Female

Lipid content 
^g/100 mg 
tissue wet 

wt

Incorporation of (N a)-l-14C 
acetate into the  lipid classes

A t 90 min A t 180 min 

% of to ta l lipid

T o ta l lip id Male 9185.04 ±  10.05 _ _
Fem ale 9390.22 ±  12.07 — —

T o ta l phospholip id  (PL) Male 4604.05 ±  7.5 28.19 33.86
Fem ale 5174.75 ±  8.5 24.65 25.92

T o ta l n e u tra l  lipid (NL) Male 3184.57 ±  11.5 59.80 52.70
Fem ale 3501.88 ±  2.5 63.40 58.40

T o ta l glycolipid (GL) Male 1231.42 ±  3.5 11.99 13.40
Fem ale 534.84 ±  11.5 11.80 15.60

T o ta l p o la r  lipid (PL  -f- GL) Male 5835.47 ±  11.52 40.18 47.27
Fem ale 5709.59 ±  8.9 36.52 41.55

P o la r/n o n p o la r Male 1.832 0.6717 0.8964
Fem ale 0.613 0.5754 0.7110

PL /cholestero l Male 7.567 2.3261 1.9230
Fem ale 7.832 1.16 1.3289

R esu lts  are expressed as m ean  ±  SD  o f 3 -4  observations. In co rp o ra tio n  of 14C -acetate 
in to  to ta l  lip id  o f m ale an d  fem ale A . galli am o u n ted  to  18,978 and  11,674 CPM/100 m g tissue 
w e t w t, respectively.

T able  I I

In d iv id u a l phospholipid com position and  in co rp o ra tio n  of (N a )-l-14C ace ta te  in to  th e  phospho
lip ids o f A .  galli

Phospholipid class Male/Female

Lipid content 
figßoo  mg 
tissue wet 

w t

Incorporation of (N a)-l-14C acetate 
in to  the  phosphohpid classes

A t 90 min A t 180 min

% of to tal lipid

P h o sp h a tid y l 
serine +  inositol Male 1028.75 ±  7.25 6.58 7.77

Fem ale 1123.75 ±  8.33 6.16 6.37
Sphingom yelin Male 1000.30 ±  2.34 6.85 8.24

Fem ale 1030.30 ±  3.33 5.73 5.73
P h o sp h a tid y l choline Male 1525.00 ±  10.07 7.24 8.40

Fem ale 1639.30 ±  9.08 6.37 6.58
P h o sp h a tid y l ethanolam ine Male 1050.00 ±  7.77 7.50 9.42

Fem ale 1381.70 ±  8.33 6.37 7.22
Plasm alogen Male 165.00 ±  1.25 — —

(Choline +  ethanolam ine) Fem ale 178.75 ±  1.90 — —

R esu lts  are expressed as m ean  ±  SD of 3 -4  observations
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Table I I I

In d iv id u a l n eu tra l lip id  com position  and inco rp o ra tio n  of (N a )-l-14C -acetate in to  th e  n e u tra l
lip ids o f A . galli

Neutral lipid class Male/Female

Lipid content 
^ig/100 mg 
tissue wet 

w t

Incorporation of (Na)-l-14C- acetate 
in to  the  neutral lipid class

A t 90 min A t 180 min 

%  of to ta l lipid

T o ta l acyl-glycerols Male 936.93 ±  7.64 27.41 24.50
Fem ale 996.92 ± 6 .6 6 27.34 27.60

M ono acyl-glycerols Male 360.36 ±  5.75 8.56 7.85
Fem ale 237.38 ±  3.73 7.86 9.03

D iacyl-glycerols Male 324.32 ±  4.73 6.33 6.40
Fem ale 154.30 ±  5.77 6.73 7.96

T riacyl-glycerols Male 252.25 ±  2.55 12.51 10.10
Fem ale 605.34 ±  2.33 12.75 10.50

T o ta l cholesterol Male 608.30 ±  1 !.44 19.62 17.90
Fem ale 660.70 ±  13.67 21.25 19.60

F ree  cholesterol Male 360.70 ±  7.95 10.40 9.11
Fem ale 360.70 ±  7.46 12.75 10.09

E ste rified  cholesterol Male 247.60 ±  5.45 9.22 8.49
Fem ale 300.00 ±  6.20 8.50 9.56

N on-esterified  fa tty  acid Male 1639.34 ±  36.14 12.77 10.60
Fem ale 1844.26 ±  38.16 14.87 11.15

R esults are expressed  as m ean ±  SD of 3—4 observations

P L  such  as lyso PC  (L PC ), lyso P E  (L P E ), d ip h o sp h a tid y l glycerol or ca r- 
d io lip in  (D PG ), a lth o u g h  d e tec ted , c a n n o t be  q u a n ti ta te d  w ith  confidence b y  
p h o sp h o ru s analysis a n d , th ere fo re , a re  n o t rep o rted . T he presence of phos- 
p h a tid ic  acid c an n o t b e  d e tec ted . T here  is no s ign ifican t difference in  b io 
sy n th es is  p a tte rn s  o f  th e se  P L  classes an d  no specific or d ifferen tia l in co rp o ra 
t io n  in to  a p a r tic u la r  P L  species is n o ted .

T he N L com p o sitio n  of A . galli is p resen ted  in  T ab le  I I I  show ing th a t  
acylglycerols an d  N E F A  are th e  d o m in a n t N L  classes o f th e se  n em atodes. 
F em ale  p arasites c o n ta in  sligh tly  m ore triacy lg lycero ls  (Tg), N E F A  an d  
es te rif ied  frac tio n  o f cholesterol. H ow ever, in co rp o ra tio n  stud ies show t h a t  
ra d io a c tiv ity  is a lm o st even ly  d is tr ib u te d  am ong d ifferen t N L  species. Q u a n 
t i t a t iv e  lip id  analysis  also reveals th e  p resence o f n e u tra l G L, cerebrosides 
(g lycosyl ceram ides) as well as acidic G L such  as gangliosides an d  su lp h a tid es  
(su lp h u ric  acid este rs  o f  cerebrosides). T h ey  are  a lm ost equ a lly  d is tr ib u ted  in  
b o th  sexes (Table IV ). H ow ever, w hile cerebrosides an d  su lp h a tid es  are a lm ost 
ev en ly  d is tr ib u ted  in  te rm s  of per cen t o f  to ta l  lip id , gangliosides are  p resen t in  
e x tre m e ly  sm all q u a n t i ty  and  in c o rp o ra te  sm all am o u n ts  of 14C -aceta te .
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Table IV

In d iv id u a l glycolipid com position  and incorpora tion  of (N a )-l-14C -ace ta te  in to  th e  glycolipide of
A . galli

Male/Female

Lipid content 
,ug/I00 mg 
tissue wet 

w t

Incorporation of (Na)-l-14C- acetate 
in to  the glycolipid classes

Glycolipid class A t 90 min A t 180 m in

%  of to tal lipid

Gangliosides Male 59.08 1.73 3.22
Fem ale 66.32 1.48 3.18

Creebrosides (N eu tra l GL) Male 575.92 ±  2.76 6.80 7.12
Fem ale 305.90 ±  1.37 6.03 7.76

Sulphatide Male 655.50 ±  3.14 5.19 6.28
Fem ale 228.94 ±  1.03 5.83 7.86

T o ta l acidic GL Male 714.58 6.92 9.50
Fem ale 295.25 7.31 11.04

N eu tra l GL/acidic GL Male 0.8509 0.9826 0.7494
Fem ale 1.036 0.8248 0.7028

R esults are expressed  as m ean ±  SD of 3 -4  observations

Table V

Subcellular d is trib u tio n  o f enzym es of lip id  m etabolism  of A . galli an d  com parison of M ichaelis— 
M enten  kinetic  p a ram ete rs  w ith  th a t  from  r a t  liver

Enzymes V(wmol/100 mg protein/m in)
(//mol/min/100 mg 

Protein) Homogenate Mitochondria Microsome Cytosol

G -6-PD H 3.85 ±  0.25 0.48 ±  0.02 0.417 ±  0.03 1.60 ±  0.09

M DH 34.83 ±  1.23 12.05 ±  0.73 6.28 ±  0.87 16.06 ±  1.01

HMG-CoA reductase 111.00 ±  0.98 184.00 ±  1.25 97.30 ±  0.79 160.00 ±  1.01

Tg-lipase 1.008 - — —

Enzymes K m ^M ) Vmax(^m °l/1Q0 mg protein/min)

(umol/min/100 mg 
Protein) A . galli 

homogenate
R a t liver 

homogenate
A . galli 

hom ogenate
R at liver 

homogenate

G -6-PD H 15.38 3.44 5 . 5 5 4.34

M D H 5.26 x 1 0 s 4.76 3.33 90.90

HMG-CoA reductase 0.5 x lO 6 4.08 x 1 0 s 133.33 501.72

Tg-lipase 3.33 x 1 0 s - 47.63 —

R esults are  expressed  as m ean ±  SD of 3—4 observations
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T h e  presence o f  lipogenic an d  lip o ly tic  enzym es is d e te c te d  in  A . galli. 
G -6 -P D H  is m ore a b u n d a n tly  p re se n t in  th e  p arasitic  cy to so l th a n  in  m ito 
c h o n d ria  or m icrosom al co m p a rtm e n ts  a n d , along w ith  M D H  an d  HM G-CoA 
re d u c ta se , shows low er su b s tra te  a f f in i ty  (h igher K m ) as co m p ared  to  th e  r a t  
l iv e r  hom ogenate  (T ab le  V). H M G -CoA  red u c tase  and  M D H  are  associated  
w ith  m ito ch o n d ria l frac tio n s , a lth o u g h  th e y  are p resen t in  cy toso l as well. 
T h e  presence of T g-lipase  is also co n firm ed  in  th e  p a ras ite  hom o g en a te .

T h e  m echanism s o f  n u tr ie n t u p ta k e  fro m  th e  en v iro n m en t b y  th e  p a ra s ite  
a re  ch a rac te rized  b y  in c u b a tio n  in  a su ita b le  assay sy s tem  con ta in in g  th e  
rad io lab e lled  iso topes o f  v a rious low  m olecu la r w eight com p o u n d s. Glucose, 
a c e ta te  an d  p a lm ita te , w h ich  are  k n o w n  to  b e  p re fe ren tia lly  in c o rp o ra te d  in to  
th e  ca rb o n  skele ton  o f  vario u s lip id  classes, are used a n d  th e  ra d io a c tiv ity  
t a k e n  u p  by  th e  p a ra s ite  is m easu red  in  an  e th an o l-ex trac ted  frac tio n . The 
s u b s tra te  u p tak e  in  A . ga lli has b een  fo u n d  to  be a n o n -linear, tw o -com ponen t 
p ro cess  as a fu n c tio n  o f  tim e  an d  i t  also  show s su b s tra te  s a tu ra t io n  k inetics. 
A n  in itia l rap id  u p ta k e  fo r th e  f irs t  tw o  m inu tes is follow ed b y  a low er ra te  
o f  u p ta k e  up  to  th e  1 5 th  m in  w hen i t  reach es stead y  s ta te  (F ig . 1). F rom  th is  
s tu d y , exp erim en ta l in cu b a tio n s  o f 2 m in  a re  chosen as o p tim a l for fu r th e r  
s tu d ie s . Glucose u p ta k e  is also fo u n d  to  be  sodium  d ep en d en t an d  is consid-

F ig . 1. N a +-dependence o f glucose u p ta k e  b y  A scarid ia  galli. F o r d e ta ils  see M aterials and  
m e th o d s . NaCl, choline ch lo ride , KC1 and  LiCl w ere  added  to th e  s ta n d a rd  in cu b a tio n  system  
in  a  c o n cen tra tio n  of 120 m M  each. V alues a re  th e  m ean  of th ree  in d e p e n d e n t o bservations
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e rab ly  low er in  th e  p resence  o f  choline chloride, KCl or LiCl w hen th e se  sa lts  
rep lace  NaCl in  th e  in c u b a tio n  m edium . Also, glucose u p ta k e  is no t lin ea r w ith  
re sp ec t to  su b s tra te  co n c e n tra tio n , suggesting  th a t  th e  u p ta k e  is a m ed ia ted  
process, b u t  no clear in d ic a tio n  o f a  sigm oidal cu rv e  is ev id en t (F ig . 2A). 
L in ea r tra n s fo rm a tio n  o f  th e  d a ta  on th e  effect o f s u b s tra te  co n cen tra tion  is 
also p resen ted  in  th e  fo rm  o f E ad ie  p lo t (Fig. 2B). T he K t an d  Imax of glucose 
u p ta k e  are  9.09 an d  26.67 m m ol • 100 m g t is s u e “ 1 • m in -1 , respective ly . 
B ile sa lts (N a ch o la te  a n d  N a desoxycho la te), ad d ed  to  th e  in cu b a tio n  m edium  
in  a co n cen tra tio n  of 10 m M , s tro n g ly  in h ib it th e  u p ta k e  o f  glucose an d  palm i- 
t a t e  b y  th e  p a ra s ite  (T able  V I). T h e  u p ta k e  of 14C -ace ta te  a n d  14C -palm ita te  b y  
th e  pa rasite s  also follows th e  sam e p a t te rn  as th a t  o f g lucose (F ig. 3).

Fig. 2. E ffec t of su b s tra te  c o n ce n tra tio n  on glucose u p ta k e  b y  A sca rid ia  galli. U p tak e  v e lo c ity  
(V) an d  su b s tra te  co n cen tra tio n  (S) are  expressed  in  m m ol/100 m g o f A . galli d ry  w eigh t pe r 
m in  a t  37 °C and  mM , resp ec tiv e ly . V alues are th e  m ean  of th ree  in d ep e n d en t o b servations. 
(A) U p tak e  ve loc ity  ve rsu s s u b s tra te  co n cen tra tio n  curve. (B ) E ad ie  p lo t o f V versus V/S
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Table VI

In h ib itio n  of up take  of 14C-glucose an d  14C-palm itic acid b y  A . galli du rin g  2 m in  incubation  w ith
N a  cholate  and  N a desoxycholate

B ile  sa lt
C oncen tra tion

mM

14C-glucose u p tak e 14C -p a lm itic  acid 
u p ta k e

C PM /100 m g d ry  w t  o f  A . galli

N a cholate 0 9 2 0 0  ±  1 4 1 1 5  4 7 4  ±  2 0 6

5 6 9 8 7  ±  6 4 8 1 2  6 5 6  ±  2 0 5

1 0 4 3 5 0  ±  1 8 9 7  4 3 4  ±  6 0 7

2 0 5 2 6 7  ±  1 6 6 8 6  6 8 0  ±  6 3

3 0 5 7 5 1  ±  1 5 4 1 5  4 9 4  ±  4 0 9

Na desoxycholate 0 9 2 0 0  ±  1 4 1 1 5  4 7 4  ±  2 0 6

5 5 5 9 8  ±  1 2 3 0 5  0 1 4  ±  2 1 5

1 0 4 8 3 4  ±  6 3 4  3 6 3  ±  6 0

2 0 3 8 2 3  ±  5 3  6 6 8  ±  8 1

3 0 3 7 6 0  ±  5 7 3  1 8 0  ±  4 7

R esults are expressed as m ean  ±  SD of 3—4 observations

F ig . 3. K ine tics of N a a c e ta te  a n d  N a  p a lm ita te  u p ta k e  b y  A scarid ia  galli. V alues are  th e  m ean
o f  th ree  in d ep en d en t observations
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D iscussion

T he resu lts  o f th e  p resen t s tu d y  illu s tra te  th a t  a d u lt  m ale an d  fem ale  
A . galli c o n ta in , and  a re  able to  b io sy n th esize  de novo , all m a jo r classes o f lip ids 
inc lud ing  ce rta in  com plex lip ids. T h e y  co n ta in  p lasm alogen  (v inyl e th e r) , 
a P L  w hich  m ay  re la te  to  th e  s ta b ili ty  o f  e th e r bonds w h ich  canno t be h y d ro 
ly sed  b y  phospho lipase. T herefore, i t  m a y  c o n tr ib u te  to  th e  in tac tn ess  o f  th e  
p a ra s ite ’s su rface m em brane  w hich  h as  to  su rv ive  in  a n  u n fav o u rab le  e n v iro n 
m en t. B ody  w all lip ids o f A scaris  (F a irb a irn , 1956) a n d  also of th e  f ila r ia  
Litom osoides carin ii (S u b rah m an y am , 1967) have  b een  show n to  c o n ta in  
p lasm alogens. C erebrosides an d  su lp h a tid e s  are im p o r ta n t  GL and  c o n s titu te  
th e  s tru c tu ra l elem ents of th e  p a ra s ite ’s nervous sy stem . T hese lip ids, h av in g  a 
ra th e r  slow tu rn o v e r, p rov ide ex trem e  s ta b ility  to  th e  nervous system  an d , 
th e re fo re , m a y  enable  th e  p a ras ite s  to  w ard  off ch em o th erap eu tic  an d  o th e r  
en v iro n m en ta l assau lts  successfully . G angliosides a re  p re sen t in  ex trem e ly  
sm all q u a n tity , p red ic tab ly  because th e y  c o n s titu te  th e  ligand  m olecules of 
th e  p a ra s ite ’s surface an tigen  only  a n d  are  n o t a p a r t  o f th e  s tru c tu ra l o rg an iza 
tio n . H ow ever, th e  m uch  h igher in c o rp o ra tio n  of labelled  a c e ta te  in to  gang lio 
sides is in d ica tiv e  of ex trem ely  fa s t b iosyn thesis an d  tu rn o v e r , em phasizing  
th e ir  ro le as recogn ition  m olecules in  th e  h o s t-p a ra s ite  in te rac tio n . T h ey  m ay  
also fo rm  p a r t  o f th e  p a ras itic  su rface  glycocalyx a n d  a re  usually  lo s t an d  
re a p p e a r in  th e  surface coat d u rin g  m o u lting  processes. T he p a ras ite s  also 
show  a h igh  P L /cho lestero l ra tio , w h ich  is th e  key  d e te rm in a n t o f m em b ran e  
lip id  f lu id ity , P L  phase  tra n s itio n  a n d  m em b ran e-asso cia ted  in teg ra l p ro te in  
fu n c tio n s, such  as recep to rs , t ra n sp o r te rs  an d  enzym e m olecules (S h in itzy  an d  
In b a r , 1976).

E x p ec ted ly , m ost of th e  ra d io a c tiv ity  in c o rp o ra te d  in to  to ta l  lip id s is 
found  to  be d is tr ib u te d  in  th e  P L , cholestero l, acy lg lycero l and  f a t ty  acid  
frac tio n s, because th e  pa rasite s  h a v e  to  m eet th e  re q u ire m e n t of s tru c tu ra l 
lip ids fo r enorm ous egg p ro d u c tio n  a n d  ra p id  tu rn o v e r  o f  m em branes. T g  is 
be ing  syn th esized  m ore p ro m in en tly  th a n  o th e r acy lg lycero l species, w hile 
cho lestero l is less este rified  and , th e re fo re , m ore av a ilab le  to  be in co rp o ra ted  
in to  th e  m em branes. T he h igh  level o f  N E F A  m a y  p ro v id e  th e  n ecessary  
s tim u lu s fo r acy la tio n  o f glycerol. N E F A  m ay  also fo rm  p a r t  of th e  p a ra s itic  
secre tio n /ex cre tio n  p ro d u c ts  besides b e ing  in co rp o ra ted  in to  th e  eggs. PC is th e  
d o m in an t P L  species in  th ese  p a ra s ite s . PC and  P E  m a y  be  im p o rta n t in  m a in 
ta in in g  c o n tin u ity  betw een  th e  aqueous an d  lip id  phases inside and  o u ts id e  th e  
cell. C ardiolip in , w hich is m ain ly  lo ca ted  in  th e  inner m ito ch o n d ria l m em b ran e  
o f h igher organism s an d  has been  ch a rac te rized  as th e  recep to r for sev era l 
m ito ch o n d ria l enzym es includ ing  c re a tin e  p h o sphok inase  (M idler e t a l., 1985), 
has also b een  d e tec ted  in  th is  p a ra s ite . In  h igher organ ism s m ost of th e  p la sm a 
logen is also lo ca ted  in  th e  m ito ch o n d ria . T herefore, th e  presence of th e se  P L ,
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w h ich  are u su a lly  asso c ia ted  w ith  th e  sk e le ta l m uscles o f  h ig h er organism s, 
m a y  in d ica te  th a t  m ito ch o n d ria l re sp ira tio n s  an d  o th e r fu n c tio n s  are h igh ly  
o rg an ized  in  th is  p a ra s ite , too . Lyso P L , L PC  an d  L P E  are p ro b a b ly  b reakdow n  
p ro d u c ts  of th e  re sp e c tiv e  d iacy la ted  species. T heir presence also suggests th e  
p ro b a b ili ty  of m em b ran e -b o u n d  p h o sp h o lip ase  enzym e a c tiv i ty  in  A . galli. 
T h e  presence of p h o sp h a tid ic  acid  could  n o t be  confirm ed in  o u r s tu d y  a lth o u g h  
th is  P L  has been  d e m o n s tra te d  in  th e  f i la r ia  Setaria cervi (A nsari e t al., 1973).

T h e  presence o f  lipogenic  an d  lip o ly tic  enzym es in  A . ga lli a n d  th e  k in e tic  
ch a ra c te ris tic s  c o m p arab le  w ith  th o se  o f  h ig h er anim als m a y  in d ica te  th a t  th e  
p a ra s i te  is n o t d e p e n d e n t on th e  h o s t’s lip id  b io sy n th e tic  m a c h in e ry  an d  th a t  
th e  k e y  enzym atic  s tep s  in  in te rm e d ia ry  m etabo lism  a re  fu lly  o p era tive . 
G -6 -P D H  and  M D H  a re  im p o r ta n t lipogen ic  enzym es p ro v id in g  th e  reduc ing  
e q u iv a le n ts , essen tia lly  needed  for f a t ty  ac id  syn thesis, a n d  also HM G-CoA 
re d u c ta se  is th e  r a te  lim itin g  enzym e in  cho lestero l b io sy n th esis . T he presence 
o f  T g-lipase  in  A . ga lli show s th a t  th e  p a ra s itic  tissue  is c ap ab le  o f  hydro lysing  
acy lg lycero ls. T he p resence  of th e se  enzym es assum es im p o rta n c e  since in  its  
u su a l h a b ita t  th e  p a ra s ite  undergoes m e tab o lism  in  an aero b ic  conditions or 
u n d e r  stress of poor o x ygen  tension .

A d a p ta tio n  o f  a d u lt  n em ato d es to  life in  th e  v e r te b ra te  gu t requ ires 
d ependence  of th e  p a ra s ite  on th e  su p p ly  o f low  m olecular w e ig h t substances to  
b e  in c o rp o ra te d  in to  th e  m acrom olecu lar s tru c tu re s . T he u p ta k e  of glucose, 
a c e ta te  and  p a lm ita te  b y  A . galli is accu m u la tiv e , tim e  d ep e n d e n t an d  a n o n 
lin e a r  sa tu rab le  fu n c tio n  of e x te rn a l s u b s tra te  co n cen tra tio n . A bso rp tio n , a t 
le a s t in  p a r t , is tra n s c u tic u la r  (W ong a n d  F e rn a n d o , 1970). G lucose u p ta k e  also 
seem s to  be a m e d ia te d  system  as in  h ig h e r anim als (C rane, 1965) an d  is also 
d e p e n d e n t on N a ions. N a  + req u irem en t fo r glucose in flu x  is h ig h ly  specific as it  
c a n n o t be sa tisfied  b y  choline, L i+ or K  + . T h e  u p ta k e  conform s M ichaelis- 
M en ten  ty p e  su b s tra te  sa tu ra tio n  k in e tic s  as ev idenced b y  a lin e a r  E ad ie  p lo t.

Glucose an d  p a lm ita te  u p ta k e s  w ere  in h ib ite d  by  b ile  sa lts , in d ica tin g  
t h a t  th e  success o f th e  p a ra s ite  req u ires  in te g ra tio n  w ith  th e  h o st d igestive 
sy s te m , as bile sa lts  sec re ted  b y  th e  h o s t m a y  p erfo rm  a re g u la to ry  or lim itin g  
ro le  in  so lu te u p ta k e . N a  cho la te  a n d  N a  desoxycho la te  a re  k n o w n  n o t to  en te r 
th e  p a ra s ite  bo d y  (S u rg an  an d  R o b e rts , 1976) and , th e re fo re , in te g ra tio n  is a 
su rface  phenom enon . P ro b a b ly , b ile  s a lt m onom ers adsorb  to  a n d  sa tu ra te  th e  
loci specific  for th e  t r a n s p o r t  of th e se  so lu tes . In h ib itio n  o f u p ta k e  b y  bile salts 
is so m ew h at su rp ris in g , since i t  is w ell k n o w n  th a t  lip id  u p ta k e  is increased  
fro m  m ixed  m icelles b y  b ile  sa lts in  h ig h er an im als. Possib ly  th e  co n cen tra tio n  
o f  b ile  salts used in  o u r experim en ts  is h ig h  in  th e  sense th a t ,  to  ensure m olec
u la r  co n tac t be tw een  th e  solu tes ( f a t ty  acid) an d  th e  ab so rp tiv e  loci, th e  bile 
s a lts  m u st he p re se n t a t  th e ir  c r itic a l m ice lla r co n cen tra tio n s. Increasing  bile 
s a lt  co n cen tra tio n  a b o v e  th e  c ritica l m ice lla r co n cen tra tio n  m a y  p rove c o u n te r
p ro d u c tiv e .
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B o x  59, H u n g ary

(R eceived  M arch 23, 1989)

T he D N A  of a bovine h e rp esv iru s  1 (B H V -1) s tra in  iso la ted  fro m  ca lf encephalitis 
in H u n g a ry  w as analysed  w ith  re s tr ic tio n  enzym es. T he c leavage  p a tte rn  of th e  e n 
cephalitis s tra in  N a/67 d iffered  fro m  those  of all th e  o th e r  H u n g a rian  BH V -1 
isolates in v es tig a ted  so fa r. T he E co R I and  H in d  H I  c leavage p a tte rn s  o f v irus s tra in  
N a/67 were fo und  to  be  sim ilar to  th e  p a tte rn s  of tw o o th e r  en ce p h a litis  stra in s  (N569 
an d  A663 fro m  A u stra lia  an d  A rg e n tin a , respectively) c h a ra c te riz ed  earlier. S tra in  
N a/67 is th e  f i r s t  iso late  in  E u ro p e  w hich  show ed th e  re s tr ic tio n  enzym e p a tte rn  o f 
B H V -1.3 p rev iously  supposed  to  b e  c h a rac te ris tic  o f en cephalitis  s tra in s .

K eyw ords: B ovine h e rp esv iru s  1, encephalitis, r e s tr ic tio n  enzym e analysis

BHV-1 m ay  cause c lin ically , epizootiologically  a n d  patho log ica lly  
d iffe ren t form s o f disease in  c a tt le . T he v iru s was f irs t  iso la te d  from  anim als 
su ffering  from  a disease of th e  u p p e r  re sp ira to ry  t r a c t  (in fec tious bovine rh ino - 
tra c h e itis , IB R ; M adin  e t al., 1956). L a te r  on th e  ca u sa tiv e  a g en t o f IB R  w as 
fo u n d  to  be id en tica l w ith  th a t  o f in fec tious p u stu la r  v u lv o v a g in itis  (K endrick  
e t a l., 1958). S u b sequen tly , i t  w as rev ea led  th a t  th e  v iru s  can  cause co n ju n c ti
v itis  (A binan ti an d  P lu m m er, 1961), encephalom yelitis  ( J o h n s to n  et al., 1962), 
a b o rtio n  (Crane e t al., 1964), a n d  generalized  system ic d isease  (B a rth a  e t al., 
1974). All th ese  clinical en tities  cau sed  b y  IB R  v irus h a v e  b een  observed in  
H u n g a ry , too .

A lthough  BHV-1 in fec tio n  o f  c a ttle  popu la tions is w idesp read  all over 
th e  w orld , th e  incidence of th e  d iseases charac terized  b y  d iffe ren t sym ptom s is 
r a th e r  variab le . W hile th e  re sp ira to ry  form  of th e  d isease is p e rm an en tly  
observed  on all co n tin en ts , en cep h a litis  affecting  y o ung  ca lves occurs sp o rad ic 
a lly . I n  th e  la s t th re e  decades, B H V -1 associated  en cep h a litis  cases su p p o rted  
b y  iso la tion  of th e  v iru s  w ere re p o r te d  in  several coun tries.

The pu rpose  o f th is  s tu d y  w as to  ch aracterize  th e  D N A  of th e  H u n g a rian  
encepha litis  s tra in  designated  N a/67  b y  m eans of re s tr ic tio n  endonuclease 
analysis  and  to  com pare i t  w ith  t h a t  o f o th e r know n B H V -1 s tra in s  iso la ted  
from  various clin ical en tities.
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Materials and methods

V iru s strains and virus propagation

The reference s tra in s  LA  (M adin e t a l., 1956) a n d  K 22 (K endrick  e t al., 
1958) k ind ly  supp lied  b y  D r. H . L udw ig  (W est-B erlin) as w ell as th e  encephali
t is  s tra in  N a/67 (iso la ted  b y  B a r th a  e t a l., 1969) w ere p ro p a g a te d  on m onolayer 
cu ltu res  o f secondary  b o v in e  te s tic le  cells in  ro ller b o ttle s .

V irus purifica tion  and D N A  extraction

F o rty -e ig h t h  a f te r  in fec tion , th e  cu ltu re  m ed ium  w as cleared  from  cells 
b y  low  speed cen tr ifu g a tio n . T he v iru s  from  th e  s u p e rn a ta n t  was pelle ted  by  
cen trifu g a tio n  for 1.5 h  a t  25,000 rp m  (SW  28 B eckm an  ro to r) . T he pelle t was 
resuspended  in  N T E  b u ffe r  an d  cen trifu g ed  th ro u g h  sucrose cush ion  (30%  w/v) 
fo r 1.5 h a t 24,000 rp m . T h e  pelle t w as resuspended  in  Т Е  b u ffe r and  digested  
w ith  P ro te inase  К  (S igm a Chem ical C om pany) a t a c o n c e n tra tio n  of 100 pg/m l 
in  th e  presence o f 0 .5 %  sodium  dodecyl su lp h a te . T he v ira l D N A  was purified  
b y  p h en o l-ch lo ro fo rm  e x tra c tio n  an d  p re c ip ita te d  in  2 .5-fo ld  vo lum e abso lu te  
e th an o l w ith  0.3 M so d iu m  ace ta te . T h e  p rec ip ita te  w as p elle ted , dried and  
red isso lved  in  Т Е  b u ffe r . T he m ethods used  were describ ed  in  m ore deta il by  
M aniatis et al. (1982).

Restriction enzyme ana lysis

R estric tion  endonucleases w ere p u rch ased  from  A m ersh am  In te rn a tio n a l 
p ic, U K  (E coR I, H m d l l l )  and  from  N ew  E n g land  B io labs, B everly , MD, USA 
(R s iE II ) .  D igestions w ere  carried  o u t u n d e r th e  co n d itio n s recom m ended by  
th e  suppliers. T he D N A  frag m en ts  w ere analysed  b y  h o riz o n ta l gel e lec tro 
phoresis in  0 .8%  agarose  accord ing  to  M ania tis et al. (1982).

Results

F igure 1 show s th e  re s tr ic tio n  enzym e p a tte rn s  o f  th e  IB R  reference 
s tra in  LA, th e  IP V  re fe ren ce  s tra in  K 22, an d  th e  en cep h a litis  s tra in  N a/67 
o b ta in e d  w ith  th e  enzym es E coR I, H ire d l l l  an d  R s iE II . I t  c an  be clearly  seen 
t h a t  th e  re s tric tio n  en zy m e p a tte rn  o f s tra in  Na/67 is d iffe ren t from  th a t  of th e  
IB R  an d  IP V  re ference  s tra in s .

Since we w ere n o t  in  th e  possession o f th e  en cep h a litis  reference s tra in s  
N 569 or A663, th e ir  d ire c t com parison  w ith  th e  H u n g a ria n  iso la te  N a/67 was 
n o t possible. C om paring  th e  E coR I an d  th e  H i n d l l l  re s tr ic tio n  endonuclease
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p a tte rn s  o f ou r s tra in  w ith  th o se  of stra in s  N 569 an d  A663 p u b lish ed  b y  E ngels 
e t al. (1986), th e  th re e  encephalitis  s tra in s  p ro v ed  to  be sim ilar.

I t  is w o rth  n o tin g  th a t  th e  D N A  re s tr ic tio n  p a tte rn s  o f s tra in  N a/67 
d iffered  also from  th o se  o f all th e  o th e r H u n g a ria n  BH V -1 v iru s  iso lates in 
v e s tig a te d  so fa r  (d a ta  n o t show n).

Discussion

Iso la tio n  o f BH V -1 v iru s  from  calves w ith  encephalitis  has so fa r been  
re p o rte d  in  sev era l co u n trie s : in  A u stra lia  (F ren ch , 1962), th e  U nited  S ta te s  
(B aren fus e t ah , 1963), H u n g a ry  (B a rth a  e t ah , 1969), S y ria  (B agdadi a n d  
M artin , 1974), S co tland  (W a tt e t ah , 1981), A rg en tin a  (Carillo e t ah, 1983) a n d  
th e  F ed era l R epub lic  o f G erm any  (M eyer an d  H iib e rt, 1987).

Two o u t o f th e  four s tra in s  associa ted  w ith  encephalitis  w hich  have been  
s tu d ie d  u n til  полу b y  re s tr ic tio n  enzym e ana lysis , n am ely  th e  N o rth  A m erican  
(s tra in  LAC) an d  th e  G erm an  (s tra in  V I91) iso la tes, p ro v ed  to  possess D N A  
resem bling  th a t  o f th e  BHV-1 s tra in s  fo rm erly  called  “ re s p ira to ry ” or “ IB R - 
lik e”  (G regersen, 1983; M eyer an d  H iib e rt, 1987). T hese tw o  s tra in s  could be  
classified as B H V -1 .1 accord ing  to  th e  labelling  system  suggested  b y  M etzler e t 
ah (1985). B ecause o f th e  d istinc tiveness o f  th e ir  D N A  re s tr ic tio n  p a tte rn s  
(B rake  an d  S tu d d e r t , 1985), th e  o th e r tw o  in v e s tig a te d  iso la te s , i. e. th e  A u s t
ra lia n  s tra in  N569 an d  th e  A rg en tin ian  s tra in  A 663 ,w ere  g ro u p ed  to g e th e r as 
B H V -1 .3 (M etzler e t ah , 1986). T hese tw o s tra in s  w ere id e n tic a l w hen c leaved  
w ith  F co R I or H in d lH , b u t  could  be d iffe ren tia ted  w ith  B s tE II  (Engels e t 
ah , 1986).

T he D N A  re s tr ic tio n  p a tte rn s  of s tra in  N a/67 g en era ted  b y  enzym es Eco- 
R I  or H i n d l l l  could  n o t be d istingu ished  from  th e  p u b lish ed  p a tte rn s  o f th e  
abo v e-m en tio n ed  tw o  encephalitis  s tra in s . U sing th e  B s tE I I  enzym e, s tra in  
N a/67 ap p ea red  s lig h tly  d iffe ren t from  s tra in  A663 an d  s im ila r to  s tra in  N 569. 
S tra in s  N a/67 an d  N569 possessed an  a d d itio n a l reco g n itio n  s ite  lo ca ted  a t  
th e  m ap u n it 0.420 com pared  to  s tra in  A663.

T his is th e  f irs t  evidence o f th e  occurrence of bovine encephalitis  h e rp es
v iru s  (B H V -1 .3) in fec tion  in  E u rope . Since B H V -1 .1 s tra in s  h av e  also b een  
re p o rte d  as cau sa tiv e  agen ts o f ca lf encepha litis , i t  is su p p o sed  th a t  th e re  
is no s tr ic t co rre la tio n  be tw een  th e  clin ical m an ife s ta tio n  o f BHV-1 in fec 
tio n  an d  th e  genom e ty p e  o f  th e  v irus.
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F ig . 1. E lectrophoresis in 0 .8 %  agarose gel of sam ples o b ta in ed  by  “ m in i”  plasm id e x trac tio n  
to  estim ate  th e  size o f ra n d o m ly  cloned H i n d l l l  frag m en ts . E  =  pU C 18 contain ing  H i n d l l l  
frag m e n t E ; M =  pU C 18 co n ta in in g  H in d l l l  f rag m e n t M; 0  =  pU C 18 contain ing  H i n d l l l  
f rag m e n t О; X  =  pU C18 co rrespond ing  in size to  th e  orig inal p lasm id ; A =  bacteriophage A 
d igested  w ith  re s tr ic tio n  endonucleases H i n d l l l  a n d  E coR I (m o lecu la r w eight s ta n d a rd )



Fig. 2. E lectrophoresis in  0 .5%  agarose gel o f  cloned H i n d l l l  f rag m e n ts  o f th e  H u n g a rian  
IB R Y  iso la te  HB144. 1 =  H i n d l l l  frag m en ts  o f  s tra in  HB144; 2 =  b ac terio p h ag e  A d igested  
w ith  re s tr ic tio n  endonuclease  H i n d l l l ;  3 = b acterio p h ag e  A d igested  w ith  re s tr ic tio n  en d o 
n u c leases H i n d l l l  and  EcoR I; 4 =  frag m en t O ; 5 =  fragm en t M; 6 =  frag m e n t L ; 7 =  frag 
m e n t J ;  8 =  fragm ent G; 9 =  fragm ent E ; 10 =  frag m en t D; 11 =  H i n d l l l  frag m en ts  o f th e

H ungarian  IB R Y  isolate HB144
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M olecular c loning o f th e  H m d l l l  frag m en ts  o f b o v ine  h e rp esv iru s 1 (B H V -1) 
s tra in  H B 144, iso la ted  fro m  infectious bovine  rh in o tra ch e itis  ( IB R )  in  H u n g a ry , an d  of 
an  infectious p u s tu la r  v u lv o v ag in itis  (IP V ) reference s tra in  (K 22) is rep o rte d . So fa r  
52%  of th e  IB R  v ira l genom e an d  28%  of th e  IP V  v ira l genom e h av e  been  c loned. 
T he analysis o f d ifferences be tw een  th e  s tra in s  is cu rre n tly  in  p rogress.

K eyw ords: B ovine h e rpesv irus 1, IB R , m olecular c loning

B ovine h erp esv iru s  1 (BH V -1) is one o f t he m ost im p o r ta n t  herpesv iruses 
pathogen ic  to  c a ttle . I t  can  cause a v a r ie ty  o f  syndrom es (L udw ig, 1983) 
inc lud ing  re sp ira to ry  disease (infectious bov ine  rh in o tra c h e itis , IB R ) o f v a ry in g  
sev erity , co n ju n c tiv itis , a b o rtio n  and , less com m only , i t  c an  be  a cause o f 
encephalitis  in  calves. T h is v iru s  can  be held  responsib le fo r causing  in fectious 
p u s tu la r  vu lv o v ag in itis  (IP V ) in  cows an d  in fectious b a la n o p o s th itis  (IB P ) in  
bulls.

C o n ju nc tiv itis , a b o rtio n  an d  encepha litis  caused b y  B H V -1 are  freq u en tly  
associa ted  w ith  th e  re sp ira to ry  form . H ow ever, d isregard ing  a few  ex cep tional 
cases, th e  g en ita l an d  re sp ira to ry  form s do n o t occur to g e th e r  in  th e  sam e h e rd  
(K ah rs  an d  S m ith , 1965).

These p ra c tic a l o b serv a tio n s led  researchers to  assum e th a t  th e  d ifferen t 
disease syndrom es (m ain ly  IB R  an d  IP V ) a re  caused b y  d iffe ren t v iru s  s tra in s . 
In itia l stud ies rev ea led  c e r ta in  differences b e tw een  th e  re s tr ic tio n  endonuclease 
cleavage p a tte rn s  o f IB R  an d  IP V  iso la tes. T he n eu ro p a th o g en ic  s tra in s  
recen tly  rep o rted  fro m  A u stra lia  an d  A rg en tin a  are  d is tin c tly  d ifferen t from  
th e  fo rm er (E ngels e t ah , 1981; E ngels e t ah , 1986; L udw ig , 1983; Seal e t ah ,
1985) . T he n e x t s tep  w as to  classify  th e  s tra in s  b y  th e ir  D N A  s tru c tu re  an d  th e  
clinical syndrom es caused  b y  th em . R esearchers hold  d iv e rg en t view s in  th is  
respec t. Some au th o rs  are  o f th e  op in ion  th a t  th e  ty p e  o f d isease caused  can n o t 
be associa ted  w ith  d ifferences found  be tw een  th e  v iru s s tra in s  (M isra e t ah , 
1983; Seal e t ah , 1985). No such  re la tio n sh ip  could  be d e m o n s tra te d  b y  classical 
viro logical m ethods e ith e r  (H ouse, 1972). A ccording to  o th e rs  (E ngels e t ah ,
1986) , th e  th re e  m a in  g roups estab lished  b y  analysis o f th e  v ira l D N A  in c lude
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th r e e  different ty p e s  o f  s tra in s , an d  s tra in s  w ith in  a g iven  g roup  produce  th e  
sa m e  clinical m an ife s ta tio n . A u th o rs  agree th a t  th e re  is v e ry  h igh  (ab o u t 95% ) 
g en e tic  hom ology b e tw een  IB R  a n d  IP V  s tra in s  (E ngels e t a l., 1986; Seal e t al., 
1985). W ith  know ledge o f th is  fac t th e  d iversified  clin ical m an ifesta tio n  of 
sy ndrom es caused b y  В Н У -1 is especially  in te restin g . O th e r m eth o d s m ay  also 
b e  usefu l in  th e  an a ly s is  an d  c lassifica tio n  o f th e  s tra in s : e. g. ВНУ-1 s tra in s  
h a v e  been d iffe ren tia ted  b y  th e ir  p o ly p ep tid e  p a tte rn s  a n d  selective reac tio n  
w ith  m onoclonal a n tib o d ie s  (E ngels e t ah , 1986; M etzler e t ah , 1985; P a s to re t 
e t  a h , 1980).

No detailed  s tu d y  o f v ira l D N A  can  be  im ag ined  w ith o u t “ hav in g  in  
h a n d ”  th e  genetic m a te r ia l  o f th e  g iven  v iru s. I t  w ould , how ever, be le n g th y  
a n d  laboursom e to  grow  th e  v iru s  a n d  p u rify  th e  D N A  ag a in  a n d  again  so as to  
m a k e  i t  available in  su ffic ien t q u a n t i ty  fo r a given w ork . A n o th e r p rob lem  is 
t h a t  th e  q u a lity  o f  D N A  p re p a ra tio n s  p roduced  a t  d iffe ren t tim es  is in e v ita b ly  
d iffe ren t. This ren d e rs  th e  in te rp re ta tio n  o f resu lts  r a th e r  d ifficu lt. M oreover, 
o f te n  th e re  is no n eed  fo r th e  w hole D N A  an d  only  a c e r ta in  reg ion  or selected  
fra g m e n t of th e  genom e is needed  fo r d e ta iled  s tu d y .

M olecular clon ing  o f th e  v ira l genom e affords a  co n v en ien t so lu tion  to  th e  
p ro b lem s o u tlined  ab o v e . T he m o lecu lar cloning of a H u n g a ria n  BH V -1 s tra in  
(H B 144) iso la ted  fro m  re sp ira to ry  disease (IB R ) a n d  o f an  IP V  reference 
s t r a in  (K22) is re p o r te d  in  th is  p ap e r.

Materials and methods

V iru s  propagation

Virus s tra in s  H B 144 an d  K 22 w ere grow n in  ca lf  te s tic le  cell cu ltu res  of 
low  passage n u m b e r a n d  h a rv e s te d  a t  m ax im u m  c y to p a th ic  effect (48 h  p o s t
in fec tion ). In tra c e llu la r  v ira l p a rtic le s  w ere released  b y  th re e  cycles of freezing  
a n d  thaw ing.

V iru s  purification  and  D N A  extraction

Cell debris w as rem o v ed  b y  cen tr ifu g a tio n  a t 4000 rp m  for 20 m in . T he 
v iru s-co n ta in in g  su p e rn a ta n t  w as cen trifu g ed  a t  18,000 rp m  fo r 150 m in  in  a 
B eck m an  u ltra c e n tr ifu g e , w ith  a ty p e  T-19 ro to r . T he v iru s  pelle t w as re su s
p en d ed  in  N T E  b u ffe r  (100 mM N aCl, 10 mM T ris, p H  7.0, an d  1 mM E D T A ), 
la y e re d  onto 5 m l o f  30 %  sucrose, a n d  cen trifu g ed  a t  24,000 rp m  for 90 m in  in  
a n  SW-27 ro to r. T h e  v iru s  pelle t w as again  resu sp en d ed  in  N T E  bu ffer (ab o u t 
2 m l). 0.5 to  1 .0%  sod iu m  dodecyl su lp h a te  (SDS) w as a d d e d  to  th e  sam ple  an d  
i t  w as digested w ith  200 /tg /m l P ro te in ase  К  (S igm a C hem ical Co., S t. Louis)
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a t  37 °C for 4 h . T he D N A  was e x tra c te d  w ith  a 25 : 24 : 1 m ix tu re  o f pheno l : 
: ch lo ro fo rm  : isoam yl alcohol. E x tr a c t io n  w as rep ea ted  2 or 3 tim es. The 
p u rif ie d  D N A -con ta in ing  so lu tion  w as t r e a te d  w ith  a 24 : 1 m ix tu re  o f ch loro
fo rm  an d  isoam yl alcohol. D N A  w as p re c ip ita ted  from  th e  aqueous phase 
o v e rn ig h t a t  — 20 °C b y  adding  1 0 %  3 M sodium  ace ta te  a n d  2.5-fo ld  volum es 
o f  d eh y d ra te d  e th an o l o f — 20 °C te m p e ra tu re . The p re c ip ita te d  D N A  was 
c en trifu g ed  a t  12,000 rp m  for 30 m in , th e  pellet was ca re fu lly  w ashed  w ith  
7 0 %  eth an o l, th e n  cen trifuged  ag a in  as above. The su p e rn a ta n t w as d iscarded , 
th e  pelle t was d ried  b riefly  and , d ep en d in g  on th e  DNA q u a n ti ty ,  resuspended  
in  100 to  300 g l of Т Е  buffer (pH  7.9).

M olecular cloning

P lasm id  and virus digestion. A b o u t 10 gg  of DNA from  th e  tw o  v iruses and  
a b o u t 5 gg  o f pU C18 p lasm id  u sed  as v ec to r  (Y an isch -P erron  e t  ah , 1985) 
(P h a rm a c ia  B io technology  In te rn a tio n a l)  w ere digested fo r 90 m in  a t  37 °C 
w ith  12 u n its  o f th e  re stric tio n  end o n u c lease  iZ m d ll l  (A m ersham  In te rn a tio n 
a l). S ubseq u en tly  th e  D N A s w ere p u rif ie d  b y  phenol t r e a tm e n t an d  p rec ip ita 
t io n  w ith  e th an o l. In  th e  60 th  m in  o f pU C 18 digestion, 22 U o f a lka line  phos
p h a ta s e  (B oehringer M annheim  G m b H ) fro m  calf in te s tin e  w ere also ad d ed  to  
th e  reac tio n  m ix tu re .

Ligation. T he  liga tion  of th e  p la sm id  an d  th e  v ira l f ra g m e n ts  w as done 
in  ligase buffer (10 /ri lOx ligase b u ffe r : 5 g l 1 M T ris-H C l, p H  7.6, 1 gl 1 M 
M gC l2, 1 gl 1 M d ith io th re ito l, 3 gl 100 mM  A TP) a t 15 °C for 16 h w ith  T4 D N A  
ligase  enzym e (B iolabs, New E n g lan d ).

E . coli transform ation. 200 m l o f  NM522 (supE , th i ,  A (lac-pro A B), 
/lh sd 5  (r-, m -), [ F \  proA B , lacl4ZzlM 15]) Escherichia coli c u ltu re  (OD =  0.6 
a t  580 nm ) w as cen trifuged  a t  3000 rp m  fo r 10 m in. T he sed im en t w as re su s
p e n d e d  in  100 m l, th e n  a fte r a n o th e r  cen trifu g a tio n  (3000 rp m ) in  20 m l 
o f  0.1 M CaCl2 so lu tion  an d  p laced  in  ice fo r 20 min. T hen  i t  w as cen trifuged  
a g a in  as above an d  resuspended  in  4 m l o f  0.1 M CaCl2 so lu tio n . T h e  so lu tion  
co n ta in in g  th e  lig a ted  v ira l D N A  fra g m e n ts  an d  p lasm id  w as a d d ed  to  100 gl 
o f  th e  b ac te ria l suspension  in  a s te rile  E p p e n d o rf  tu b e  an d  p laced  in  ice for 
20 m in . S u b seq u en tly  th e  m ix tu re  w as p laced  in  a 37 °C w a te rb a th  fo r 30 sec 
a n d  k e p t in  ice for an o th e r 30 sec. T h is w as rep ea ted  5 tim e s  (h ea t shock). 
T h e n  th e  E . coli suspension  tra n s fo rm e d  b y  th e  above p ro ced u re  w as in o cu la ted  
in to  1.2 m l 2 x T Y  m edium  (1 .6%  b a c to - try p to n e , 1 .0%  y e a s t e x tra c t, 0 .5%  
N aC l, 20 ml/1 N aO H ) and  shaken  a t  37 °C for 30 to  45 m in . F ir s t  a m ix tu re  
co n ta in in g  X -gal reag en t (40 gl f ro m  2 %  d im ethy lfo rm am ide  so lu tio n  o f 5- 
b rom o-4-ch loro-3-indoly l-/3 -D -galactopyranoside) and  IP T G  (100 gl from  a 
100 mM  solu tion  of isopropy l-/?-D -th iogalactopyranoside), th e n  0.8 m l o f th e  
c u ltu re  was sp read  w ith  a b en t glass ro d  o n to  agar m edium  co n ta in in g  50 gg /m l
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am picillin  [15 g o f  B a c to  agar in  1 1 o f LB  (1%  b a c to -p ep to n e , 0 .5%  y e a s t 
e x tra c t,  0 .5%  N aCl, 10 m l/1 N aO H )]. T he cu ltu res  w ere k e p t  in  th e rm o s ta t a t  
37 °C overn igh t. O f th e  w h ite  an d  b lue b a c te ria l colonies th e  w hite  ones w ere 
in o cu la ted  in to  5 m l o f  liq u id  LB m edium  co n ta in in g  50 pg /m l am picillin an d  
sh ak en  overn igh t a t  37 °C. S u b seq u en tly  th e  b a c te r ia l suspension  was s to red  a t  
4 °C.

‘‘M in i”  p la sm id  extraction. 1.5 m l of b a c te ria l c u ltu re  was cen trifuged  fo r 
30 sec (5000 rp m ). T h e  sed im en t w as resu sp en d ed  in  200 pi o f STET (20%  
T rito n -X  100, 0.2 M E D T A , p H  8.0, 1.0 M T ris, 20 %  saccharose) and , a f te r  
ad d in g  10 pi of 10 m g /m l lysozym e (Serva), bo iled  fo r 40 sec. S ubsequen tly  
th e  sam ples w ere c e n tr ifu g e d  a t 13,000 rp m  fo r 10 m in . T h e  su p e rn a ta n t w as 
an a ly sed  b y  e lec tro p h o res is  in  0 .8%  agarose gel to  se lect clones co n ta in in g  
p lasm ids of su ffic ien tly  increased  size.

P lasm id  production . 0.5 m l o f  each suspension  co n ta in in g  th e  selec ted  
b a c te r ia  was in o c u la te d  in to  200 m l o f liq u id  LB  m ed iu m  con ta in ing  25 pg /m l 
am pic illin  and  th e  suspensions w ere shaken  o v e rn ig h t. T hese b ac te ria l su s
pensions were c e n tr ifu g e d  a t  3000 rp m  fo r 10 m in  a n d  th e  sed im en t was d isso lv 
ed  in  2.5 m l of 50 m M  T ris  bu ffer (p H  8.0) c o n ta in in g  2 5%  saccharose. A fte r 
ad d in g  1 m l of 50 m M  T ris  bu ffer (p H  8.0) co n ta in in g  10 m g/m l lysozym e th e  
suspension  was p laced  in  ice for 5 m in. T hen  1 m l o f 0.2 M ED TA  so lu tio n  
(50 mM  T ris, p H  8.0) w as m easu red  in to  th e  suspension , sh ak en , p laced in  ice 
fo r 5 to  10 m in, th e n  th e  w hole suspension  w as tra n s fe r re d  in to  SW-40 u l t r a 
cen trifuge  tubes. T h e  tu b e s  w ere filled  up  w ith  5.0 m l so lu tio n  o f 0.1 % T rito n -X , 
0.02 M ED TA  a n d  50 m M  Tris-H C l (pH  8.0) an d  cen trifu g ed  in  a B eckm an  
u ltracen trifu g e  a t  30 ,000 rp m  for 45 m in  a t  4 °C, w ith o u t brak ing . 8.6 g o f  
CsCl w as m easu red  in to  a  T Y  65 u ltra c e n tr ifu g e  tu b e , a n d  8.6 ml from  th e  
su p e rn a ta n t of th e  cen tr ifu g ed  m ix tu re  an d  86 p i o f e th id iu m  brom ide w ere 
la y e re d  onto  th e  CsCl. S u b seq u en tly  th e  tu b e s  w ere cen trifu g ed  in  a B eck m an  
id tracen tr ifu g e  (TY  60 f ix e d  angle ro to r , w ith o u t b rak in g ) a t  55,000 rpm  for 20 h 
a t  16 °C. The closed c ircu la r p lasm id  D N A  labelled  p in k  b y  e th id ium  b ro m id e  
w as collected  b y  side p u n c tu r in g  th e  tu b e , w ith  a s te rile  sy ringe , and  was m ixed  
w ith  C sC l-sa tu ra ted  iso p ropano l. U sing alw ays th e  u p p e r  phase, th e  so lu tio n  
w as pu rified  b y  fu r th e r  fo u r tre a tm e n ts  w ith  iso p ro p an o l sa tu ra te d  w ith  CsCl 
a n d  Т Е  buffer (10.0 m M  T ris, 1.0 inM E D T A ). F in a lly  th e  p lasm id -con ta in ing  
so lu tions, from  w h ich  e th id iu m  brom ide w as rem oved  b y  th e  above p rocedure , 
w ere dialysed fo r 5 to  15 h  aga in st Т Е  bu ffer ch an g ed  sev era l tim es, th e n  th e y  
w ere m easured  in to  E p p e n d o rf  tu b es . T h e  D N A  p re p a ra tio n  was s to red  a t 
4 °C (in th e  case o f  p ro lo n g ed  s to rag e  a t  — 20 °C).

A n a lysis  o f  the cloned fragm ents. To d e te rm in e  th e  size of D N A  frag m en ts  
in se r te d  in to  th e  p la sm id s , th e  p rep a ra tio n s  w ere d ig es ted  w ith  th e  re s tr ic tio n  
endonuclease J f m d l l l .  D epend ing  on  th e  ex p ec ted  size o f  th e  fragm en ts, th e  
sam ples were a n a ly se d  b y  electrophoresis in  0.5 to  1 .4 %  agarose gel (to g e th e r
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w ith  H in d l l l  d igested  v iru s  and  m o lecu la r w eight s ta n d a rd s) . F o r fu r th e r  
id e n tif ic a tio n  of th e  clones th e  re s tr ic tio n  endonucleases B a m îl l ,  Eco  R I , 
H p a i  (A m ersham  In te rn a tio n a l)  a n d  B s tE I I  (B iolabs, N ew  E ng land ) w ere 
u sed .

R esults a n d  discussion

T he tre a tm e n t o f pUC18 v e c to r  c leaved  w ith  i f i r a d l l l  w ith  a lka line  
p h o sp h a ta se  from  ca lf in te s tin e  p ro v e d  effective. As a  re su lt, th e  p lasm ids 
t h a t  h a d  been cleaved b y  th e  enzym e cou ld  n o t re u n ite  d u rin g  liga tion . T h u s, 
o n ly  a b o u t 5%  of th e  colonies w ere b lu e  an d  all th e  re s t (w hite  colonies) 
c o n ta in e d  a cloned frag m en t.

C erta in  au th o rs  recom m end  te s t  d igestion  of sam ples o b ta in ed  b y  m in i 
p la sm id  ex trac tio n  befo re  selecting p lasm id s  fo r p re p a ra tio n . In  our experience, 
sam p les  analysed  w ith o u t enzym atic  d igestio n  p rov ide  su ffic ien t in fo rm a tio n  
on  th e  size of th e  p lasm ids p roduced  (F ig . 1).

P lasm ids p rep a red  for de ta iled  s tu d y  w ere ex am in ed  to  d e te rm in e  th e  
D N A  fragm en ts th a t  h a d  been  in se r te d  b y  ran d o m  cloning. T heir size w as 
d e te rm in e d  b y  com parison  w ith  a m o lecu la r w eight s ta n d a rd  (b ac te rio p h ag e  A 
d ig es ted  w ith  H i n d l l l  or w ith  H ír e d ü l  p lus EcoR I). S u b seq u en tly  we checked

Table I

Cloned H i n d l l l  frag m en ts  o f BHV-1 s tra in  H B144

J f m d l l l  fragm ents of 
IB R  virus Contained by £coRI 

or .E coR I-J/m dlll clone
Designation

Size
(kilobase)

l A 21.2 — —

2 В 18.95 — +
3 c 16.35 - p a rtly

4 D 16.3 + p a rtly

5 E 13.75 + p a rtly

6 F 13.35 — (end-fragm en t) +
7 G 12.25 + -

8 H 12.25 — (end-fragm ent) +
9 I 12.0 — +

10 J 9.3 + -

11 К 8.5 — —

12 L 8.0 + +
13 М 3.75 + p a rtly

14 N 2.4 — (end-fragm ent) -

15 0 0.45 + —
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w h e th e r re s tr ic tio n  enzym es B a m ï l ï ,  B s tE I I , E eo R I an d  H p a ï  h ad  cleavage 
sites in  th e  given fra g m e n ts  an d  we d e te rm in ed  th e  size o f frag m en ts  p ro d u ced  
b y  th e m . C om paring  o u r resu lts  w ith  ph y sica l m aps av a ilab le  fo r th e  above 
enzym es (Engels e t a l., 1986; M ayfield e t a l., 1983), we d e te rm in ed  th e  frag m en ts  
c o n ta in e d  b y  our clones.

A b o u t 90%  o f th e  in se rted  m a te ria l is v ira l frag m en t a n d  5 to  10%  c a n n o t 
b e  id en tif ied . T his la t t e r  p a r t  is th o u g h t to  be  D N A  of tissu e  o rig in . T he success
fu lly  cloned  IB R  v iru s  frag m en ts  a re  lis te d  in  T ab le  I. As ra n d o m  cloning o f 
en d -frag m en ts  of th e  v ira l  genom e c a n n o t b e  ex p ec ted , we can  s ta te  th a t  o f th e  
c lonab le  frag m en ts  o f  IB R  v irus on ly  frag m en ts  A, B, C, I  an d  К  h av e  n o t 
b een  cloned  y e t (F ig . 2). T he absence o f frag m en ts  A and  В is easy  to  u n d e r
s ta n d , since th e se  a re  th e  larg est frag m en ts  w ith  a size a ro u n d  th e  c lon ab ility  
lim it. Cloning o f f ra g m e n ts  A an d  I  b y  a n o th e r  m eth o d  (d irec t cloning) is 
c u rre n tly  in  p rogress. T h e  E coR I an d  E c o R I-H in d lH  clones derived  from  th e  
sam e iso la te , o b ta in e d  b y  our te a m  earlier, c o n ta in  th e  v ira l reg ions rep resen ted  
b y  H i n d l l l  frag m en ts  B , F , H  an d  I  (H a rra c h , u n p u b lish ed  resu lts). T h u s, 
5 2 %  o f th e  v ira l D N A  has been  cloned in  th e  form  o f H i n d l l l  frag m en ts . 
T o g e th e r w ith  H a rra c h ’s ab ove-m en tioned  clones, 74%  of th is  iso la te  has been  
in se r te d  in to  p lasm id . A lso th e  re-clon ing  o f ce rta in  p rev io u sly  cloned p a r ts  
o f th e  genom e is a re s u lt ,  as i t  has y ie ld ed  sm aller frag m en ts  easier to  s tu d y .

Less has b een  ach ieved  in  th e  m o lecu la r cloning o f th e  IP V  iso la te , 
s tra in  K 22 ( H in d l l l  E , H , J ,  M an d  P  frag m en ts , Fig. 3). H ow ever, here  ou r 
a im  on ly  w as to  clone som e in te res tin g  frag m en ts  fo r co m p ara tiv e  stud ies, as 
th is  iso la te  h ad  a lre a d y  been  cloned (E ngels e t a l., 1986; M ayfield  et al., 1983). 
A t p re se n t th is  w ork  is co n tin u ed  b y  th e  d irec t m ethod .

T h e  physica l m ap  o f th e  D N A  of iso la te  H B 144 m olecu larly  cloned b y  us 
show s fa irly  good ag reem en t w ith  th e  p u b lish ed  m aps o f th e  Cooper s tra in  
(L aw rence  et al., 1986; M ayfield  et al., 1983; R o ck  e t al., 1987) an d  LA (E ngels

F ig . 3. P h y sica l m ap  of re fe ren ce  IB R  (LA ) and  IP V  (K 22) v irus s tra in s  (E ngels e t al., 1986)
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e t al., 1986) (Fig. 3). Id e n tif ic a tio n  a n d  s tu d y  o f th e  m in o r differences are  
c u rre n tly  u n d e r w ay. H ow ever, from  d a t a  of th e  l i te ra tu re  a n d  ou r experience 
i t  appears t h a t  so large  deletions in  th e  genom e as th o se  described  fo r ce rta in  
A u jeszk y ’s disease (pseudorab ies) v iru s  iso lates (M etten le ite r e t a l., 1988) 
can n o t be  expected  in  th is  case.

T hese resu lts p ro v id e  a basis fo r  fu r th e r  genetic  analysis o f  BHV-1 
s tra in  H B 144. In  a d d itio n , our clones m a y  have  co n cre te , d irec tly  u tilizab le  
p rac tica l significance. P e rh a p s  th e y  w ill p ro v e  m ore su ita b le  for d e tec tin g  IB R  
v iru s  in  nasa l swab sam ples by  h y b rid iz a tio n  th a n  th o se  few  P st I  clones, 
ra n d o m ly  o b ta ined  fro m  th e  sam e iso la te , w hich a re  c u rre n tly  recom m ended  
fo r th is  pu rpose  (B élák  e t a l., 1988).
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Fig. 1. R estric tion  en d o n u clease  digests o f  B H V -1 s tra in s  c leaved  w ith  Fco К I (lanes 1 -3), 
H i n d l l l  (lanes 4-6) an d  B s tE I I  (lanes 7-9). L an es  1, 4 and  7: B H V -1 .1 s tra in  LA ; lanes 2, 5 an d  

8: B H V -1.2 s tra in  K 2 2 ; lanes 3, 6 and  9: encephalitogen ic  H u n g a rian  iso la te  Na/67
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THE CONSERVED OPEN READING FRAME 
OVERLAPPING THE THYMIDINE KINASE GENE OF 

DIFFERENT HERPESVIRUSES EXISTS ALSO 
IN BOVINE HERPESVIRUS 1

B .  H a r r a c h  a n d  M ária B e n k ő
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Sim ilar open re a d in g  fram es (O R F ) o v erlap p in g  th e  th y m id in e  k in ase  (TK ) gene 
on  th e  opposite s t r a n d  o r being close to  i t  hav e  b een  id en tif ie d  in  8 herpesv iruses 
(Jaco b so n  e t al., 1989). S tu d y  of th e  D N A  sequence of B H V -1 T K  gene published  b y  
M itta l  an d  F ield (1989) a n d  K it and K it  (1986) rev ea led  th e  ex istence of a  sim ilar O R F  
in  th is  v iru s genom e, to o .

Keywords: B o v in e  herpesvirus 1, h e rp es s im plex  v iru s, th y m id in e  k inase, over
lap p in g  O R F

B ovine  h e rpesv irus 1 is responsib le  for considerab le  econom ical losses 
caused b y  abortion , re sp ira to ry  d isease (infectious bov ine  rh in o trach e itis  
(IB R ), in fectious p u s tu la r  v u lv o vag in itis  (IP V ), m en ingoencephalitis , etc. in  
c a ttle  h e rd s  (Ludw ig, 1983). The s tu d y  o f th is  v iru s  is im p o r ta n t also for 
co m p ara tiv e  reasons as th e  genome o rg a n iz a tio n  o f  herpesv iruses seem s to  
be sim ilar. A  good ex am p le  o f these  s im ila rities is g iven  here.

P a r t  o f an  open re a d in g  fram e (O R F ) o v erlap p in g  th e  th y m id in e  k inase  
(TK) gene o f herpes s im p lex  v irus ty p e  1 (HSV-1) on  th e  opposite  s tra n d  in  
its  5’ reg io n  (in a h e a d -to -h e ad  o rien ta tio n ) w as id e n tif ie d  b y  G om pels an d  
M inson (1986). The co m p le te  DNA sequence  o f th is  O R F  w as pub lished  b y  
M cGeoch et al. (1988), w h o  designated  i t  U L24. S tu d y in g  th e  U L 24, Jaco b so n  
e t al. (1989) com pared  av a ilab le  D N A  sequences fro m  th e  re sp ec tiv e  regions o f 
th e  genom e of seven o th e r  herpesv iruses a n d  fo u n d  sim ilar O R F s.

T h e  av a ilab ility  o f  th e  DNA sequence  of th e  T K  gene of bo v in e  h erp es
virus 1 (ВН У-1) an d  i ts  neighbouring  genom e reg ion  p u b lished  b y  K it an d  
K it (1986) an d  M itta l a n d  F ie ld  (1989) m ad e  i t  possib le to  look for sim ilar O R F  
in th e  re sp ec tiv e  reg ion  o f  th is  v irus, to o . T he reverse  com plem en t s tran d s  of 
these  D N A  sequences w ere  tra n s la te d  in  th re e  read in g  fram es w ith  th e  P u ste ll 
sequence analysis p ro g ra m  version 4 .0 -IB M  PC /X T-1983 (P u ste ll an d  K afa tos,
1984) ru n  on an IB M  com patib le  m ic ro co m p u te r (V A R IT E R  X T , MTA- 
SZ T A K I COSY E n g in ee rin g , B udapest).
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BHV-1
CMV
EBV
EHV
HSV-1HSV-2
HVS
HVT
vzv
CON

1 60 
MARDR DRRARLRAGI RCHSRFYEAL ACDA.RAAVG AQKLRPRLAQ 

MPSGRGDDAD STGNALRRLP HVRKRIGKRK HLDIYRRLLR VFPSFVALNR 
MDPTRGLC ALSTHDLAKF HSLPPARKAA GKRAHLRCYS KLLSLKSWEQ 
MKRRQRL TARSRLRAGI RCHNRFYNA. MVQDLASAKR NGVYGERLAP 

MAARTRSLV ERRRVLMAGV RSHTRFYKAL AEE..VREFH ATKICGTLLT 
MARTGRRAAV GRPARTSSLT ERRRVLLAGV RSHTRFYKAF ARE..VHEFN ATRICGTLLT

MLS VIKQRDKEVL AHLPNKRKIA GNKAHLETYK 
MAGLLKAGV RGHNRFYKKL AAENFDQSSA GNTVGRTLQK 

MSASR IRAKCFRLGQ RCHTRFYDVL KKDIDNVRRGFADAFNPRLAK 
RR LRAG R H RFYKAL A R L

61 120BHV-1 LLGKFGAPEV FKQVVGVSLS FEVNLQSRRP DCVCLLRVAE AGHARA.......ŸCLIVELK
CMV LLGG..LFPP ELQKYRRRLF IEVRLSRRIP DCVLVFLPPD SGSRG....  IVYCYVIEFK
EBV LAS.FLSLPP GPTFTDFRLF FEVTLGRRIA DCVVVALQPY PRCYIVEFKT AMSNTANPQS
EHV LFSELVPAET LKTALGVSLA FEVNLGQRRP DCVCTVQFGK GSDAK.......GVCILIELK
HSV-1 LLSGSLQGRS VFEATRVTLI CEVDLGPRRP DCICŸFEFAN D...KTL... GGVCVIIELK
HSV-2 LMSGSLQGRS LFEATRVTLI CEVDLGPRRP DCICVFEFAN D...KTL... GGVCVILELK
HVS KLAKYTVSAS IFKFLSISHP CPLRAKTRLF FEVSLGNRIA DCVMLTSCGE TRICYVIELK
HVT ILSKILPSEL LKGASAFRLA FEVDLGRRRP DCICMF...T LSGGLLVEGC NNŸCVIIELK
VZV LLS.PLSHVD VQRAVRISMS FEVNLGRRRP DCŸCIIQTES SGAGKT.......VCFIVELK
Con LLS L A RVSL FEV LGRRRP DCVCVF KT VC IIELK

DSARLVRDLA
GALVDFDFLR
SQGLEVLAAL
DSCRLLARTL
HSLKLLQSLA
HSLKLLQ
DTVNFIHNYA
ESKTLIERMA
DTMALIKETT
DS L A

PP..GPDPVV 
LPRGGGQVWS 
VFKNQRSLRT 
PP..GSGEIV 
PP..GDKIVY
PLGRQAWTVL 
P..RGSDHTI 
P..TGSDEIM 
PP G

180
LAPVQVFVSQ
VVPSLVFFQQ
LQVEFPALGQ
LAPVLVFVAQ
LCPVLVFVAQ
PILIFKSQKT 
ICPVLVFVAR 
VTPLLVFVSQ 
L PVLVFV Q

181 240
BHV-1 RGMRVLRVTR LPAQTIASNA ARLEAIIAGL AEYAPFARAR SRRAGRSPRG KRKAEQPRPR
CMV KADRPSFYRA FRSGRFDLCT DSVLDYLGRR QDESVAHLLA ATRRRLLRTA RGKRAALPRA
EBV KTLPTSTTGL LNLLSRWQDG ALRARLDRPR PTAQGHRPRT HVGPKPSQLT ARVPRSARAG
EHV RGMRVLRVTR LSPQVVYSNA AVLSCTISRL AEYAPPVSAK STRRRCV... AKGTKAKAFS
HSV-1 RTLRVSRVTR LVPQKVSGNI TAVVRML........QSLST YTVPIEPRTQ RARRRRGGAA
HVS ' LKTLHIETPK FPVNLTHTSE EKLSCFLWSR ADVEIRKKIH LAPKPKRIFK WDSLLDSTST
HVT RGLVVIRSTP L.KKKAICTD FHRLASMMYL RSEYRLYDSG MCKPMRKICH RNKRTVSTVR
VZV RGLNLLQVTR LPPKVIHGNL VMLASHLENV AEYTPPIRSV RERRRLCKKK IHVCSLAKKR
Gon RGLRV RVTR L L A  R

241 300
BHV-1 RQKGQPLPLA TGKRAAVAAP RGRPPATPAL LRPGTAAAGG RPAGTRATAP AGALKTRRAA
CMV RASAVAGGRG GDNARRGLAR GRAHGPGAQT VSASGAQGSG SQGADLLRGS RRARVRGGGA
EBV RAGGRKGQVG AVGQVCPGAQ К
EHV TKAAAEPVPS ITPAQPSAAA AVVSLFPAAV PANTTNAAAV HQPVAVSHVN PLAWAASLFS
HSV-1 RGSASRPKRS HSGARDPPES AARQLPPADQ TPTSTEGGGV LKRIAALFCV PVATKTKPRA
HVS EHSAYRQKLI ERNKKKCFTL QNQTSKFRDR PNKKSNDQLR ARQANARPCK KKQHNNKRLR
HVT RMRCGISDTG VLPIEKQHVD ARGKDCGTSG IEGEPIMQRM RNIISHLSRR H
VZV AKSCHR....... SALTKFEEN AACGVDLPLR RPSLGACGGI LQSITGMFSH G
Con R SA A

301 360
BHV-1 RRAWAKFRRS LWRHRGHGAR AFRVCLPGRG HPRSRGPRLC TGRAKFYTPA FPLRFWDEPV 
CMV VEPAVRARRR TVAADAATTT VSSAFFVPRD RRGRSFCRPT RSL 
EHV PK 
HSV-1 ASE
HVS NNRKHGGKVS RLTTTTSFSS EAAFSNYPVS THKL 
Con

361
BHV-1 FARSWGRGRA RAGAGREAAG AEPGRQRPRT

420
TCWRRQTPRA RKSTRASGPL RPGGGGSRRA

421 447
BHV-1 RGPGGGGAPG GGGGPAAESA RARAAPP
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T he co m p u te r analysis show ed a n  O R F  on  th e  oppo site  s tra n d  to  th e  T K  
gene in  a h ead -to -h ead  o rien ta tion  o v e rlap p in g  on ly  in  th e  tw o base pairs o f th e  
A a n d T  of th e  s ta r t  codons. This O R F  show ed s tr ik in g  s im ilarities to  th e  U L 24 
like  O R Fs of 8 o th e r  herpesv iruses (F ig . 1). T he consensus line shows 100 
conserved  am ino ac id s  p resen t a t  a  g iven  p o sitio n  a t  le a s t in  four d iffe ren t 
v iru ses. The В Н У -1 shares 79 of th e se  conserved  am ino  acids. T he sim ilarities 
b o th  in  th e  p o sitio n  (head -to -head  o v erlap p in g  on th e  opposite  s tra n d  of th e  5 ’ 
en d  o r being close to  i t ;  shared  b y  8 h erp esv iru ses  o f th e  n in e  c ited  ones) a n d  in  
th e  am ino acid co m p o sitio n  (especially  in  th e  reg ions s tro n g ly  conserved in  th e  
o th e r  herpesv iruses) suggests th e  conclusion  th a t  th is  В Н У -1 O R F  is eq u iv a len t 
to  th e  o th e r UL24 lik e  O R Fs.

T he D N A  seq u en ce  published  b y  M itta l a n d  F ie ld  (1989) covered th e  
f i r s t  81 am ino acids o f  th is  O R F. T h e  sequence o f K it  a n d  K it (1986) co n ta in s 
th e  w hole O R F , w ith  a  length  co rresp o n d in g  to  418 am ino acids. T here w ere 
som e discrepancies b e tw een  th e  p u b lish ed  T K  sequences o f th e se  tw o g roups 
(M itta l and  F ield , 1989) b u t th e  sequences fro m  th e  T K  overlapp ing  O R F  w ere  
id en tica l.

This new ly id e n tif ie d  O R F seem s to  b e  th e  longest am ong th e  o th e r  
sim ilar sequences av a ilab le  (Fig. 1). I t s  p red ic ted  am ino  acid  sequence gave 
in fo rm atio n  to  id e n tify  25 fu rth er co nserved  am ino  acids to  th e  ones found  b y  
Jaco b so n  et al. (1989).

T he effect o f  c lu s te red  p o in t m u ta tio n s  w ith in  th e  U L24 of HSV-1 w as 
s tu d ie d  b y  Jaco b so n  e t  al. (1989), w ho  concluded  th a t  th is  O R F  is im p o r ta n t 
fo r v ira l grow th. M a r tin  et al. (1989) show ed a sim ilar phenom enon  in  th e  
herpesv irus of tu rk e y s . T hey  failed to  reco v er v iru ses w ith  in serts  in  th e  U L 24 
like  O R F  and  fo u n d  t h a t  viruses w ith  in se rts  in  th e  T K  gene close to  th is  O R F  
grew  v e ry  poorly.

T here is a g row ing  in te rest in  p ro d u c in g  w ell ch a rac te rized  a t te n u a te d  
live  BHV-1 vaccines fo r im m u n iza tio n  ag a in s t IB R . A genetic  engineering  
so lu tio n  was su g g ested  to  m ake dele tions in  th e  T K  reg io n  o f  BH V -1 (K it a n d  
K it,  1986). H ow ever, in  any  such a t te m p t  or w hen  e v a lu a tin g  gained m u ta n ts  
one shou ld  consider t h e  possible n e g a tiv e  effects o f a  de le tion  in  or close to  th e  
h e reb y  described U L 24  like O R F o f B H V -1.

Fig. 1. T he pred ic ted  a m in o  acid  sequence o f  th e  T K  o v erlap p in g  O R F  of bovine herpesv iru s 1 
(B H V -1; K it  and K it,  1986; M ittal and F ie ld , 1989) an d  its  o p tim a l a lig n m en t w ith  8 o th e r  
herpesv iruses: h u m an  cy tom egalov irus (CMV; P . T om linson , C. M. B row n, A. T. B an k ie r a n d  
B. G. B areli, personal com m unica tion , cit. Ja c o b so n  e t  ah , 1989), E p s te in -B a rr  v iru s (E B V ; 
B an k ie r  e t ah, 1983), e q u in e  herpesvirus (E H V ; G. R o b e rtso n , p e rso n al com m unica tion , c it. 
Ja c o b so n  e t  ah, 1989), h e rp es  sim plex v iru s  ty p e  1 (H SV -1; C om pels an d  M inson, 1986; 
M cGeoch e t ah, 1988), h e rp e s  sim plex v iru s ty p e  2 (H SV -2; K i t  e t  ah , 1983; Sw ain and  G allo 
w ay , 1983), herpesv irus sa im iri (HVS; U. G om pels, p e rso n al com m u n ica tio n , cit. Jaco b so n  e t  
ah , 1989), herpesv irus o f  tu rk ey s  (HV T; M a r tin  e t  ah , 1989), va rice lla  zoster v iru s (VZV; 
D av iso n  and  Scott, 1986). G aps were in se rted  (rep re sen ted  b y  do ts) to  achieve op tim al a lig n 
m en t. T he consensus line  (C on) shows th e  am in o  acids p re sen t a t  th e  po sitio n  a t  least four tim es
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PARAINFLUENZA VIRUS TYPE 3

E .  T r y b a l a , J .  W i s n i e w s k i  and Z. L a r s k i

D e p a r tm e n t of V e te r in a ry  M icrobiology, F a c u lty  o f V e te rin a ry  M edicine, A cadem y o f A g ri
cu ltu re  a n d  T echnology, 10—957 O lsz ty n , K ortow o  I I ,  Ы . 105, P o land

(R eceived J a n u a ry  25, 1989)

H aem ag g lu tin a tio n -in h ib itio n  (H I) , v iru s  n e u tra liz a tio n  (VN), haem olysis- 
in h ib itio n  (H L I-1 , H L I-2 ) tests , and tw o  new  haem o fu sio n -in h ib itio n  (H F I-1 , H F I-2 )  
te s ts , developed b y  u s, w ere used for th e  d e te c tio n  of an tib o d ies  to  bovine p a ra in flu en za  
v iru s ty p e  3 (B P IV -3 ) in  sera of 45 s te e rs  ra n d o m ly  selected  fro m  a herd  n a tu ra lly  
in fec ted  by  B P IV -3 . Twelve seronegative  an im als  w ere th e n  v a cc in a ted  w ith  fo rm alin - 
in ac tiv a te d  v acc in e  an d  15 days la te r  te s te d  b y  th e  ab o v e-m en tioned  assays. L in e ar 
regression an a ly sis  revea led  positive c o rre la tio n s be tw een  H I ,  V N , H L I-1  and  H F I-1  
a n tib o d y  titre s , w h ich  confirm  th e  sp ec ific ity  o f th e  H F I-1  te s t.  T he H L I-1  and  H F I-1  
assays p roved  to  b e  less sensitive th a n  th e  H I  an d  V N  ones, w hile  H L I-2  and  H F I-2  
te s ts  failed to  d e te c t  an y  an tib o d y  to  B P IV -3 .

K eyw ords: B ovine para in flu en za  v iru s  ty p e  3, serum  a n tib o d y , serological te s ts

A n im p o r ta n t, b u t  still unso lved , p ro b lem  of bov ine  p ara in flu en za  v iru s  
ty p e  3 (B PIV -3) a n d  o th e r p a ram y x o v iru s  in fections is how  to  e stim a te  th e  
a n tib o d y  response to  th e  H N  and  F  g ly co p ro te in s  o f th e  v ira l envelope s e p a r 
a te ly . R esu lts p u b lish e d  b y  R ydbeck  e t  al. (1986) a n d  S h ib u ta  et al. (1986) 
suggest th a t  th e  H I  assay  can  be u se d  fo r s tu d y in g  th e  a n ti-H N  a n tib o d y  
response . These a u th o rs , using m onoclonal an tib o d ies  to  p a ra in flu en za  3 v iru s , 
fo u n d  th a t  only an tib o d ie s  to  som e ep itopes on H N  g lycopro te in , th e  a n t i 
bod ies p rev en tin g  v iru s  a tta c h m e n t to  e ry th ro c y te s , possessed H I  a c tiv ity . 
O n th e  o th e r h a n d , one  canno t te ll w h a t  k in d s o f an tib o d ies  a re  e s tim a ted  in  
th e  V N  and  H L I  assay s, since each o f  th e  co rrespond ing  m onoclonal a n t i 
bod ies can  express b o th  V N  and  H L I a c tiv itie s  (R y d b eck  e t a l., 1986; S h ib u ta  
e t a l., 1986). T he F  g lycopro te in , w hich  is responsib le  fo r v iru s  p e n e tra tio n  in to  
th e  cell (for a rev iew , see Com pans a n d  K lenk , 1979), m a y  be  considered  a 
c a n d id a te  for p a ra m y x o v iru s  su b u n it vacc ines to  be developed  against can in e  
d is tem p er (N o rrb y  e t  ah , 1986), m u m p s (L őve et al., 1986) and  N ew castle  
d isease (M eulem ans e t ah , 1986) v iruses. In  th e  case o f h u m a n  p a ra in flu en za  3 
v iru s  th e  presence o f  b o th  an ti-H N  a n d  a n ti-F  an tibod ies h as  been  found  to  be  
essen tia l for p ro te c tiv e  im m u n ity  (R y d b eck , 1987; R ay  e t ah , 1988).
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T h e  aim  of th e  p re se n t s tu d y  w as to  ev a lu a te  serological te s ts  b ased  on  
th e  in h ib itio n  b y  specific  a n tib o d y  o f B P IV -3  biological ac tiv ities  asso c ia ted  
w ith  th e  B PIV -3 F  g lyco p ro te in , i. e. haem olysis and  e ry th ro c y te  fusion (haem o- 
fu sion ) an d  to  com pare th e  re su lts  w ith  th o se  o f th e  ro u tin e  H I  and  V N  assays.

M aterials an d  m ethods

V irus. B PIV -3 s tra in s  SF-4 and  L u b lin - l ,  k in d ly  p ro v id ed  b y  P ro f. J .  
B u czek  (A gricu ltu ra l A cad em y , L ub lin , P o lan d ), w ere g row n in  M ad in -D arb y  
b o v in e  k idney  (M D B K ) cells. F o rm a lin -in a c tiv a te d  v acc ine  (D ep tu la  a n d  
B u czek , 1984) was o b ta in e d  from  D r. W . D ep tu la  (U n iv e rs ity  o f Szczecin, 
P o la n d ) .

Serum  samples w ere  collected fro m  45, ap p ro x im a te ly  one-year-o ld , 
P o lish  low land  b lack -an d -w h ite  steers. T h e  sera  w ere h e a te d  a t  56 °C fo r 30 
m in  a n d , before te s te d  in  th e  H I, H L I a n d  H F I  assays, w ere  k e p t a t 37 °C fo r 
90 m in  w ith  an  equal v o lu m e  of 10%  gu inea  pig red  b lood  cells to  abso rb  
n o n spec ific  an tibodies.

T h e  haem agglutination-inhibition ( H I )  test was ca rried  o u t b y  th e  s ta n d 
a rd  m e th o d  (R en tsch le r, 1970); l /5 th  vo lum es of com ponen ts w ere used  in  th e  
m ic ro titre  p lates (P la s to m ed , W arsaw , P o lan d ). T itres o f  16 an d  h igher w ere 
co nsidered  positive (R en tsch le r, 1970; M orein et al., 1973).

V irus neutralization ( V N )  assay. Tw o h u n d red  T C ID 50 of s tra in  SF-4 in  
50 ^1 o f E agle’s m in im u m  essen tia l m ed iu m  (MEM) w as m ixed  w ith  eq u a l 
v o lu m es o f serial 2-fold d ilu tio n s of se ru m  in  MEM. T he m ix tu res  w ere in c u 
b a te d  fo r 1 h a t 37 °C. S u b seq u en tly , 30 pi volum es o f each  v iru s-se ru m  
m ix tu re  w ere tra n sfe rre d  in to  th re e  wells o f 96-well ty p e  F  p la te s  (P la s to m ed , 
W arsaw , Poland) c o n ta in in g  co n fluen t m onolayers of M D B K  cells p rev io u sly  
w ash ed  tw o tim es w ith  P B S . Follow ing an  adso rp tio n  p e rio d  of 1 h  a t  37 °C 
150 p i  of P a rk e r’s m ed iu m  enriched  w ith  1%  fe ta l ca lf  serum  w as ad d ed  to  
each  well. T he resu lts  w ere  re a d  a fte r  a n  in cu b a tio n  fo r 5 days a t 37 °C in  a 
h u m id if ie d  C 0 2 in c u b a to r. T h e  h ighest se ru m  dilu tion  g iv ing  p ro tec tio n  of cells 
in  tw o  o f th e  th ree  wells w as ta k e n  as th e  V N  t i tre  (F isch m an , 1967). T itre s  o f  
4 a n d  h igher were considered  to  be positive .

H aem olysis-inh ib ition  1 ( H L I - 1 )  test. A h u n d red  pi vo lum es of s tra in  
S F -4  (ab o u t 64 h aem ag g lu tin a tio n  u n its ) , frozen  and  th a w e d  8 tim es befo re , 
w ere  a d d ed  to  50 p \ o f 2-fo ld  serum  d ilu tio n s in  PB S. T h e  m ix tu res  w ere k e p t 
a t  ro o m  tem p e ra tu re  fo r 30 m in, th e n  th e  te s t  tu b es w ere tra n s fe rre d  in to  an  
ic e -b a th , and  100 pi o f  10%  guinea p ig  e ry th ro cy tes  w ere added . A fte r an  
a d so rp tio n  period of 30 m in , th e  red  b lood  cells w ere sed im en ted  b y  c e n tr if 
u g a tio n  a t  500 Xg fo r 5 m in  an d  th e  su p e rn a ta n ts  w ere rem o v ed . S u b seq u en tly ,
1.5 m l of PBS-A  (w ith o u t calcium  an d  m agnesium  ions), p H  7.0, co n ta in in g
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5 mM  E D T A , w as ad d ed  to  th e  se d im e n te d  cells. A fte r an  in cu b a tio n  fo r 1 h  a t  
37 °C, w ith  m a n u a l shak ing  from  tim e  to  tim e , th e  u n ly sed  e ry th ro cy te s  w ere  
p e lle ted  b y  c e n tr ifu g a tio n  and th e  o p tic a l d en sity  o f  th e  su p e rn a ta n t w as 
d e te rm in ed  a t  540 nm . T he rec ip ro ca l o f  th e  f in a l d ilu tio n  of serum  cau sin g  
a 50%  re d u c tio n  o f haem olysis w as co n sid e red  to  be th e  H L I-1  t i tre . T itre s  o f  
8 an d  h igher w ere  ta k e n  as positive.

In  th e  Н Ы -2 test equal vo lu m es o f v iru s  an tig en  an d  e ry th ro c y te  su s
pension  (co m ponen ts as used in  th e  H L I-1  te s t)  w ere m ixed  and  k e p t  in  an  
ic e -b a th  fo r a d so rp tio n  fo r 30 m in. T h e n  200 p i vo lum es o f  th is  v iru s -e ry th ro 
c y te  suspension  w ere ad d ed  to  50 p i o f  se ria l 2-fold d ilu tio n s  of serum  in  P B S  o f
0 to  4 °C te m p e ra tu re . A fter sh ak en , th e  te s t  tu b es  w ere k ep t in  an  ic e -b a th  
fo r 30 m in, a n d  th e  rem ain ing  p ro c e d u re  w as th e  sam e as described fo r  th e  
H L I-1  te s t.

H aem ofusion-inh ib ition  1 ( H F I - 1  )  test. S tra in  SF-4  p rev iously  su b je c te d  
to  fo u r cycles o f  freezing  and  th a w in g  w as used  as an tig en . I ts  h aem o fu sin g  
a c tiv ity  w as d e te rm in e d  as described  elsew here (T ry b a la  e t ah, 1989). T h e  
sm allest a m o u n t o f  v iru s  causing d e te c ta b le  fusion , i. e. 10 p o ly e ry th ro cy te s  in  
10 m icroscope fie ld s (m agn ifica tion : X 200) was considered  one h aem ofusing  
u n it  (H F U ). T h e  H F I-1  te s t  was c a rr ie d  o u t as follow s: F o u r H F U s o f  v iru s  
an tig en  in  100 p i w ere added  to  50 p i o f  seria l 2-fold d ilu tio n s of serum  in  P B S . 
T he m ix tu re  w as k e p t a t  room  te m p e ra tu re  fo r 30 m in , th e n  tran sfe rred  in to  an  
ice -b a th , an d  50 p i of a 0 .3%  gu in ea  p ig  e ry th ro c y te  suspension w as a d d e d . 
A fte r 30 m in  o f  a d so rp tio n , th e  cells w ere  sed im en ted  a t  450 X g for 5 m in  a n d  
th e  s u p e rn a ta n t w as carefu lly  rem o v ed . S u b seq u en tly , 100 p i of saline b u ffe re d  
w ith  0.02 M p h o sp h a te , p H  7.0, c o n ta in in g  2 mM CaCl2 w as added  to  th e  sed i
m en t and , a f te r  a n  in cu b a tio n  for 15 m in  a t  37 °C, th e  te s t  tubes w ere t r a n s 
fe rred  in to  an  ic e -b a th . A fter d isp ers io n  o f th e  sed im en t w ith  a m ic ro p ip e tte , 
35 p i o f th e  suspen sio n  w as p laced on a  slide an d  sp read  over a surface o f  a b o u t
1 cm 2. T he re su lts  w ere read  u n d er th e  m icroscope a t  a  m agn ifica tion  o f  X 200. 
T he rec ip rocal o f  th e  h ighest serum  d ilu tio n  in  w hich  less th a n  10 p o ly e ry th ro 
cy tes w ere fo u n d  in  10 m icroscope f ie ld s , w as a rb itra r ily  ta k e n  as th e  H F I-1  
t i t r e .  T itre s  o f 8 a n d  h igher were co n sid e red  positive.

In  th e  H F I-2  te s t  e ry th ro c y te  su sp en sio n  an d  v iru s  an tigen  ( th e  sam e  
com ponen ts as th o se  used  in  th e  H F I-1  te s t)  w ere m ixed  a t  a ra tio  of 1 : 2 a n d , 
fo r ad so rp tio n , w ere  k e p t in  an  ic e -b a th  fo r 30 m in. S u b sequen tly , 150 pi o f  th is  
v iru s -e ry th ro c y te  suspension  was a d d e d  to  50 pi o f seria l 2-fold d ilu tio n s o f 
serum  in  P B S  p rev io u sly  cooled to  0 -4  °C. A fte r sh ak in g , th e  te s t tu b e s  w ere  
k e p t in  ic e -b a th  fo r 30 m in  and  th e  re s t  o f th e  p ro ced u re  was p e rfo rm ed  as 
described  fo r th e  H F I-1  te s t.

Statistical evaluation o f  data  w as done b y  lin ea r  regression an a ly s is .

5* Acta Veterinaria Hungarica 37, 1989



368 TRYBALA et al.

Tabic I

H I, V N , H L I-1  and  H F I-2  a n tib o d y  titre s  in sera of steers

S teer S ero log ical t e s t

no.
H I V N HLI-1 H FI-1

l 6 4 8 1 6 1 6

2 1 2 8 1 6 1 6 1 6

3 6 4 8 3 2 1 6

4 1 6 8 8 4

5 8  ( 1 2 8 ) 4  ( 1 2 8 ) 8 ( 3 2 ) < 4 ( 1 6 )

6 6 4  ( 5 1 2 ) 3 2 1 6 1 6

7 8  ( 5 1 2 ) 4  ( 6 4 ) 4 ( 1 2 8 ) 4 ( 1 2 8 )

8 6 4 3 2 1 6 1 6

9 8  ( 5 1 2 ) 1 6  ( 1 2 8 ) 4 ( 6 4 ) < 4 ( 6 4 )

1 0 3 2 3 2 8 8

1 1 1 6 8 4 8

1 2 1 6 1 6 4 4

1 3 1 6 3 2 8 4

1 4 < 4  ( 5 1 2 ) < 2  ( 2 5 6 ) < 4 ( 3 2 ) < 4 ( 3 2 )

1 5 1 6 8 4 4

1 6 8  ( 2 5 6 ) 8  ( 6 4 ) 4 ( 6 4 ) 4 ( 3 2 )

1 7 < 4  ( 6 4 ) < 2  ( 1 6 ) 4 ( 1 6 ) < 4 ( 1 6 )

1 8 6 4 6 4 1 6 3 2

1 9 8  ( 1 0 2 4 ) 2  ( 2 5 6 ) < 4 ( 1 2 8 ) 8 ( 6 4 )

2 0 3 2 1 6 8 8

2 1 1 6 1 6 8 8

2 2 1 6 8 4 8

2 3 4  ( 5 1 2 ) 2  ( 1 2 8 ) 4 ( 6 4 ) 4 ( 6 4 )

2 4 1 6 8 8 1 6

2 5 1 6 4 8 1 6

2 6 8  ( 5 1 2 ) 4  ( 5 1 2 ) 8 ( 1 2 8 ) 4 ( 1 2 8 )

2 7 3 2 1 6 8 8

2 8 3 2 1 6 8 8

2 9 8  ( 1 0 2 4 ) 2 ( 1 0 2 4 ) 4 ( 2 5 6 ) 4 ( 1 2 8 )

3 0 1 2 8 3 2 3 2 6 4

3 1 1 6 1 6 4 8

3 2 8  ( 6 4 ) 2  ( 1 6 ) < 4 ( 1 6 ) 4 ( 1 6 )

3 3 8  ( 5 1 2 ) 2  ( 3 2 ) 4 ( 6 4 ) 8 ( 6 4 )

3 4 6 4 3 2 1 6 8

3 5 3 2 1 6 1 6 1 6

3 6 3 2 4 8 1 6

3 7 1 6 8 1 6 1 6

3 8 6 4 1 6 8 1 6

3 9 1 6 3 2 4 < 4

4 0 1 6 8 8 4

4 1 6 4 3 2 3 2 8

4 2 6 4 1 6 8 8

4 3 3 2 1 6 1 6 8

4 4 3 2 8 4 8

4 5 1 6 1 6 4 8

In  paren theses: t i t r e s  15 days after v acc in a tio n
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R esu lts

T h e  H I , VN, H L I-1  an d  H F I-1  t i t r e s  fo u n d  in  sera  o f 45 steers ran d o m ly  
selected  fro m  a herd  n a tu ra lly  in fec ted  b y  B P IV -3  a re  p re sen ted  in  T ab le  I . 
Tw elve o f th e  screened an im als w hich  p ro v e d  to  be I I I  sero n eg a tiv e  ( t i tre  8) 
w ere th e n  v a cc in a ted  w ith  a fo rm a lin -in ac tiv a ted  vaccine. Serum  sam ples ta k e n  
15 days la te r  w ere ex am in ed  in  all th e  ab o v e  te s ts  (T able I ,  values in  p a re n th e 
ses).

A ll th e  57 serum  sam ples te s te d  fo r H L I-2  a n tib o d y  p ro v ed  to  be  n eg a tiv e  
(d a ta  n o t show n). S im ilar resu lts  w ere o b ta in e d  b y  th e  H F I-2  te s t  w hen  sera  
from  n a tu ra l ly  in fec ted  steers w ere assay ed . In  p o stv acc in a tio n  sam ples th e  
read in g  o f  a n tib o d y  t i t r e s  was co m plica ted  due  to  fo rm a tio n  o f large aggregates 
o f e ry th ro c y te s  in  low seru m  dilu tions.

Table II

C om parison of H I , VN, H L I-1  and H F I-1  te s ts  fo r th e ir  ab ility  to  d e tec t any  B PIV -3 an tib o d y
titre*

HLI-1 H FI-1  VN

+ — + — + —

H I + 37 8 39 6 45 0 45
- 2 10 2 10 5 7 12

H L I-1  + 34 5 39 0 39
— 7 11 11 7 18

H F I-1  + 39 2 41
- 11 5 16

50 7 57

* re su lts  are expressed as num ber of sera  p ositive  ( + )  or negative  ( —) in  th e  given te s t

Table III

R elationships be tw een  H I, V N , H L I-1  and  H F I-1  an tib o d y  titre s

Serological tests Correlation
coefficient

Regression
equation

У versus X

VN VS. H LI-1 0 .8 0 7 0 .9837X  +  0 .1 6 8 0

VN VS. H FI-1 0 .6 9 6 0 .8 5 5 6 x  +  0 .3 2 0 7

VN vs. H I 0 .8 6 1 0 .8 1 0 5 X  -  0 .0 7 0 2

H I vs. H L I-1 0 .8 9 8 1 .1631X  +  0 .3 4 2 6

H I vs. H FI-1 0 .8 8 2 1.1520X  +  0 .3 8 4 6

H LI-1 vs. H F I-1 0 .8 2 0 0 .8 2 7 6 x  +  0 .2 0 1 2
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On th e  basis o f  t i t re s  w hich w ere a rb itra r ily  accep ted  in  th is  s tu d y  as 
p o s itiv e , th e  H I, V N , H L I-1  an d  H F I-1  te s ts  w ere com pared , in  pa irs , fo r 
a b il i ty  to  de tec t a n y  B P IY -3  a n tib o d y  t i t r e  (T able I I ) .  F if ty , 45, 41 an d  39 o u t 
o f  th e  57 sera w ere p o sitiv e  in  th e  Y N , H I ,  H F I-1  an d  H L I-1  te s t ,  respective ly . 
T h ir ty -n in e  serum  sam ples (68% ) show ed com plete  ag reem en t (5 n eg a tiv e  an d  
34 positive) in  th e se  assays.

T he re la tio n sh ip  betw een  H I , Y N , H L I-1  an d  H F I-1  a n tib o d y  t i t r e s  
s tu d ie d  b y  lin ear reg ression  analysis is p re sen ted  in  T ab le  I I I .  A ll co rre la tio n  
coeffic ien t values w ere  s ign ifican t a t  th e  P  <( 0.001 level.

D iscussion

T he H I, V N , H L I-1  and  H L I-2  te s ts  as well as ou r H F I-1  and  H F I-2  
te s ts  h av e  been co m p ared  for th e ir  a b ility  to  d e tec t B P IY -3  a n tib o d y  in  sera  o f 
n a tu ra l ly  in fec ted  a n d  v acc in a ted  steers. F irs t o f all it  w as necessary  to  e s tim a te  
th e  th resh o ld  t i t r e s  to  be accep ted  as positive . In  th is  re sp ec t, d a ta  o f  th e  
l i te r a tu r e  are lim ited  to  th e  H I te s t :  u su a lly  t i tre s  of 16 or h igher are  considered  
p o s itiv e  (B en tsch le r, 1970; M orein e t a l., 1973). In  re la tio n  to  th e  o th e r sero lo 
g ical te s ts , in  p a r tic u la r  to  our new  H F I  assay , th resh o ld  values h ad  to  be 
ch osen . W e found  t h a t  th e  H I  t i t re s , in  sera  o f b o th  n a tu ra lly  in fec ted  a n d  
v a c c in a te d  an im als, averaged  h igher th a n  th e  H L I-1  an d  H F I-1  ones. T he la s t 
tw o  te s ts  d e m o n s tra te d  ap p ro x im a te ly  id en tica l a n tib o d y  levels. The a n tib o d y  
t i t r e s  ob ta ined  b y  th e se  assays in  v a c c in a ted  steers w ere a t  leas t 4-fold h ig h er 
t h a n  th e  co rrespond ing  p rev acc in a tio n  values. L inear regression  analysis  
rev e a le d  positive co rre la tio n s b e tw een  H I , V N , H L I-1  an d  H F I-1  a n tib o d y  
t i t r e s .  This confirm s th e  specific ity  o f  th e  H F I-1  assay  b u t  suggests l i t t le  
d iv e rs ity  of th e  a n tib o d y  titre s  o b ta in ed  b y  th e  above tech n iq u es. D esp ite  th e  
h ig h  co rre la tion , th e se  te s ts  were fo u n d  to  differ in  se n s itiv ity : th e  d ifference 
w as p a rtic u la rly  a p p a re n t in  sera o f n a tu ra lly  in fec ted  an im als w ith  low  a n t i 
b o d y  levels. A ccord ing  to  th e  t i tre s  accep ted  as positive , th e  H F I-1  an d  H L I-1  
te s ts  p roved  to  be less sensitive th a n  th e  ro u tin e  V N  an d  H I  ones. I t  is n ecessary  
to  consider th e  possib le  presence of non-specific  in h ib ito rs  an d  th e ir  in fluence  on 
th e  o b ta in ed  H F I-1  resu lts . In  re la tio n  to  th e  H I  te s t  K e tle r  et al. (1961) an d  
D aw son  (1963) fo u n d  th a t  nonspecific  in h ib ito rs  o f B P IV -3  h aem ag g lu tin in  
w ere  e ith er in fre q u e n t in , or ab sen t from , bov ine  sera. In  th e  lig h t o f d a ta  
p ro v id e d  b y  K e tle r  e t al. (1961), th a t  in h ib ito rs  d e tec tab le  b y  tw o  or m ore  
sero logical tech n iq u es  are  un like ly  to  be  non-specific  in h ib ito rs , an d  on  th e  
b as is  of th e  h igh  co rre la tio n  be tw een  th e  serological assays u sed  in  th is  w ork , 
th e  H F I-1  te s t c an  be  considered specific . N evertheless, one can n o t exclude  
t h a t  som e low H F I-1  an d  H L I-1  t i tre s  fo u n d  in  sera n eg a tiv e  in  th e  V N  an d  H I  
te s ts  resu lted  from  nonspecific  in h ib ito rs  of th e  v ira l F  g lycopro te in . T h is
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p ro b lem  needs fu r th e r  investiga tions. A lth o u g h  in  th is  s tu d y  no a d v an tag es  
o f  th e  p roposed  H F I-1  te s t  over th e  ro u tin e  H I  and  V N  assays w ere observed , 
th e  H F I-1  te s t  m ay  f in d  application  in  th e  case of possible v acc in a tio n  w ith  
su b u n it  vaccines co n ta in in g  th e  F  g ly co p ro te in  alone.

In  ou r a tte m p ts  to  d e tec t a n ti-F  a n d  o th e r n o n -H I an tibod ies, in  th e  
H L I-2  an d  H F I-2  te s ts  th e  procedure w as  changed  as com pared  to  th e  H L I-1  
a n d  H F I-1  m eth o d s. T h e  serum  was a d d e d  to  th e  v irus a lread y  adso rbed  a t  low  
te m p e ra tu re  to  e ry th ro c y te s . Since a t  lo w  te m p e ra tu re  v ira l partic les do n o t 
p e n e tra te  th e  cell, th e  in h ib itio n  by  sp ec ific  an tibod ies o f th e  v ira l a c tiv itie s  
asso c ia ted  w ith  its  F  g lycopro tein  w as re p o r te d  to  be  possible (H ow e an d  
M organ , 1969; M erz e t a l., 1981).

U n fo rtu n a te ly , b o th  th e  H LI-2 a n d  th e  H F I-2  te s ts  fa iled  to  d e tec t an y  
B P IV -3  a n tib o d y . T h is prob lem , in  th e  l ig h t  o f  th e  above d a ta  as well as ou r 
re c e n t s tu d y  w ith  N ew castle  disease v iru s , w h ere  we succeeded in  de te rm in in g  
th e  H F I-2  a n tib o d y  t i t r e  in  chicken sera  (T ry b a la , 1988), rem ain s to  be c larified .
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